
DIDAKTORIKH DIATRIBH
ANIQNEUSH KAI MELETH EXWGALAXIAKWNUPOLEIMMATWN UPERKAINOFANWN SE POLLAPLAMHKH KUMATOS

LEWNIDAKH IWANNA

PANEPISTHMIO PATRWN - TMHMA FUSIKHSEJNIKO ASTEROSKOPEIO AJHNWN
Septèmbrio, 2012



DIDAKTORIKH DIATRIBH
ANIQNEUSH KAI MELETH EXWGALAXIAKWNUPOLEIMMATWN UPERKAINOFANWN SE POLLAPLAMHKH KUMATOS

LEWNIDAKH IWANNA
SUMBOULEUTIKH EPITROPH:GoÔdh Qr stoMpoÔmh Panagi¸thQristopoÔlou Eleujer�a Panagi¸ta

Εθνικό Αστεροσκοπείο Αθηνών Πανεπιστήμιο Πατρών

Ινστιτούτο Αστρονομίας και Αστροφυσικής Σχολή Θετικών Επιστημών

Τμήμα Φυσικής, Εργαστήριο Αστρονομίας

Σεπτέμβριος, 2012



Euqarist�eTo tax�di mia didaktorik  diatrib  e�nai mageutikì all� tautìqrona mona-qikì kai pollè forè dÔsbato. Up rxan arketo� uposthriktè aut  th prosp�jeiapou, o kajèna me ton trìpo tou, bo jhsan na xeper�sw diafìrwn eid¸n duskol�e,praktikè   mh...'Ena meg�lo euqarist¸ stou epiblèponte aut  th diatrib , ston P�no MpoÔmhkai ston Andrèa Zèza. H adi�koph bo jeia, h apotelesmatik  kajod ghsh kai h jerm upost rix  tou  tan pragmatik  tÔqh gia mèna kai katalÔth th doulei� tìswnqrìnwn. Qwr� autoÔ, h paroÔsa diatrib  all� kai h ant�lhy  mou gia thn ous�a thepisthmonik  èreuna ja  tan polÔ ftwqìterh. O trìpo th ep�bley  tou bo -jhse, ektì twn poll¸n �llwn, sto na mou d¸soun ta efìdia na staj¸ anex�rththsthn ereunhtik  koinìthta, jemeli¸de zhtoÔmeno sto tèlo mia didaktorik  diatri-b . Tou euqarist¸ apì kardi� kai elp�zw na staj¸ �xia th empistosÔnh tou...Epiplèon, ja  jela na euqarist sw ton Qr sto GoÔdh gia thn eukair�a pou mou èdwsena ekplhr¸sw èna ìneiro zw , to StaÔro 'Akra gia ti polÔwre suzht sei ma kaito Jan�sh Katsigi�nnh gia thn paroq  teqnik  upost rixh ìla aut� ta qrìnia.Euqarist¸ gia th filoxen�a to Harvard-Smithsonian Center for Astrophysics (CfA,

Boston, USA) kat� th di�rkeia twn tess�rwn episkèye¸n mou, sunolik  di�rkeiapènte mhn¸n, sta pla�sia th ekpa�deus  mou se dedomèna akt�nwn-Q me to dorufìro
Chandra. Ep�sh, euqarist¸ to proswpikì tou Asteroskope�ou tou Sk�naka sthnKr th gia th bo jeia kai thn parèa kat� th di�rkeia twn poll¸n nuqt¸n parat rhshsto thleskìpio twn 1.3m, sta apotelèsmata twn opo�wn sthr�qjhke èna polÔ shman-tikì komm�ti aut  th diatrib .Euqarist¸ jerm� tou agaphmènou f�lou pou anèqthkan thn apous�a mou all� su-
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nèqisan na e�nai d�pla mou kai st rixan autì to tax�di me thn �dia qar�, laqt�ra kaijaumasmì ìpw eg¸. 'Ena idia�tero euqarist¸ sth Nikolèta, pou h polupo�kilh bo -jeia kai sumpar�stas  th  tan ousiastikì st rigma gia mèna.To megalÔtero euqarist¸ ìmw to qrwst�w sto Gi¸rgo, sthn Kater�na kai stonK�mwna-Alèxandro. H upost rix  tou se ìlou tou tome�  tan ka�ria mia kai qwr�autoÔ h ekpìnhsh aut  th diatrib  ja  tan adÔnath. Sunèpleusan energ� maz� moukai  tan jermo� uposthriktè th prosp�jei� mou. 'Htan isquro� sunodoipìroi sthnpepo�jhsh ìti h epist mh prèpei na suneq�zei na d�nei elp�da kai prooptik , qwr� najewre�tai polutèleia all� an�gkh... Lewnid�kh Iw�nnaBlaqerwn�tissa, AÔgousto 2012
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Stou gone� mou...
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ABSTRACT

Detection and Study of Extragalactic

multi-wavelength Supernova Remnants

This thesis presents the results of a comprehensive investigation of the Superno-

va Remnant (SNR) populations in six nearby galaxies (NGC2403, NGC3077, NGC4214,

NGC4395, NGC4449 and NGC5204) based on Chandra archival data and deep optical

narrow-band Hα and [S ii] images, as well as spectroscopic observations. The classification

of X-ray emitting SNRs was based on their soft thermal spectra (kT<3 keV) or their X-ray

colors and for optically-emitting SNRs on the well-established emission-line flux criterion

of [S ii](λλ 6716, 6731)/Hα(λ 6563) > 0.4. We have identified 37 X-ray selected thermal

SNRs, 30 of which are new discoveries and ∼400 optical SNRs (∼350 are new detections),

for 67 of which we spectroscopically verified their shock-excited nature. Many of the gala-

xies in our sample are studied for the first time in the X-ray (NGC4214, NGC4395, and

NGC5204) or optical (NGC4395, NGC3077) band in a self-consistent way, resulting in

the discovery of many new SNRs. In many cases, the X-ray and optical classifications are

confirmed based on the identification of SNR counterparts in other wavelengths, giving us

confidence that the detection methods we use are robust. We discuss the properties (e.g.

luminosity, temperature, density, shock velocity) of the X-ray/optically detected SNRs in

different types of galaxies and hence different environments, in order to address their de-

pendence on their interstellar medium. We compare optical ([S ii]/Hα ratio, luminosity)

and X-ray parameters (temperature, luminosity, density) of the detected SNRs, in order to

understand their evolution and investigate possible selection effects. The most intriguing

results of this survey are the following: a) We find that X-ray selected SNRs in irregular

galaxies appear to be more luminous than those in spirals. We attribute this either to the

lower metallicities and therefore more massive progenitor stars of irregular galaxies or to the

higher local densities of the interstellar medium, b) A comparison of the numbers of observed

luminous X-ray selected SNRs with those expected from the luminosity functions of X-ray

SNRs in the Magellanic Clouds and M33 suggest different luminosity distributions between

xiii



the SNRs in spiral and irregular galaxies, with the latter tending to have flatter distributions,

c) We find that there is a difference in [N ii]/Hα line ratios of the SNR populations between

different types of galaxies which is the result of the low metalicity of irregular galaxies, and

d) We find evidence for a linear relation between the number of luminous optical or X-ray

SNRs and Star Formation Rate in our sample of galaxies.
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PERILHYH
An�qneush kai Melèth Exwgalaxiak¸nUpoleimm�twn Uperkainofan¸n se Pollapl�M kh KÔmatoH paroÔsa diatrib  parousi�zei ta apotelèsmata mia susthmatik  èreuna twnplhjusm¸n Upoleimm�twn Uperkainofan¸n (U/U) se èxi kontinoÔ galax�e (NGC2403,

NGC3077, NGC4214, NGC4395, NGC4449 kai NGC5204) basismènh se arqeiak� dedo-mèna tou dorufìrou akt�nwn-Q Chandra, kai se bajeiè optikè parathr sei me ta sten�f�ltra Hα(λ 6563) kai [S ii] (λλ 6716, 6731) kaj¸ kai fasmatoskopikè parathr sei. Htaxinìmhsh twn U/U epilegmènwn sti akt�ne -Q bas�sthke sta malak�, jermik� f�smata(kT < 3 keV) twn phg¸n sti akt�ne -Q   sta qr¸mat� tou sti akt�ne -Q. Ant�stoiqa, htaxinìmhsh twn optik¸n U/U bas�sthke sto kajierwmèno krit rio tou lìgou twn gramm¸nekpomp  [S ii](λλ 6716, 6731)/Hα > 0.4. Entop�sthkan 37 jermik� U/U sti akt�ne -Q, 30ek twn opo�wn e�nai nèe anakalÔyei kai ∼ 400 (∼350 apì aut� e�nai nèe aniqneÔsei) fwtome-trik� U/U, gia 67 apì ta opo�a pistopoi jhke fasmatoskopik� h fÔsh tou w U/U. Pollo�apì tou galax�e sto de�gma ma melet¸ntai gia pr¸th for� sti akt�ne -Q (NGC4214,

NGC4395 kai NGC5204)   sto optikì mèro tou f�smato (NGC4395, NGC3077) me su-sthmatikì trìpo, katal gonta sthn anak�luyh arket¸n nèwn U/U. Se pollè peript¸sei,h taxinìmhsh twn phg¸n w U/U sti akt�ne -Q   sto optikì mèro tou f�smato epibe-bai¸netai apì omìloga U/U pou èqoun aniqneuje� se �lla m kh kÔmato, de�qnonta ìti oimèjodoi an�qneush pou qrhsimopoioÔme e�nai axiìpiste. Suzht�me ti idiìthte (p.q. fw-teinìthta, jermokras�a, puknìthta, taqÔthta sok) twn U/U se di�forou tÔpou galaxi¸nkai w ek toÔtou diaforetik� perib�llonta, prokeimènou na doÔme thn ex�rths  tou apìto meosastrikì mèso. Susqet�zoume paramètrou twn aniqneumènwn optik¸n U/U (lìgo
[S ii]/Hα, fwteinìthta) me ti paramètrou twn ant�stoiqwn U/U sti akt�ne -Q (jermokra-s�a, fwteinìthta, puknìthta) prokeimènou na katano soume thn exèlix  tou. Merik� apì tapio endiafèronta apotelèsmata aut  th èreuna e�nai ta akìlouja: a) Br�skoume ìti ta U/Upou e�nai aniqneumèna sti akt�ne -Q kai br�skontai se �morfou galax�e fa�netai na e�nai pio
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lampr� apì eke�na stou speiroeide� galax�e. Apod�doume autì to gegonì sth qamhlìterhmetallikìthta twn �morfwn galaxi¸n apì aut  twn speiroeid¸n (h qamhlìterh metallikìth-ta dhmiourge� prìgonou astère megalÔterh m�za)   sti uyhlìtere topikè puknìthtepou parathroÔntai sto mesoastrikì mèso twn �morfwn galaxi¸n, b) H sÔgkrish tou arijmoÔtwn parathroÔmenwn lampr¸n U/U sti akt�ne -Q me ton arijmì aut¸n pou anamènontai meb�sh ti katanomè fwteinìthta twn U/U sti akt�ne -Q sta Nèfh tou Maggel�nou kaiston M33, de�qnoun ìti katanomè fwteinìthta twn U/U metaxÔ speiroeid¸n kai �morfwngalaxi¸n e�nai diaforetikè, apì autè pou aforoÔn ta U/U stou �morfou galax�e kai te�-noun na e�nai pio ep�pede, g) Br�skoume ìti up�rqei diafor� stou lìgou [N ii]/Hα twn U/UmetaxÔ diaforetik¸n tÔpwn galaxi¸n, to opo�o kat� p�sa pijanìthta ofe�letai se diaforèsth metallikìtht� tou kai d) Up�rqoun isqurè ende�xei gia mia grammik  sqèsh metaxÔtou arijmoÔ twn lampr¸n U/U sto optikì kai sti akt�ne -Q kai tou rujmoÔ astrogèneshtwn galaxi¸n tou de�gmato.
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Kef�laio 1
EISAGWGHTa Upole�mmata Uperkainofan¸n (U/U) apoteloÔn mia kathgor�a astronomik¸n an-tikeimènwn exairetik� shmantik  gia thn katanìhsh th dom  kai th exèlixh twn galaxi¸nkai kat' epèktash tou sÔmpanto. Prìkeitai gia ta upole�mmata th b�aih all� fantasmago-rik  èkrhxh astèrwn meg�lh m�za w uperkainofane�. H èkrhxh enì uperkainofanoÔdiaqèei astrikì ulikì sto mesoastrikì q¸ro en¸ sunodeÔetai apì ter�stia pos� ekluìmenhenèrgeia, h opo�a epitaqÔnei to astrikì ulikì se uperhqhtikè taqÔthte dhmiourg¸nta è-tsi èna kÔma sok. To tax�di autoÔ tou uyhl  taqÔthta ulikoÔ suneq�zetai aktinik� prota èxw, org¸nonta sto pèrasm� tou to perib�llon yuqrì mesoastrikì aèrio (Interstellar

medium - ISM), ìpw èna ekqionist ra to qiìni. To ulikì autì, èna sunojÔleuma astri-koÔ kai mesoastrikoÔ aer�ou, epekte�netai sqhmat�zonta telik� èna nefèlwma, èna upìleimmauperkainofanoÔ.Epomènw, ta upole�mmata uperkainofan¸n apotup¸noun ta teleuta�a st�dia th zw-  astèrwn meg�lh m�za en¸ tautìqrona parèqoun èna polÔ shmantikì posostì tou ulikoÔkai th mhqanik  enèrgeia pou jerma�nei, diamorf¸nei kai emplout�zei qhmik� to mesoastrikìmèso. H melèth th Ôparxh kai th exèlix  tou mporoÔn na d¸soun pollè plhrofor�egia thn allhlep�drash twn astèrwn meg�lh m�za me to topikì mesoastrikì perib�llon tou(p.q. Bykov 2006, Chu 1995). Sunep¸, mporoÔn na qrhsimopoihjoÔn gia th dieleÔkanshkajolik¸n paramètrwn (p.q. puknìthta, jermokras�a) tìso tou mesoastrikoÔ mèsou kaj¸kai tou topikoÔ tou perib�llonto (p.q. Blair & Long 2004). Thn �dia stigm , mporoÔn naparèqoun plhrofor�e gia th qhmik  exèlixh tou mesoastrikoÔ mèsou mia kai to trofodotoÔnme bari� stoiqe�a ta opo�a sqhmat�zontai kat� th di�rkeia th exèlixh twn astèrwn. Epiprì-sjeta, h endeqìmenh Ôparx  U/U mèsa se moriak� nèfh prokale� sumpièsei pou mporoÔn na1



shmatodot soun to sqhmatismì nèwn astèrwn (p.q. Shu, Adams & Lizano 1987). Epiplèon,afoÔ apotup¸noun ta teleuta�a st�dia th kat�rreush tou pur na astèrwn meg�lh m�za(M>8 M⊙), mporoÔn na qrhsimopoihjoÔn w de�kte gia th mètrhsh tou sqhmatismoÔ astèrwnmeg�lh m�za kaj¸ kai na d¸soun plhrofor�e tìso gia to rujmì paragwg  astèrwn (Star

Formation Rate - SFR) ìso kai gia thn exèlixh th meg�lh m�za tou (stellar evolution)

(p.q. de Condon & Yin 1990).AniqneÔonta meg�la de�gmata U/U se perissìtera apì èna m kh kÔmato, mporoÔmena apokt soume plhrofor�e sqetik� me ti diaforetikè fusikè diergas�e pou lamb�nounq¸ra kat� thn exèlix  tou. Gia par�deigma, ta kroustik� kÔmata neosÔstatwn U/U jerma�-noun to ulikì p�sw apì to kÔma sok se jermokras�e mèqri 108 K, par�gonta ètsi jermik aktinobol�a akt�nwn-Q. Ekpomp  aktinobol�a sto optikì mèro tou f�smato e�nai de�gmaghraiìterwn U/U kai proèrqetai apì ti perioqè yÔxh p�sw apì to kuma sok (p.q. Charles

& Seward 1995, Stupar & Parker 2009) par�gonta di�fore apagoreumène grammè ekpom-p  mèsw kroustik  diègersh (p.q. [S ii], [O iii], [N ii]). Aktinobol�a sta radiofwnik� m khkÔmato ekpèmpetai apì thn perioq  tou kÔmato sok kaj¸ kai apì ti perioqè yÔxh p�swapì to metwpikì kÔma sok kai proèrqetai apì thn peristrof  sqetikistik¸n hlektron�wn stomagnhtikì ped�o tou U/U (mhqanismì sÔgqrotron). H radiofwnik  ekpomp  sta U/U e�naieÔkola aniqneÔsimh kajìlh th zw  tou nefel¸mato (p.q. Charles & Seward 1995, Dickel

1999). Sti peript¸sei pou èna U/U e�nai aniqneÔsimo se dÔo   perissìtera m kh kÔmato(p.q. sto optikì kai sti akt�ne -Q), autì einai èndeixh ulikoÔ se meg�lo eÔro jermokrasi¸nkai Ôparxh hlektron�wn uyhl  enèrgeia (p.q. Charles & Seward 1995). Apì ta parap�nwg�netai safè ìti diaforetik� m kh kÔmato d�noun plhrofor�e gia diaforetik� exeliktik�st�dia twn U/U. Gia autì e�nai anagka�e oi parathr sei meg�lou arijmoÔ antikeimènwnse pollapl� m kh kÔmato (optikì, akt�ne -Q, radiofwnikì, upèrujro) oÔtw ¸ste na xe-pern¸ntai tuqìn dusqèreie pou prokÔptoun apì 'monoqrwmatik�' de�gmata U/U. Mìno ètsimpore� na exaqje� mia pl rh eikìna tìso gia th fÔsh kai thn exèlix  twn U/U ìso gia thnallhlep�dras  tou me to mesoastrikì mèso kai th susqètis  tou me to rujmì paragwg astèrwn. Ston dikì ma Galax�a èqoun aniqneuje� se di�fora m kh kÔmato gÔrw sta 274 U/U,o oloklhrwmèno kat�logo twn opo�wn parat�jetai apì ton Green (2009). 'Ena meg�loarijmì apì aut� èqei melethje� leptomer¸ se di�fora m kh kÔmato (p.q. sto radiofwnikì:
Green 2009, sto optikì: Boumis et al. 2002, 2005, 2009, Fesen & Milisavljevic 2010, stiakt�ne -Q: Reynolds et al. 2009, Slane et al. 2002, sto upèrujro: Reach et al. 2006). En¸2



autè oi melète parèqoun shmantikè plhrofor�e gia ti idiìthte tìso twn sugkekrimènwnantikeimènwn ìso kai th fusik  twn U/U, parempod�zontai apì aporrìfhsh lìgw th skìnhtou Galax�a ma kai apì abebaiìthta ìson afor� thn akrib  tou apìstash. To gegonì autìdusqera�nei thn èreuna twn U/U se èna eurÔ f�sma perib�llontwn. Antijètw, h melèth U/Use kontinoÔ galax�e prosfèrei pl jo pleonekthm�twn: a) Olìklhro o galax�a mpore� namelethje� me ligìtere parathr sei en¸ tautìqrona parathroÔntai galax�e me diaforetik�qarakthristik� apì ton dikì ma Galax�a (qhmik  sÔnjesh, katanom  mesoastrikoÔ mèsou)d�nont� ma ètsi mia pio oloklhrwmènh eikìna twn diafìrwn paramètrwn twn plhjusm¸n twnU/U, b) Ta U/U e�nai sthn �dia apìstash kai g) Dialègonta galax�e se k�toyh (face-on)ta apotelèsmata th eswterik  galaxiak  aporrìfhsh elaqistopoioÔntai.Oi pr¸toi pou diex gagan susthmatik  èreuna gia exwgalaxiak� U/U  tan oi Ma-

thewson & Clarke (1973) sta Nèfh tou Maggel�nou. Apì tìte kai mèqri s mera, èqounanakalufje� gÔrw sta 650, 200 kai 50 exwgalaxiak� U/U sto optikì, radiofwnikì kai stiakt�ne -Q ant�stoiqa (p.q Blair & Long 1997, Matonick & Fesen 1997, Matonick et al.

1997), me tou arijmoÔ autoÔ ìmw na proèrqontai apì èna mikrì sÔnolo kontin¸n gala-xi¸n. Sto optikì mèro tou f�smato gia par�deigma, kai met� apì ti pr¸te melète se ènamikrì de�gma twn kontin¸n galaxi¸n (p.q. Matonick & Fesen 1997, Matonick et al. 1997),den èqoun up�rxei susthmatikè anazht sei se optikoÔ plhjusmoÔ exwgalaxiak¸n U/U.Ant�stoiqa sti akt�ne -Q kai sto radiofwnikì, l�ge èreune èqoun g�nei gia ton entopismìexwgalaxiak¸n U/U se kontinoÔ galax�e (p.q. Leonidaki et al. 2010, Long et al. 2010,

Pannuti et al. 2007, Ghavamian et al. 2005). 'Etsi, up�rqei meg�lh diafor� metaxu twn po-sost¸n an�qneush se diaforetikè suqnìthte (gia par�deigma, ligìtera apì 50 U/U èqounparathrhje� kai sti trei energeiakè perioqè - optikì, radiofwnikì, akt�ne -Q) ìqi mìnolìgw th pijan  diaforetik  tou hlik�a kai exèlixh all� lìgw kai twn parathrhsiak¸nepilog¸n kai th euaisjhs�a twn qrhsimopoioÔmenwn org�nwn.Orm¸menoi apì tou parap�nw lìgou kai ekmetalleuìmenoi thn Ôparxh plèon uyh-l  an�lush org�nwn parat rhsh, mporoÔme na epekte�noume se meg�lo bajmì ti arqikèprosp�jeie an�qneush exwgalaxiak¸n U/U se èna megalÔtero de�gma galaxi¸n, diereun¸n-ta tautìqrona amudrìterou plhjusmoÔ U/U. Gia autì kai h paroÔsa diatrib  esti�zei sthnan�qneush kai melèth U/U sti akt�ne -Q kai sto optikì mèro tou f�smato se èxi kontinoÔgalax�e. To de�gma autì e�nai ikanì gia mia kal  statistik  an�lush twn idiot twn twn plh-jusm¸n twn U/U se aut� ta m kh kÔmato kai th susqètish, ìpou e�nai dunatìn, metaxÔ tou.H melèth twn U/U se aut� ta m kh kÔmato mpore� na ma d¸sei mia kalÔterh eikìna th dom 3



kai thn exèlixh aut¸n twn antikeimènwn. Epiplèon, d�nei th dunatìthta na ereun soume seèna ikanì statistikì pla�sio, thn allhlep�drash twn U/U me to mesoastrikì tou perib�llondhlad  p¸ metab�llei kai p¸ ousiastik� ephre�zei thn exèlixh twn galaxi¸n.

4



Kef�laio 2
JEWRHTIKO UPOBAJRO
2.1 EXELIKTIKH POREIA ASTERWNH dhmiourg�a astèrwn apaite� thn kat�rreush mesoastrik¸n nef¸n tupik  puknìth-ta enì atìmou an� cm−3 kai akt�na ∼1019cm . H katakr mnish tou ploÔsiou se udrogìnoulikoÔ pro to kèntro, k�tw apì thn ep�drash th �dia tou th barÔthta, dhmiourge� ènasfairikì pur na o opo�o stadiak� aux�nei thn puknìthta, thn p�esh kai th jermokras�a toumèqri to sÔsthma na epèljei se kat�stash dunamik  isorrop�a (h barutik  kat�rreush touulikoÔ isostajm�zetai me thn p�esh tou aer�ou). E�n o pur na ft�sei se jermokras�a 107 Karq�zoun oi jermopurhnikè antidr�sei (xekin¸nta apì thn kaÔsh tou udrogìnou se  lio)kai to sqhmatismèno astèri plèon mpa�nei se sugkekrimèno shme�o sthn kÔria akolouj�atou diagr�mmato fwteinìthta - jermokras�a H-R (Hertzsprung - Russell, Sq ma 2.1) ìpouja dianÔsei to megalÔtero mèro th zw  tou.Kajoristikì par�gonta sth jèsh pou ja egkatastaje� o astèra sthn kÔria akolouj�ae�nai h m�za tou. Autì antikatoptr�zetai sth sqèsh m�za -fwteinìthta (gia astèria m�zaM>0.075M⊙):

L ∝ M3 (2.1)Dedomènou ìti ta astèria ekpèmpoun w mèlan s¸ma, h jèsh tou sto di�gramma HR kajor�-zetai apì to nìmo Stefan-Boltzmann:
L ∝ R2T 4 (2.2)Epomènw, oi astère meg�lh m�za e�nai jermìteroi kai fwteinìteroi kai egkaj�-5



Sq ma 2.1 Di�gramma H-R (Hertzsprung-Russell). Pèra apì thn kÔria akolouj�a diakr�nontaikai �lla exeliktik� st�dia twn astèrwn (kìkkinoi g�gante - Red Giants, Uperg�gante -
Supergiants klp.)(http://www.lifesmith.com/Berkeley Teaching/astroearth.html)stantai sto p�nw arister� tm ma th kÔria akolouj�a en¸ oi astère mikr  m�za (pou e�naiyuqrìteroi kai ligìtero fwteino�) egkaj�stantai sto k�tw dexi� mèro th kÔria akolouj�a.'Otan o astèra br�sketai sthn kÔria akolouj�a ka�ei to udrogìno tou pur na tou (se  lio).'Otan exantlhje� to udrogìno ja exèljei th kÔria akolouj�a kinoÔmeno se �lle om�detou diagr�mmato H-R (ìpw fa�netai sto Sq ma 2.1). Oi astère meg�lh m�za èqoun piosÔntomh paramon  sthn kÔria akolouj�a apì ìti oi astère mikr  m�za. O rujmì twn purh-nik¸n antidr�sewn exart�tai drastik� apì th jermokras�a tou pur na (de Sqèsei 2.4, 2.8)me apotèlesma astèria megalÔterh jermokras�a na katanal¸noun pio gr gora ta kaÔsim�tou. O qrìno paramon  twn astèrwn sthn kÔria akolouj�a exart�tai apì th m�za tousÔmfwna me th sqèsh:

t ≃ M−2.5 (2.3)Epiplèon, o drìmo pou ja akolouj sei o astèra met� thn èxodì tou apì thn kÔria ako-louj�a exart�tai ep�sh apì th m�za tou. Oi astère meg�lh m�za sto tèlo th zw tou ja katal xoun se astère netron�wn   melanè opè met� apì mia kataklusmia�a èkrhxhuperkainofanoÔ, to ektoxeuìmeno ulikì th opo�a ja allhlepidr�sei me to mesoastrikì6



ulikì dhmiourg¸nta èna upìleimma uperkainofanoÔ. Antijètw, oi astère mikr  m�za jakatal xoun se leukoÔ n�nou, dhmiourg¸nta gÔrw tou planhtik� nefel¸mata. Gia to lìgoautì, h melèth th peraitèrw exèlixh twn astèrwn ja g�nei me b�sh th m�za tou.2.1.1 Exèlixh astèrwn mikr  m�zaW astère mikr  m�za jewroÔme tou astère me m�ze < 8 M⊙. Auto� egkaj�-stantai sto k�tw dexiì mèro th kÔria akolouj�a kai eke� arq�zei h sÔnthxh tou udrogìnouse  lio. H basik  ant�drash sÔnthxh se astère mikr  m�za e�nai h alus�da 'prwton�ou-prwton�ou' (p - p). H ex�rthsh th paragwg  enèrgeia tou mhqanismoÔ autoÔ apì th jer-mokras�a (tou pur na) fa�netai sthn parak�tw sqèsh (GoÔdh 1991):
ǫPP = ǫ1ρX2

HT 4 (2.4)ìpou ǫPP e�nai o rujmì paragwg  enèrgeia th alus�da prwton�ou-prwton�ou, e1 stajer�pou qarakthr�zei thn olik  èklush enèrgeia, r h puknìthta tou astrikoÔ aer�ou, T h jermo-kras�a tou pur na kai Q h sugkèntrwsh tou udrogìnou. Oi antidr�sei pou qarakthr�zounautìn ton mhqanismì e�nai oi akìlouje:
1H

1 +1 H1 →1 H2 + e+ + ν

1H
1 +1 H2 →2 He3 + γ

2He3 +2 He3 →2 He4 +1 H1 +1 H1 + enèrgeia (2.5)'Otan to udrogìno ston pur na exantlhje�, stamatoÔn oi purhnikè antidr�sei kai o pur naarq�zei na sustèlletai upì thn ep�drash twn uperke�menwn strwm�twn. H kaÔsh tou udro-gìnou suneq�zetai mèsa se kèlufo pou perikle�ei ton pur na, o opo�o apotele�tai plèonmìno apì  lio. H sustol  tou pur na prokale� th jèrmansh tou kelÔfou kai thn paragwg peraitèrw enèrgeia. O astèra diastèlletai (lìgw th jèrmansh twn strwm�twn ektì toukelÔfou) kai tautìqrona aux�netai h fwteinìtht� tou. H diastol  prokale� me�wsh thepifaneiak  jermokras�a tou astèra me apotèlesma na g�nei èna yuqrì kai lamprì eru-jrì g�ganta (de Sq ma 2.1). Aut  h diadrom  onom�zetai kl�do erujr¸n gig�ntwn(Red Giant Branch - RGB).Se aut  th f�sh, h jermokras�a tou pur na lìgw th sump�esh èqei ft�sei stou ∼108K
7



kai arq�zei h kaÔsh tou hl�ou se �njraka me to mhqanismì th tripl  ant�drash a:
2He4 +2 He4 →4 Be8

4Be8 +2 He4 →6 C12 + γ
(2.6)Mìli arq�sei h kaÔsh tou hl�ou se �njraka, ano�gei o drìmo kai gia th dhmiourg�a oxugìnou:

2He4 +6 C12 →8 O16 + γ (2.7)Lìgw th dramatik  ex�rthsh th èklush enèrgeia apì th jermokras�a se autì to mhqa-nismì (e3a=e3r2Q3
HeT40, ìpou e3 stajer� pou qarakthr�zei thn olik  èklush enèrgeia kai

QHe h sugkèntrwsh tou hl�ou, GoÔdh 1991), h ènarxh th kaÔsh tou hl�ou sunodeÔetai apìm�a ekrhktik  èklamyh, to fla hl�ou kai o pur na hl�ou e�nai se kat�stash ekfulismoÔ.Autì prokale� th diastol  tou pur na hl�ou kai kat� sunèpeia thn el�ttwsh th p�esh, thjermokras�a kai th èklush enèrgeia apì to eswterikì tou astèra. O astèra sustèlle-tai kai 'pèftei' apì thn perioq  twn erujr¸n gig�ntwn. Stadiak� epanèrqetai se kat�stashisorrop�a (omal  kaÔsh tou hl�ou ston pur na kai thn sunèqish th kaÔsh tou udrogìnousto kèlufo) kai xanadiastèlletai aux�nonta th fwteinìtht� tou kai aneba�nonta p�li sthnperioq  twn erujr¸n gig�ntwn. H f�sh th kaÔsh tou hl�ou ston pur na mèqri thn ex�ntlh-sh tou me tautìqronh kaÔsh udrogìnou sto kèlufo pou ton perib�llei onom�zetai orizìntiokl�do (Horizontal Branch - HB). Sthn per�ptwsh twn astèrwn mikr  m�za, kai lìgw toufla tou hl�ou, o orizìntio kl�do e�nai astaj  kai k�pw kuklikì (ènarxh kaÔsh hl�-ou →o erujrì g�ganta q�nei fwteinìthta →stajeropo�hsh kaÔsh hl�ou →ep�nodo touastèra se erujrì g�ganta). H kuklik  aut  ast�jeia mpore� na epanalhfje� se di�forouastère, dhmiourg¸nta ètsi peript¸sei periodik¸n metaballìmenwn astèrwn.Me to tèlo th kaÔsh tou hl�ou, o astrikì pur na apotele�tai apì �njraka kai oxugìno(C-O) kai to  lio exakolouje� na ka�getai se kèlufo pou perib�llei ton pur na, en¸ kè-lufo udrogìnou (pou suneq�zei kai ka�getai) perib�llei to kèlufo tou hl�ou. O astèrabr�sketai plèon sto st�dio kaÔsh tou diploÔ floioÔ. O astèra diastèlletai p�li (gia tou�diou lìgou pou diest�lh o pur na met� thn ex�ntlhsh tou udrogìnou) kai akolouje� thdiadrom  gnwst  w asumptwtikì kl�do twn gig�ntwn (Asymptotic Giant Branch - AGB).An h jermokras�a tou pur na den ft�sei se jermokras�e > 108 K (pr�gma pou sumba�nei seastère me arqik  m�za < 8M⊙), tìte den e�nai dunat  h sunèqish ston pur na th kaÔsh tou�njraka se magn sio. H palmik  ast�jeia all� kai oi astriko� �nemoi tou astèra ja uperni-k soun th barÔtht� tou kai ja eksfendon�soun ta exwterik� tou str¸mata sto mesoastrikì8



q¸ro, dhmiourg¸nta planhtik� nefel¸mata. O pur na C-O pou apomènei sto kèntrosustèlletai lìgw th suneqoÔ ep�drash th barÔthta kai katal gei se leukì n�no.Autì ja sumbe� gia ìlou tou astère twn opo�wn h m�za met� thn ap¸leia twn exwterik¸ntou strwm�twn e�nai < 1.4M⊙ (ìrio Chandrasekhar).2.1.2 Exèlixh astèrwn meg�lh m�zaW astère meg�lh m�za jewroÔme astère me m�za M> 8M⊙ . Oi astère auto�e�nai lampro� kai me uyhl  epifaneiak  jermokras�a (L> 500L⊙, T> 104K , de Sqèsh 2.2)kai egkaj�stantai sto p�nw aristerì mèro th kÔria akolouj�a. O qrìno paramon tou eke� e�nai mikrìtero apì autìn twn astèrwn mikr  m�za (Sqèsh 2.3) mia kai o rujmìparagwg  enèrgeia kai kat� sunèpeia katan�lwsh kaus�mwn e�nai taqÔtero lìgw thmegalÔterh ex�rthsh th ekluìmenh enèrgeia me th jermokras�a (GoÔdh 1991):
ǫCNO = ǫ2ρXHXCT 17 (2.8)ìpou ǫCNO e�nai o rujmì paragwg  enèrgeia me ton mhqanismì �njraka-az¸tou-oxugìnou,e2 stajer� pou qarakthr�zei thn olik  èklush enèrgeia, r h puknìthta tou astrikoÔ aer�ou,T h jermokras�a tou pur na kai XH , XC oi sugkentr¸sei tou udrogìnou kai tou �njrakaant�stoiqa.H kaÔsh tou udrogìnou se  lio stou astère meg�lh m�za pragmatopoie�tai me ton mhqa-nismì �njraka-az¸tou-oxugìnou (CNO) ant� tou kÔklou prwton�ou-prwton�ou:

6C
12 +1 H1 → 7N

13 + γ

7N
13 → 6C

13 + e+ + ν

6C
13 +1 H1 → 7N

14 + γ

7N
14 +1 H1 → 8O

15 + γ

8O
15 → 7N

15 + e+ + ν

7N
15 +1 H1 → 6C

12 +2 He4

(2.9)
H diadikas�a th ex�ntlhsh tou udrogìnou, th sustol  tou astèra mèqri thn ènarxh thkaÔsew tou hl�ou kai th diadrom  tou astèra sthn perioq  twn erujr¸n gig�ntwn den diafè-rei apì aut  twn astèrwn mikr  m�za. Mia meg�lh diafor� ìmw e�nai ìti lìgw th meg�lhtou jermokras�a kai p�esh, o pur na kat� thn ènarxh kaÔsh tou hl�ou den èqei sustalle�9



tìso ¸ste na ekfuliste�, epomènw den parathre�tai h èklamyh tou 'fla hl�ou' pou parath-re�tai stou astère mikr  m�za. O orizìntio kl�do stou astère meg�lh m�za den e�naiepomènw astaj  ìpw stou astère mikr  m�za (den k�nei thn kuklik  k�nhsh pou proana-fèrjhke).

Sq ma 2.2 Diastrwm�twshastèra prin thn èkrhxh u-perkainofanoÔ.

Oi astère meg�lh m�za suneq�zoun thn kaÔsh tou diploÔfloioÔ (diadrom  ston asumptwtikì kl�do twn gig�ntwn) kaime thn ex�ntlhsh tou hl�ou ston pur na parousi�zoun jer-mokras�e ∼5×109 K pou epitrèpoun thn ènarxh jermopurhni-k¸n antidr�sewn kai th dhmiourg�a barÔterwn stoiqe�wn (C→O

→Ne →Mg→Si →S →A→Ca→Fe). O s�dhro w to telikìkai stajerìtero stoiqe�o ston pur na, den mpore� na sunthqje�peraitèrw me apotèlesma thn katastrof  th jermodunamik isorrop�a tou astèra, th dhmiourg�a kai di�dosh enì krou-stikoÔ kÔmato sok pou katal gei sthn ekrhktik  kat�rreus tou w uperkainofan . Sunèpeia aut  th èkrhxh e�nai hdiaskìrpish twn exwterik¸n strwm�twn tou astèra sto meso-astrikì q¸ro, emplout�zont� ton me barÔtera stoiqe�a. To upìleimma th èkrhxh paja�neitètoia sÔnjliyh pou h puknìtht� tou ft�nei se asÔllhpte timè. An h m�za pou apome�neimet� thn èkrhxh e�nai 1.4 M⊙ < M < 3.2 M⊙ tìte metatrèpetai se astèra netron�wn en¸ ane�nai M > 3.2 M⊙ g�netai melan  op .2.2 TUPOI UPERKAINOFANWNH arqik  taxinìmhsh twn uperkainofan¸n bas�sthke sti parathroÔmene optikèidiìthte twn kampul¸n fwtì kai twn fasm�twn tou. Pr¸to o Minkowski (1941) para-t rhse ìti meriko� uperkainofane� parousi�zoun grammè udrogìnou sto f�sma tou (TÔpouII) en¸ �lloi ìqi (TÔpou I). Mia peraitèrw katanom  twn uperkainofan¸n TÔpou I e�nai h pa-rous�a   ìqi fasmatik¸n gramm¸n hl�ou kai purit�ou. Gia par�deigma, oi TÔpou Ia perièqounsto f�sma tou grammè twn proanaferjèntwn stoiqe�wn, oi TÔpou Ib èqoun grammè hl�ouall� ìqi purit�ou en¸ oi TÔpou Ic den perièqoun grammè aut¸n twn stoiqe�wn. Apì thn �llh,h taxinom sh twn uperkainofan¸n TÔpou II se upokathgor�e sthr�zetai tìso sthn parous�asugkekrimènwn gramm¸n sto f�sma (udrogìnou) all� kai sto sq ma pou parousi�zoun oikampÔle fwtì tou. Oi uperkainofane� TÔpou IIb parousi�zoun grammè udrogìnou pou10



ìmw sÔntoma exafan�zontai kai to f�sma tou g�netai parìmoio me autì twn uperkainofan¸nTÔpou Ib. E�nai plèon gnwstì ìti oi progenn tore uperkainofane� TÔpou Ib, Ic kai IIbq�noun ta kelÔfh tou udrogìnou   tou hl�ou me ap¸leia m�za mèsw astrik¸n anèmwn (Heger

et al. 2003).Oi kampÔle fwtì twn uperkainofan¸n TÔpou IIP, met� th mègisth fwteinìtht� tou, parou-si�zoun èna pl�twma (plateau) me sqedìn stajer  fwteinìthta prin aut  arq�sei na mei¸netaien¸ oi uperkainofane� TÔpou IIL den parousi�zoun to pl�twma autì kai h exasjènhsh thfwteinìthta e�nai grammik . Up�rqoun kai oi uperkainofane� TÔpou IIn pou parousi�zounstenè fasmatikè grammè udrogìnou oi opo�e m�llon proèrqontai apì to puknì mesoastri-kì perib�llon pou dhmiourge�tai apì shmantik  ap¸leia m�za tou prìgonou astèra.Sto Sq ma 2.3 parousi�zontai epigrammatik� ìloi oi tÔpoi twn uperkainofan¸n me ti proa-naferje�se idiìthte. Sto sugkekrimèno sq ma den sumperilamb�noume tou uperkainofane�TÔpou IIn mia kai h jèsh tou sto di�gramma den e�nai xek�jarh (pollè forè sugqèontai meuperkainofane� TÔpou Ia, Hamuy et al. 2003).'Oson afor� sti kampÔle fwtì, autè parousi�zoun idiìthte kai qarakthristi-k� pou bohjoÔn sto diaqwrismì twn tÔpwn twn uperkainofan¸n (Sq ma 2.4). P.q. stouuperkainofane� TÔpou I h fwteinìtht� tou aux�netai gr gora sth mègisth tim  th (p.q.gia tou uperkainofane� TÔpou Ia e�nai th t�xh twn 109 L⊙) se per�pou 2 ebdom�de. Oiuperkainofane� TÔpou II ft�noun pio arg� sth mègisth lamprìtht� tou h opo�a e�nai genik�2 t�xei megèjou ligìtero lampro� apì autoÔ tou TÔpou Ia kai krat�ne perissìtero qrìno(per�pou 100 mère). Epiplèon, oi uperkainofane� TÔpou II mporoÔn eÔkola na diaqwristoÔnme b�sh ti kampÔle fwtì tou apì to an parathre�tai pl�twma   ìqi.An sugkentr¸soume ti plhrofor�e pou pa�rnoume apì ti kampÔle fwtì kai taf�smata twn uperkainofan¸n mporoÔme na ex�goume ta ex :
• Oi uperkainofane� TÔpou Ia èqoun sun jw panomoiìtupe kampÔle fwtì upodhl¸-nonta ètsi ìti èqoun ènan koinì tÔpo prìgonou astèra kai koinì mhqanismì èkrhxhkai ekpomp  aktinobol�a amèsw met� thn èkrhxh. Oi uperkainofane� TÔpou II è-qoun an¸male kampÔle fwtì pou den e�nai p�nta koinè, gegonì pou upodeiknÔei ènameg�lo eÔro arqik  m�za twn progìnwn astèrwn. Oi arqikè autè m�ze mporoÔnna jewrhjoÔn meg�le (>10 M⊙) an l�boume upìyin thn auxhmènh mègisth lamprìthta11



Sq ma 2.3 Sqedi�gramma TÔpwn Uperkainofan¸n kai idiìthtè tou .tou (se sqèsh me tou uperkainofane� TÔpou Ia) sti kampÔle fwtì.
• Oi uperkainofane� TÔpou Ia parousi�zoun f�sma me plhj¸ra gramm¸n all� sqetik apous�a gramm¸n tou udrogìnou. Autì apotele� èndeixh ìti auto� oi astère perièqounbarÔtera stoiqe�a kai pisteÔetai ìti an koun ston plhjusmì astèrwn II (Baade et al.

1958), dhlad  se ghraiìtera astèria pou br�skontai sta teleuta�a st�dia th zw  tou.ParathroÔntai se ìlou tou tÔpou twn galaxi¸n, me idia�terh prot�mhsh stou ellei-ptikoÔ, kai h katanom  tou e�nai sfairik .Ant�jeta, oi uperkainofane� TÔpou II parousi�zoun f�sma pou qarakthr�zetai apì i-squrè grammè udrogìnou (kur�w Hα kai Hβ) upodhl¸nonta ìti oi ekr xei g�nontaiapì astèria ploÔsia se udrogìno. Apant¸ntai kur�w sti spe�re twn speiroeid¸ngalaxi¸n, perioqè pou perièqoun lampr�, near� astèria, meg�lh m�za (plhjusmì12



Sq ma 2.4 KampÔle fwtì uperkainofan¸n (Filippenko 1997).astèrwn I, Baade et al. 1958) kai pukn� sÔnnefa aer�ou kai skình (qarakthristikìprìsfath astrogènesh). Epiplèon, oi uperkainofane� TÔpou II qarakthr�zontai apìisqur  ekpomp  enèrgeia sto uperi¸de, pr�gma pou den sumba�nei stou uperkainofa-ne� TÔpou I.
• Ta f�smata twn uperkainofan¸n TÔpou Ia perièqoun barÔtera stoiqe�a (ìpw s�dhro)pou jewre�tai ìti proèrqontai apì jermopurhnikè antidr�sei kai m�lista apì thn pl rhkaÔsh ghrai¸n kai mikr  m�za leuk¸n n�nwn, pou an koun se diplì sÔsthma astèrwn(p.q.Branch & Nomoto 1986, van den Bergh 1988). Kat� th di�rkeia th èkrhxho leukì n�no katastrèfetai pl rw me apotèlesma proðìnta th purhnik  kaÔshna diaqèontai sto mesoastrikì q¸ro. Antijètw h kuriarq�a elafrÔterwn stoiqe�wn(ìpw udrogìno,  lio, pur�tio, oxugìno, magn sio) sta f�smata twn uperkainofan¸ntwn upolo�pwn tÔpwn de�qnoun astère pou upokÔptoun se kat�rreush tou pur na tou.Di�fore èreune èqoun pistopoi sei thn proèleush aut¸n twn tÔpwn uperkainofan¸n(gia tou Ib de p.q. Fillipenko & Sargent 1986, Wheeler et al. 1987a, Wheeler et

al. 1987b), gia tou II de p.q.van den Bergh 1988). M�lista, e�nai plèon gnwstì13



(p.q. van den Bergh 1988) ìti oi uperkainofane� TÔpou II dhmiourgoÔntai apì astèriafasmatikoÔ tÔpou B kai me m�ze 8M⊙<M<18M⊙ en¸ oi uperkainofane� TÔpou IbdhmiourgoÔntai apì astèria fasmatikoÔ tÔpou O   Wolf-Rayet astèria (astère m�za
M>20M⊙ pou èqoun auxhmèno posostì ap¸leia m�za mèsw astrik¸n anèmwn) mem�ze M>18M⊙.H taxinìmhsh twn uperkainofan¸n me b�sh ta f�smata kai ti kampÔle fwtì den antika-toptr�zei tou fusikoÔ mhqanismoÔ kai ti diadikas�e kat� th di�rkeia th èkrhxh twnantikeimènwn aut¸n. Me b�sh ìmw ta parap�nw qarakthristik� mporoÔme na or�soume dÔoeure�e kathgor�e tÔpwn uperkainofan¸n pou bas�zontai ston trìpo proèleus  tou: seautoÔ pou ofe�lontai sti jermopurhnikè antidr�sei leukoÔ n�nou pou an kei se diplì sÔ-sthma astèrwn (TÔpou Ia) kai se autoÔ pou proèrqontai apì kat�rreush tou pur na astèrwnmeg�lh m�za (TÔpou II). Oi dÔo autè kathgor�e perigr�fontai analutik� parak�tw.2.2.1 Ekr xei TÔpou Ia: An�flexh leukoÔ n�nou se diplì sÔsthmaastèrwn (Thermonuclear Supernovae)H omoiìthta twn optik¸n qarakthristik¸n sta perissìtera TÔpou Ia SNe upodh-l¸nei ìti proèrqontai apì parìmoiou prìgonou astère. Oi leuko� n�noi ja mporoÔsan nae�nai èna stajerì shme�o ekk�nhsh. Epeid  tètoiou e�dou astère e�nai stajero�, gia na ener-gopoihje� mia èkrhx  tou e�nai apara�thto na odhghjoÔn p�nw apì to ìrio Chandrasekhar,pijanìtata me aÔxhsh th m�za tou. Epomènw, pijano� prìgonoi astère gia SNe TÔpou

Ia ja mporoÔsan na e�nai leuko� n�noi pou an koun se dipl� sust mata astèrwn kai pou upo-b�llontai se prosaÔxhsh m�za. SÔmfwna me aut  th diadikas�a, Ôlh prost�jetai ston leukìn�no mèqri h m�za tou na g�nei arket� meg�lh ¸ste h barÔthta na xeper�sei thn ant�stashth p�esh ekfulismoÔ twn hlektron�wn. H prokÔptousa kat�rreush aux�nei th jermokra-s�a mèqri o �njraka kai to oxugìno pou br�skontai ston pur na na arq�zoun na uf�stantaisÔnthxh. Autì dhmiourge� èna ekrhktikì kÔma, mia an�flexh (mia èkrhxh pou proqwr� qwr�na èqei xekin sei apì wstikì kÔma) h opo�a diad�detai mèsa ston pur na se deuterìlepta. Oipurhnikè autè antidr�sei lìgw sÔnthxh èqoun w apotèlesma na dhmiourghje� radienergì
56Ni posìthta �sh me mia hliak  m�za kai na apeleujer¸sei enèrgeia th t�xh twn 1052

erg, diatar�ssonta entel¸ to astèri kai prokal¸nta th di�lus  tou kai thn ektìxeush touulikoÔ tou sto mesoastrikì q¸ro. H suneqizìmenh apeleujèrwsh enèrgeia met� thn èkrhxhmèsw th radienerg  di�spash tou 56Ni exhge� thn arg  exasjènhsh sti kampÔle fwtì14



pou e�nai qarakthristik  sta TÔpou Ia SNe .

Sq ma 2.5 Trìpo dhmiourg�a TÔpou Ia SNe (Illustration credit: NASA, ESA, and A. Field (STScI))To Sq ma 2.5 de�qnei thn pijan  exèlixh enì diploÔ sust mato astèrwn pou jakatal xei se mia TÔpou Ia èkrhxh uperkainofanoÔ. DÔo astère mètria m�za (p.q. 1M⊙kai 3 M⊙) pou sqhmat�zoun èna diplì sÔsthma (per�pou o misì plhjusmì ìlwn twn astèrwnbr�sketai se dipl� sust mata) xekinoÔn thn exèlix  tou sthn kÔria akolouj�a. O qrìno oopo�o qrei�zetai èna astèri na oloklhr¸sei th f�sh kaÔsh tou udrogìnou tou sthn kÔriaakolouj�a e�nai antistrìfw an�logo me to tetr�gwno th m�za tou astèro. Epomènwastèria me megalÔterh m�za exel�ssontai pio gr gora. 'Otan to astèri megalÔterh m�zae�nai sth f�sh tou erujroÔ g�ganta, ektin�ssei ulikì to opo�o aiqmalwt�zetai apì to astèriqamhlìterh m�za tou diploÔ sust mato. 'Otan aut  h f�sh metafor� m�za oloklhrwje�,to deÔtero astèri pou èqei me�nei e�nai autì me th megalÔterh m�za en¸ apì to pr¸to astèrièqei apome�nei o pur na tou, dhlad  èqei g�nei èna leukì n�no �njraka-oxugìnou. TodeÔtero astèri me th seir� tou lìgw th auxhmènh m�za tou arq�zei na exel�ssetai taqèw,mpa�nei sth dik  tou f�sh tou erujroÔ g�ganta kai metafèrei me th seir� tou Ôlh ston leukì15



n�no. H m�za tou leukoÔ n�nou megal¸nei mèqri na per�sei to ìrio Chandrasekhar . Se autìto shme�o h barÔthta odhge� sthn kat�rreush tou astèra me apotèlesma thn purhnik  èkrhxhtou leukoÔ n�nou.2.2.2 Ekr xei TÔpou II: Barutik  kat�rreush tou astrikoÔ pur na
(Core-collapse Supernovae)H exèlixh enì astèra pou xekin� th zw  tou me m�za >10M⊙ e�nai entel¸ dia-foretik . Katanal¸nei ta purhnik� tou kaÔsima polÔ pio gr gora kai ìtan ta exantl sei,to tèlo tou e�nai katastrofikì kai shmatodote� thn èkrhxh uperkainofanoÔ TÔpou II . HbarÔthta e�nai h kur�arqh dÔnamh sthn exèlix  tou kai aut  e�nai upeÔjunh gia thn enèrgeiapou apeleujer¸nei kat� thn èkrhx  tou.Arqik�, to udrogìno ston pur na sunt ketai se  lio. 'Otan exantlhje�, to astèri susp�taimèqri na auxhje� h jermokras�a ston pur na kai na arq�sei na ka�ei to  lio se �njraka kaioxugìno. Thn �dia stigm  aux�netai kai h p�esh sto kèlufo tou udrogìnou pou perikle�eiton pur na. Autì xekin� thn purhnik  kaÔsh tou kelÔfou tou udrogìnou dhmiourg¸nta ènakèlufo hl�ou pou perikukl¸nei ton pur na me ta barÔtera stoiqe�a. Sto tèlo, kai met�to pèrasma per�pou 10 ekatommur�wn qrìnwn, to astèri èqei strwmatopoihje� se di�fora ke-lÔfh: o kentrikì pur na apotele�tai apì s�dhro (to telikì st�dio th sÔnthxh) o opo�operib�lletai apì kelÔfh purit�ou kai je�ou, nèou kai oxugìnou, �njraka, hl�ou kai telik�udrogìnou. H puknìthta ston pur na e�nai aut  enì leukoÔ n�nou. Oi perissìteroi astèrese aut  th f�sh e�nai pijan¸ kìkkinoi g�gante   uperg�gante oi opo�oi perib�llontai apìlampr� kelÔfh udrogìnou tìso meg�la ìso to eswterikì tm ma tou hliakoÔ ma sust mato(apì ton 'Hlio mèqri ton 'Arh).O s�dhro den mpore� plèon na d¸sei antidr�sei sÔnthxh qwr� thn paroq  exwterik  e-nèrgeia. 'Eqei stajeropoihje� apì thn hlektroniak  p�esh kai e�nai sto ìrio Chandrasekhar.Parìla aut�, h m�za tou pur na suneq¸ aux�netai kaj¸ to parake�meno str¸ma tou puri-t�ou suneq�zei na sunt ketai se s�dhro. O pur na sumpièzetai kai jerma�netai me apotèlesmamèro tou sid rou na diaspaste� se elafrÔterou pur ne. Me autìn ton trìpo aporrof�taienèrgeia, mei¸netai h p�esh kai o pur na surrikn¸netai. EklÔontai eleÔjera prwtìnia pousundèontai me ta eleÔjera hlektrìnia pro sqhmatismì netron�wn kai netr�nwn. H diadikas�aaut  telei¸nei me thn barÔthta na upernik� thn hlektroniak  p�esh. Mèsa se l�ga msec opur na katarrèei, ekr gnutai kai eklÔetai dramatik  enèrgeia (1053 erg), h opo�a epitaqÔnei16



ta uperke�mena str¸mata dhmiourg¸nta kroustikì kÔma. Sto kèntro èqei apome�nei èna a-stèra netron�wn (  maÔrh trÔpa) uyhl  jermokras�a pou ìmw yÔqetai ragda�a. Epiplèonqarakthristikì th èkrhxh autoÔ tou tÔpou e�nai h an�qneush netr�nwn pou diafeÔgoun eÔ-kola apì ton pur na pou katarrèei kai metafèroun to megalÔtero posostì th paragìmenhenèrgeia (Colgate & White 1966).2.3 UPOLEIMMATA UPERKAINOFANWN2.3.1 St�dia exèlixh upoleimm�twn uperkainofan¸nMe thn èkrhxh enì uperkainofanoÔ, aèrio ektin�ssetai sto perib�llon kai sa-r¸nei thn mesoastrik  Ôlh en¸ oi uperhqhtikè tou taqÔthte dhmiourgoÔn èna kroustikìkÔma. Aut  e�nai kai h ènarxh th dhmiourg�a enì upole�mmato uperkainofanoÔ. 'Otan toektinassìmeno aèrio arq�sei na allhlepidr� shmantik� me to perib�llon mèso, dhmiourge�taièna kèlufo mprost� apì to mètwpo tou sok pou arqik� e�nai jermì kai upìkeitai se meg�ledun�mei p�esh en¸ argìtera yÔqetai kai arq�zei na aktinobole�. Telik�, h auxanìmenh Ôlhpou sar¸netai apì to kÔma sok k�poia stigm  apokt� taqÔthte sugkr�sime me ti tuqa�ekin sei tou diastrikoÔ mèsou kai to upìleimma arq�zei na q�nei thn tautìtht� tou, na sug-qwneÔetai me to mesoastrikì ulikì kai telik� na exafan�zetai. H exèlixh twn U/U mpore� nasunoyisje� se tèsserei f�sei (Sq ma 2.6): (1) sth f�sh th eleÔjerh ektìnwsh (free ex-

pansion phase), (2) sth f�sh th adiabatik  ektìnwsh (Sedov-Taylor phase), (3) sth f�shth yÔxh me aktinobol�a (radiative phase   snowplow) kai (4) sth f�sh th sugq¸neushme to mesoastrikì ulikì. Parak�tw parat�jentai sunoptik� ta kÔria qarakthristik� k�jef�sh. Analutikè perigrafè gia ta st�dia th exèlixh mporoÔn na brejoÔn sti douleièp.q. twn Ostriker & Mckee (1988), Cioffi & Mckee (1988), Lozinskaya (1992). To pio aplìmontèlo pou eurèw qrhsimopoie�tai e�nai autì ìpou h Ôlh ektin�ssetai isìtropa kai isìposapro k�je kateÔjunsh eisb�llonta se omoiogenè mesoastrikì mèso.
• F�sh eleÔjerh ektìnwsh (Free expansion phase)Ulikì m�za M0 ektin�ssetai met� thn èkrhxh tou uperkainofanoÔ me meg�lh taqÔthta(u0∼5.000-10.000 km sec−1) kai me enèrgeia (jermik  kai kinhtik ) E0 sto yuqrì mesoa-strikì mèso puknìthta r0. H meg�lh diafor� th taqÔthta tou ektinassìmenou ulikoÔ me17



thn taqÔthta tou  qou se èna omoiìmorfo mesoastrikì perib�llon (∼10 km sec−1) èqei sansunèpeia th dhmiourg�a enì kroustikoÔ kÔmato sto mètwpo tou ektinassìmenou ulikoÔ poutaxideÔei sth mesoastrik  Ôlh. An den up rqe mesoastrik  Ôlh na perib�llei ton uperkai-nofan , to astrikì ektinassìmeno ulikì ja sunèqize na ekton¸netai eleÔjera me taqÔthte10.000-20.000 km sec−1. H mesoastrik  Ôlh up�rqei ìmw kai dhmiourge� èna fr�gma poue�nai polÔ dÔskolo na paragkwniste� apì to ektinassìmeno ulikì. Kaj¸ loipìn autì pèfteip�nw sthn perib�llousa Ôlh, to mesoastrikì aèrio sar¸netai kai arq�zei kai kine�tai maz� meto ektinassìmeno ulikì, af nonta mia qamhl  puknìthta perioq  p�sw tou. Ta �toma  ta iìnta tou mesoastrikoÔ udrogìnou pou br�skontai makri� apì to astèri, me thn p�rodotou kÔmato sok ja sugkrousjoÔn me ta geitonik� tou �toma   iìnta me apotèlesma thnaÔxhsh th jermokras�a sta 107-108 K kai ton ionismì twn atìmwn. Kat� th di�rkeia aut th f�sh, h m�za th Ôlh pou sar¸netai apì to sok (Mshock) e�nai amelhtèa mprost� stharqik  m�za tou ektinassìmenou ulikoÔ (M0) kai h ektìnwsh proqwr� me mia omoiìmorfhtaqÔthta qwr� epibr�dunsh (gi' autì kai onom�zetai eleÔjerh ektìnwsh). 'Ena posostì tharqik  enèrgeia (to upìloipo feÔgei w netr�na) th èkrhxh E0 ekdhl¸netai w kinhtik tou ektinassìmenou ulikoÔ (h jermik  enèrgeia e�nai 2-3%). Oi sqèsei pou isqÔoun loipìnsthn arq  th eleÔjerh ektìnwsh gia thn akt�na Rshock, th m�za Mshock kai thn enèrgeia
Eshock tou upole�mmato e�nai:
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0 (2.12)H epibr�dunsh tou ektinassìmenou ulikoÔ xekin� ìtan h Ôlh pou èqei sarwje� apìto epekteinìmeno kèlufo mprost� apì to mètwpo tou sok apokt sei m�za �sh me thn arqik m�za tou ektinassìmenou ulikoÔ apì ton uperkainofan  (M0). Tìte stamat� kai h f�sh theleÔjerh ektìnwsh me to upìleimma na èqei akt�na Rshock kai hlik�a t pou prokÔptoun apìti sqèsei:
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t = Rshockυ

−1
0 (2.14)ìpou or�zoume thn puknìthta tou mesoastrikoÔ ulikoÔ w r = m mH n0 me m tomèso atomikì b�ro tou mesoastrikoÔ ulikoÔ se udrogìno (1.26, Allen 1973), mH th m�zatou atìmou tou udrogìnou kai n0 thn puknìthta tou udrogìnou sto mesoastriko q¸ro. Oiparak�tw sqèsei d�noun thn akt�na kai thn hlik�a se pc kai years ant�stoiqa:
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3 (years) (2.16)An p.q. jewr soume M0=1M⊙, n0=1 cm−3 kai u0=104km sec−1 h akt�na tou uper-kainofanoÔ se aut  th f�sh ja e�nai ∼2 pc kai h hlik�a tou ja e�nai ∼190 qrìnia. H f�shth eleÔjerh ektìnwsh genik� diarke� 100-1000 qrìnia.
• F�sh adiabatik  ektìnwsh (Sedov-Taylor phase)Me thn p�rodo tou qrìnou kai ìtan h m�za tou ulikoÔ pou èqei sarwje� arq�zei plèon nag�netai megalÔterh apì th m�za tou arqikoÔ ektinassìmenou ulikoÔ, h epèktash tou kÔmatoepibradÔnetai kai to U/U eisèrqetai sth deÔterh f�sh tou, thn adiabatik  ektìnwsh. H epi-br�dunsh aut  sumba�nei giat� p�sw apì to mètwpo tou sok pou kine�tai pro ta èxw (mèsa stosumpiesmèno mesoastrikì mèso), susswreÔetai ìlo kai perissìterh m�za pou en¸ arqik� èqeiparìmoia p�esh kai taqÔthta me to ektinassìmeno ulikì, h puknìtht� tou arq�zei kai g�netaimegalÔterh. Autì èqei w apotèlesma h m�za pou èqei sarwje� na arq�sei na diaqwr�zetaiapì to ektinassìmeno ulikì, dhmiourg¸nta mia asunèqeia epaf  (contact discontinuity) kaièna deÔtero kÔma sok to opo�o diad�detai pro thn ant�jeth kateÔjunsh (pro ta p�sw, mèsasto ektinassìmeno ulikì) pou onom�zetai an�strofo kÔma sok (reverse shock). Autì jer-ma�nei perissìtero ta dÔo ulik�, metatrèponta thn arqik  kinhtik  enèrgeia se jermik , me
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apotèlesma na èqei mikrìterh taqÔthta apì to metwpikì kÔma sok.H aktinoboloÔmenh enèrgeia an� mon�da qrìnou (dE/dt)rad se aut  th f�sh e�nai amelhtèase sqèsh me thn arqik  enèrgeia E0 pou eklÔetai apì ton uperkainofan , gia autì kai h f�shlègetai adiabatik . O rujmì th epèktash kajor�zetai mìno apì thn arqik  enèrgeia E0pou enapot�jetai apì thn èkrhxh kai apì thn arqik  puknìthta r0 th mesoastrik  Ôlh. Hperigraf  th adiabatik  f�sh th exèlixh twn U/U g�netai me thn efarmog  th lÔshauto-omoiìthta (self-similar solution) tou Sedov (Sedov 1957, Taylor 1950) ìpou perigr�feithn exèlixh enì upole�mmato sthn adiabatik  tou f�sh me dÔo krit ria: 1) h m�za pou èqeisarwje� na e�nai arket� megalÔterh apì th m�za th arqik  ektinassìmenh Ôlh kai 2) haktinobolÔmenh enèrgeia na e�nai amelhtèa se sqèsh me thn arqik  enèrgeia E0. Aut  h f�shloipìn perigr�fetai apì ti parak�tw exis¸sei (Shklovskii 1962, Shklovskii 1976a):
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υshock =
0.4Rshock

t
(2.21)ìpou Rshock kai Tshock h akt�na kai h jermokras�a tou kÔmato ant�stoiqa, E51=E0×10−51

(erg) kai r0 se cm−3 . Arijmhtikè metr sei apì th doulei� tou Chevalier (1974) de�qnounìti sthn adiabatik  f�sh, per�pou to 70% th arqik  enèrgeia th ektinassìmenh Ôlhmetatrèpetai se jermik  enèrgeia th Ôlh pou sar¸netai apì to kÔma sok. Se aut  th f�shh taqÔthta tou kÔmato sok e�nai gÔrw sta 103 km sec−1 en¸ h f�sh aut  diarke� gÔrw sta104 qrìnia.Ast�jeia Rayleigh-Taylor (R-T)Akìmh kai sta upole�mmata uperkainofan¸n pou prokÔptoun apì summetrikè ekr xei, dh-miourgoÔntai diataraqè kai ast�jeie sthn perioq  pou ef�ptetai to ektinassìmeno ulikì kai20



to ulikì pou sar¸netai, gnwstè w ast�jeie Rayleigh-Taylor (R-T). Oi ast�jeie autèofe�lontai sti diaforetikè puknìthte twn ulik¸n ta opo�a ef�ptontai kai to ulikì mikrì-terh puknìthta spr¸qnei autì th megalÔterh puknìthta. H 'p�lh' twn dÔo ulik¸n nastajeropoi soun th barÔthta kai thn epifaneiak  tou t�sh odhge� sto 'sp�simo' tou barÔ-terou ulikoÔ se susswmat¸mata (ìpw p.q. mia meg�lh stagìna neroÔ sp�ei se stagon�diaìtan pèftei ston aèra). Se èna U/U, to ektinassìmeno ulikì pièzetai apì to mesoastrikìulikì pou sar¸netai mèsw th asunèqeia epaf . H ast�jeia Rayleigh-Taylor prokale� tosqhmatismì susswm�twn me th morf  daktÔlwn (fingers) pou proexèqoun mprost� apì thnarqik� sfairik  asunèqeia epaf . Auto� oi sqhmatismo� e�nai oi �dioi astaje� kai oi ana-tar�xei pou dhmiourgoÔn anamignÔoun to ektinassìmeno ulikì me to mesoastrikì aèrio pousar¸netai apì to kÔma sok. Se mia adiabatik  ektìnwsh, h anataraq  aut  anamènetai naepektaje� mèqri kai sta mis� tou drìmou pro to metwpikì sok. To fainìmeno autì fa�ne-tai qarakthristik� tìso sto U/U Tycho ìso kai sto nefèlwma tou Kark�nou (Crab Nebula).
• F�sh yÔxh me aktinobol�a (Snowplow)To kÔma sok suneq�zei na sar¸nei to yuqrì mesoastrikì ulikì me apotèlesma na aux�neidramatik� th m�za tou, na yÔqetai (mia kai aux�netai h puknìtht� tou) kai na mei¸netai htaqÔtht� tou pou se aut  th f�sh èqei ft�sei ta <200 km sec−1. H jermokras�a tou ulikoÔp�sw apì to kÔma sok pèftei sta 105 K me apotèlesma oi enèrgeie tou nèfou twn eleÔjerwnhlektron�wn na e�nai ikanè na ta anasundèsoun me iìnta �njraka kai oxugìnou pou br�skontaisthn perioq  (h èkrhxh tou uperkainofanoÔ emploÔtise to mesoastrikì q¸ro me barÔterastoiqe�a) kai na arq�sei ekpomp  aktinobol�a, kur�w sto uperi¸de mèro tou f�smato,yÔqonta akìma perissìtero to ulikì. Se aut  th f�sh loipìn, h enèrgeia pou aktinobole�taiden e�nai amelhtèa se sqèsh me thn enèrgeia apì thn èkrhxh, gi' autì kai onom�zetai f�shyÔxh me aktinobol�a.H met�bash apì thn adiabatik  f�sh sth f�sh th aktinobol�a e�nai to shme�o ìpou g�netaimia apìtomh anakatanom  th jermokras�a kai th puknìthta tou aer�ou akrib¸ p�sw apìto metwpikì kÔma sok (me thn eisro  yuqroÔ mesoastrikoÔ ulikoÔ, megal¸nei h puknìthtatou ulikoÔ akrib¸ p�sw apì to metwpikì kÔma sok kai yÔqetai). Autì èqei w apotèlesmath me�wsh th p�esh tou ulikoÔ akrib¸ p�sw apì to metwpikì kÔma sok all� kai thn epi-t�qunsh tou ulikoÔ pou br�sketai pio makri� pro to eswterikì me sunèpeia sqedìn ìlh h21



m�za tou upole�mmato na sumpièzetai mèsa se èna kèlufo (akrib¸ p�sw apì to metwpikìsok). H koilìthta pou oriojete�tai apì to leptì, krÔo kèlufo perièqei zestì, aèrio qamhl puknìthta, pou suneq�zei na epekte�netai adiabatik�. 'Olh aut  h diadikas�a th dhmiourg�atou yuqroÔ kai puknoÔ kelÔfou perigr�fetai epexhghmatik� apì ton Cox (1972). H f�shth yÔxh me aktinobol�a sun jw apart�zetai apì dÔo mèrh:1) Apì thn yÔxh tou neosustajènto leptoÔ kai puknoÔ kelÔfou: H e-swterik  p�esh (tou zestoÔ aer�ou pou suneq�zei na epekte�netai adiabatik�) wje� to leptì,puknì kèlufo sto mesoastrikì ulikì, ìpw èna ekqionistikì, (pressure-driven snowplow)k�nont� to na yÔqetai mèsw ekpomp  aktinobol�a.O nìmoi th k�nhsh pou dièpoun to kèlufo se autì to st�dio sthr�zontai sti sunj keadiabatik  ektìnwsh pou sumba�noun sto eswterikì jermì aèrio:
dEthermal

dt
= −4πR2

shockP
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shockP = (γ − 1)Ethermalìpou R h p�esh tou jermoÔ aer�ou, kai g o lìgo twn eidik¸n jermot twn (g=Cp/CV ). Ep�sh,oi parak�tw sqèsei gia th m�za kai thn orm  tou kelÔfou prokÔptoun apì th sunj kh ìtijewroÔme ìti se aut  th f�sh to p�qo tou kelÔfou e�nai mikrì se sqèsh me thn akt�na toukai th m�za tou jermoÔ aer�ou polÔ mikrìterh apì aut  tou kelÔfou.
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= υshockOi McKee & Ostriker (1977) qrhsimopoi¸nta ta dÔo parap�nw sust mata exis¸sewn ex -gagan th sqèsh pou d�nei thn akt�na tou kÔmato:
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7 (pc)me ǫ=Ethermal/E0=0.2 - 0.35. 'Omw, h parap�nw lÔsh (R=staj× t2/7) fa�netai na mhn d�neimia swst  perigraf  th epèktash tou kÔmato kat� thn f�sh th aktinobol�a tou. Oi Cioffi

& Mckee (1988) to apod�doun sto ìti h sugkekrimènh lÔsh 'krat�' th 'mn mh' th prohgoÔmenh
Sedov f�sh, apotup¸nonta megalÔterh p�esh apì ìti sthn pragmatikìthta sto eswterikìtou jermoÔ aer�ou p�sw apì to kèlufo. Arijmhtik� montèla èdeixan ìti h sqèsh metaxÔ akt�-na kai qrìnou gia aut  th f�sh e�nai th morf  (p.q. Chevalier 1974, Cioffi & Mckee 1988):22



Rshock ∝ t
3

10 (2.22)2)Apì thn yÔxh tou eswterikoÔ, jermoÔ ulikoÔ p�sw apì to kèlufo: 'Otanh yÔxh lìgw aktinobol�a xepern� ta ìria tou kelÔfou kai arq�zei na g�netai apotelesmatik sto eswterikì jermì aèrio, h p�esh tou teleuta�ou mei¸netai arket� kai g�netai sugkr�simhme thn p�esh tou mesoastrikoÔ ulikoÔ. Se aut  th f�sh h orm  tou sust mato jermoÔaer�ou-mesoastrikoÔ ulikoÔ diathre�tai kai to kroustikì kÔma suneq�zei na sar¸nei to meso-astrikì aèrio me parìmoie taqÔthte me autè tou ulikoÔ mprost� apì to metwpikì kÔma sok(momentum-conserving snowplow). Arijmhtik� montèla èdeixan (p.q. Chevalier 1974) ìti,akìma kai ìtan aktinobole�, to aèrio sthn kentrik  perioq  e�nai tìso araiì pou o qrìnoyÔxh tou e�nai polÔ megalÔtero apì thn hlik�a tou upole�mmato.An loipìn jewr soume ìti se aut  th f�sh isqÔei Mshockυshock=staj. kai Mshock∝R3 br�-skoume th lÔsh tou Oort (1951):
Rshock ∝ t

1

4 (2.23)Aut  e�nai sun jw kai h pr¸th for� pou to upìleimma arq�zei na ekpèmpei sto oratì mèrotou f�smato. O qrìno di�rkeia aut  th f�sh e�nai per�pou 105 qrìnia.
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Sq ma 2.6 P�nw sq ma: Di�gramma akt�na U/U sunart sei th hlik�a tou sti di�foref�sei th exèlix  tou (Alik�ko 2010). K�tw sq ma: Sqhmatik  anapar�stash twn f�sewnexèlixh enì U/U.
24



• F�sh exasjènish (Dissipation)Met� to pèra th prohgoÔmenh f�sh, sqedìn ìlh h eswterik  enèrgeia tou upole�mmatoèqei ekpemfje� me th morf  aktinobol�a. To upìleimma suneq�zei na exapl¸netai mèqri ìtouh taqÔtht� tou g�nei sugkr�simh me thn taqÔthta tou perib�llonto mesoastrikoÔ ulikoÔ (∼10

km sec−1) kai mèqri na g�nei tìso amudrì ¸ste na mhn diaqwr�zetai apì to perib�llon mèso.H sugq¸neush me thn mesoastrik  Ôlh e�nai kai h teleuta�a f�sh sth zw  kai thn exèlix  tou.Up�rqei èna meg�lo arijmì arijmhtik¸n analÔsewn sth bibliograf�a pou pragmateÔetaithn allhlep�drash enì uperkainofanoÔ me to mesoastrikì ulikì, kalÔptonta èna eurÔ f�-sma arqik¸n sunjhk¸n (p.q. Chevalier 1974, Mansfield & Salpeter 1974, Cioffi & McKee

1988) kai apokalÔptonta endiafèronta qarakthristik� pou den mporoÔn na melethjoÔn meti lÔsei auto-omoiìthta.Sto Sq ma 2.7 parat�jetai h sumperifor� th puknìthta, jermokras�a kai taqÔthta touaer�ou san sun�rthsh th apìstash apì to kèntro th èkrhxh tou uperkainofanoÔ kai giadiaforetikè epoqè sth zw  tou upole�mmato (Mansfield &Salpeter 1974). Oi upologismo�èginan gia to kajierwmèno montèlo (M=1M⊙, E0=3×1050 erg, ρ0=1cm−3) qwr� parous�amagnhtikoÔ ped�ou kai ìti h yÔxh (lìgw aktinobol�a) e�nai amelhtèa gia jermokras�e k�twapì 103 K.Oi kampÔle pou antistoiqoÔn sta pr¸ta st�dia th zw  tou upole�mmato (t=103yr,

M(t)=10M⊙) de�qnoun kajar� to an�strofo kÔma sok: èna isqurì eswterikì mègisto sthnpuknìthta pou sump�ptei me èna el�qisto sth jermokras�a kai taqÔthta kateujunìmenh proto kèntro th èkrhxh. H ènarxh tou an�stofou kÔmato sundèetai me yÔxh mèsw aktinobol�-a kai 'kat�rreush' th Ôlh pou apob�lletai kat� thn èkrhxh. Phga�nonta se hlik�a 3×104

yr kai ìpw fa�netai kai sto Sq ma 2.7, èqei dhmiourghje� èna puknì kai yuqrì kèlufo pouperilamb�nei sqedìn to 30% th olik  m�za tou upole�mmato. 'Otan h hlik�a tou upole�m-mato ft�nei sta 7×104 yr, h m�za tou e�nai per�pou 103 M⊙, to p�qo tou per�pou 10−4 thakt�na tou, en¸ to 60-70% th arqik  enèrgeia E0 tou upole�mmato èqei aktinobolhje�.To kèlufo èqei sumpieste� metaxÔ dÔo strwm�twn: tou eswterikoÔ str¸mato pou e�nai autìpou perièqei to jermì aèrio kai tou exwterikoÔ str¸mato pou apotele�tai apì to sarwmènomesoastrikì aèrio pou jerma�netai apì to kÔma sok. To str¸ma me to yuqrì aèrio, sthnarq  th dhmiourg�a tou kai se hlik�a t=3×103 yr, d�nei perissìtero apì to 70% th olik enèrgeia pou aktinobole�tai, en¸ to posostì autì anèrqetai sto 80% sta metagenèstera25



Sq ma 2.7 Sumperifor� puknìthta, jermokras�a kai taqÔthta kat� thn èkrhxh enì u-perkainofanoÔ sunart sei th apìstash apì to kèntro tou, se di�fore qronikè f�sei(Mansfield & Salpeter 1974). Oi hlik�e pou fa�nontai sta diagr�mmata e�nai se mon�de 103

yr.st�dia th zw  tou, dhlad  gia t=(7-8)×103 yr (Mansfield & Salpeter 1974).2.3.2 Kathgor�e upoleimm�twn uperkainofan¸nLamb�nonta upìyh to gegonì ìti oi uperkainofane� taxinomoÔntai se autoÔ pouproèrqontai apì purhnik  kat�rreush (TÔpou II kai Ib,c) kai se autoÔ pou proèrqontai a-pì jermopurhnikè antidr�sei (TÔpou Ia), k�poio ja per�mene kai ta upole�mmat� tou nakathgoriopoioÔntai analìgw (core-collapse kai TÔpou Ia). Parìla aut�, h katagwg  twnupoleimm�twn e�nai dÔskolo na kajoriste� (an kai plèon up�rqoun di�foroi trìpoi gia autì,de §2.3.3 ).Paradosiak�, ta upole�mmata uperkainofan¸n taxinomoÔntai me b�sh th morfolog�a tou se:26



• Kelufoeid  (Shell-like)Kaj¸ to kÔma sok, met� thn èkrhxh tou uperkainofanoÔ, org¸nei to mesoastrikì q¸ro,jerma�nei kai anakateÔei to mesoastrikì ulikì pou sunant�, dhmiourg¸nta èna kèlufo apìjermì ulikì. H kelufoeid  dom  pou parathre�tai ofe�letai sth gwn�a or�sew, mia kaiblèpoume perissìtero jermì aèrio sti �kre tou upole�mmato par� sto kèntro tou (limb

brightening). Merik� qarakthristik� parade�gmata kelufoeid¸n upoleimm�twn uperkainofa-n¸n e�nai ta Cas A, Tycho, Cygnus loop.
• Sumpag  (Plerions-Pulsar Wind Nebulae   Crab-like)Ta upole�mmata aut  th morf  den sunant¸ntai kont� se perioqè ionismènou udrogìnou,gegonì pou upodhl¸nei ìti proèrqontai apì astère mikrìterh m�za (8M⊙<M<18M⊙) oiopo�oi diathroÔn perissìtero ta exwterik� kelÔfh. To gegonì autì parapèmpei se prìgo-nou uperkainofane� TÔpou II (van den Bergh 1988).Ta upole�mmata aut� perièqoun ènan peristrefìmeno astèra netron�wn sto kèntro tou (pul-

sar) kai h morfolog�a tou e�nai lampr  sto kèntro, qwr� parathroÔmeno kèlufo sto exw-terikì. Epeid  fa�nontai sumpag  onom�zontai plerions (apì thn ellhnik  lèxh pl rh). Hekpomp  aktinobol�a (tìso sto radiofwnikì ìso sto optikì kai sti akt�ne -Q) proèrqe-tai apì to legìmeno pulsar wind kai ìqi apì to kÔma sok pou prokale�tai apì thn èkrhxhtou uperkainofan : To pulsar dhmiourge� ènan �nemo apì sqetikistik� swmat�dia (hlektrì-nia kai pozitrìnia) ta opo�o katal goun sto kÔma sok all� epitaqÔnontai lìgw tou èntonoumagnhtikoÔ ped�ou tou astèra netron�wn (B=1011-1013 G ìpou to mèso mesoastrikì ped�-o èqei B=5×10−3 G). Ta sqetikistik� hlektrìnia ekpèmpoun èntonh aktinobol�a se ìlo toeÔro tou hlektromagnhtikoÔ f�smato (apì to radiofwnikì mèro tou f�smato mèqri timalakè akt�ne - g me aktinobol�a sÔgqrotron kai apì malakè akt�ne - g mèqri enèrgeieth t�xh twn TeV me to mhqanismì tou an�strofou fainomènou Compton, de Gaensler &

Slane 2006). 'Ena tètoio nefèlwma onom�zetai pulsar wind nebula (PWN). (To ìnoma
PWN e�nai pio katatopistikì kai protimìtero apì to ìnoma plerion, mia kai parapèmpei stonakrib  mhqanismì kai proèleush ekpomp  aktinobol�a sta sugkekrimèna antike�mena). Qa-rakthristikì par�deigma aut  th kathgor�a e�nai to nefèlwma tou Kark�nou (Crab nebula).27



• SÔnjeta (Composite)Aut� ta upole�mmata e�nai èna sunduasmì sthn morfolog�a kelufoeid¸n kai sumpag¸n u-poleimm�twn. An�loga me to m ko kÔmato pou parathroÔntai qwr�zontai sti parak�twupokathgor�e:Sumpag -sÔnjeta (Plerionic-composite)Energhtik� pulsars me hlik�e k�tw twn 20,000 et¸n anamènetai na èqoun èna èntono nèfosqetikistik¸n swmatid�wn (Pulsar Wind - PW) en¸ akìma perib�llontai apì to kèlufo touupole�mmato. Se parathr sei sti akt�ne -Q kai sto radiofwnikì mèro tou f�smato hmorfolog�a aut¸n twn U/U e�nai sumpag  me thn entonìterh ekpom  na proèrqetai apì tokèntro. H ekpomp  aktinobol�a (radiofwnikì, optikì, akt�ne -Q) apì to kèntro e�nai mh-jermik  (mhqanismì sÔgqrotron) kai proèrqetai apì to pulsar wind en¸ to kèlufo d�neijermik  aktinobol�a tìso sto optikì ìso kai sti akt�ne -Q. Qarakthristikì upìleimma aut th kathgor�a e�nai to Kes 75.Jermik�-sÔnjeta (Thermal-composite   mixed-morphology)Emfan�zoun mia kelufoeid  morfolog�a sth radiofwnik  tou mh-jermik  ekpomp  all� hekpomp  akt�nwn-Q e�nai kentrik  kai jermik . To teleuta�o upodeiknÔei ìti h aktinobol�auyhl¸n energei¸n den proèrqetai apì to pulsar wind all� apì jermì pl�sma sto kèntro
(White & Long 1991, Rho & Petre 1998). Genik�, aut� ta upole�mmata e�nai sqetik� ghrai�(>20,000 qrìnia) kai sundèontai me ta puknìtera mèrh tou mesoastrikoÔ ulikoÔ (Cox et al.

1999). Qarakthristik� upole�mmata aut  th kathgor�a e�nai ta Kes 79 kai W 44.
• Central Compact Objects (CCOs)   radio-quiet:Aut� e�nai shmeiakè phgè akt�nwn-Q pou èqoun breje� mèsa se di�fora upole�mmata uper-kainofan¸n (Cas A, PypA). Den èqoun parathrhje� PWN se aut� ta antike�mena gia autìkai den anamènetai h Ôparxh energhtik¸n pulsars sto kèntro tou. Di�fore èreune aut¸ntwn antikeimènwn sto radiofwnikì mèro tou f�smato èqoun de�xei ìti den ekpèmpoun stasugkekrimèna m kh kÔmato gia autì kai pollè forè anafèrontai kai w “radio-quiet”. HfÔsh aut¸n twn antikeimènwn den e�nai akìma saf¸ katanoht .
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Ta U/U mporoÔn na kathgoriopoihjoÔn kai b�sei twn optik¸n fasmatik¸n idiot twntou:
• KuriarqoÔmena apì grammè Balmer (Balmer-dominated)Prosdior�zontai b�sei twn èntonwn gramm¸n Balmer tou udrogìnou kai twn asjen¸n (  anÔ-parktwn) apagoreumènwn gramm¸n [O iii], [S ii] kai [N ii] sto optikì mèro tou f�smato. Hèntonh aktinobol�a twn gramm¸n Balmer tou udrogìnou proèrqetai apì to oudètero udrogìnotou perib�llonto mesoastrikoÔ aer�ou pou sar¸netai kai ion�zetai apì to kroustikì kÔmatou uperkainofanoÔ (Chevalier & Raymond 1978). Epomènw, h Ôparxh aut  th kathgo-r�a e�nai pijan  ìtan up�rqei sto perib�llon megalÔterh puknìthta oudètero udrogìno.Proteinìmenoi prìgonoi uperkainofane� gia ta upole�mmata aut  th kathgor�a e�nai aut�TÔpou Ia. Oi uperkainofane� TÔpou II (core-collapse) dhmiourgoÔn meg�le perioqè ionismè-nou udrogìnou (Chevalier 2005) en¸ antijètw, oi uperkainofane� TÔpou Ia den par�gountìsh enèrgeia gia na ion�soun meg�lh perib�llousa perioq , af nonta to megalÔtero mèrotou udrogìnou na parame�nei oudètero. Qarakthristik� parade�gmata aut  th kathgor�ae�nai ta Tycho, Kepler kai Lupus 1006 .
• PloÔsia se oxugìno (Oxygen-Rich)Prosdior�zontai b�sei twn èntonwn gramm¸n apagoreumènou oxugìnou (kur�w [O iii]) stooptikì mèro tou f�smato all� kai sti akt�ne -Q. Br�skontai sun jw kont� se perioqèionismènou udrogìnou (H ii regions). Ta parap�nw upodhl¸noun ìti aut  h kathgor�a upo-leimm�twn uperkainofan¸n proèrqetai apì thn purhnik  kat�rreush astèrwn meg�lh m�za(core-collapse supernova remnants). H eÔresh tou prìgonou uperkainofanoÔ (an e�nai TÔpouIb   II) gia ta sugkekrimèna upole�mmata sthr�zetai sthn afjon�a tou oxugìnou pou parou-si�zoun all� kai sto ìti den èqei parathrhje� na perièqoun udrogìno meg�lh taqÔthta (van

den Bergh 1988). Ta astèria m�za M>18 M⊙, sun jw mèsw isqur¸n astrik¸n anèmwn,q�noun ta exwterik� kelÔfh tou udrogìnou l�go prin ekragoÔn (p.q. Woosley & Weaver 1986,

van den Bergh 1988, Weiler & Sramek 1988). Gi' autì kai ta upole�mmat� tou parousi�-zoun èlleiyh gramm¸n udrogìnou (  grammè mikr  taqÔthta) kai afjon�a se oxugìno pouproèrqetai apì to astrikì eswterikì. Epomènw, me b�sh ta parap�nw, katallhlìteroi giaprìgonoi uperkainofan¸n aut¸n twn upoleimm�twn e�nai oi TÔpou Ib. Qarakthristik� para-de�gmata aut  th kathgor�a e�nai to Cas-A, to Puppis A kai to J1228+441 ston NGC 4449.
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P�naka 2.1 Qarakthristik� diafìrwn tÔpwn upoleimm�twn uperkainofan¸n
Balmer dominated Oxygen-rich Plerionic-Composite Thermal CompositeRadiofwnikìAktinobol�a Mh-jermik  Mh-jermik  Mh-jermik  Mh-jermik Morfolog�a Pl rh   merik  Pl rh   merik  Sumpagè ektetamèno Pijanì kèlufomorf  kelÔfou morf  kelÔfou kèntro, pijanìkèlufoFasmatikì α ≤ -0.3 α ≤ -0.3 α ≤ -0.3 (plerion) α ≤ -0.3de�kth α ≥ -0.3 (shell)OptikìAktinobol�a Grammè ekpomp , 'Entone grammè Grammè ekpomp  Mh-jermik (èntone Balmer, sto [O iii] sun mh-jermikìamudrè [O iii], [S ii]) (meg�lh taqÔthta suneqè apìdiastol ) to plerionMorfolog�a Pl rh   merik  Pl rh   merik  Nhmatoeid  Nhmatoeid morf  kelÔfou morf  kelÔfou morf  morf , �morfh ?Akt�ne - QAktinobol�a Jermik  Jermik  Mh-jermik  (plerion) Jermik jermik  (shell)Morfolog�a Sumpag    Sumpag    Sumpagè kèntro, Sumpagè kèntrokelufoeid  kelufoeid  pijanì kèlufoEpishma�noume ìti h taxinìmhsh twn upoleimm�twn uperkainofan¸n mpore� na g�nei kaisunduastik�, qwr� na allhloanairoÔntai oi taxinom sei lìgw morfolog�a   lìgw fasma-tik¸n qarakthristik¸n. Gia par�deigma, ta ploÔsia se oxugìno upole�mmata uperkainofan¸n

G292.0+1.8 (galaxiakì) kai B0540-69.3 (sto Meg�lo nèfo tou Maggel�nou) èqoun kai
PWN, gegonì pou mpore� na ta katat�xei kai w ploÔsia se oxugìno all� kai w sÔnjeta.Qarakthristik� upole�mmata uperkainofan¸n, diafìrwn tÔpwn, parat�jentai sto Sq ma 2.7.Sugkentrwtik� qarakthristik� (morfolog�a, mhqanismì aktinobol�a se di�fora m kh kÔ-mato) diafìrwn kathgori¸n upoleimm�twn uperkainofan¸n parousi�zontai ston P�naka 2.1
(Weiler 1988).2.3.3 Upole�mmata uperkainofan¸n kai tÔpoi uperkainofan¸nO tÔpo tou prìgonou uperkainofan  apì ton opo�o proèrqetai to k�je upìleimmauperkainofanoÔ e�nai idia�terh shmas�a kaj¸ h gn¸sh aut  mpore� na d¸sei plhrofor�egia statistikè analÔsei ìson afor� tou plhjusmoÔ twn astèrwn stou galax�e kai ka-t' epèktash to rujmì astrogènesh. H melèth th morfolog�a, tou perib�llonto kai thekpomp  se di�fora m kh kÔmato twn upoleimm�twn uperkainofan¸n mporoÔn na qrhsimo-poihjoÔn gia autì to skopì. 30



(aþ) (bþ)

(gþ) (dþ)Sq ma 2.8 a) SÔnjeth eikìna �yeudoqr¸mato � tou kelufoeidoÔ kai ploÔsiou se oxugìno
Cas-A: To kìkkino qr¸ma de�qnei thn upèrujrh aktinobol�a apì dedomèna tou Spitzer, to k�tri-no qr¸ma de�qnei thn optik  aktinobol�a apì dedomèna tou Hubble kai to pr�sino-mple qr¸made�qnei thn aktinobol�a sti akt�ne -Q apì dedomèna tou Chandra (X-ray: NASA/CXC/SAO, O-

ptical: NASA/STScI, Infrared: NASA/JPL-Caltech/Steward/O.Krause), b) SÔnjeth eikìna tou ploÔsiouse oxugìno Puppis-A: radiofwnik  aktinobol�a (kìkkino), orat  aktinobol�a (pr�sino) kai a-kt�ne -Q (mple)(skyview.gsfc.nasa.gov), g) To upìleimma uperkainofanoÔ Tycho, tÔpou Balmer-

dominated : Qamhl  enèrgeia akt�ne -Q (kìkkino) de�qnoun to ektinassìmeno ulikì apìthn èkrhxh en¸ uyhl  enèrgeia akt�ne -Q (mple) de�qnoun to kroustikì kÔma th èkrhxh,èna kèlufo me exairetik� energhtik� hlektrìnia (X-ray: NASA/CXC/Rutgers/K.Eriksen et al., Opti-

cal: DSS) kai d) SÔnjeth eikìna tou nefel¸mato tou Kark�nou (Crab nebula): me gal�zioqr¸ma fa�nontai oi akt�ne -Q apì dedomèna tou Chandra, me pr�sino kai skoÔro mple optik�dedomèna apì to Hubble kai me kìkkino h upèrujrh aktinobol�a apì to Spitzer (X-ray: NA-

SA/CXC/ASU/J.Hester et al., Optical: NASA/ESA/ASU/J.Hester & A.Loll, Infrared: NASA/JPL-Caltech/Univ.

Minn./R.Gehrz)
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H pio eÔkolh per�ptwsh gia thn parap�nw anagn¸rish e�nai ìtan diajèsima optik� f�smataapokalÔptoun upole�mmata uperkainofan¸n tÔpou Balmer-dominated   ploÔsia se oxugìno.Tìte xèroume exarq , ìpw èqei  dh anaferje� sthn §2.3.2, ìti proèrqontai apì uperkainofa-ne� TÔpou Ia   TÔpou Ib ant�stoiqa. 'H ìtan h parous�a enì pulsar e�nai  dh gnwst , autìdhl¸nei ek twn protèrwn ìti oi prìgonoi uperkainofane� proèrqontai apì thn kat�rreushtou pur na astèrwn meg�lh m�za.Ti perissìtere forè ìmw h anagn¸rish tou prìgonou uperkainofanoÔ den e�nai tìso�mesh. 'Opw anafèretai stou Franchetti et al. (2012), sthrizìmenoi se upole�mmata uper-kainofan¸n sto Meg�lo Nèfo tou Maggel�nou (LMC) pou proèrqontai apì uperkainofane�TÔpou Ia, up�rqoun tr�a basik� krit ria gia ènan asfal  diaqwrismì:1) h parous�a astèrwn tÔpou OB   anoiqtoÔ sm nou astèrwn mèsa   gÔrw apì ta parath-roÔmena upole�mmata uperkainofan¸n upodhl¸noun prìgonou uperkainofane� TÔpou II (p.q.
Westerlund 1969, Franchetti et al. 2012),2) h sfairik , omoiìmorfh morfolog�a twn upoleimm�twn uperkainofan¸n, pou mpore� na exa-kribwje� ektì apì optikè eikìne kai mèsw parathr sewn sti akt�ne -Q (Lopez et al. 2009,

Lopez et al. 2011), mpore� na qrhsimopoihje� gia na breje� e�n to upìleimma pro lje apìuperkainofan  TÔpou Ia   II. Oi ekr xei twn upoleimm�twn purhnik  kat�rreush parousi�-zoun meg�lh apìklish apì th sfairik  summetr�a, gegonì pou den sumba�nei sta upole�mmatapou proèrqontai apì tou uperkainofane� tÔpou Ia (leuko� n�noi se dipl� sust mata astè-rwn). H enèrgeia stou uperkainofane� TÔpou Ia proèrqetai apì thn noukleosÔnjesh stonpur na kai apaite� èna taktikì mètwpo kaÔsh to opo�o ja diadoje� mèsa apì ton leukì n�-no. Antijètw, ta upole�mmata purhnik  kat�rreush kajor�zontai apì th barutik  enèrgeiatou katarrèonto pur na, katal gonta se anomoiìmorfh kai suqn� ìqi sfairik  èkrhxh toupur na,3) 'Otan h ro  aktinobol�a enì upole�mmato sth gramm  Hα e�nai sqetik� qamhl , tìtem�llon prokÔptei apì uperkainofan  TÔpou Ia, mia kai o teleuta�o up�rqei se mèso qamhl puknìthta kai kat' epèktash d�nei qamhl  epifaneiak  lamprìthta.'Allo èna trìpo anagn¸rish tou prìgonou uperkainofanoÔ e�nai b�sei th pe-riektikìthta twn met�llwn tou (abundance) se di�fora stoiqe�a. 'Opw anafèrjhke sthn
§2.2, ta f�smata twn uperkainofan¸n TÔpou Ia parousi�zoun barÔtera stoiqe�a (p.q. s�dhro)se sqèsh me tou uperkainofane� TÔpou II (pou perièqoun elafrÔtera stoiqe�a ìpw oxugìno,magn sio klp). Epomènw kai ta f�smata twn upoleimm�twn uperkainofan¸n ja antikatoptr�-32



zoun aut  th diafor� sti periektikìthte twn met�llwn. Gia par�deigma, h parous�a gramm¸nekpomp  tou sid rou (Fe-K, Fe-L) se f�smata upoleimm�twn uperkainofan¸n sti akt�ne -Qupodhl¸noun prìgono uperkainofan  TÔpou Ia. Bèbaia, ìpw anafèretai ston Vink (2012),up�rqoun peript¸sei upoleimm�twn pou en¸ proèrqontai apì uperkainofane� TÔpou Ia denparousi�zoun grammè sid rou sta f�smata akt�nwn-Q. Autì ofe�letai e�te sto ìti to ulikìpisw apì to kÔma sok èqei yuqje� (sÔntomo qrìno ionismoÔ, ionization age : net)   stogegonì ìti to an�strofo kÔma sok den èqei prol�bei na ion�sei arket� to ulikì apì to opo�oekpèmpontai oi grammè tou sid rou, qwr� autì na shma�nei ìti den up�rqoun. H teleuta�aper�ptwsh e�nai ligìtero pijan  se parathr sei ghraiìterwn upoleimm�twn.2.4 Mhqanismo� suneqoÔ aktinobol�aOi mhqanismo� suneqoÔ aktinobol�a pou sunant¸ntai sta upole�mmata uperkaino-fan¸n anafèrontai epigrammatik� parak�tw. Gia pl�sma up�rqoun trei basiko� mhqanismo�:to jermikì bremmstrahlung, h ekpomp  suneqoÔ - st�jmh kai h ekpomp  twn dÔo fwton�wnen¸ up�rqei kai h aktinobol�a sÔgqrotron apì sqetikistik� hlektrìnia mèsa se magnhtikìped�o.
• Ekpomp  suneqoÔ - suneqoÔ (free-free emission   jermikì brems-

strahlung)JewroÔme jermì aèrio qamhl  puknìthta, tètoia ¸ste to aèrio na mpore� na qarakthriste�optik� leptì kai diafanè sthn �dia tou thn aktinobol�a. Se jermokras�e p�nw apì 105 K,ta �toma ion�zontai kai plèon to aèrio apotele�tai apì hlektrìnia kai prwtìnia. H jermik enèrgeia moir�zetai kai metafèretai metaxÔ aut¸n twn swmatid�wn mèsw kroÔsewn. H jermik isorrop�a epèrqetai ìtan h mèsh enèrgeia twn swmatid�wn e�nai h �dia kai kajor�zetai mìnoapì th jermokras�a. H ekpomp  aktinobol�a mèsw autoÔ tou mhqanismoÔ proèrqetai apì thmh elastik  sÔgkroush enì eleÔjerou hlektron�ou me èna jetikì iìn udrogìnou (prwtìnio).'Ena hlektrìnio kinhtik  enèrgeia Ein (Sq ma 2.9a) eisèrqetai sto ped�o Coulomb enìjetik� fortismènou iìnto Ze (Z=1 gia ta prwtìnia). To hlektrìnio, qwr� na aporrofh-je� apì to iìn, epibradÔnetai (Eout<Ein) me tautìqronh ekpomp  enì fwton�ou me enèrgeia
E=hν=Ein-Eout. To hlektrìnio exakolouje� na paramènei eleÔjero kai gia autì h ekpomp e�nai gnwst  san 'suneq  - suneq  '   pollè forè san jermik  ekpomp  Bremsstrahlung  aktinobol�a ped sew lìgw th epibr�dunsh th opo�a uf�statai to hlektrìnio apì to33



(aþ) (bþ)Sq ma 2.9 a) Sqhmatik  apeikìnish tou mhqanismoÔ jermikoÔ bremsstrahlung, b) F�sma jer-mikoÔ bremsstrahlung gia pl�sma diaforetik  jermokras�a.ped�o Coulomb tou iìnto. Ta hlektrìnia sth jermik  isorrop�a èqoun mia kal� orismènhkatanom  taqut twn (katanom  Maxwell). H aktinobol�a apì tètoia hlektrìnia e�nai sune-q , me f�sma (katanom ) pou na exart�tai mìno apì th jermokras�a (Sq ma 2.9b). 'Oso piouyhlè e�nai oi jermokras�e tìso pio gr gorh e�nai h k�nhsh twn hlektron�wn kai epomènwtìso pio auxhmènh e�nai h èntash th aktinobol�a. An�loga me thn jermokras�a, ekpèmpetaisuneq  aktinobol�a sto an�logo m ko kÔmato (p.q. gia jermokras�e >106 K ekpèmpontaiakt�ne -Q en¸ gia jermokras�e <105 K ekpèmpetai optik  aktinobol�a). Se meg�le enèr-geie, to f�sma tou jermikoÔ bremsstrahlung pèftei ekjetik� kai qarakthr�zetai, ìpw  dhanafèrjhke, apì th jermokras�a T. H èntash I th aktinobol�a, se dedomènh enèrgeia E,d�netai apì th sqèsh:
I(E,T ) = AG(E,T )Z2neni(kT )1/2e−E/kT (2.24)ìpou A e�nai mia stajer�, Z e�nai to fort�o twn jetik¸n iìntwn, ne,ni e�nai oi puknìthtetwn hlektron�wn kai twn iìntwn ant�stoiqa, k e�nai h stajer� tou Boltzmann kai G e�nai opar�gonta Gaunt, mia arg� metaballìmenh sun�rthsh h tim  th opo�a aux�netai ìtan henèrgeia E mei¸netai. Autì o mhqanismì e�nai o kur�arqo mhqanismì ekpomp  suneqoÔaktinobol�a se enèrgeie > 1keV (dhlad  sti akt�ne -Q, me hlektroniakè jermokras�e

>106 K).
34



• Ekpomp  suneqoÔ - st�jmh (free-bound emission )H ekpomp  suneqoÔ - st�jmh sumba�nei kat� th di�rkeia th anasÔndesh eleÔjerwn hle-ktron�wn me iìnta (radiative recombination) kai e�nai h ant�strofh diadikas�a tou fwtoðoni-smoÔ. H enèrgeia twn fwton�wn pou ekpèmpontai e�nai h diafor� th arqik  enèrgeia twnhlektron�wn kai th enèrgeia sth st�jmh pou katal gei.H kateuje�an sÔllhyh enì eleÔjerou hlektron�ou p.q. sth st�jmh n=2 tou udrogìnou su-nodeÔetai apì tautìqronh ekpomp  enì fwton�ou Hc (c=continuum) sto suneqè th seir�
Balmer. Ta fwtìnia pou ekpèmpontai me autìn ton trìpo qarakthr�zontai apì tuqa�a m khkÔmato l me mìno periorismì l<3646 Å (ìrio Balmer) kai par�goun to suneqè mèro touf�smato pou parathre�tai kont� sthn uperi¸dh perioq . Autì sun jw onom�zetai suneqè
Balmer (kat' analog�a me ti grammè Balmer). Me ìmoio trìpo, h kateuje�an sÔllhyh enìeleÔjerou hlektron�ou sth st�jmh n=3 par�gei to suneqè Paschen pou emfan�zetai sto u-pèrujro mèro tou f�smato (l<8202 Å, ìrio Paschen) . H ekpomp  suneqoÔ -st�jmh e�naikur�arqh se enèrgeie << 0.1keV (Kaastra et al. 2008).

• Ekpomp  dÔo fwton�wnAut  h ekpomp  e�nai apotèlesma th lept  uf  th st�jmh n=2 tou atìmou tou udro-gìnou pou sthn pragmatikìthta e�nai dipl  (22 S1/2 me kbantikì arijmì stroform  l=0 kai
22 P1/2 me kbantikì arijmì stroform  l=1). H ekpomp  proèrqetai apì thn apodiègershatìmwn udrogìnou ta opo�a e�nai diegermèna sth st�jmh 22 S1/2 me n=2 . H st�jmh aut  e�naimetastaj  kai plhre�tai ìpw kai h geitonik  th 22 P1/2 (ep�sh n=2 ) e�te me kateuje�ansÔllhyh hlektron�wn se aut n   me thn pt¸sh twn hlektron�wn apì ti uperke�mene st�j-me. En¸ ìmw ta hlektrìnia br�skontai sthn st�jmh 22 P1/2 mporoÔn na metaphd soun sthjemeli¸dh st�jmh 12 S1/2 me tautìqronh ekpomp  fwton�ou La, ta hlektrìnia th st�jmh
22 S1/2 den mporoÔn na akolouj soun thn �dia diadrom  lìgw th metast�jei� th. Sthnprokeimènh per�ptwsh, èna hlektrìnio apì th st�jmh 22 S1/2 mpore� na metapèsei sth st�jmh
12 S1/2 me tautìqronh ekpomp  dÔo fwton�wn tuqa�wn suqnot twn n1 kai n2 (suneq  aktino-bol�a) to �jroisma th opo�a ìmw isoÔtai me th suqnìthta na th gramm  La (22 S1/2 -> 12

S1/2 )   alli¸ hn1 + hn2 = hna = 10.3eV. H sumbol  th ekpomp  twn 'dÔo fwton�wn' sthsuneq  aktinobol�a e�nai sqetik  kai exart�tai apì thn puknìthta th meletoÔmenh perioq .Gia puknìthte ne > 104 cm−3 h èntash th en lìgw ekpomp  elatt¸netai shmantik� epeid 35



poll� apì ta hlektrìnia pou br�skontai sth st�jmh 22 S1/2 anèrqontai lìgw kroustik diègersh (me hlektrìnia   prwtìnia) sthn 22 P1/2 , apì thn opo�a to �lma sthn 12 S1/2 e�naiplèon epitreptì kai sunodeÔetai apì tautìqronh ekpomp  enì fwton�ou La (GoÔdh 1991).Mia empeirik  prosèggish gia to sq ma tou f�smato apì ekpomp  dÔo fwton�wn d�netai apìthn parak�tw sqèsh (Kaastra et al. 2008):
F ∼

√

sin(πE/E2phot) (2.25)
• Aktinobol�a SÔgqrotron'Otan èna sqetikistikì hlektrìnio eisèrqetai se magnhtikì ped�o, peristrèfetai gÔrw apì tidunamikè grammè tou ped�ou, to opo�o tou aske� dÔnamh k�jeth sth for� th k�nhs  tou.Epeid  to di�nusma th taqÔtht� tou all�zei, to hlektrìnio epitaqÔnetai kai sunep¸ ekpèm-pei hlektromagnhtik  aktinobol�a (Sq ma 2.10a). H aktinobol�a aut  onom�zetai aktinobol�asÔgqrotron   magnhtikì bremmstrahlung kai prokale�tai apì mh-jermikoÔ plhjusmoÔ hle-ktron�wn, apì hlektrìnia dhlad  pou oi taqÔthtè tou den parousi�zoun katanom  Maxwell-

Boltzmann.H isqÔ an� mon�da kuklik  suqnìthta (w) gia to k�je relatibistikì swmat�dio d�netai apìth sqèsh (Rybicki & Lightman 2004):

P (ω) =

√
3

2π

q3Bsinα

mc2
F (

ω

ωc
) (2.26)ìpou q, m to fort�o kai h m�za tou swmatid�ou ant�stoiqa, B h èntash tou magnhtikoÔ ped�ou,

c h taqÔthta tou fwtì, a h gwn�a metaxÔ tou dianÔsmato th taqÔthta tou swmatid�oume to magnhtikì ped�o, F mia adi�stath sun�rthsh kai kai ωc = 3γqBsinα/2mc, ìpou g opar�gonta Lorentz.Epomènw kai h enèrgeia tou enì swmatid�ou ja exart�tai mìno apì th suqnìthta tou me tof�sma tou na apeikon�zetai p�nw dexi� sto Sq ma 2.10b.H arijmhtik  puknìthta twn swmatid�wn N(E) me enèrgeie metaxÔ E kai E + dE mpore� naproseggiste� me èna nìmo dÔnamh (Rybicki & Lightman 2004):

N(E)dE = CE−pdE (2.27)ìpou h posìthta C kuma�netai me b�sh th gwn�a a (metaxÔ taqÔthta kai magnhtikoÔ ped�ou).H olik  isqÔ pou aktinobole�tai an� mon�da ìgkou kai mon�da suqnìthta apì m�a tètoia36



(aþ) (bþ)Sq ma 2.10 a) Sqhmatik  apeikìnish magnhtikoÔ bremsstrahlung, b) F�sma magnhtikoÔ
bremsstrahlung. To F dhl¸nei thn èntash th aktinobol�a, to n th suqnìthta kai to ato fasmatikì ekjèth. Fa�netai h sumbol  tou f�smato tou k�je hlektron�ou sto olikìparathroÔmeno f�sma (astronomy.swin.edu.au/cosmos/s/synchrotron+emission).katanom  ìpw aut  th sqèsh 2.27, d�netai apì to olokl rwma tou ginomènou twn sqèsewn2.26 kai 2.27:

Ptotal(ω) =

∫

P (ω)N(E)dE ∝
∫

F (
ω

ωc
)E−pdE (2.28)kai katal gei:

P (ω) ∝ ω−
p−1

2 (2.29)Epomènw, to olikì f�sma twn hlektron�wn èqei th morf  nìmou dÔnamh (k�tw arister� stoSq ma 2.10b) me fasmatikì de�kth a, pou sundèetai me to de�kth th energeiak  katanom twn sqetikistik¸n swmatid�wn p sÔmfwna me th sqèsh:
α =

p − 1

2
(2.30)O sugkekrimèno mhqanismì par�gei sun jw aktinobol�a se èna eurÔ f�sma su-qnìthtwn, apì ti qamhlè radiosuqnìthte (∼10 MHz) èw kai ti akt�ne -Q (∼ 1018 Hz),an�loga me thn enèrgeia twn swmatid�wn.

• Aktinobol�a lìgw an�strofh skèdash ComptonSthn per�ptwsh pou ta hlektrìnia den br�skontai se hrem�a, all� parousi�zoun shmantik kinhtik  enèrgeia se sqèsh me aut  twn fwton�wn, tìte mpore� na l�bei q¸ra to an�strofo37



fainìmeno Compton. Se aut n thn per�ptwsh, ta hlektrìnia e�nai aut� pou kat� th skèda-sh metafèroun mèro th enèrgei� tou sta fwtìnia, elatt¸nonta to m ko kÔmatì tou(megalÔtere enèrgeie). To an�strofo fainìmeno Compton e�nai polÔ shmantikì sthn a-strofusik  uyhl¸n energei¸n mia kai qamhl  enèrgeia fwtìnia apì to radiofwnikì   tokosmikì upìbajro mikrokum�twn (Cosmic Microwave Background) sked�zontai apì sqetiki-stik� hlektrìnia ekpèmponta aktinobol�a uyhl¸n energei¸n (akt�ne -Q, akt�ne -g).H olik  enèrgeia enì sqetikistikoÔ swmatid�ou e�nai γmc2, ìpou g e�nai o par�gonta Lorentz

([1-(u/c)2]−1/2). E�n to perib�llon tou hlektron�ou èqei energeiak  puknìthta aktinobol�a
urad kai h enèrgeia twn fwton�wn e�nai hν, tìte h aktinoboloÔmenh isqÔ apì thn an�strofhskèdash Compton e�nai an�logh tou g2urad kai to skedazìmeno fwtìnio èqei enèrgeia g2hν.Epomènw, kosmik� hlektrìnia me g=1000 ja dhmiourg soun akt�ne -Q th t�xew twn keVìtan sked�zontai me fwtìnia mikrokum�twn tou kosmikoÔ upob�jrou (enèrgeia 10−3eV) en¸ìtan ta hlektrìnia aut� sked�zontai me thn aktinobol�a twn astèrwn ekpèmpontai akt�ne -gth t�xew twn MeV (Seward & Charles 2010).H morf  tou f�smato tou mhqanismoÔ autoÔ upolog�zetai me an�logo trìpo ìpw kai stomhqanismì sÔgqrotron, sundu�zonta thn enèrgeia tou k�je fwton�ou me thn energeiak  kata-nom  twn hlektron�wn. Me autìn ton trìpo prokÔptei ìti h katanom  tou f�smato akolouje�nìmo dÔnamh, me fasmatikì de�kth pou exart�tai apì thn energeiak  katanom  twn hlektro-n�wn (p.q. Rybicki & Lightman 2004) kat' analog�a me to mhqanismì sÔgqrotron (α =

(p-1)/2, de Sqèsei 2.26, 2.27). Epomènw, h morf  tou f�smato tou an�strofou fainomè-nou Compton e�nai to �dio me autì tou mhqanismoÔ sÔgqrotron, mìno pou e�nai metatopismènose megalÔtere enèrgeie.2.5 AKTINOBOLIA UPOLEIMMATWNUPERKAINO-FANWN2.5.1 Radiofwnik  kai upèrujrh aktinobol�aH paroÔsa enìthta pragmateÔetai thn ekpomp  kai thn proèleush th aktinobol�-a diafìrwn tÔpwn upoleimm�twn uperkainofan¸n, sto optikì mèro tou f�smato kai stiakt�ne -Q. Esti�zoume sti sugkekrimène energeiakè perioqè mia kai se autè sthr�qjh-kan h an�qneush kai h melèth twn exwgalaxiak¸n upoleimm�twn uperkainofan¸n. Sunoptik�gia �lla m kh kÔmato, anafèroume ìti ta upole�mmata uperkainofan¸n parousi�zoun èntonh38



radiofwnik  ekpomp  kaj' ìlh th di�rkeia th zw  tou kai e�nai eke�nh sthn opo�a arqik�sthrizìtan h an�qneush tou. Ta U/U e�nai qarakthristikè radiofwnikè phgè me tupikìfasmatikì de�kth a ≤ -0.3 pou upodeiknÔei aktinobol�a sÔgqrotron h opo�a parathre�tai tìsose kelufoeid  ìso kai se plerionic (PWN) upole�mmata.H upèrujrh aktinobol�a ekpèmpetai apì ta upole�mmata uperkainofan¸n ìtan h aktinobol�asked�zetai apì tou kìkkou th skình pou e�nai anamemigmènoi me to aèrio th perioq . Oikìkkoi aporrofoÔn p.q. uperi¸dh, optik  aktinobol�a kai thn epanekpèmpoun sthn upèrujrhperioq  tou f�smato.2.5.2 Aktinobol�a sti akt�ne -QTa upole�mmata uperkainofan¸n aktinoboloÔn sti akt�ne -Q kat� th di�rkeia thzw  tou mèsw di�forwn mhqanism¸n. MporoÔn na up�rxoun �mese akt�ne -Q kat� thnèkrhxh pou sundèontai me thn apìdrash tou kÔmato sok apì thn astrik  epif�neia. Mpo-roÔn na dhmiourghjoÔn mèsw an�strofh skèdash Compton radiofwnik  aktinobol�a, hparous�a th opo�a e�nai �fjonh sta upole�mmata uperkainofan¸n   kosmik  aktinobol�a.Oi akt�ne -Q ìmw pou parathroÔntai kat� kÔrio lìgo sthn melèth twn upoleimm�twn uper-kainofan¸n ofe�lontai se dÔo eid¸n ekpompè: th jermik  kai th mh-jermik  kai èqei na k�neime ton tÔpo tou upole�mmato pou parathre�tai.Ta upole�mmata uperkainofan¸n tÔpou sumpag /sÔnjeta-sumpag , dhlad  aut� pou perikle�-oun sto kèntro tou nèfo sqetikistik¸n hlektron�wn proerqìmeno apì èna pulsar, parou-si�zoun mh-jermik  ekpomp  akt�nwn-Q pou prokÔptei apì thn allhlep�drash sqetikistik¸nhlektron�wn me to èntono magnhtikì ped�o twn astèrwn netron�wn (mhqanismì sÔgqrotron).Ta kelufoeid  upole�mmata ekpèmpoun jermikè akt�ne -Q pou proèrqontai apì thn akti-nobol�a epanasÔndesh kai suneqoÔ -suneqoÔ tou polÔ jermoÔ aer�ou sto eswterikì toukelÔfou. H suneq  aut  ekpomp  sta kelufoeid  upole�mmata ofe�letai w ep� to ple�stonsto mhqanismì jermikoÔ bremmstrahlung all� up�rqoun peript¸sei ìpou oi mhqanismo� su-neqoÔ -st�jmh kai dÔo fwton�wn na g�noun kur�arqoi (p.q. se near� upole�mmata me ploÔsiose mètalla pl�sma, Kaastra et al. 2008). Sta kelufoeid  upole�mmata, ektì apì th jermi-k  ekpomp  akt�nwn-Q apì to eswterikì, parathre�tai kai mh-jermik  ekpomp  (sÔgqrotron)sklhr¸n akt�nwn-Q apì thn perioq  tou metwpikoÔ kÔmato sok. H aktinobol�a sÔgqrotronemplèkei se aut  thn per�ptwsh sqetikistik� hlektrìnia apì kosmikè akt�ne, oi opo�e epi-taqÔnontai mèsw th diadikas�a Fermi (ta fortismèna swmat�dia sked�zontai suneq¸ mpro
39



- p�sw sta 'toiq¸mata' tou metwpikoÔ kÔmato sok lìgw th Ôparxh turb¸dou magnhtikoÔped�ou). To upìleimma uperkainofanoÔ SN 1006  tan to pr¸to sto opo�o saf¸ f�nhketètoiou e�dou ekpomp  akt�nwn-Q (p.q. Koyama et al. 1995, Reynolds & Chevalier 1981).Me th qr sh thleskop�wn akt�nwn-Q uyhl  an�lush, ègine plèon gnwstì ìti poll� kelÔfhupoleimm�twn uperkainofan¸n (p.q. CasA, Tycho) ekpèmpoun autoÔ tou e�dou thn aktino-bol�a. Oi perioqè autè (kelÔfh) e�nai idi�zousa shmas�a giat�, ektì twn �llwn, e�nai oimìne perioqè apì ti opo�e proèrqetai aktinobol�a th t�xh twn TeV.Sto jermikì f�sma akt�nwn-Q sundr�moun kai grammè ekpomp  apì iìnta bare¸nstoiqe�wn (p.q. Fe, Si, Li). H kroustik  diègersh twn iìntwn apì hlektrìnia prokaloÔn ke-nè jèsei sti eswterikè stoib�de twn atìmwn. Oi kenè jèsei sumplhr¸nontai apì �llahlektrìnia an¸terwn stoib�dwn. Gia par�deigma, metab�sei hlektron�wn apì thn deÔterhstoib�da (L-shell, n=2) sthn pr¸th stoib�da (K-shell, n=1) d�noun grammè ekpomp  K-a,metab�sei apì thn tr�th (M-shell, n=3) sthn pr¸th stoib�da d�noun grammè ekpomp  K-bk.o.k.. Antisto�qw, metab�sei pou katal goun sthn deÔterh stoib�da d�noun L grammèekpomp  (L-α apì thn tr�th sth deÔterh, L-β apì thn tètarth sthn deÔterh stoib�da k.o.k.).H pijanìthta gia mia met�bash onom�zetai apìdosh fjorismoÔ (fluoresence yield) kai e�naiuyhlìterh gia �toma me megalÔtero purhnikì fort�o (Vink 2012). Gia par�deigma, h apìdoshfjorismoÔ gia mia met�bash sthn stoib�da K gia ton oudètero s�dhro (FeI) e�nai 34%, gia tooudètero pur�tio (SiI) e�nai 5% en¸ gia to oudètero oxugìno e�nai mìli 0.8% (Krause 1979,

Kallman et al. 2004). Lìgw th meg�lh apìdosh fjorismoÔ kai th uyhl  periektikì-thta, h ekpomp  Fe K-shell e�nai qarakthristik  sta f�smata akt�nwn-Q twn upoleimm�twnuperkainofan¸n kai mpore� na parathrhje� se ìla ta st�dia ionismoÔ tou sid rou (an h hle-ktroniak  jermokras�a to epitrèpei: kTe ≥ 2 keV). Gia ta st�dia ionismoÔ tou sid rou apì Ièw XVII, h mèsh enèrgeia th gramm  Fe-K e�nai kont� sta 6.4 keV (se megalÔtere enèr-geie p.q. grammè ekpomp  sta 6.7 keV antikatoptr�zoun thn parous�a sid rou uyhlìterouionismoÔ Fe XXV en¸ aut  sta 6.96 keV e�nai gia ton Fe XXVI). O s�dhro èqei ep�sh exè-qouse metab�sei Fe-L-shell parathroÔmene se enèrgeie 0.7-1.12 keVpou antikatoptr�zounta st�dia ionismoÔ apì XVII mèqri XXIV (se hlektroniakè jermokras�e kTe ≥ 0.15 keV,

Vink 2012). Autè oi metab�sei kuriarqoÔn kai sto jermikì f�sma akt�nwn-Q twn U/U.
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2.5.2.1 Plhrofor�e apì ta f�smata akt�nwn-QTa f�smata twn upoleimm�twn uperkainofan¸n sti akt�ne -Q mporoÔn na d¸sounshmantikè plhrofor�e gia to jermì pl�sma apì to opo�o proèrqontai.Gia par�deigma, to eÔro twn gramm¸n ekpomp  e�nai apotèlesma th jermokras�a twn iìn-twn tou jermoÔ pl�smato, to gnwstì Gaussian prof�l twn gramm¸n, to opo�o bèbaia e�naidÔskolo na upologiste� me ta up�rqonta ìrgana fasmatoskop�a akt�nwn-Q (peraitèrw eÔ-runsh twn gramm¸n ofe�letai se �llou par�gonte p.q. eÔrunsh Doppler lìgw peristrof tou parathroÔmenou antikeimènou).To f�sma th suneqoÔ aktinobol�a   oi lìgoi diafìrwn gramm¸n ekpomp  kajor�zontai apìthn hlektroniak  jermokras�a. 'Etsi, p.q. o upologismì diafìrwn qarakthristik¸n lìgwngramm¸n ekpomp  mpore� na prosdior�sei thn hlektroniak  jermokras�a. Oi grammè p.q.tou sid rou e�nai èna shmantikì diagnwstikì ergale�o gia autì to skopì, mia kai h afjon�atou, epitrèpei, mèsw twn energei¸n tou, na brejoÔn ta st�dia ionismoÔ tou sid rou kai kat'epèktash h hlektroniak  jermokras�a.Mèsw th fasmatoskop�a mpore� epiplèon na upologiste� h hlektroniak  puknìthta (ne) staupole�mmata uperkainofan¸n. Mia kai parathroÔme ekpomp  apì jermì pl�sma sugkekrimènouìgkou, h èntash th aktinobol�a ja exart�tai �mesa apì thn puknìthta kai ton ìgko touulikoÔ pou ekpèmpei: ∫

nenH dV =
∫

ne
2 dV (ne=nH ìpou nH h puknìthta tou udrogìnou).H posìthta aut  e�nai gnwst  w mètro aktinobol�a (emission measure). Apì to mètroaktinobol�a kai èqonta mia ekt�mhsh tou megèjou tou U/U mporoÔme na ektim soume thnpuknìtht� tou.Epiplèon, epeid  to jermì pl�sma twn upoleimm�twn uperkainofan¸n e�nai optik� leptì, oigrammè ekpomp  diafìrwn stoiqe�wn e�nai èna isqurì ergale�o gia th mètrhsh th perie-ktikìthta twn met�llwn tou. Autì mpore� na g�nei upolog�zonta th sqetik  ekpomp  twngramm¸n aut¸n w pro mia sugkekrimènh gramm    to suneqè. Gia ta ghraiìtera upole�mmataupekainofan¸n, autì mpore� na qrhsimopoihje� gia ton axiìpisto upologismì th periektikì-thta tou mesoastrikoÔ mèsou (Hughes et al. 1998) en¸ gia ta nearìtera upole�mmata, mpore�na sundeje� me to ektinassìmeno ulikì diafìrwn tÔpwn uperkainofan¸n (Vink 2012).2.5.3 Optik  aktinobol�aTo optikì f�sma twn U/U e�nai èna grammikì f�sma ekpomp , sto opo�o up�rqounoi grammè Balmer tou udrogìnou (p.q. Hα, Hβ) all� kuriarqe� kai èna pl jo apagoreu-41



mènwn gramm¸n pou ekpèmpontai apì iìnta N, O, S kai �llwn stoiqe�wn. Ektì ìmw apì tigrammè ekpomp , to optikì f�sma twn U/U perièqei kai mia asjen  suneq  sunist¸sa. Hmorf  tou optikoÔ f�smato aut¸n twn perioq¸n e�nai apotèlesma th ekpomp  suneqoÔ -st�jmh kaj¸ kai gramm¸n ekpomp , ìpw ja doÔme parak�tw.Grammè epanasÔndesh - Recombination Lines : To optikì f�sma twnU/U perièqei grammè ekpomp  th seir� Balmer tou udrogìnou, kur�w ti Hα kai Hβ . Hemf�nish twn gramm¸n ekpomp  Balmer e�nai apotèlesma tou fainomènou tou fjorismoÔkat� to opo�o aktinobol�a mikroÔ m kou kÔmato metasqhmat�zetai se aktinobol�a megalÔte-rou m kou kÔmato afoÔ aporrofhje� kai epanekpemfje� apì dèsmia hlektrìnia. Fwtìnia meenèrgeia megalÔterh apì 13.6 eV ion�zoun ta �toma tou udrogìnou kai dhmiourgoÔntai iìntaudrogìnou (prwtìnia) kai eleÔjera hlektrìnia. Ta eleÔjera aut� hlektrìnia èlkontai apì�lla iìnta udrogìnou me apotèlesma th sÔllhy  tou (anasÔndesh), tautìqronh apobol  e-nèrgeia me th morf  fwton�wn sto suneqè mèro tou f�smato kai th dhmiourg�a diegermènwnatìmwn udrogìnou. Ta sullhfjènta hlektrìnia sta diegermèna �toma udrogìnou arq�zoun nametaphdoÔn se qamhlìtere energeiakè st�jme, ekpèmponta tautìqrona fwtìnia orismènhsuqnìthta (grammik  aktinobol�a), mèqri na ft�soun sth jemeli¸dh kat�stash. Aut� pouft�noun sth st�jmh n=2 prokaloÔn thn ekpomp  aktinobol�a twn gramm¸n Balmer. Autèe�nai pou kuriarqoÔn sto optikì mèro tou f�smato twn U/U, idia�tera h Hα (n = 3 –> 2)kai h Hβ (n = 4 –> 2).Apagoreumène grammè - Forbidden Lines : H parous�a barÔterwn stoi-qe�wn apì to udrogìno sta U/U, ìpw apl� ionismèno �zwto, oxugìno kai je�o   dipl�ionismèno oxugìno, èstw kai se mikrè posìthte, parèqoun th dunatìthta sugkroÔsewn twneleujèrwn hlektron�wn me ta en lìgw iìnta me apotèlesma thn kroustik  tou diègersh: TaU/U, ìpw kai ìla ta �lla aèria nefel¸mata, e�nai arket� arai� (ne∼1 - 500 cm−3) me apo-tèlesma ìla sqedìn ta �toma na br�skontai sti jemeli¸dei hlektroniakè tou katast�sei.H jermokras�a th perioq  pou ekpèmpetai h optik  aktinobol�a sta U/U e�nai th t�xh twn104 K kai to nèfo twn eleujèrwn hlektron�wn dièpetai apì thn katanom  Maxwell-Boltzmannme mèsh enèrgeia kTe=1 eV (Sq ma 2.11). H our� th katanom  Maxwell-Boltzmann qara-kthr�zetai apì hlektrìnia me enèrgeie th t�xew 2-4 eV . Ta eleÔjera hlektrìnia pou br�-skontai sthn our� th katanom  Maxwell-Boltzmann mporoÔn na diege�roun dia kroÔsh taiìnta O+, O++, N+, S++ sti energeiakè st�jme pou br�skontai kont� sth jemeli¸dh tou.42



Sq ma 2.11 Energeiak  katano-m  nèfou hlektron�wn Maxwell-

Boltzmann (GoÔdh 1991)

Ta �toma tou udrogìnou den mporoÔn na diegerjoÔn sthnpr¸th st�jmh diègersh kaj¸ h met�bash aut  apaite�eleÔjera hlektrìnia uyhlìterh enèrgeia. Autì e�nai obasikì trìpo me ton opo�o hlektrìnia metaba�noun se me-tastaje� st�jme (e�nai oi st�jme oi opo�e den mporoÔnna apodiegerjoÔn mèsw aktinobol�a hlektrikoÔ dipìlou)sti opo�e o qrìno paramon  tou hlektron�ou prin thnapodiègers  tou e�nai polÔ megalÔtero apì ta 10−8 secpou isqÔei sti epitreptè diegermène st�jme. Lìgw thqamhl  puknìthta th Ôlh aut¸n twn perioq¸n, ta hle-ktrìnia sti metastaje� st�jme èqoun qrìno na apodie-gerjoÔn aujìrmhta kai ìqi lìgw kroÔsh, me apotèlesmathn an�qneush �apagoreumènwn fwton�wn�. Autè oi grammè ekpomp  onom�zontai ètsi giat�den sunant¸ntai se g ine sunj ke, ìpou lìgw th uyhl  puknìthta th Ôlh oi sug-kroÔsei e�nai p�ra polÔ suqnè (suqnìtere apì to rujmì apodiègersh twn metastaj¸nst�jmewn). Se sunj ke eparkoÔ ara�wsh, ìpw sta U/U, oi apagoreumène grammè mpo-roÔn na g�noun ìso isqurè   kai isqurìtere apì ti epitreptè grammè me apotèlesma omhqanismì autì na apotele� kai ton kÔrio mhqanismì yÔxh (ap¸leia enèrgeia) twn U/Uìson afor� thn optik  aktinobol�a.

Sq ma 2.12 St�jme enèrgeia qarakthristik¸n apagoreumènwn st�jmewn twn iìntwn O+,

O++, N+ kai S+ (GoÔdh 1991).
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2.5.3.1 Plhrofor�e apì ta optik� f�smataH optik  aktinobol�a twn upoleimm�twn uperkainofan¸n proèrqetai, ìpw èqei a-naferje�, apì thn yÔxh tou mesoastrikoÔ nèfou ìtan autì diapern�tai apì to metwpikìkroustikì kÔma tou upole�mmato kai ta f�smat� tou antikatoptr�zoun th sÔstash tou pe-rib�llonto mesoastrikoÔ ulikoÔ. Parousi�zoun èntone, qarakthristikè grammè ekpomp se èna eurÔ f�sma katast�sewn ionismoÔ, ìpw autè twn H, [O ii], [O iii], [S ii] kai [N ii] en¸emfan�zontai kai asjenèstere grammè ekpomp  stoiqe�wn ìpw twn He i, He ii, [O i], [N i],

[Ne iii], [Fe ii], [Fe iii], [Ca ii] kai [Ar iii] (Fesen et al. 1985).Oi grammè ekpomp  sta optik� f�smata twn upoleimm�twn uperkainofan¸n mporoÔn na qrh-simopoihjoÔn w diagnwstik� ergale�a katarq n gia thn an�qneus  tou kaj¸ kai gia thnexagwg  shmantik¸n plhrofori¸n gia ta antike�mena aut�, ìpw jermokras�a, hlektroniak puknìthta, metallikìthta, taqÔthta twn kum�twn sok.
• Krit ria an�qneush upoleimm�twn uperkainofan¸n. Diaqwrismì a-pì �lla nefel¸mata.To prwtarqikì mèlhma sthn melèth twn upoleimm�twn uperkainofan¸n e�nai h an�qneus  tou.H duskol�a se autì e�nai na mporèsoume na ta diakr�noume apì �lla nefel¸mata, ìpw ti pe-rioqè ionismènou udrogìnou kai ta planhtik� nefel¸mata. Oi perioqè ionismènou udrogìnoukai ta planhtik� nefel¸mata ekpèmpoun aktinobol�a lìgw fwtoðonismoÔ en¸ h aktinobol�atwn upoleimm�twn uperkainofan¸n sthr�zetai sti kroustikè diegèrsei apì to kroustikìkÔma. Ta f�smata ìlwn twn nefelwm�twn parousi�zoun arketè genikè omoiìthte, mia kaito jermainìmeno, ionismèno aèrio te�nei na aktinobole� fwtìnia twn �diwn gramm¸n ekpomp ,anex�rthta tou mhqanismoÔ apì ton opo�o dhmiourge�tai h uyhl  jermokras�a kai o ionismìtwn stoiqe�wn. Parìla aut�, up�rqoun trìpoi di�kris  tou pou bas�zontai kur�w stisqetikè ent�sei fasmatik¸n gramm¸n oi opo�e antikatoptr�zoun to mhqanismì diègersh.O lìgo twn gramm¸n ekpomp  [S ii](λλ6716,6731)/Hα(λ6563)>0.4 apì ta optik� f�smatae�nai to prwtarqikì diagnwstikì ergale�o gia thn pistopo�hsh mia astronomik  phg  wupìleimma uperkainofanoÔ. 'Eqei apodeiqje� (p.q. Mathewson & Clarke 1973) ìti autì todiagnwstikì ergale�o mpore� na diaqwr�sei mhqanismoÔ ekpomp  aktinobol�a pou ofe�lon-tai se kÔmata sok (kroustikè diegèrsei) pou sumba�noun se upole�mmata uperkainofan¸napì �llou mhqanismoÔ (p.q. fwtoðonismì) pou sumba�noun se �lla nefel¸mata (perioqèionismènou udrogìnou, planhtik� nefel¸mata). Sthn per�ptwsh twn upoleimm�twn uperkai-nofan¸n, to megalÔtero posostì tou je�ou pou br�sketai sti yuqrè perioqè p�sw apì to44



metwpikì kÔma sok e�nai apl� ionismèno (S+). Autì ofe�letai sthn hlektroniak  jermokras�ase aut n thn perioq  (th t�xh twn ∼105 K) pou se sunduasmì me th meg�lh kroustik energì diatom  (cross section) twn metab�sewn [S ii] odhge� se auxhmèno lìgo [S ii]/Hα. An-tijètw, se �lla nefel¸mata (ìpw p.q. perioqè ionismènou udrogìnou), to je�o e�nai dipl�ionismèno (S++) lìgw isquroÔ fwtoðonismoÔ kai ètsi o lìgo [S ii]/Hα anamènetai na e�naiqamhlìtero apì 0.4.'Alle apagoreumène grammè ekpomp  pou e�nai pio isqurè sta upole�mmata uperkainofan¸napì ìti p.q. sti perioqè ionismènou udrogìnou, kai qrhsimopoioÔntai gia peraitèrw epibe-ba�wsh enì nefel¸mato w upìleimma uperkainofanoÔ e�nai tou oxugìnou: [O i] λλ6300,

6364, [O ii]λ3727, [O iii] λλ5007, 4959 (p.q. Osterbrock & Ferland 2006, Fesen et al. 1985).'Opw anafèretai stou Fesen et al. (1985), oi lìgoi [O i]/Hβ kai [O ii]/Hβ sta upole�mmatauperkainofan¸n parathroÔntai na e�nai megalÔteroi apì tou ant�stoiqou lìgou sti perio-qè ionismènou udrogìnou.Epiplèon, �llo èna trìpo diaqwrismoÔ twn upoleimm�twn uperkainofan¸n apì ti perioqèionismènou udrogìnou e�nai mèsw twn kìkkwn th skình. Ta gr gora kroustik� kÔmatakatastrèfoun tou kìkkou se ant�jesh me ti perioqè ìpou up�rqei fwtoðonismì (Oster-

brock & Ferland 2006). Ta pur�maqa stoiqe�a pou apomènoun apì aut  thn katastrof  apìta kroustik� kÔmata, epistrèfoun sto aèrio kai mporoÔn na d¸soun parathr sime grammèekpomp . Antijètw, sthn per�ptwsh th Ôparxh kìkkwn skình sugkekrimèna stoiqe�aìpw to Ca, Al kai o Fe br�skontai w ep� to ple�ston pagideumèna se autoÔ me apotèlesmana èqoun sqedìn exantlhje� apì to mesoastrikì aèrio k�nonta ètsi ti grammè ekpomp tou asjenèstate. Epomènw, metr sei th periektikìthta aut¸n twn stoiqe�wn mporoÔnna prosdior�soun thn Ôparxh   ìqi kìkkwn skình kai kat' epèktash thn Ôparxh isqur¸nkum�twn sok (Osterbrock & Ferland 2006).
• Hlektroniak  jermokras�aH jermokras�a se èna upìleimma uperkainofanoÔ (kai se èna nefèlwma genikìtera)mpore� na upologiste� apì to lìgo twn ent�sewn sugkekrimènwn gramm¸n ekpomp  (Oster-

brock & Ferland 2006). Kat�llhle grammè e�nai autè tou �diou iìnto oi opo�e ìmwprokÔptoun apì kroustik� diegermène st�jme me aisjht� diaforetik  enèrgeia diègersh.E�nai fanerì loipìn ìti ta sqetik� posost� diègersh se autè ti st�jme (1D kai 1S) e-xart¸ntai isqur� apì th jermokras�a, epomènw kai oi sqetikè ent�sei twn ant�stoiqwngramm¸n ekpomp  apì autè ti st�jme mporoÔn na qrhsimopoihjoÔn gia ton upologismì45



th hlektroniak  jermokras�a.

Sq ma 2.13 Diagr�mmata energeiak¸n st�jmewn twn [O iii] kai [N ii]. Oi diakekommène gram-mè de�qnoun ti metab�sei pou d�noun oi apagoreumène grammè ekpomp  sto optikì mèrotou f�smato en¸ oi kanonikè grammè de�qnoun ti metab�sei pou d�noun oi apagoreumènegrammè sto uperi¸de kai sto upèrujro mèro tou f�smato (fa�nontai mìno oi pio isqurègrammè met�bash) (Osterbrock & Ferland 2006).Tètoia qarakthristik� iìnta e�nai aut� tou [O iii], [N ii], [Ne iii] kai [S iii]. Ta dia-gr�mmata twn energeiak¸n st�jmewn twn iìntwn [O iii] kai [N ii] apeikon�zontai sto Sq ma2.13. Sto oxugìno gia par�deigma, h gramm  sta 4363 Å prokÔptei apì thn apodiègersh apìth st�jmh 1S, en¸ oi grammè sta 4959 Å kai 5007 Å prokÔptoun apì thn endi�mesh st�jmh
1D. Se èna aèrio qamhl  puknìthta (ìpou oi kroustikè diegèrsei e�nai amelhtèe), k�jediègersh sth st�jmh 1D katal gei se apodiègersh me ekpomp  fwton�ou m kou kÔmato e�-te 5007   4959, me sqetik  pijanìthta pou basizetai sti pijanìthte met�bash th k�jegramm  (sqedìn 3 pro 1). An�loga, k�je diègersh sth st�jmh 1S katal gei se ekpomp fwton�ou m kou kÔmato 4363 Å   2321 Å, me sqetikè pijanìthte pou bas�zontai sthnpijanìthta met�bash k�je gramm . K�je ekpomp  fwton�ou m kou kÔmato 4363 Å mpore�ep�sh na katal xei se fwtìnio m kou kÔmato e�te 5007 Å   4959 Å, all� aut  h suneisfor�einai mikr  se sqèsh me thn apeuje�a diègersh apì th st�jmh 1D kai epomènw mpore� na pa-ralhfje�. Se uyhlìtere hlektroniakè puknìthte (>105 cm−3), h kroustik  apodiègersharq�zei kai pa�zei shmantikì rìlo. Ta hlektrìnia sth stoib�da 1D èqoun megalÔtero qrìno46



Sq ma 2.14 Hlektroniak  jermokras�a sunart sei tou lìgou twn ent�sewn di�forwn apago-reumènwn gramm¸n ekpomp . Oi kampÔle gia ta [O i] kai [N ii] sqedìn sump�ptoun, merik¸lìgw twn parìmoiwn dunamik¸n diègersh. To di�gramma e�nai upologismèno gia hlektroniak puknìthta ne=1 cm−3.paramon  apì ìti sth stoib�da 1S ètsi apodiege�rontai kroustik� se mikrìtere hlektronia-kè puknìthte apì aut� sth stoib�da 1S , apodunam¸nonta ètsi ti grammè ekpomp  sta5007 Å kai 4959 Å. K�tw apì tètoie sunj ke, h kroustik  diègersh hlektron�wn apì thstoib�da 1D sth stoib�da 1S enisqÔei thn èntash th gramm  sta 4363 Å.Sto Sq ma 2.14 parat�jetai to di�gramma twn Osterbrock & Ferland (2006), pou de�qneith sun�rthsh di�forwn qarakthristik¸n lìgwn apagoreumènwn gramm¸n ekpomp  se sqèshme th jermokras�a, se hlektroniak  puknìthta ne = 1 cm−3. Metr¸nta epomènw apì taoptik� f�smata to lìgo twn ent�sewn aut¸n twn qarakthristik¸n apagroreumènwn gram-m¸n ekpomp , mporoÔme na upolog�soume thn hlektroniak  jermokras�a twn upoleimm�twnuperkainofan¸n.
• Hlektroniak  puknìthtaH mèsh hlektroniak  puknìthta sta upole�mmata uperkainofan¸n (kai kat' epèktashse èna nefèlwma) mpore� na upologiste� parathr¸nta ta apotelèsmata th kroustik  diè-gersh (Osterbrock & Ferland 2006). Autì mpore� na g�nei me thn sÔgkrish th èntash dÔoapagoreumènwn gramm¸n ekpomp  tou �diou iìnto, oi opo�e ekpèmpontai apì diaforetik 47



st�jmh all� me parapl sia enèrgeia diègersh. Ta pio qarakthristik� parade�gmata iìn-twn pou qrhsimopoioÔntai gia th mètrhsh th hlektroniak  puknìthta e�nai tou oxugìnou
[O ii]λ3729/3726 kai tou je�ou [S ii]λ6716/6731, oi energeiakè st�jme twn opo�wn fa�nontaisto Sq ma 2.15.Aut� ta zeÔgh gramm¸n e�nai polÔ kont� energeiak� metaxÔ tou me apotèlesma na èqounper�pou thn �dia pijanìthta na kathlhfjoÔn apì kroustik� diegermèna hlektrìnia. Up�rqoundÔo basikè diaforè gia ti st�jme aut¸n twn zeÔgwn gramm¸n. H m�a e�nai to statistikìb�ro (statistical weight), dhlad  pìsa hlektrìnia mpore� na �krat sei� k�je st�jmh. Au-tì ja pa�xei rìlo kur�w sthn èntash twn gramm¸n: ìso perissìtera hlektrìnia up�rqounsth st�jmh, tìsa perissìtera fwtìnia en dun�mei mporoÔn na ekpemfjoÔn me aujìrmhth a-podiègersh twn hlektron�wn. H �llh e�nai o qrìno paramon  se autè, dhlad  o qrìnopou paramènei to hlektrìnio sth st�jmh mèqri na apodiegerje� aujìrmhta sth jemeli¸dh,ekpèmponta èna fwtìnio an�logou mhkou kÔmato. H st�jmh pou èqei megalÔtero qrìnoparamon  e�nai pio eu�lwth se peript¸sei uyhl  puknìthta (ìpou aux�nontai oi krousti-kè apodiegèrsei twn hlektron�wn) �ra ja èqei kai diaforetik� posost� apodiegersh apì thst�jmh me mikrìtero qrìno paramon . Epomènw, oi sqetiko� plhjusmo� sti dÔo stoib�deja exart¸ntai apì thn puknìthta kai kat' epèktash, o lìgo twn ent�sewn twn ekpempìmenwngramm¸n ja exart¸ntai apì thn puknìthta.

Sq ma 2.15 Diagr�mmata energeiak¸n st�jmewn twn [O ii] kai [S ii].
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Sq ma 2.16 Hlekroniak  puknìthta sunart sei tou lìgou twn ent�sewn twn
[O ii](λ3729)/(λ3726) kai [S ii](λ6716)/(λ6731) gia jermokras�a T=104 K. Se �llejermokras�e oi kampÔle e�nai sqedìn swstè e�n h kl�maka tou �xona χ g�nei ne(10

4/T)1/2.Oi Osterbrock & Ferland (2006) ex gagan di�gramma tou lìgou th èntash twnparap�nw gramm¸n ekpomp  sunart sei th hlektroniak  puknìthta (Sq ma 2.16) giajermokras�a 104 K, pros�rmosan ti ant�stoiqe exis¸sei isorrop�a pou isqÔoun gia touplhjusmoÔ k�je stoib�da gia di�fore peript¸sei kai timè th hlektroniak  puknìthta(ìso megal¸nei h hlektroniak  puknìthta tìso aux�nontai oi kroustikè apodiegèrsei).An loipìn metrhjoÔn oi lìgoi twn ent�sewn aut¸n twn qarakthristik¸n apagoreumènwngramm¸n ekpomp  tìte mpore� na upologiste� h hlektroniak  puknìthta twn upoleimm�twnuperkainofan¸n.Apì parathrhsiak  �poyh, oi grammè tou oxugìnou [O ii](λλ3726, 3729) èqoun parìmoiam kh kÔmato k�nonta dÔskolo to diaqwrismì tou. Gia autì, pollè forè e�nai pio eÔkolhh qrhsimopo�hsh twn gramm¸n tou je�ou [S ii](λλ6716, 6731). 'Alla zeÔgh iìntwn pou mporoÔnna qrhsimopoihjoÔn gia ton upologismì th hlektroniak  puknìthta mia kai parousi�zounparìmoia dom  e�nai ta [N i], [Cl iii], [Ar iv], [K v].
• Metallikìthta - Kat�stash ionismoÔOi lìgoi gramm¸n ekpomp  e�nai �mesa sunufasmènoi tìso me thn periektikìthta semètalla (chemical abundance - metalicity) ìso kai me thn kat�stash ionismoÔ (excitation)49



twn met�llwn twn antikeimènwn upì parat rhsh.Gia ton upologismì th metallikìthta qrhsimopoioÔntai sun jw grammè anasÔndesh touudrogìnou th seir� Balmer se sunduasmì me kroustik� diegermène grammè barèwn met�l-lwn, parathrhmène se perissìtere apì m�a katast�sei ionismoÔ. San stoiqe�o anafor�qrhsimopoie�tai pollè forè to oxugìno giat� e�nai sqetik� �fjono, ekpèmpei isqurè grammèkai mpore� na parathrhje� se di�fore katast�sei ionismoÔ. Mia basik  mèjodo upologi-smoÔ th metallikìthta, pou prot�jhke apì tou Pagel et al. (1979), d�netai apì th sqèsh
R23 = ([O ii]λ3727 + [O iii]λλ 4959, 5007) / Hβ. 'Omw, ìpw proanafèrjhke, gia to swstìkajorismì th metallikìthta ja prèpei na lhfje� upìyin kai h kat�stash ionismoÔ tou ba-rèo stoiqe�ou pou qrhsimopoie�tai. O upologismì th kat�stash ionismoÔ mpore� na g�neiqrhsimopoi¸nta grammè ekpomp  pou e�nai de�kte th hlektroniak  jermokras�a, ìpwp.q. o lìgo [O iii](λλ4959, 5007)/[O ii]λ3727. Sun jw gia autìn ton upologismì qrhsimo-poioÔntai grammè ekpomp  se diaforetikè katast�sei ionismoÔ tou �diou stoiqe�ou, gia naapofeuqje� o par�gonta th diaforetik  metallikìthta twn stoiqe�wn.Pollè forè h apeuje�a qr sh twn parap�nw diagnwstik¸n lìgwn e�nai dÔskolh. Se pe-ript¸sei p.q. auxhmènh metallikìthta h hlektroniak  jermokras�a mei¸netai mia kai oipollaplè grammè ekpomp  twn met�llwn droun san yuktikì mhqanismì. Autì èqei wapotèlesma thn exasjènhsh twn gramm¸n ekpomp  kai th dÔskolh parat rhsh/mètrhs  tou(Pettini & Pagel 2004). Se tètoie peript¸sei h leptomer  montelopo�hsh mpore� na an-timetwp�sei autè ti dusqèreie kai na d¸sei asfal  apotelèsmata se k�je per�ptwsh. Giapar�deigma oi Kewley & Dopita (2002), basizìmenoi se isqurè grammè ekpomp , sundÔasanastrikoÔ plhjusmoÔ kai montèla fwtoðonismoÔ gia na anaptÔxoun mia seir� diagnwstik¸nparamètrwn tìso gia thn kat�stash ionismoÔ ìso kai thn periektikìthta twn met�llwn.

• TaqÔthte kum�twn sokGnwr�zonta thn hlektroniak  jermokras�a tou upole�mmato uperkainofanoÔ, mpo-roÔme na ektim soume thn taqÔthta twn kum�twn sok.H energhtikìthta kai h taqÔthta twn kroustik¸n kum�twn sta upole�mmata uperkainofan¸nantikatoptr�zetai sthn eua�sjhth pro th jermokras�a èntash th gramm  ekpomp  tou
[O iii] sta 5007 Å. 'Oso megalÔterh taqÔthta èqei to kroustikì kÔma, tìso megalÔterh g�-netai h hlektroniak  jermokras�a tou mèsou p�sw apì to mètwpo tou sok, aux�nonta ètsithn ekpomp  th sugkekrimènh gramm . 'Eqei parathrhje� apì tou Hartigan et al. (1987)ìti h apous�a th gramm  [O iii] apì ta f�smata upoleimm�twn uperkainofan¸n upodhl¸nei50



taqÔthte tou kÔmato sok < 100 km sec−1.Kai se aut  thn per�ptwsh, h apeuje�a anagwg  th gramm  [O iii] se taqÔthta tou kÔmatosok e�nai dÔskolh giat� prèpei na lhfjoÔn upìyin kai �lloi par�gonte pou thn ephre�zoun(ìpw h puknìthta, to magnhtikì ped�o, h kat�stash ionismoÔ, h metallikìthta). Gia autìto lìgo, h dhmiourg�a jewrhtik¸n montèlwn sok pou e�nai eua�sjhta stou parap�nw par�-gonte (ìpw ta gnwst� diagr�mmata BPT twn Baldwin et al. 1981   th doulei� twn Allen

et al. 2008) e�nai anagka�a gia mia asfal  ekt�mhsh th taqÔthta twn kum�twn sok twnupoleimm�twn uperkainofan¸n b�sei th gramm  ekpomp  [O iii].2.6 Sumperifor� 'Pragmatik¸n' Upoleimm�twn Uperkai-nofan¸nTo parìn kef�laio, pou pragmateÔetai to anagka�o jewrhtikì upìbajro gia taupole�mmata uperkainofan¸n, kle�nei me mia sunoptik  anafor� sth sumperifor� twn upoleim-m�twn uperkainofan¸n, pèra apì jewrhtik� montèla.E�nai plèon gnwstì ìti h parat rhsh th aktinobol�a twn upoleimm�twn uperkainofan¸n sediaforetik� m kh kÔmato prosfèrei shmantikè plhrofor�e gia ti diaforetikè diergas�epou sumba�noun sta antike�mena aut�. Gia par�deigma, h jermik  aktinobol�a akt�nwn-Q pouproèrqetai apì to jermì ulikì p�sw apì to kÔma sok (jermokras�e >106 K), parathre�taikat� ti dÔo pr¸te f�sei th exèlixh twn upoleimm�twn uperkainofan¸n kai prokÔptei apìtaqèw kinoÔmena hlektrìnia pou sugkroÔontai   epanasundèontai me iìnta. H optik  akti-nobol�a proèrqetai apì ulikì me jermokras�e ∼105 K kai parathre�tai sun jw kat� thntr�th f�sh th exèlixh twn upoleimm�twn kai e�nai sun jw qarakthristik  twn ghraiìterwnupoleimm�twn. H radiofwnik  ekpomp  sta upole�mmata uperkainofan¸n parathre�tai kajìlhth di�rkeia th zw  twn upoleimm�twn kai proèrqetai apì sqetikistik� hlektrìnia kinoÔmenase magnhtikì ped�o, e�te gÔrw apì to kÔma sok   p�sw apì autì.Apì ta parap�nw, parathroÔme ìti h optik  aktinobol�a me aut  twn akt�nwn-Q den èqounkoinì tìpo proèleush. An loipìn parathrhjoÔn kai oi dÔo aktinobol�e se èna upìleimma,autì shma�nei ìti to upìleimma perièqei ulikì meg�lou eÔrou jermokrasi¸n (p.q. Seward &

Charles 2010). Epiplèon, h upèrujrh aktinobol�a sta upole�mmata uperkainofan¸n den e�naisp�nia. Aut  ofe�letai sth skình pou aktinobole� lìgw th jèrmans  th apì to jermìulikì p�sw apì to kÔma sok. Autì èqei parathrhje� se q�rte lampr¸n upoleimm�twn, oi51



opo�oi de�qnoun ìti h upèrujrh aktinobol�a proèrqetai apì to kèlufo ìpou ekpèmpontai kaioi akt�ne -Q. M�lista, pollè forè h olik  enèrgeia pou ekpèmpetai sto upèrujro e�nai me-galÔterh apì aut  sti akt�ne -Q, epitaqÔnonta ètsi thn exèlixh twn upoleimm�twn kaj¸suneisfèroun sthn yÔxh tou.Ta di�fora qarakthristik� twn upoleimm�twn uperkainofan¸n (dom , sq ma, proè-leush aktinobol�a) apèqoun sthn pragmatikìthta apì ta apotelèsmata twn qrhsimopoioÔme-nwn, aplopoihmènwn jewrhtik¸n montèlwn, mia kai h fÔsh e�nai pio polÔplokh. Ta antike�menaaut� sun jw br�skontai mèsa se anomoiogenè mesoastrikì mèso   ektin�ssoun anomoioge-n¸ to ulikì tou me apotèlesma tìso h morfolog�a tou ìso kai h ekpempìmenh aktinobol�atou na e�nai polusÔnjeth. Gia par�deigma, sto Sq ma 2.17, d�netai h dom  kai h proèleushth ekpempìmenh aktinobol�a nearoÔ upole�mmato uperkainofanoÔ mèsa se nefel¸de kaianomoiìmorfo mesoastrikì mèso (Lozinskaya 1992), basizìmena se plhrofor�e apì ìle tidiajèsime parathr sei se sunduasmì me th jewrhtik  up�rqousa gn¸sh. O q¸ro (1) a-peikon�zei to kroustikì kÔma pou diad�detai sto mesoastrikì mèso me taqÔthta vs. O q¸ro(2) de�qnei to ant�strofo kÔma sok pou diad�detai me taqÔthta vr mèsa sto epekteinìmenoektinassìmeno ulikì tou uperkainofanoÔ. O q¸ro (3) apeikon�zei deutereÔonta kÔmata sok(me taqÔthta vcl) pou mpore� na dhmiourghjoÔn mèsa se eswterik�, mikrìtera, pukn� nèfhen¸ o q¸ro (4) de�qnei pijan� anakl¸mena kÔmata sok. O q¸ro (5) de�qnei thn asunèqeiaepaf  metaxÔ tou ulikoÔ pou sar¸netai apì to kÔma sok kai tou ektinassìmenou ulikoÔapì ton uperkainofan . E�n sto kèntro tou upole�mmato up�rqei astèra netron�wn tìte oq¸ro (6) de�qnei thn asunèqeia epaf  metaxÔ tou ektinassìmenou ulikoÔ tou uperkainofan kai nèfou relatibistik¸n swmatid�wn sto magnhtikì ped�o tou astèra netron�wn.Se autì to sq ma mporoÔn na ep�sh na parathrhjoÔn perioqè proèleush aktinobol�a dia-fìrwn mhk¸n kÔmato. An p.q. up�rqei pulsar sto kèntro tìte h perioq  (a) de�qnei to
plerion to opo�o ekpèmpei optik , radiofwnik  kai akt�nwn-Q aktinobol�a mèsw tou mhqani-smoÔ sÔgqrotron, h opo�a aux�netai se fwteinìthta kinoÔmenoi pro to kèntro. Up�rqoun kaidi�fore, �lle perioqè ekpomp  aktinobol�a, anex�rthta th parous�a astèra netron�wn.Gia par�deigma, parathre�tai jermik  ekpomp  akt�nwn-Q se perioqè ìpou to aèrio pou sar¸-netai, jerma�netai apì to kroustikì kÔma sok (perioq  i), kai apì to ektinassìmeno ulikì toopo�o jerma�netai apì to an�strofo kÔma sok (perioq  d). Optik  aktinobol�a parathre�taiapì pukn� sumpukn¸mata tou ektinassìmenou ulikoÔ tou uperkainofan  pou jerma�nontai apìto an�strofo kÔma sok (perioq  e) kai apì pukn� perib�llonta nèfh pou jerma�nontai apìdeutereÔonta kÔmata sok (perioq  j). H epit�qunsh sqetikistik¸n swmatid�wn se magnhtikì52



ped�o pou e�nai èntono sthn asunèqeia epaf  (5) d�nei mhqanismì sÔgqrotron kai radiofwnik aktinobol�a se kelufoeid  morfolog�a, en¸ h skình pou jerma�netai apì to jermikì pl�smaakt�nwn-Q d�nei upèrujrh aktinobol�a. Tèlo, yuqrè perioqè tou ektinassìmenou ulikoÔ oiopo�e den èqoun diataraqje� apì to an�strofo kÔma sok (perioqè b kai c)   adiat�raktoaèrio se eswterik� nèfh (perioq  k) e�nai polÔ dÔskolo na aniqneujoÔn kaj¸ den ekpèmpounèntonh aktinobol�a.

Sq ma 2.17 Sk�tso nearoÔ upole�mmato uperkainofanoÔ se anomoiìmorfo mesoastrikì mèso(Lozinskaya 1992).
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Kef�laio 3
DEIGMA GALAXIWNH paroÔsa diatrib  k�nei mia ekten  èreuna se plhjusmoÔ U/U se èxi kontinoÔgalax�e: NGC 2403, NGC 3077, NGC 4214, NGC 4395, NGC 4449 kai NGC 5204. Oigalax�e auto� epilèqjhkan apì ton Third Catalog of Bright Galaxies (RC3; de Vaucouleurs

et al. 1995) me b�sh ta ex  qarakthristik�:a) na e�nai late-type (T> 4; Hubble type). Oi late-type galax�e jewroÔntai auto� pou e�naidexi� th taxinìmhsh kat� Hubble, dhlad  oi �morfoi kai oi speiroeide� galax�e,b) se kontin  apìstash (≤ 5 Mpc) gia elaqistopo�hsh th sÔgqush phg¸n (se 5 Mpc,

1′′≃ 25 pc),g) me qamhl  kl�sh (≤ 60◦) gia elaqistopo�hsh th galaxiak  aporrìfhsh kai twn faino-mènwn probol  kaid) na e�nai p�nw apì to Galaxiakì ep�pedo (b > 20◦).Apì tou galax�e me ta parap�nw qarakthristik�, epilèxame autoÔ pou èqoundiajèsime parathr sei meg�lh èkjesh me ton dorufìro akt�nwn-Q Chandra oÔtw ¸stena petÔqoume èna enia�o ìrio an�qneush fwteinìthta ∼ 1036 erg s−1, ikanì na ma d¸seito megalÔtero posostì twn fwtein¸n U/U. Epilèxame na epikentrwjoÔme se dedomèna tou
Chandra lìgw th ekplhktik  tou qwrik  an�lush h opo�a epitrèpei thn an�qneush amudr¸nphg¸n se phgobrije� perioqè, d�nonta ètsi èna amerìlhpto de�gma to opo�o mporoÔme na tosugkr�noume me ta optik� dedomèna. Plhrofor�e gai to de�gma twn galaxi¸n parat�jentaiston P�naka 3.1.
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P�naka 3.1 Plhrofor�e gia to de�gma twn galaxi¸nGalax�a Orj  Apìklish Apìstash Mègisto/El�qisto Kl�sha Galaxiakì Galaxiakì Gwn�a TÔpo Fusik Anafor� �xona NH
b Pl�to jèshc Galax�a Kl�makad

(J2000) (J2000) (Mpc) (arcmin) (degrees) (×1020 cm −2) (degrees) (degrees) (pc)

NGC 2403 07:36:51.4 65:36:09 3.2e 21.9×12.3 62 4.36 29 127 SAB(s)cd 7.7
NGC 5204 13:29:36.5 58:25:07 4.8e 5.0×3.0 53 1.75 58 5 SA(s)m 11.5
NGC 4395 12:25:48.9 33:32:48 2.6f 13.2×11.0 38 1.85 82 147 SA(s)m 6.2
NGC 4449 12:28:11.9 44:05:40 4.2g 6.2×4.4 56 1.61 72 45 IBm 10.1
NGC 3077 10:03:19.1 68:44:02 3.6h 5.4×4.5 - 5.05 42 45 I0 pec 8.6
NGC 4214 12:15:39.2 36:19:37 4.7i 8.5×6.6 37 1.99 78 - IAB(s)m 11.3Oi mon�de th orj  anafor� kai th apìklish e�nai se ¸re, lept�, deuterìlepta kai mo�re, lept� tou tìxou, deuterìlepta tou tìxou ant�stoiqa.Shmei¸noume ìti oi galax�e tÔpou SA(s)m e�nai Magellanic–type pou shma�nei ìti èqoun taxinomhje� w �morfoi me k�poia speiroeid  dom . Oiplhrofor�e gia ti suntetagmène, ti diamètrou, ta Galaxiak� pl�th kai tou tÔpou twn galaxi¸n e�nai apì to NED (Nasa Extragalactic database).

aTully (1988) ektì apì ton NGC4449 pou e�nai apì tou Summers et al. (2003).
b(Leiden/Argentine/Bonn) LAB Survey of Galactic Hi

c Third Reference Catalog of Bright Galaxies
dFusikè kl�make pou antistoiqoÔn se 0.5′′ sthn apìstash k�je galax�a.
eFreedman & Madore (1988).
f Saha et al. (1994)

gAnnibali et al. (2008)
hFreedman et al. (1994).

i Tully (1988)
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3.1 ProhgoÔmene èreune stou plhjusmoÔ U/U stode�gma twn galaxi¸n maPollo� apì tou galax�e tou de�gmato èqoun melethje� ektetamèna se di�foram kh kÔmato. Parak�tw sunoy�zontai aut� ta apotelèsmata, parousi�zonta prohgoÔmeneèreune U/U:
NGC 3077: an kei ston asterismì th Meg�lh 'Arktou kai e�nai mèlo th om�datwn galaxi¸n tou M81. Oi skoteinè m�ze tou ulikoÔ pou diaskorp�zontai gÔrw apì tonfwteinì pur na tou NGC 3077 e�nai apotèlesma th allhlep�drash tou galax�a me toumegalÔterou ge�tone th, tou M81 kai M82. PisteÔetai ìti h allhlep�drash aut  e�naiupeÔjunh gia thn èntonh astrogènesh ston NGC 3077 all� kai ston M82 (Walter et al.

2002). 'Oson afor� tou plhjusmoÔ U/U se autìn ton galax�a, oi Ott et al. (2003)qrhsimopoi¸nta dedomèna tou Chandra, anafèroun thn an�qneush 3 phg¸n (S1, S5, S6) meqarakthristik� endeiktik� twn jermik¸n U/U sti akt�ne -Q. Mia apì autè ti phgè (h S1)sump�ptei me mia radiophg  pou aniqneÔjhke apì tou Rosa-González et al. (2005).
NGC 4214: E�nai èna kontinì, �morfo galax�a me èntonh astrogènesh ston a-sterismì Canes Venatici, d�pla ston asterismì tou Bo¸th. Qarakthr�zetai apì ektetamènosqhmatismì astèrwn meg�lh m�za se ìlo tou to d�sko. Epomènw, h Ôparxh U/U e�naianamenìmenh. Up�rqei mia radiophg  taxinomhmènh w r�dio U/U (phg  r) apì tou Vukotic

et al. (2005) en¸ h fÔsh dÔo �llwn phg¸n sthn �dia èreuna (phgè a kai b) e�nai upì suz thsh(Chomiuk & Wilcots 2009). Epiprìsjeta, oi Chomiuk & Wilcots (2009) br kan èxi akìmaupoy fia U/U sto radiofwnikì kai trei phgè pou dhl¸nontai w U/U / perioqè ionismènouudrogìnou (SNR/Hii). Sto optikì mèro tou f�smato, oi Dopita et al. (2010), qrhsimo-poi¸nta dedomèna tou Hubble Space Telescope an�qneusan b�sei fwtometr�a 7 upoy fiaU/U.
NGC 4395: E�nai akìma èna �morfo kai me èntonh astrogènesh energì galax�aep�sh sth dieÔjunsh tou asterismoÔ Canes Venatici. Axioshme�wto se autìn ton galax�ae�nai ìti perièqei m�a apì ti mikrìtere upermegèjei maÔre trÔpe (supermassive black hole)pou èqoun anakalufje� èw t¸ra (∼3×105M⊙). O galax�a autì endèqetai na filoxene� ènaupoy fio radiofwnikì U/U (Sramek 1992, Vukotic et al. 2005) all� qwr� na parousi�zeiU/U sti akt�ne -Q pou na sump�ptei qwrik�. Aut  h phg  e�nai ektì tou optikoÔ ped�outwn parathr sewn pou qrhsimopoi jhkan sthn paroÔsa èreuna. Mèqri t¸ra, den up�rqoun�lla U/U pou na èqoun aniqneuje� ston sugkekrimèno galax�a, se kanèna m ko kÔmato.

56



NGC 4449: E�nai kai autì èna �morfo galax�a, me èntonh astrogènesh, stonasterismì tou Canes Venatici. O galax�a autì filoxene� èna ploÔsio se oxugìno (tÔpou
Cas-A), ekten¸ melethmèno U/U (p.q. radiofwnikì mèro tou f�smato: Lacey et al. 2007,optikì: Blair et al. 1983, uperi¸de Blair et al. 1984 kai akt�ne -Q: Patnaude & Fesen 2003).Epiprìsjeta, oi Chomiuk & Wilcots (2009) an�qneusan okt¸ upoy fia U/U basismèna seradiofwnikè parathr sei kai eikìne Hα. Sti akt�ne -Q, oi Summers et al. (2003) ana-fèroun thn Ôparxh dÔo U/U kai okt¸ phg¸n w U/U / dipl� sust mata astèrwn me èntonhekpomp  sti akt�ne -Q (SNR/XRB)   w U/U / PolÔ Malakè Phgè (SNR/ Super Soft

Sources), basismèna se dedomèna tou Chandra.

NGC 5204: O galax�a autì br�sketai ston asterismì th Meg�lh 'Arktou. Pa-rousi�zei tr�a U/U pou èqoun aniqneuje� sto optikì mèro tou f�smato apì tou Matonick

& Fesen (1997). 'Alle parathr sei (kai se �lla m kh kÔmato) den èqoun diexaqje� stonsugkekrimèno galax�a gia thn an�qneush U/U.
NGC 2403: E�nai speiroeid  galax�a ston asterismì th Kamhlop�rdalh. A-potele� makrinì mèlo th om�da galaxi¸n M81 kai filoxene� pollè perioqè ionismènouudrogìnou. Oi Matonick et al. (1997) diex gagan mia sqetik� bajei� èreuna sto optikì mè-ro tou f�smato gia U/U ston NGC 2403. An�qneusan 35 U/U, dÔo apì ta opo�a  tan  dhgnwst� (p.q. D’Odorico et al. 1980, Blair et al. 1982). Oi Turner & Ho (1994) taxinìmhsandÔo radiophgè (TH2, TH4) san U/U en¸ oi Eck et al. (2002) an�qneusan èna radiofwnikìomìlogo (upodhlwmènh w phg  m) sthn phg  7 twn Matonick et al. (1997). Oi Schlegel

& Pannuti (2003) kai Pannuti et al. (2007) èyaxan gia sumpt¸sei sth jèsh metaxÔ twndik¸n tou phg¸n sti akt�ne -Q kai sta 35 U/U twn Matonick & Fesen (1997). Br kan m�akajar  sqèsh me thn phg  MFBL31 kaj¸ kai me to upoy fio radiofwnikì U/U TH2 twn
Turner & Ho (1994).Ston P�naka 3.2 sunoy�zoume ton sunolikì arijmì U/U pou èqoun aniqneuje� èwt¸ra stou galax�e tou de�gmatì ma apì ti prohgoÔmene èreune, tìso sto optikì kairadiofwnikì mèro tou f�smato ìso kai sti akt�ne -Q. Parìlo pou autè oi èreune èqounparousi�sei arket� upoy fia U/U, oi tautopoi sei tou sthr�zontai kur�w se U/U pousump�ptoun qwrik� se �lla m kh kÔmato. Antijètw, sthn paroÔsa diatrib  parousi�zoumean�lush dedomènwn pou sthr�zetai sthn an�qneush kai tautopo�hsh U/U lìgw twn idiot twntou sto m ko kÔmato pou parathroÔntai.
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Apì ta parap�nw e�nai xek�jaro ìti sto de�gma twn galaxi¸n pou èqei epileqje�,den èqoun g�nei susthmatikè melète gia U/U se diaforetik� m kh kÔmato. Bajiè melètema d�noun th dunatìthta gia mia pio oloklhrwmènh èreuna twn plhjusm¸n U/U se kontinoÔgalax�e. Autì epilèqjhke na g�nei sthn paroÔsa diatrib : th susthmatik  melèth plhjusm¸nU/U sti akt�ne -Q kai sto optikì mèro tou f�smato.P�naka 3.2 Arijmì U/U se di�fora m kh kÔmato apì prohgoÔmene èreuneGalax�a Arijmì optik¸n Arijmì radiofwnik¸n Arijmì U/UU/U U/U sti akt�ne - Q
NGC 2403 35a (15) 3b 1c

NGC 5204 3d (2) 0 0
NGC 4395 0 1e 0
NGC 4449 1f (1) 8g 2h

NGC 3077 0 1i 3j

NGC 4214 7k (0) 7e 0Shme�wsh - Oi parenjèsei sta optik� U/U dhl¸noun ta fasmatoskopik� pistopoi-hmèna U/U. Anaforè: (a) D’Odorico et al. (1980), Matonick et al. (1997), (b) Turner &

Ho (1994), Eck et al. (2002), (c) Schlegel & Pannuti (2003), Pannuti et al. (2007), (d)

Matonick & Fesen (1997), (e) Vukotic et al. (2005), Chomiuk & Wilcots (2009), (f) Balick

& Heckman (1978), Kirshner & Blair (1980), Blair et al. (1983), (g) Lacey et al. (2007),

Chomiuk & Wilcots (2009), (h) Vogler & Pietsch (1997), Patnaude & Fesen (2003), Sum-

mers et al. (2003), (i) Rosa-Gonzalez et al. (2005), (j) Ott et al. (2003), (k) Dopita et al.

(2010).
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Kef�laio 4
ANIQNEUONTASUPOLEIMMATAUPERKAINOFANWN STISAKTINES-QProhgoÔmene parathr sei akt�nwn-Q se kontinoÔ galax�e (≤ 5 Mpc) me to do-rufìro ROSAT (p.q. Schlegel 1994, Schlegel et al. 2000, Pannuti et al. 2000, 2002, Payne

et al. 2004) apok�luyan poll� U/U pou ekpèmpoun sti akt�ne -Q, ek twn opo�wn arket�e�qan  dh anagnwrisje� w U/U kai se �lla m kh kÔmato. Autè oi parathr sei èdeixanìti ta U/U e�nai mia shmantik  sunist¸sa stou plhjusmoÔ akt�nwn-Q (Blair & Long 1997)eidik� se fwteinìthte k�tw twn 1037 erg s−1. Parìla aut�, oi èreune me ton ROSAT  tanperiorismène lìgw th qamhl  tou euaisjhs�a kai th qwrik  tou an�lush kai ètsi perio-r�sthke sthn an�qneush kai th melèth diakrit¸n phg¸n sti akt�ne -Q mèsa sto Galax�a makai sto Local Group. Antijètw, o Chandra, uperter¸nta se an�lush kai euaisjhs�a org�-nwn, prosfèrei mia monadik  eukair�a sto na aniqneuje� meg�lo plhjusmì U/U se kontinoÔgalax�e. H èxoqh diakritik  tou ikanìthta (∼ 0.5′′) apokalÔptei phgè akt�nwn-Q pou den jamporoÔsan na aniqneujoÔn kajar� apì �llo dorufìro kai ètsi epitrèpei thn tautopo�hsh mephgè pou èqoun aniqneuje� se �lle z¸ne suqnot twn. Me tupikì ìrio an�qneush ta 1037

erg s−1 me ekjèsei metr�ou qrìnou, exwgalaxiak� U/U tÔpou Cas-A   Crab-like mporoÔnna aniqneujoÔn se kontinoÔ galax�e. H dunatìthta tou Chandra na aniqneÔei U/U sti59



akt�ne -Q èqei apodeiqje� apì di�fore èreune se kontinoÔ galax�e, ìpw stou: NGC

1637 : Immler et al. (2003), NGC 6822 : Kong et al. (2004), M 31 : Kong et al. (2002),

NGC 2403 : Schlegel & Pannuti (2003), M 81 : Swartz et al. (2003).Sto parìn kef�laio parousi�zetai h an�lush arqeiak¸n dedomènwn tou dorufìrou Chandrastou èxi galax�e tou de�gmatì ma kai h melèth gia thn an�qneush jermik¸n U/U sti a-kt�ne -Q. Sunoptik�, h èreuna aut  apok�luye 37 jermik� U/U sti akt�ne -Q (b�sei kur�wtwn fasm�twn tou), 30 ek twn opo�wn e�nai nèe anakalÔyei. Se pollè peript¸sei, htaxinìmhsh twn U/U sti akt�ne -Q epibebai¸jhke me b�sh U/U pou èqoun entopiste� se�lla m kh kÔmato. 'Alla endiafèronta apotelèsmata aut  th èreuna èdeixan ìti ta U/Uakt�nwn-Q stou �morfou galax�e fa�nontai na e�nai pio lampr� apì aut� se speiroeide�galax�e kai me diaforetikè katanomè fwteinìthta. Mia sunoptik  eikìna autoÔ tou kefa-la�ou parousi�zetai apì tou Leonidaki et al. (2012), h pr¸th dhmos�eush sta pla�sia thparoÔsa diatrib .4.1 CHANDRA: TEQNIKA QARAKTHRISTIKA4.1.1 SÔntomh perigraf  tou dorufìrouO dorufìro akt�nwn-Q Chandra (Sq ma 4.1) jewre�tai èna apì tou pio isquroÔdorufìrou akt�nwn-Q kaj¸ o sunduasmì th èxoqh diakritik  tou ikanìthta (∼ 0.5′′),th meg�lh epif�neia sullog  fwtì (400 cm2 sto 1 keV) kai th meg�lh tou euaisjhs�ase uyhl  enèrgeia akt�ne -Q, ton kajistoÔn ikanì na aniqneÔei exairetik� amudrè phgè(kai pollè forè isqur� aporrofhmène) mèsa se perioqè sunwstismènwn phg¸n.To thleskìpio tou Chandra apart�zetai kat� kÔrio lìgo apì ta parak�tw mèrh:1. Kajrèfte uyhl  an�lush (High Resolution Mirror Assembly - HR-

MA):H kataskeu  twn thleskop�wn akt�nwn-Q diafèroun polÔ apì aut  twn optik¸n thle-skop�wn mia kai h prìsptwsh uyhl  enèrgeia fwton�wn ep�nw se mia epif�neia (upìgwn�a prìsptwsh < 90◦) prokale� thn aporrìfhsh par� thn an�klash tou. Gia naepiteuqje� h an�klas  tou ja prèpei oi eiserqìmene akt�ne -Q na prospèsoun sqedìnpar�llhla se exa�sia diamorfwmène epif�neie pou moi�zoun me kul�ndrou kai ìqi me tagnwst� 'pi�ta' twn optik¸n thleskop�wn. Gia to lìgo autì, to thleskìpio tou Chandraapotele�tai apì tèssera zeÔgh ènjetwn kulindrik¸n paraboloeid¸n kai uperboloeid¸n60



Sq ma 4.1 Eikìna tou dorufìrou akt�nwn-Q Chandra (chandra.harvard.edu/about/spacecraft.html)epifanei¸n oi opo�e e�nai epikalumène me ir�dio. Oi epif�neie autè apoteloÔn toukajrèfte tou thleskop�ou (High Resolution Mirror Assembly - HRMA) kai fa�nontaisto Sq ma 4.1 en¸ sto Sq ma 4.2 apeikon�zetai o trìpo sullog  twn akt�nwn-Q.

Sq ma 4.2 Sullog  akt�nwn-Q me tou kajrèfte tou Chandra (High Resolution Mirror

Assembly - HRMA) (chandra.harvard.edu/resources/illustrations/teleSchem.html)
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Sq ma 4.3 Sqhmatik  apeikìnish tou ACIS.2. Episthmonik� ìrgana sto estiakì ep�pedo (Focal-plane Science Instru-

ments - SIs) ApoteloÔntai apì:
• Prohgmène suskeuè suzeugmènou fort�ou (CCDs - Charge Coupled Devices) giaapeikìnish kai fasmatoskop�a (Advanced CCD Imaging Spectrometer - ACIS)To ACIS (Sq ma 4.3) prosfèrei th dunatìthta tautìqronh apìkthsh eikìnwnuyhl  an�lush kai fasm�twn mètria an�lush. To sugkekrimèno ìrgano mpo-re� na qrhsimopoihje� se sunduasmì me ta fr�gmata di�dosh (HETG, LETG) giaapìkthsh f�smato uyhlìterh an�lush. Perilamb�nei 10 ep�pede suskeuè su-zeugmènou fort�ou, diast�sewn 1024x1024 eikonostoiqe�wn (pixels) èkasth. Tès-seri apì autè e�nai èmprosjen fwtizìmene (Front Illuminated - FI), diatetag-mène se sustoiq�a 2x2 (ACIS-I, Sq ma 4.3) kai qrhsimpopoioÔntai gia apeikìnish(imaging) kai fasmatometr�a.'Exi e�nai diatetagmène se sustoiq�a 1x6 (ACIS-S, Sq ma 4.3) kai qrhsimpopoioÔn-tai e�te gia apeikìnish kai fasmatometr�a   gia uyhl  an�lush fasmatoskop�a(se sunduasmì me to HETG). Apì ta 6 CCDs tou ACIS-S, ta 4 e�nai èmprosjenkai ta 2 ìpisjen fwtizìmena (Back Illuminated - BI) CCDs, me to ACIS-S3 nabr�sketai sthn kalÔterh jèsh est�ash kai me thn kalÔterh energeiak  an�lush62



qwr� th qr sh fr�gmato. Oi sumbatikè suskeuè suzeugmènou fort�ou e�naièmprosjen fwtizìmene kai apoteloÔntai apì hmiag¸gima str¸mata pou to p�nwmèro tou epikalÔptetai apì d�ktua hlektrod�wn, ta opo�a exuphretoÔn sthn me-tafor� fort�ou apì to èna eikonostoiqe�o sto �llo. Se qamhlè enèrgeie (E ≤ 1

keV) h parous�a aut¸n twn hlektrod�wn dusqera�nei thn die�sdush twn fwton�wnsta hmiag¸gima str¸mata (kai kat' epèktash thn apeleujèrwsh hlektron�wn) meapotèlesma na mei¸netai h euaisjhs�a tou sthn an�qneush malak¸n akt�nwn-Q.Oi ìpisjen fwtizìmene suskeuè suzeugmènou fort�ou e�nai sumbatikè suskeuèsuzeugmènou fort�ou me th diafor� ìti e�nai anapodogurismène se sqèsh me thndieÔjunsh twn eiserqìmenwn fwton�wn. Autì èqei w apotèlesma ta eiserqìmenafwtìnia na apofeÔgoun th d�odo mèsw twn hlektrod�wn. Epiplèon, h kataskeua-stik  dom  tou e�nai pio lept  (45µm) se sqèsh me ti èmprosjen fwtizìmenesuskeuè (∼ 500µm). Autì aux�nei thn pijanìthta to fort�o pou ja eleujerwje�apì thn prìsptwsh enì qamhl  enèrgeia fwton�ou sto p�sw mèro th suskeu na sulleqje� pl rw apì ta hlektrìdia sto mprostinì mèro th suskeu . Totelikì apotèlesma e�nai mia saf¸ auxhmènh kbantik  apodotikìthta sti qamh-lè enèrgeie (de Sq ma 4.4) se sqèsh me ta èmprosjen fwtizìmene suskeuèsuzeugmènou fort�ou.
• K�mera uyhl  an�lush (High Resolution Camera - HRC):Apotele�tai apì dÔo aniqneutè apeikìnish me pl�ke mikrodiaÔlwn (microchannel pla-

tes -MPCs): ton HRC-I, sqediasmèno gia apeikon�sei eurèwn ped�wn (wide-field ima-

ging) kai ton HRC-S sqediasmèno gia na exuphrete� thn an�gnwsh twn dedomènwn pouproèrqontai apì to LETG.3. Ta fr�gmata di�dosh (Transmission Gratings):

• Fr�gma di�dosh uyhl¸n energei¸n (High Energy Transmission Grating - HETG):'Otan leitourge� se sunduasmì me to HRMA kai to ACIS-S d�nei uyhl  an�lushfasmatoskop�a (High-Energy Transmission Grating Specrometer - HETGS). To
HETGS apotele�tai apì dÔo sundesmolog�e fragm�twn - to fr�gma uyhl¸n ener-gei¸n (HEG) kai to fr�gma mètriwn energei¸n (MEG). Br�skontai se enia�a dom pou mpore� na topojethje� sthn optik  diadrom  p�sw apì to HRMA. To HEG63



Sq ma 4.4 Kbantik  apìkrish twn CCDs tou ACIS sunart sei th enèrgeialamb�nei akt�ne -Q mìno apì ta dÔo eswterik� peribl mata twn kajrept¸n en¸ to
MEG lamb�nei akt�ne -Q mìno apì ta dÔo exwterik� peribl mata twn kajrept¸n.

• Fr�gma di�dosh qamhl¸n energei¸n (Low Energy Transmission Grating - LETG):'Otan leitourge� me to HRC-S d�nei qamhl  an�lush fasmatoskop�a (Low-Energy

Transmission Grating Specrometer - LETGS), prosfèronta thn uyhlìterh dia-kritik  ikanìthta ston Chandra se qamhlè enèrgeie (0.08 - 0.2 keV). To LETGmpore� na topojethje� sthn optik  diadrom  p�sw apì to HRMA lamb�nontaakt�ne -Q apì ta peribl mata ìlwn twn kajrept¸n.4.1.2 Trìpo katagraf  twn dedomènwn akt�nwn-QOi CCD k�mere pou qrhsimopoioÔntai sthn astronom�a akt�nwn-Q katagr�foun xe-qwristì s ma gia k�je fwtìnio pou aniqneÔetai se ant�jesh me ti CCD k�mere twn optik¸nthleskop�wn oi opo�e oloklhr¸noun ènan ikanì arijmì fwton�wn gia thn paragwg  aniqneÔ-simou s mato. Ta dedomèna akt�nwn-Q apojhkeÔontai 'gegonì ' pro 'gegonì ' (event by

event) oÔtw ¸ste na diathre�tai perissìterh plhrofor�a. Autì epitrèpei megalÔterh eueli-x�a sthn an�lush tou. To k�je 'gegonì ' akt�nwn-Q (dhlad  to k�je aniqneuìmeno fwtìnio64



akt�nwn-Q) ìtan prosp�ptei ston aniqneut  energopoie� mia nhs�da (island) eikonostoiqe�wn.To mègejo th k�je nhs�da or�zetai se k�je parat rhsh apì ton trìpo leitourg�a tou or-g�nou parat rhsh (observing mode) kai g�netai gia to diaqwrismì akt�nwn-Q kai kosmik aktinobol�a (p.q. FAINT: 3x3 nhs�da eikonostoiqe�wn, VFAINT: 5x5 nhs�da eikonostoi-qe�wn). To k�je 'gegonì ' sullègetai se arqe�a (event files) ta opo�a perièqoun kur�w tiparak�tw plhrofor�e:
• Pulse Height Amplitude - PHA: D�nei to fort�o an� eikonostoiqe�o se k�je 'nhs�da '.Ousiastik� kwdikopoie� thn enèrgeia tou eiserqìmenou fwton�ou.
• Qrìno èkjesh
• Grade: e�nai èna arijmì pou qarakthr�zei k�je 'gegonì ' b�sei th tim  twn eikono-stoiqe�wn pou e�nai p�nw apì mia oriak  tim  (treshold value). P.q. èna 'gegonì ' seèna mìno eikonostoiqe�o antistoiqe� se grade 0.
• Ti suntetagmène jèsh tou gegonìto.4.2 ANALUSH DEDOMENWNSthn paroÔsa èreuna analÔjhkan arqeiak� dedomèna apì ton Chandra gia tou èxigalax�e tou de�gmatì ma. 'Ole oi epilegmène ekjèsei èginan me to ìpisjen fwtizìmeno

ACIS-S3 CCD (mègejo eikonostoiqe�ou: 0.49′′x0.49′′; energeiak  an�lush ∼120 eV sto 1
keV, Garmire et al. 2003) pou br�sketai sto estiakì ep�pedo tou HRMA (van Speybroeck

et al. 1997). Plhrofor�e gia ti parathr sei pou qrhsimopoi jhkan parousi�zontai stonP�naka 4.1.Epilèxame parathr sei twn galaxi¸n pou èqoun g�nei me nhs�da eikonostoiqe�wn 3x3 (Faint

Data Mode), me thn pl rh epif�neia tou ACIS-S3 CCD (full array mode) kai ekjèsei me-galÔtere twn 15 ksec. Autè oi par�metroi parèqoun èna meg�lo ped�o parat rhsh kaiexasfal�zoun thn an�qneush phg¸n me fwteinìthte sti akt�ne -Q toul�qiston 1036 erg s−1gia ton pio makrinì galax�a tou de�gmatì ma. Ennèa parathr sei brèjhkan na plhroÔn tiparap�nw proupojèsei, gia tèsseri galax�e tou de�gmato (4 gia ton NGC 2403, 1 gia ton
NGC 3077, 1 gia ton NGC 4214 kai 1 gia ton NGC 4449).65



P�naka 4.1 Plhrofor�e parathr sewn me ton Chandra tou de�gmato galaxi¸nGalax�a Arijmì Tautìthta Kajarì qrìno Hmeromhn�a Gwn�a1Parathr sewn Parat rhsh èkjesh Parat rhsh Chandra
(ksec) (degrees)Galax�e me monè ekjèsei

NGC 3077 1 2076 54.14 2001 Mar 07 199.5
NGC 4449 1 2031 26.94 2001 Feb 04 108.8
NGC 4395 1 882 17.19 2000 Jun 20 253.8Galax�e me pollaplè ekjèsei
NGC 4214 1 2030 26.76 2001 Oct 16 23.9

2 4743 27.56 2004 Apr 03 193.1
3 5197 28.96 2004 Jul 30 275.8

NGC 2403 1 2014 36.00 2001 Apr 17 266.8
2 4628 47.12 2004 Aug 23 44.5
3 4629 45.14 2004 Oct 03 75.2
4 4630 50.58 2004 Dec 22 149.3

NGC 5204 1 2028 10.15 2001 Jan 09 77.3
2 2029 9.55 2001 May 02 197.7
3 3933 48.94 2003 Aug 06 281.2
4 3934 5.01 2003 Aug 09 284.4
5 3935 4.76 2003 Aug 11 287.0
6 3936 4.83 2003 Aug 14 290.0
7 3937 4.91 2003 Aug 17 292.8
8 3938 5.45 2003 Aug 19 295.7
9 3939 5.44 2003 Aug 27 304.2
10 3940 5.13 2003 Sep 05 314.3
11 3941 5.16 2003 Sep 14 324.2
12 3942 5.51 2003 Sep 23 334.0
13 3943 5.18 2003 Oct 03 345.51. Gnwst  w gwn�a roll angle pou perigr�fei ton prosanatolismì twn org�nwn tou Chandra ston ouranì.
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Sthn per�ptwsh tou NGC 4395, trei parathr sei  tan diajèsime kai plhroÔsanta krit ria twn Faint Data Mode kai qrìnou èkjesh. Sti dÔo apì ti trei qrhsimopo jhkemìno to 1/8 th epif�neia tou ACIS-S3 (1/8 subarray mode) en¸ h tr�th ègine me prosar-mosmènh thn epif�neia tou ACIS-S3 (custom subarray mode). Qrhsimopoi same mìno thntr�th parat rhsh h opo�a kalÔptei meg�lh perioq  tou galax�a (∼ 30 % th perioq  D25
2twn galaxi¸n). 'Oso gia ton NGC 5204, ìle oi diajèsime parathr sei qrhsimopo�hsan to1/8 th epif�neia tou ACIS-S3 (1/8 subarray mode). Apì autè, 12 èqoun mikrè ekjèsei(∼5 ksec) kai mìno m�a èkjesh plhro� to kat¸tato ìrio èkjesh pou èqoume or�sei (p�nwapì 15 ksec). Oi 12 ekjèsei twn 5 ksec èqoun g�nei me diaforetikè gwn�e parat rhsh.'Omw, k�je mia apì autè plhro� to apaitoÔmeno ìrio fwteinìthta (1036 erg sec−1) en¸ osunduasmì tou kalÔptei to ∼80% th perioq  D25 tou galax�a. Gia tou parap�nw lìgouepilèxame na ti qrhsimopoi soume.

Sq ma 4.5 Mia tupik  eikìna sto ACIS-S3 (ped�o parat rhsh gia ton NGC 3077)H an�lush dedomènwn ègine me to CIAO (Chandra Interactive Analysis of Obse-

rvations) tool suite version 3.4 kai to CALDB (Calibration Database) version 3.3.0, ektìan anafèretai diaforetik�. To k�je set twn dedomènwn analÔjhke akolouj¸nta ti en-tolè tou Standard Data Processing (SDP)3 tou Chandra. Pio sugkekrimèna, ta arqik�
2H perioq  D25 or�zetai w h kampÔlh �sh èntash fwtì th epif�neia fwteinìthta th energeiak perioq  B (Blue) sto 25 mag arcsec−2

3De http://asc.harvard.edu/ciao/threads 67



arqe�a 'gegonìtwn' (event files 1, Sq ma 4.5) twn parathr sewn upob�llontai sti parak�twepexergas�e:1. AnazhtoÔntai elattwmatik� eikonostoiqe�a pou parousi�zoun polÔ uyhlè   qa-mhlè timè se mhdenikì qrìno èkjesh (bad pixels)   jerm� eikonostoiqe�a (hot pixels) staopo�a emfan�zetai asun jista meg�lo arijmì 'gegonìtwn' (ta 'gegonìta' sta jerm� eikono-stoiqe�a taxinomoÔntai e�te w upole�mmata kosmik  aktinobol�a e�te w jerm� eikonostoiqe�a  w astrofusikè phgè). Katìpin ta elattwmatik� kai jerm� eikonostoiqe�a katagr�fontaise èna kainoÔrgio arqe�o exìdou 'katestrammènwn eikonostoiqe�wn' (output bad pixel file). Hdiadikas�a aut  g�netai me to ergale�o acis run hotpix tou CIAO.

Sq ma 4.6 KampÔlh
Lissajous

2. Mia kai èna apì ta basik� stoiqe�a aut  th èreunae�nai h sÔgkrish twn phg¸n sti akt�ne -Q me phgè pou sump�ptounqwrik� se �lla m kh kÔmato, oi astrometrikè diorj¸sei e�nai apa-ra�thte. Gia autì, qrhsimopoi¸nta ton kat�logo Two Micron All

Sky Survey (2MASS) All Sky Catalog of point sources (Cutri et al.

2003), anazht same kat� mèso ìro 3-5 phgè se k�je galax�a pou nasump�ptoun me shmeiakè kai lamprè phgè sti akt�ne -Q (> 100
counts) th paroÔsa èreuna. Sugkr�nonta ti suntetagmène toubr kame mia tupik  apìklish (offset) th t�xh twn <0.5′′, sunep me to astrometrikì sf�lma tou Chandra4. Kat� thn di�rkeia para-t rhsh mia phg  o Chandra den diathre� mia stajer  kat�deixhjèsh (pointing position) all� talanteÔetai gia na elaqistopoi seithn ap¸leia plhrofor�a apì fwtìnia ta opo�a prosp�ptoun se katestrammèna eikonostoiqe�a,dhmiourg¸nta èna sq ma pou fa�netai sto Sq ma 4.6. Oi suntetagmène (kat�deixh jèshtou thleskop�ou) k�je qronik  stigm  sugkentr¸nontai sto legìmeno aspect solution arqe�ok�je parat rhsh kai se autì prèpei na enswmatwje� h astrometrik  diìrjwsh pou brèjhkegia k�je parat rhsh. H diadikas�a aut  g�netai me to ergale�o wcs update tou CIAO.3. Ta arqik� arqe�a 'gegonìtwn' (event files 1) epanepexerg�zontai me to ergale�o

acis process events tou CIAO gia na katal xoun sta arqe�a gegonìtwn new event files 1. Hepexergas�a aut  efarmìzei ta dedomèna bajmonìmhsh (CALDB) tou dorufìrou: qrhsimo-poioÔntai ta PHA arqe�a (de §4.1.2) pou se sunduasmì me qronik� exart¸mene diorj¸seitou gain (time-dependent gain correction) epitugq�netai o swstì upologismì energei¸n
4De http://cxc.cfa.harvard.edu/cal/ASPECT/celmon/68



twn gegonìtwn gia thn qronik  stigm  twn parathr sewn. Tautìqrona diorj¸netai h ane-park  metafor� fort�ou (Charge Transfer Inefficiency - CTI) ston aniqneut  kaj¸ kat�th metafor� tou apì to k�je eikonostoiqe�o sto epìmeno èna mèro tou fort�ou mpore� napagideute� se atèleie tou plègmato tou CCD me apotèlesma thn katamètrhsh mikrìterwnfort�wn apì aut¸n pou e�qe arqik� aniqneuje�. Epiplèon, to acis process events efarmì-zei ta kainoÔrgia arqe�a twn 'katestrammènwn eikonostoiqe�wn' (new bad pixel file) kaj¸kai ti kainoÔrgie suntetagmène (kat�deixh jèsh) k�je qronik  stigm  apì to kainoÔrgio
aspect solution. Katìpin, ta arqe�a gegonìtwn new event files 1 filtr�rontai apì ta nèa

Sq ma 4.7 Ekl�myei upob�jrou

gegonìta me grades diaforetik� apì 0, 1, 2, 3, 4, 7(ta aporriptèa grades antistoiqoÔn se gegonìta pousqet�zontai me kosmik  aktinobol�a   swmat�dia apìton hliakì �nemo) en¸ lamb�nontai upìyin oi wfèli-me qronikè per�odoi th èkjesh parat rhsh (Go-

od Time Intervals - GTIs). 'Etsi dhmiourgoÔntai takainoÔrgia arqe�a gegonìtwn (event files 2).4. EreunoÔme gia ekl�myei tou upob�jrousta afairemèna apì phgè ped�a parat rhsh, dhmiour-g¸nta kampÔle fwtì me qronik  an�lush 200 sec

(me th bo jeia tou dmextract tou CIAO). Sti kam-pÔle autè efarmìzetai algìrijmo (sigma-clipping)kai katagr�fontai oi qronikè per�odoi an¸malwn epi-pèdwn sto upìbajro (±3σ p�nw apì th mèsh tim ). P.q. sto Sq ma 4.7 apeikon�zetai miakampÔlh fwtì ìpou ta kìkkina shme�a uperba�noun ta ±3σ p�nw apì th mèsh tim  tou upo-b�jrou kai sqet�zontai me ekl�myei. QrhsimopoioÔme ti qwr� ekl�myei qronikè periìdousto dmgti tou CIAO gia thn dhmiourg�a arqe�wn GTI ta opo�a efarmìzontai sta arqe�a 'gego-nìtwn' (event files 2) twn parathr sewn. Autì to k�noume prokeimènou na elaqistopoi soumeto upìbajro sti parathr sei ma, prin apì thn peraitèrw an�lush twn dedomènwn. Prèpeidhlad  na apokle�soume qronikè stigmè pou sqet�zontai me ekl�myei. Se kamm�a apì tiqrhsimopoioÔmene parathr sei den entop�sthke idia�terh èndeixh gia ekl�myei upob�jrou.
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4.2.1 An�lush eikìnwnMet� thn arqik  epexergas�a twn dedomènwn, dhmiourg same eikìne se tèsserienergeiakè perioqè: thn perioq  malak¸n akt�nwn-Q (S: 0.3 - 1.0 keV), mesa�wn akt�nwn-Q(M: 1.0 - 2.5 keV), sklhr¸n akt�nwn-Q (S: 2.5 - 7.0 keV), kai thn olik  (T: 0.3 - 7.0 keV).Sthn per�ptwsh Ôparxh pollapl¸n parathr sewn se èna galax�a, lìgw th k�nhshtou thleskop�ou kai mikrosfalm�twn stìqeush, parathr sei pou stoqeÔoun sto �dio shme�ompore� na parousi�zoun mikrè apokl�sei sti suntetagmène. Gia to lìgo autì, eujugramm�-same ìle ti upìloipe parathr sei w pro m�a epilegmènh parat rhsh anafor�. Katìpinen¸same k�je parat rhsh th �dia energeiak  perioq  (S, M, H, T) qrhsimopoi¸nta thnentol  mergeall tou CIAO.Or�same to an¸tato energeiakì ìrio th perioq  twn mesa�wn akt�nwn-Q sta 2.5
keV epeid  sti enèrgeie mèqri eke�nh thn tim  perilamb�nontai grammè ekpomp  apì jermìpl�sma pou ephre�zontai isqur� apì fwtohlektrik  aporrìfhsh, lìgw twn tupik¸n tim¸npuknìthta st lh (column densities) pou up�rqoun stou galax�e. Oi grammè autè e�naiidia�terh shmas�a giat� h melèth tou bohj� sth di�krish metaxÔ aer�ou qamhl  jermokra-s�a pou ekpèmpei jermik  aktinobol�a sti akt�ne -Q kai sklhrìterh ekpomp  e�te lìgwk�poiou nìmou dÔnamh (power-law)   apì jermìtero ulikì pou ekpèmpei se uyhlìtere enèr-geie.Skopì aut  th èreuna e�nai h anagn¸rish U/U me b�sh th jermik  ekpomp  akt�nwn-Q. Topr¸to krit rio pou epilègoume gia aut  thn anagn¸rish e�nai to legìmeno 'qr¸ma akt�nwn-Q'(X-ray color) pou or�zetai w Col1 = log(S/M), ìpou S, M e�nai ta counts sthn malak  kaimesa�a energeiak  perioq  twn akt�nwn-Q ant�stoiqa. Epeid  oi sugkekrimène perioqè e�naienergeiakè perioqè qamhlìterh enèrgeia, to qr¸ma pou or�zetai me autìn ton trìpo ono-m�zetai 'malakì qr¸ma akt�nwn-Q'. To energeiakì eÔro th malak  kai mètria energeiak perioq  or�sthke ètsi ¸ste na parèqoun ton mègisto diaqwrismì sthn katanom  qr¸mato
S/M ìtan qrhsimopoioÔntai gia optik� leptì, jermì pl�sma, tupik¸n jermokrasi¸n gia tajermik� U/U (kT ∼ 0.5 - 1.5 keV). Or�same autè ti energeiakè perioqè ektim¸nta tonanamenìmeno arijmì counts se mia tupik  parat rhsh twn galaxi¸n tou de�gmato kai se k�jeenergeiak  perioq , jewr¸nta montèla jermikoÔ pl�smato APEC (Astrophysical Plasma

Emission Code, Smith et al. 2001) diaforetik¸n jermokrasi¸n. H met�bash apì th malak sth mètria energeiak  perioq  twn akt�nwn-Q or�sthke metaxÔ 0.5-1.5 keV, kaj¸ eke� br�-skontai oi grammè Fe-L (de §2.5.1) oi opo�e kuriarqoÔn se f�smata apì pl�sma tètoiwn70



jermokrasi¸n. H enèrgeia kai h èntash aut¸n twn gramm¸n e�nai sun�rthsh th jermokra-s�a tou pl�smato, epomènw se autì to energeiakì eÔro ja parousi�zoun th megalÔterhdiakÔmansh.

Sq ma 4.8 Katanom  tou malakoÔ/mètriou (S/M) qr¸mato sti akt�ne -Q gia diaforetikèepilogè th malak  kai mètria energeiak  perioq .Sto Sq ma 4.8, parousi�zetai h katanom  tou S/M qr¸mato gia tèsseri diafore-tikè epilogè twn dÔo energeiak¸n perioq¸n: S1: 0.3 - 0.5 keV kai M1: 0.5 - 2.5 keV, S2:

0.3 - 0.7 keV kai M2: 0.7 - 2.5 keV, S3: 0.3 - 1.0 keV kai M3: 1.0 - 2.5 keV kai S4: 0.3 - 1.5

keV kai M4: 1.5 - 2.5 keV. Ta diaforetik� shme�a de�qnoun to qr¸ma S/M pou antistoiqe�se diaforetikè epilogè jermokras�a (apì 0.25 èw 2.0 keV me b ma 0.5, apì k�tw prota p�nw). 'Opw fa�netai apì to sq ma, h tr�th kai tètarth om�da (me energeiakè perioqè
S3: 0.3 - 1.0 keV kai M3: 1.0 - 2.5 keV, S4: 0.3 - 1.5 keV kai M4: 1.5 - 2.5 keV), d�nounto mègisto diaqwrismì an�mesa sta shme�a (sto qr¸ma S/M) gia pl�sma diaforetik¸n jer-mokrasi¸n. Mia kai oi dÔo sugkekrimène epilogè energeiak¸n perioq¸n den parousi�zounshmantikè diaforè, epilèxame na qrhsimopoi soume thn tr�th epilog  (S3: 0.3 - 1.0 keV kai
M3: 1.0 - 2.5 keV, kÔkloi sto Sq ma 4.8) oÔtw ¸ste na diasfal�soume ton mègisto arijmì
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counts sthn mesa�a energeiak  perioq .Sqetik� me ti upìloipe energeiakè perioqè, h sklhr  (2.5 - 7.0 keV) se sunduasmì me thmesa�a perioq  e�nai kalo� ekprìswpoi th suneqoÔ ekpomp  (kai epomènw th jermokra-s�a) en¸ h olik  energeiak  perioq  (0.3 - 7.0 keV) e�nai polÔ qr simh gia th mètrhsh tholik  ro  aktinobol�a mia phg , eidik� sthn per�ptwsh mikroÔ arijmoÔ twn counts (p.q.
Zezas et al. 2006).H metatrop  twn prospiptìntwn ston aniqneut  fwton�wn se hlektrìnia exart�taitìso apì thn kbantik  apìdosh tou aniqneut  ìso kai apì thn k�nhsh tou dorufìrou Chandrasunart sei tou qrìnou. H teleuta�a par�metro e�nai shmantik  gia th swst  aneÔreshphg¸n, eidik� sta �kra tou aniqneut . Gia na mporèsoume loipìn na sugkr�noume isìtima thnèntash kai ta f�smata twn phg¸n pou aniqneÔontai apì diaforetik� ìrgana   parathr sei,ja prèpei na l�boume upìyh ti parap�nw paramètrou. Autì epitugq�netai kataskeu�zontaq�rte èkjesh (exposure maps) oi opo�oi e�nai eikìne pou dhmiourgoÔntai sundu�zonta thnqartografhmènh kbantik  apìdosh tou aniqneut  se k�je jèsh kai enèrgeia me istogr�mmatath jèsh parat rhsh tou thleskop�ou se sqèsh me to qrìno.Dhmiourg same loipìn q�rte èkjesh me to mkexpmap tou CIAO, gia k�je setdedomènwn sti tèsseri energeiakè perioqè (S, M, H, kai T). To CIAO 3.4 kai h biblioj -kh dedomènwn bajmonìmhsh CALDB 3.3.0 ma epitrèpoun na sumperil�boume stou q�rteèkjesh ti qronik�-exart¸mene qwrikè metabolè th euaisjhs�a tou ACIS lìgw th ena-pìjesh pthtik¸n swmatid�wn sto par�juro tou aniqneut  ACIS. O q�rth k�je energeiak perioq  e�nai ousiastik� to �jroisma energeiak¸n upoperioq¸n (monoqrwmatiko� q�rte),stajmismènoi mìno gia ti diaforè pou parousi�zoun lìgw energeiak  perioq . Autì e�naiisodÔnamo me èna ep�pedo energeiakì f�sma (G5 = 0, NH = 0)   ektim¸nta to olokl rwmap�nw sto eÔro k�je energeiak  perioq  (Zezas et al. 2006).

4.2.2 An�qneush phg¸nH an�qneush phg¸n se galaxiak� perib�llonta e�nai idia�tera dÔskolh lìgw thÔparxh di�quth aktinobol�a kai th metabol  tou PSF6 (Point Spread Function) sti
5E�nai o fwtonikì de�kth sth sqèsh tou arijmoÔ twn fwton�wn sunart sei th enèrgeia: N(E)=KE−Γ,ìpou K e�nai par�gonta kanonikopo�hsh me mon�de photons keV−1 cm−2 sec−1.
6To PSF e�nai h apìkrish enì optikoÔ sust mato sthn katanom  aktinobol�a m�a shmeiak  phg (jewre�tai shmeiak  lìgw meg�lh apìstash). H eikìna ìmw aut  th phg  pou lamb�netai apì ènathleskìpio den e�nai shmeiak . Di�fore apokl�sei tou optikoÔ sust mato all� kai apotelèsmata lìgwper�jlash �apl¸noun� thn phg  p�nw sthn eikìna, k�nont� thn telik� na mhn fa�netai shmeiak .72



diaforetikè jèsei tou aniqneut . Gia autì to lìgo qrhsimopoi same mia teqnik  an�qneushpou bas�zetai se wavelets diaforetik¸n megej¸n.Qrhsimopoi¸nta loipìn to wavdetect tou CIAO, aniqneÔsame upoy fie phgè se ìla ta settwn dedomènwn kai se ìle ti energeiakè perioqè (S, M, H, T). To kat¸tato ìrio shmas�a(significance threshold) or�sthke se m�a mh-pragmatik  an�qneush sthn parathroÔmenh perioq en¸ h par�metro scales or�sthke se 2, 4, 8 kai 16 eikonostoiqe�a. Qrhsimopoi same touan�logou q�rte èkjesh oÔtw ¸ste na apofÔgoume thn an�qneush mh-pragmatik¸n phg¸nkont� sti �kre tou CCD. Ta apotelèsmata tou wavdetect se k�je energeiak  perioq susqet�sjhkan kai en¸jhkan gia na dhmiourg soun m�a l�sta phg¸n gia k�je galax�a, entìth akt�na D25. Sthn per�ptwsh pollapl¸n parathr sewn se ènan galax�a, h an�qneushègine sthn sunduasmènh eikìna k�je energeiak  perioq  oÔtw ¸ste na epiteuqje� h mègistheuaisjhs�a sthn an�qneush.Sto de�gma twn èxi galaxi¸n aniqneÔjhkan sunolik� 244 diakritè phgè sti akt�-ne -Q (22 ston NGC 3077, 16 ston NGC 4395, 26 ston NGC 4449, 44 ston NGC 4214, 125ston NGC 2403 kai 11 ston NGC 5204) me kat¸tato ìrio ro  aktinobol�a ta 10−15 erg

sec−1 cm−2 sthn energeiak  perioq  0.3 - 10.0 keV .Epiplèon, upolog�same ton anamenìmeno arijmì phg¸n upob�jrou (background sou-

rces) gia k�je galax�a. Qrhsimopoi same ton kat�logo diakrit¸n phg¸n sti akt�ne -Q apìto Chandra Multiwavelength Project (ChaMP) kai thn katanom  fwteinìthta twn Kim et

al. (2007). Dedomènou ìti oi upì exètash phgè aut  th èreuna e�nai kat� kÔrio lìgomalakè phgè sti akt�ne -Q, qrhsimopoi same thn katanom  logN - logS twn Kim et al.

(2007) sthn energeiak  perioq  0.5 - 2.0 keV. Me b�sh aut n thn katanom  ektim same tonarijmì twn phg¸n upob�jrou pou anamènoume mèqri ta 10−15 erg sec−1 cm−2, lamb�nontatautìqrona upìyh thn perioq  k�luyh tou galax�a apì ti parathr sei tou Chandra. Oarijmì twn anamenìmenwn phg¸n upob�jrou gia k�je galax�a d�netai ston P�naka 4.2.4.2.3 Fwtometr�aProkeimènou na pragmatopoi soume fwtometrik  an�lush twn aniqneuìmenwn ph-g¸n sti akt�ne -Q sti eikìne olik  enèrgeia (T) k�je galax�a, or�same gia k�je phg diafr�gmata (apertures) ta opo�a perikle�oun ìso to dunatìn megalÔtero posostì th ani-qneuìmenh aktinobol�a, diasfal�zonta ìti: (1) den perilamb�noun �lle geitonikè phgè  shmantikì posostì di�quth ekpomp  (diffuse emission) kai (2) na kalÔptoun toul�qiston73



P�naka 4.2 Arijmì twn anamenìmenwn phg¸n upob�jrou se k�je galax�aGalax�a Anamenìmene phgè upob�jrou1

NGC 2403 60
NGC 5204 3
NGC 4395 0
NGC 4449 7.6
NGC 3077 6
NGC 4214 15.6

1Basizìmenoi sto logN - logS twn Kim et al. (2007) sthn energeiak  perioq  0.5 - 2.0 keV, ektim same tonarijmì twn phg¸n upob�jrou mèsa sthn perioq  k�je galax�a pou kalÔptetai apì ti parathr sei tou
Chandra. Ta dedomèna tou Chandra kalÔptoun olìklhrh thn perioq  D25 twn NGC4214, NGC4449, 30%tou NGC4395 kai 80 - 90% twn NGC2403, NGC3077 kai NGC5204.to 90% th periballìmenh enèrgeia tou PSF th phg  sth dedomènh jèsh parat rhsh(off-axis angle) kai sthn tupik  enèrgeia twn 1.4 keV (kat�llhlh gia malakè phgè pou dieu-rÔnontai sthn paroÔsa èreuna). H tupik  akt�na gia ti perioqè autè e�nai ∼1.0′′ - 1.5′′.To upìbajro (background) gia k�je phg  upolog�sthke topik� apì perioqè orismène ¸stena kalÔptoun mia meg�lh perioq  gÔrw apì ti phgè en¸ tautìqrona na diasfal�zoun ìti hdi�quth morfolog�a th aktinobol�a den parousi�zei shmantik  apìklish mèsa sthn perioq upob�jrou. Upolog�same ton arijmì twn akatèrgastwn (raw) counts gia k�je phg  kai toant�stoiqì tou upìbajro, se k�je m�a apì ti S, M, H kai T energeiakè perioqè, qrhsimo-poi¸nta to dmextract tou CIAO7. Gia na l�boume upìyh ti diakum�nsei èkjesh (exposure

variations) metaxÔ twn perioq¸n tou CCD pou aniqneÔjhkan phgè, upolog�same diorj¸seigia thn energì epif�neia k�je phg  (effective area). Kanonikopo�hsame tou q�rte èkjeshk�je energeiak  perioq  se sqèsh me èna shme�o anafor� kont� sto kèntro k�je galax�aoÔtw ¸ste na elaqistopoi soume ti diakum�nsei th euaisjhs�a tou aniqneut  p�nw sthnmeletoÔmenh perioq  (Zezas et al. 2006). Sthn per�ptwsh twn pollapl¸n parathr sewn, toshme�o anafor� epilèqjhke se ènan apì tou sugqwneumènou q�rte èkjesh. Me autìn tontrìpo diorj¸noume gia diakum�nsei sthn euaisjhs�a tou aniqneut  metaxÔ diaforetik¸n pa-rathr sewn. Stou P�nake 4.3 - 4.8, parousi�zontai ta parathroÔmena akatèrgasta countssti energeiakè perioqè S, M, H kai T gia ti phgè pou fa�netai na e�nai pijan� U/U (de
§4.2.4.1) kai phgè me polÔ isqur� malakè sunist¸se, basismèna sta qr¸mat� tou sti

7De http://asc.harvard.edu/ciao/threads/dmextract74



akt�ne -Q. Ep�sh, parousi�zoume to lìgo perioq  upob�jrou / phg  (o opo�o e�nai koi-nì se k�je energeiak  perioq  kaj¸ oi perioqè pou qrhsimopoi jhkan gia thn fwtometr�ak�je phg  kai tou ant�stoiqou upob�jrou th e�nai koinè se ìle ti energeiakè perioqè).Epiplèon, parousi�zoume ton lìgo th energoÔ perioq  upob�jrou / phg  sthn malak perioq  twn akt�nwn-Q.
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P�naka 4.3 Fwtometrikè idiìthte pijan¸n U/U ston NGC 3077

Soft Band Medium Band Hard Band Total Band

Src ID RA DEC Obs Bkg Obs Bkg Obs Bkg Obs Bkg Area Effective
(h:m:s) (d:m:s) Counts Counts Counts Counts Counts Counts Counts Counts Area

LZB 2 10:03:17.73 +68:44:16.57 35 202 0 77 0 30 35 309 159.1 1.01
LZB 6 10:03:18.08 +68:44:04.04 17 295 6 129 0 38 23 462 127.7 1.02
LZB 8 10:03:21.19 +68:46:33.27 3 72 3 55 0 89 6 216 1035. 0.99
LZB 12 10:03:21.82 +68:45:03.29 5 88 7 53 0 76 12 217 424.6 0.99
LZB 13 10:03:12.14 +68:43:19.07 1 65 7 74 2 70 10 209 652.5 0.99
LZB 14 10:03:08.25 +68:44:08.57 8 47 15 44 5 53 28 144 395.0 0.99
LZB 15 10:03:20.60 +68:41:40.29 75 49 109 60 23 73 207 182 213.0 0.99
LZB 18 10:03:18.62 +68:43:56.87 29 295 86 129 11 38 126 462 182.2 1.02
LZB 19 10:02:56.51 +68:44:30.59 33 61 69 48 35 83 137 192 149.8 0.97St lh 1: Tautìthta phg , St le 2-3: Suntetagmène jèsh (J2000), St le 4-11: Fwtometrik� counts k�je phg  kai tou qrhsimopoioÔmenouupob�jrou th sthn malak  (Soft), mètria (Medium), sklhr  (Hard) kai olik  (Total) energeiak  perioq  ant�stoiqa, St lh 12: Lìgo th perioq upob�jrou/phg , St lh 13: Lìgo energoÔ perioq  (effective area) se sqèsh me èna shme�o anafor� sthn malak  energeiak  perioq  (de §4.2.3).
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P�naka 4.4 Fwtometrikè idiìthte pijan¸n U/U ston NGC 4395

Soft Band Medium Band Hard Band Total Band

Src ID RA DEC Obs Bkg Obs Bkg Obs Bkg Obs Bkg Area Effective
(h:m:s) (d:m:s) Counts Counts Counts Counts Counts Counts Counts Counts Area

LZB 1 12:25:54.52 +33:30:44.29 16 62 2 27 0 32 18 121 597.5 1.00
LZB 2 12:25:45.15 +33:31:02.51 47 62 0 22 0 37 47 121 409.5 0.99
LZB 5 12:25:47.01 +33:36:06.22 21 59 14 29 2 65 37 153 232.5 0.99
LZB 6 12:25:40.90 +33:31:09.50 3 40 4 20 1 26 8 86 531.9 0.97
LZB 7 12:25:55.03 +33:30:15.02 1 42 3 23 0 21 4 86 1354. 1.25
LZB 10 12:25:53.22 +33:38:30.37 1 41 1 24 0 26 2 91 2492. 0.99
LZB 12 12:25:59.77 +33:33:20.57 35 131 39 123 8 39 82 293 292.6 1.76
LZB 14 12:25:39.42 +33:32:03.55 95 43 78 40 5 34 178 117 326.8 1.00
LZB 15 12:25:48.93 +33:32:00.81 85 58 114 41 48 60 247 159 471.4 0.99Gia thn perigraf  twn sthl¸n de ton P�naka 4.3.
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P�naka 4.5 Fwtometrikè idiìthte pijan¸n U/U ston NGC 4449

Soft Band Medium Band Hard Band Total Band

Src ID RA DEC Obs Bkg Obs Bkg Obs Bkg Obs Bkg Area Effective
(h:m:s) (d:m:s) Counts Counts Counts Counts Counts Counts Counts Counts Area

LZB 2 12:28:07.35 +44:04:53.40 94 91 50 26 9 18 153 135 74.4 0.98
LZB 4 12:28:11.93 +44:06:40.86 74 281 94 93 17 23 185 397 148.9 0.99
LZB 5 12:28:11.18 +44:06:37.67 66 281 40 93 6 23 112 397 94.3 0.99
LZB 8 12:28:13.23 +44:06:55.27 100 260 135 100 17 20 252 380 109.9 0.97
LZB 9 12:28:11.99 +44:05:57.74 37 165 20 47 2 14 59 226 71.9 1.00
LZB 11 12:28:10.94 +44:04:59.06 3 181 16 46 5 17 24 244 275.1 1.45
LZB 12 12:28:10.97 +44:06:47.80 378 281 568 93 86 23 1032 397 82.4 0.99
LZB 13 12:28:10.93 +44:03:37.58 403 74 2 37 0 50 405 161 107.6 0.99
LZB 14 12:28:10.38 +44:05:58.02 39 149 1 30 0 12 40 191 80.28 1.00
LZB 15 12:28:09.69 +44:05:52.80 44 137 110 30 46 20 200 187 76.67 0.99
LZB 16 12:28:09.28 +44:05:07.96 565 229 555 61 57 18 1177 308 216.0 0.98
LZB 18 12:28:06.81 +44:05:28.03 3 78 9 17 2 12 14 107 283.8 0.99
LZB 20 12:28:16.35 +44:07:38.47 3 61 1 28 3 41 7 130 904.9 0.97
LZB 21 12:28:01.32 +44:05:29.85 4 74 10 21 0 24 14 119 379.5 0.99
LZB 22 12:28:23.98 +44:04:54.78 4 69 0 45 1 67 5 181 959.4 0.99
LZB 24 12:28:11.23 +44:05:36.69 6 182 1 52 0 18 7 252 186.6 0.99
LZB 25 12:28:18.99 +44:05:44.32 40 173 0 51 0 42 40 266 375.4 0.93
LZB 26 12:28:15.58 +44:05:36.34 12 435 3 63 1 28 16 526 506.3 0.95Gia thn perigraf  twn sthl¸n de ton P�naka 4.3.
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P�naka 4.6 Fwtometrikè idiìthte pijan¸n U/U ston NGC 4214

Soft Band Medium Band Hard Band Total Band

Src ID RA DEC Obs Bkg Obs Bkg Obs Bkg Obs Bkg Area Effective
(h:m:s) (d:m:s) Counts Counts Counts Counts Counts Counts Counts Counts Area

LZB 5 12:15:40.82 +36:19:26.29 10 2490 2 1534 4 1861 16 5885 4939.6 1.00
LZB 7 12:15:33.41 +36:18:58.88 50 925 5 809 3 1229 58 2963 1158.3 0.98
LZB 10 12:15:49.71 +36:18:46.69 3 924 5 788 1 1177 9 2889 3948.4 0.99
LZB 11 12:15:37.93 +36:22:21.00 2 867 5 884 0 1091 7 2842 4956.7 0.98
LZB 16 12:15:40.16 +36:19:25.21 4 2490 3 1534 0 1861 7 5885 6656.5 1.05
LZB 20 12:15:38.13 +36:20:50.08 6 1047 19 955 5 1335 30 3337 3237.0 1.04
LZB 23 12:15:48.80 +36:17:01.83 2 834 8 883 1 1437 11 3154 4187.0 0.96
LZB 24 12:15:41.37 +36:21:13.67 135 1047 235 955 110 1335 480 3337 435.43 0.98
LZB 25 12:15:38.24 +36:19:20.44 573 2490 1042 1534 362 1861 1977 5885 797.84 0.97
LZB 26 12:15:38.11 +36:19:44.03 99 2490 258 1534 69 1861 426 5885 865.80 1.03
LZB 27 12:15:43.56 +36:20:09.35 12 2490 9 1534 0 1861 21 5885 4052.9 0.98
LZB 28 12:15:41.86 +36:19:14.47 13 2490 13 1534 1 1861 27 5885 3263.6 0.97
LZB 29 12:15:40.85 +36:19:38.84 15 2490 52 1534 22 1861 89 5885 2285.5 1.00
LZB 30 12:15:39.97 +36:18:40.12 36 924 4 788 0 1177 40 2889 1470.7 0.98
LZB 31 12:15:39.37 +36:20:54.09 26 1047 6 955 2 1335 34 3337 1686.6 0.98
LZB 33 12:15:44.74 +36:18:46.00 10 924 57 788 29 1177 96 2889 977.95 0.98
LZB 34 12:15:40.01 +36:19:35.78 54 2490 20 1534 5 1861 79 5885 1051.5 1.06
LZB 35 12:15:37.23 +36:22:18.65 35 867 21 884 2 1091 58 2842 744.23 0.99
LZB 37 12:15:34.36 +36:22:19.02 35 867 115 884 47 1091 197 2842 453.00 0.98
LZB 38 12:15:45.65 +36:19:42.21 10 2490 2 1534 0 1861 12 5885 3441.3 0.99
LZB 41 12:15:36.05 +36:18:47.25 5 925 0 809 11 1229 16 2963 1492.3 1.00
LZB 43 12:15:47.74 +36:21:55.11 2 1217 13 1227 5 1523 20 3967 1729.9 0.94Gia thn perigraf  twn sthl¸n de ton P�naka 4.3.
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P�naka 4.7 Fwtometrikè idiìthte pijan¸n U/U ston NGC 2403

Soft Band Medium Band Hard Band Total Band

Src ID RA DEC Obs Bkg Obs Bkg Obs Bkg Obs Bkg Area Effective
(h:m:s) (d:m:s) Counts Counts Counts Counts Counts Counts Counts Counts Area

LZB 2 07:37:10.70 +65:33:11.73 28 1816 49 1598 10 2340 87 5754 781.4 0.95
LZB 5 07:36:52.44 +65:36:41.69 34 4482 7 2854 2 3418 43 10754 2574. 0.97
LZB 14 07:37:16.43 +65:33:29.24 28 1818 12 1609 1 2346 41 5773 1090. 0.98
LZB 21 07:38:00.72 +65:32:09.30 81 519 148 491 42 785 271 1795 241.7 1.18
LZB 30 07:36:46.13 +65:36:41.80 32 4482 17 2854 1 3418 50 10754 1035. 0.95
LZB 39 07:36:35.95 +65:36:09.35 27 4482 56 2854 20 3418 103 10754 1368. 1.18
LZB 41 07:37:13.50 +65:35:58.72 49 3543 12 2389 4 3112 65 9044 2123. 0.98
LZB 42 07:36:57.54 +65:36:04.45 37 4482 24 2854 2 3418 63 10754 2149. 0.91
LZB 54 07:37:40.85 +65:35:22.39 29 1425 158 1301 75 1966 262 4692 1237. 1.03
LZB 58 07:36:46.49 +65:36:14.33 15 4482 71 2854 47 3418 133 10754 1058. 0.96
LZB 63 07:37:38.78 +65:36:30.67 134 1425 0 1301 1 1966 135 4692 1764. 1.01
LZB 64 07:36:34.47 +65:38:55.66 268 1444 294 871 75 1397 637 3712 255.3 0.97
LZB 65 07:37:37.39 +65:32:01.36 60 1545 91 1373 31 1943 182 4861 509.8 1.12
LZB 68 07:37:15.12 +65:32:02.71 13 814 1 584 1 984 15 2382 1608. 0.91
LZB 69 07:37:33.81 +65:33:07.69 348 1680 497 1613 166 2194 1011 5487 438.6 1.03
LZB 71 07:37:22.24 +65:33:18.48 363 1680 6 1613 6 2194 375 5487 742.6 0.82
LZB 72 07:37:10.01 +65:33:06.01 140 1816 1 1598 3 2340 144 5754 758.7 0.95
LZB 75 07:37:18.23 +65:37:27.27 15 3207 4 2988 3 4343 22 10538 4116. 0.93
LZB 76 07:37:17.92 +65:36:24.17 20 3543 9 2389 0 3112 29 9044 3086. 0.99
LZB 78 07:37:07.96 +65:39:20.63 69 3000 24 2918 3 4577 96 10495 2190. 0.75
LZB 80 07:37:03.39 +65:34:38.57 21 2542 6 1705 2 2104 29 6351 1515. 1.04
LZB 81 07:37:02.99 +65:37:11.31 37 3543 12 2389 1 3112 50 9044 2617. 1.00
LZB 86 07:37:02.71 +65:36:02.58 18 3543 4 2389 3 3112 25 9044 2938. 0.98
LZB 93 07:37:01.18 +65:34:17.91 186 2542 136 1705 45 2104 367 6351 574.8 1.00
LZB 98 07:37:15.24 +65:34:29.94 111 2491 369 2148 156 3044 636 7683 1450. 0.94
LZB 99 07:37:12.02 +65:33:46.28 132 1818 928 1609 412 2346 1472 5773 479.5 0.99
LZB 100 07:37:09.48 +65:35:45.09 95 3543 425 2389 371 3112 891 9044 888.5 0.98
LZB 101 07:37:07.74 +65:34:56.37 211 2542 205 1705 95 2104 511 6351 943.0 0.98
LZB 103 07:37:02.63 +65:39:36.34 098 3000 3205 2918 1733 4577 6036 10495 521.2 0.72
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Sunèqeia P�naka 4.7
Soft Band Medium Band Hard Band Total Band

Src ID RA DEC Obs Bkg Obs Bkg Obs Bkg Obs Bkg Area Effective
(h:m:s) (d:m:s) Counts Counts Counts Counts Counts Counts Counts Counts Area

LZB 104 07:36:55.97 +65:35:41.68 388 4482 6568 2854 2416 3418 1372 10754 257.9 0.91
LZB 105 07:36:50.43 +65:36:04.59 216 4482 447 2854 103 3418 766 10754 773.0 1.09
LZB 107 07:36:42.39 +65:36:52.58 586 4482 266 2854 4 3418 856 10754 715.1 0.97
LZB 109 07:36:25.94 +65:35:40.28 110 1516 11671 1384 3825 1712 8606 4612 103.9 0.97
LZB 112 07:37:27.66 +65:31:02.52 118 1149 280 1032 112 1531 510 3712 234.8 0.81
LZB 115 07:36:32.84 +65:39:01.95 43 1444 83 871 44 1397 170 3712 526.1 0.93
LZB 120 07:36:47.95 +65:36:22.35 96 4482 130 2854 53 3418 279 10754 460.0 0.95Gia thn perigraf  twn sthl¸n de ton P�naka 4.3.
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P�naka 4.8 Fwtometrikè idiìthte pijan¸n U/U ston NGC 5204

Soft Band Medium Band Hard Band Total Band

Src ID RA DEC Obs Bkg Obs Bkg Obs Bkg Obs Bkg Area Effective
(h:m:s) (d:m:s) Counts Counts Counts Counts Counts Counts Counts Counts Area

LZB 8 13:29:39.26 +58:25:31.20 94 834 47 595 9 586 150 2015 235.7 0.98
LZB 10 13:29:38.63 +58:25:05.51 14427 1182 13451 834 2191 846 30069 2862 71.6 0.99
LZB 11 13:29:27.47 +58:25:34.26 86 125 124 144 56 275 266 544 91.9 0.99Gia thn perigraf  twn sthl¸n de ton P�naka 4.3.
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4.2.4 Fasmatoskopik  An�lush4.2.4.1 Qr¸mata akt�nwn-Q'Opw e�nai gnwstì, ta f�smata d�noun ìle ti apara�thte plhrofor�e gia thn ka-tanìhsh twn fusik¸n diergasi¸n sti opo�e upìkeitai mia astronomik  phg . Pollè forèìmw, h exagwg  tou den e�nai efikt  lìgw diafìrwn periorism¸n, ìpw p.q. o anepark arijmì twn counts mia phg  (eidik� se amudrè, malakè phgè akt�nwn-Q) pou k�nei adÔna-th th leptomer  fasmatoskopik  an�lush. Se tètoie peript¸sei, qrhsimopoioÔntai oi lìgoisklhrìthta, ta gnwst� hardness ratios, pou apoteloÔn èna qr simo ergale�o sthn katanìh-sh twn idiot twn th ekpomp  aktinobol�a kai sto qarakthrismì tou f�smato mia phg ,ìtan to teleuta�o e�nai dÔskolo na exaqje�. Auto� oi lìgoi apaitoÔn ton upologismì twn
counts se dÔo   perissìtere energeiakè perioqè kai or�zontai sun jw me tou parak�twtrìpou:

R =
S

H
, C = log(

S

H
), HR = (

H − S

H + S
)ìpou S kai H e�nai ta counts th phg  sthn malak  (Soft) kai sklhr  (Hard) perioq  ant�-stoiqa. O klassikì trìpo upologismoÔ twn deikt¸n sklhrìthta g�netai me th qr sh twnparap�nw exis¸sewn kai ton upologismì/sÔgkrish twn counts th phg  se dÔo energeiakèperioqè, arke� autè oi perioqè na mhn epikalÔptontai. Ta counts tou upob�jrou se k�jeperioq  (p.q. BS , BH sthn malak  kai sklhr  perioq  ant�stoiqa) upolog�zontai sun jwapì mia daktulioeid  perioq  gÔrw apì thn phg  kai afairoÔntai kateuje�an apì aut� thphg . Prin ìmw, kanonikopoioÔntai me th bo jeia mia gnwst  stajer� r, pou lamb�neiupìyin diaforè stou qrìnou èkjesh kai sti perioqè tou upob�jrou se sqèsh me autèth phg . Ousiastik� to r de�qnei pìse forè e�nai megalÔterh h perioq  pou èqei epileqje�gia to upìbajro se sqèsh me aut  th phg , ìpw fa�netai sthn parak�tw sqèsh p.q. giato R:

R =
S − BS/r

H − BH/r
(4.1)Ta sf�lmata twn deikt¸n sklhrìthta, me b�sh thn klassik  mèjodo, upolog�zontai me b�shth gnwst  sqèsh met�dosh sf�lmato. P.q. gia mia sun�rthsh f ja e�nai:

σf =

√

(
∂f

∂x
σx)2 + (

∂f

∂y
σy)2 + (

∂f

∂z
σz)2 + ...
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ìpou ta σx, σy, σz sthn per�ptwsh statistik  Poisson sun jw prosegg�zontai apì th sqèshtou Gehrels (Gehrels 1986):

σX ≈
√

0.75 + 1ìpou to Q dhl¸nei ta parathroÔmena counts . H apìklish tou σ apì th gnwst  tim  √
X tousf�lmato ofe�letai ston prosdiorismì tou 68% (1σ) th apìklish kat� Gauss qrhsimo-poi¸nta thn perioq  apì ta 16 èw ta 84 ekatosthmìria th katanom  Poisson . Ousiastik�loipìn, h klassik  mèjodo upolog�zei to sf�lma tou de�kth sklhrìthta prosegg�zontathn katanom  Poisson me m�a katanom  Gauss. Shmei¸noume ed¸ ìti ta fwtìnia akt�nwn-Q,ìtan sugkentr¸nontai apì tou kajrèfte twn thleskop�wn, akoloujoÔn kajar  katanom 

Poisson (diakrit  katanom  pijanìthta pou perigr�fei ton arijmì emfan�sewn enì gegonìtose èna sugkekrimèno qronikì di�sthma). 'Opw fa�netai apì ta prohgoÔmena, h mèjodo aut apotugq�nei na perigr�yei swst� pijanè diakum�nsei tou de�kth sklhrìthta. Epiplèon,ìpw anafèretai stou van Dyk et al. (2001), o trìpo afa�resh twn counts tou upob�jroud�nei mia merolhptik  kai lanjasmènh ekt�mhsh th èntash mia phg , eidik� ìtan aut  e�naiamudr  sti akt�ne -Q, en¸ h diìrjwsh twn diafor¸n sthn euaisjhs�a tou aniqneut  metaxÔtwn parathr sewn den g�netai me trìpo statistik� swstì (Park et al. 2006). Tèlo, h klas-sik  mèjodo upologismoÔ tou de�kth sklhrìthta den mpore� na efarmoste� ìtan mia phg den èqei aniqneuje� se m�a apì ti dÔo orismène energeiakè perioqè (pr�gma sÔnhje, miakai oi aniqneutè CCD e�nai pio eua�sjhtoi sthn malak  perioq  akt�nwn-Q).En gènei loipìn, h prosèggish Gauss th klassik  mejìdou apotugq�nei sti a-mudrè phgè (me l�ga counts), eidik� parous�a auxhmènou upob�jrou. Gia to lìgo autì, oi
Park et al. (2006) anèptuxan mia mejodolog�a (basismènh sto formalismì tou Bayes), gia tonupologismì axiìpistwn sfalm�twn kai deikt¸n sklhrìthta twn phg¸n, tìso me poll� ìsokai me l�ga counts, lamb�nonta upìyh metablhtè pou or�zontai san anex�rthte metablhtè
Poisson :

S ∼ Poisson(eS(λS + ξS))

H ∼ Poisson(eH(λH + ξH))

BS ∼ Poisson(reSξS)

BH ∼ Poisson(reHξH)ìpou S, H anex�rthta shme�a dedomènwn, λS, λH ta anamenìmena counts twn phg¸n sthnmalak  kai sklhr  energeiak  perioq  ant�stoiqa, ξS, ξH ta anamenìmena counts tou upob�-jrou sthn malak  kai sklhr  energeiak  perioq  ant�stoiqa, eS , eH diorjwtiko� par�gonte84



pou lamb�noun upìyh ti metabolè stou qrìnou èkjesh, sti energè perioqè (collecti-
ve areas) kai se �lle epipt¸sei sta counts pou proèrqontai apì ta episthmonik� ìrganatou dorufìrou, BS , BH ta parathroÔmena counts tou upob�jrou sthn malak  kai sklhr energeiak  perioq  ant�stoiqa, r diorjwtikì par�gonta kai ξS , ξH èna par�gonta pouexart�tai apì to gnwstì suntelest  diìrjwsh r ¸ste na lamb�nei upìyh ti diaforè sthneuaisjhs�a twn perioq¸n th phg  kai tou upob�jrou, sthn malak  kai sklhr  energeiak perioq  ant�stoiqa.H prosèggish Bayesian sthr�zetai sthn progenèsterh gn¸sh mia paramètrou (prior

probability distribution) h opo�a se sunduasmì me ti plhrofor�e twn parathroÔmenwn dedo-mènwn (likelihood) ex�gei thn katanom  pijanìthta twn paramètrwn tou montèlou (posterior

distribution), mèsw tou jewr mato Bayes gia th malak  perioq  akt�nwn-Q (an�logo e�naikai gia thn sklhr ):
p(λS , ξS |S,BS) =

p(λS , ξS)p(S,BS |λS , ξS)
∫ ∫

p(λS , ξS)p(S,BS |λS , ξS)dξSdλSìpou p(λSξS) e�nai h progenèsterh katanom  pijanìthta (prior probability distribution),
p(S,B—λSξS) e�nai oi plhrofor�e twn dedomènwn parat rhsh (likelihood) kai p(λSξS—S,BS)e�nai h metagenèsterh katanom  pijanìthta (posterior distribution).Oi Park et al. (2006), gia ton upologismì twn oloklhrwm�twn kai an�loga me thnper�ptwsh, qrhsimopoioÔn e�te prosomei¸sei Monte Carlo (Gibbs sampler)   mia mèjodo pousthr�zetai se arijmhtik  olokl rwsh th parap�nw sqèsh (Gaussian quadrature). H mèjo-do Gibbs sampler e�nai èna algìrijmo Markov chain Monte Carlo (MCMC) apì ton opo�oprokÔptoun akolouj�e tuqa�wn deigm�twn qrhsimopoi¸nta katanomè pijanìthta polla-pl¸n metablht¸n. Ta sf�lmata prosome�wsh pou prokÔptoun, mporoÔn na meiwjoÔn ìtan halus�da Markov 'trèxei' gia pollè epanal yei. Apì thn �llh, h mèjodo Gaussian quadra-

ture upolog�zei me akr�beia thn metagenèsterh katanom  pijanìthta (posterior distribution)arke� o arijmì twn bins pou qrhsimopoioÔntai na e�nai arket� meg�lo. Wstìso, o upologi-smì g�netai qronobìro ìtan ta counts th phg  e�nai poll�. Se genikè grammè, h mèjodo
Gibbs sampler e�nai polÔ pio gr gorh apì th mèjodo Gaussian quadrature kai sunist�tai hpr¸th na qrhsimopoie�tai se peript¸sei poll¸n counts kai h deÔterh se peript¸sei l�gwn
counts. Ousiastik� loipìn, h parap�nw prosèggish qrhsimopoie� ti swstè Poisson katano-mè kajìlo ton upologismì, qwr� perioristikè gkaousianè upojèsei ìpw sthn klassik mèjodo (pou e�nai axiìpisth mìno se meg�lo arijmì counts). Parèqei swstè ektim sei kai85



ìria plhrìthta (confidence limits) akìma kai sthn per�ptwsh pou ta counts e�nai polÔ l�gasth malak /sklhr  energeiak  perioq . Gia thn akr�beia, h mèjodo aut  den perior�zetai seaniqneÔsima counts all� mpore� na upolog�sei swst� an¸tera kai kat¸tera ìria se peript¸-sei sti opo�e h phg  aniqneÔetai mìno se m�a energeiak  perioq  (Park et al. 2006).Epanerqìmenoi sthn paroÔsa èreuna, arqik� qrhsimopoi same th fwtometr�a pouex qjh apì th diadikas�a th paragr�fou 4.2.3. Ant� gia tou de�kte sklhrìthta R, HRsti akt�ne -Q, oi opo�oi èqoun ligìtero summetrikè pijanìthte (Park et al. 2006) eidik�sthn per�ptwsh twn l�gwn counts, upolog�same ta qr¸mata twn akt�nwn-Q pou or�zontai w:
C1 = log(S/M), C2 = log(M/H) kai C3 = log(S/H), ìpou S, M, kai H e�nai ta kajar� countssthn malak  (0.3 - 1.0 keV), mètria (1.0 - 2.5 keV) kai sklhr  (2.5 - 7.0 keV) perioq  twnakt�nwn-Q ant�stoiqa.Qrhsimopoi same thn mèjodo Bayesian me th qr sh tou k¸dika BEHR8 (Bayesian

Estimation of Hardness Ratios). Gia phgè me >70 counts, h olokl rwsh ègine me ton al-gìrijmo Gibbs me 105 draws, apì ti opo�e oi pr¸te 15.000 aporr�ptontai kaj¸ qrhsimo-poioÔntai gia sÔgklish (convergence) th alus�da. Gia phgè me < 70 counts, h olokl rwshègine me ton algìrijmo Gaussian quadrature sta 2500 bins (se opoiad pote apì ti ener-geiakè perioqè), mia kai e�nai upologistik� pio akrib . Apì thn katanom  pijanìthta twnqrwm�twn pou prokÔptoun apì ton parap�nw upologismì anafèroume to mode (ant� gia to
median   th mèsh tim ) giat� antiproswpeÔei kalÔtera thn tim  pou ja  tan pijanìtero nametr soume (Park et al. 2006). Kai sti dÔo perip¸sei to ep�pedo plhrìthta (confidence

level) or�sthke sto 68%.Sto Sq mata 4.9-4.14 parousi�zontai ta qr¸mata akt�nwn-Q C1 sunart sei tou C2gia ti ìle ti phgè pou aniqneÔjhkan se k�je galax�a. Sta �dia sq mata prosjèsamegrafik� plègmata dÔo montèlwn, èna gia montèlo dÔnamh kai èna gia jermikì pl�sma, giadiaforetikè timè jermokras�a (kT), st lh aporrìfhsh (NH) kai fwtonikì de�kth G. Miakai o skopì aut  th èreuna e�nai h an�qneush phg¸n me jermikì kai malakì f�sma stiakt�ne -Q (kT ≤ 2 keV, tupik  jermokras�a gia jermik� U/U - Schlegel 1994), phgè pouemfan�zontai na èqoun jermokras�e k�tw apì 2 keV kai br�skontai kur�w mèsa sto plègmatou montèlou jermikoÔ pl�smato (gewmetrikì tìpo twn U/U) kaj¸ kai autè pou tasf�lmat� tou ti topojetoÔn se autì to plègma e�nai pijan� U/U. Sthn per�ptwsh twnplerionik¸n U/U (plerions), anamènoume na br�skontai sto plègma tou nìmou dÔnamh kaj¸
8http://hea-www.harvard.edu/AstroStat/BEHR/86



h ekpomp  tou sti akt�ne -Q e�nai mh-jermik  me fwtonikì de�kth th t�xh tou 1.5 - 2.0(p.q. Asaoka & Koyama 1990). Mia kai to f�sma twn plerionik¸n U/U e�nai parìmoio meautì twn dipl¸n susthm�twn astèrwn me èntonh ekpomp  sti akt�ne -Q (X-ray Binaries

- XRBs), den mporoÔn na epileqjoÔn apokleistik� kai mìno b�sei twn idiot twn tou stiakt�ne -Q. Stou P�nake 4.9 - 4.14, parousi�zoume ta upologismèna qr¸mata akt�nwn-Q(C1, C2 kai C3) gia ta pijan� U/U se ìlou tou galax�e tou de�gmato kaj¸ kai taqr¸mata gia ti phgè pou br�skontai sth dexi� k�tw gwn�a twn Sq matwn 4.9-4.14, kaj¸upodhl¸noun mia parap�nw sunist¸sa sti malakè akt�ne -Q lìgw di�quth ekpomp  kaiprèpei na exetastoÔn w pijan� U/U. Gia sÔgkrish, anafèretai stou p�nake autoÔ poieapì ti phgè èqoun exagìmeno f�sma (de §4.2.4.2 ) kai thn proteinìmenh taxinìmhs  toume b�sh th fasmatoskop�a tou (de §4.2.5 ).
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Sq ma 4.9 De�kte qr¸mato akt�nwn-Q gia ti phgè pou aniqneÔjhkan ston NGC 2403
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Sq ma 4.10 De�kte qr¸mato akt�nwn-Q gia ti phgè pou aniqneÔjhkan ston NGC 4395
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Sq ma 4.11 De�kte qr¸mato akt�nwn-Q gia ti phgè pou aniqneÔjhkan ston NGC 4214
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P�naka 4.9 De�kte qr¸mato sti akt�ne - Q gia ta pijan� U/U ston NGC 3077

Source ID Col(S/M) Col(M/H) Col(S/H) Spectra Classification Counterpart

LZB 2 1.84+0.95
−0.57 0.00+1.18

−1.18 1.84+0.95
−0.57 Yes SSS SSS (Ott-S4)a

LZB 6 0.44+0.26
−0.23 1.03+0.98

−0.61 1.48+0.95
−0.58 Yes probable SNR SNR (Ott-S6)a

LZB 8 0.00+0.35
−0.35 0.84+0.98

−0.64 0.84+0.98
−0.64 Yes XRB · · ·

LZB 12 −0.14+0.25
−0.26 1.16+0.96

−0.58 1.03+0.96
−0.61 Yes probable SNR · · ·

LZB 13 −0.72+0.41
−0.54 0.49+0.38

−0.33 −0.23+0.54
−0.60 Yes probable SNR · · ·

LZB 14 −0.26+0.18
−0.19 0.46+0.23

−0.21 0.19+0.25
−0.24 Yes XRB · · ·

LZB 15 −0.16+0.09
−0.22 0.68+0.10

−0.10 0.51+0.10
−0.10 Yes probable SNR · · ·

LZB 18 −0.49+0.09
−0.10 0.88+0.15

−0.13 0.39+0.16
−0.15 Yes probable SNR SNR (Ott-S1)a,b

LZB 19 −0.32+0.09
−0.09 0.30+0.09

−0.09 −0.024+0.11
−0.10 Yes XRB · · ·Shme�wsh � St lh 1: Onomas�a phg , St le 2-4: De�kte qr¸mato akt�nwn-Q me ta sfalmat� tou(ex qjhsan apì th mèjodo BEHR) sti energeiakè perioqè Soft/Medium, Medium/Hard kai Soft/Hardant�stoiqa, St lh 5: E�n up�rqei diajèsimo f�sma, St lh 6: H taxinìmhsh th phg  me b�sh to f�sma thkai St lh 7: Phgè pou sump�ptoun qwrik� se �lla m kh kÔmato

aPhgè pou èqoun anagnwrisje� apì tou Ott et al. (2003)
bUpoy fia radiofwnik� U/U apì tou Rosa-González (2005).

P�naka 4.10 De�kte qr¸mato sti akt�ne - Q gia ta pijan� U/U ston NGC 4395

Source ID Col(S/M) Col(M/H) Col(S/H) Spectra Classification Counterpart

LZB 1 0.82+0.34
−0.28 0.69+0.99

−0.67 1.52+0.95
−0.57 Yes XRB · · ·

LZB 2 1.97+0.95
−0.55 0.00+1.18

−1.18 1.97+0.95
−0.55 Yes XRB · · ·

LZB 5 0.17+0.15
−0.15 0.80+0.42

−0.32 0.97+0.41
−0.32 Yes XRB · · ·

LZB 6 −0.11+0.32
−0.34 0.49+0.52

−0.43 0.37+0.54
−0.44 Yes XRB · · ·

LZB 7 −0.37+0.43
−0.52 0.84+0.98

−0.63 0.46+1.04
−0.77 Yes XRB · · ·

LZB 10 0.00+0.57
−0.58 0.47+1.03

−0.75 0.47+1.03
−0.77 No candidate SNRa · · ·

LZB 12 −0.05+0.10
−0.10 0.67+0.17

−0.16 0.62+0.18
−0.16 Yes XRB · · ·

LZB 14 0.09+0.06
−0.07 1.16+0.21

−0.18 1.25+0.21
−0.18 Yes SNR · · ·

LZB 15 −0.13+0.06
−0.06 0.37+0.08

−0.06 −0.13+0.06
−0.06 Yes XRB · · ·Gia thn perigraf  twn sthl¸n de thn shme�wsh ston P�naka 4.9

aDen up�rqei diajèsimo f�sma gia aut  thn phg  (lìgw mikroÔ arijmoÔ counts) all� ta meg�la sf�lmatath phg  sto di�gramma twn deikt¸n qr¸mato thn katat�ssoun sthn perioq  twn upoyhf�wn U/U.
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P�naka 4.11 De�kte qr¸mato sti akt�ne - Q gia ta pijan� U/U ston NGC 4449

Source ID Col(S/M) Col(M/H) Col(S/H) Spectra Classification Counterparta

LZB 2 0.27+0.08
−0.08 0.74+0.16

−0.16 1.00+0.16
−0.15 Yes XRB SNR/XRB

LZB 4 −0.11+0.07
−0.07 0.73+0.12

−0.11 0.62+0.12
−0.11 Yes XRB SNR

LZB 5 0.19+0.1
−0.78 0.80+0.20

−0.18 1.00+0.20
−0.18 Yes XRB SNR/XRB

LZB 8 −0.14+0.05
−0.06 0.89+0.12

−0.11 0.75+0.12
−0.11 Yes XRB SNR/XRB

LZB 9 0.25+0.13
−0.12 0.93+0.39

−0.31 1.18+0.38
−0.30 Yes SNR SNR/SSS

LZB 11 −0.75+0.31
−0.39 0.48+0.23

−0.21 −0.27+0.36
−0.42 Yes XRB XRB

LZB 12 −0.18+0.03
−0.03 0.82+0.05

−0.05 0.64+0.03
−0.05 Yes SNR SNRb

LZB 13 2.25+0.43
−0.31 0.63+1.06

−0.77 2.89+0.95
−0.55 Yes SSS SSS

LZB 14 1.47+0.72
−0.41 0.37+1.15

−0.96 1.88+0.95
−0.57 Yes SSS SSS

LZB 15 −0.41+0.08
−0.08 0.55+0.1

−0.07 −0.04+0.09
−0.09 Yes XRB XRB

LZB 16 0.01+0.02
−0.01 0.99+0.06

−0.06 0.99+0.05
−0.06 Yes XRB SNR/XRB

LZB 18 −0.46+0.28
−0.33 0.58+0.35

−0.31 0.12+0.41
−0.41 Yes unclassified SNR/XRB

LZB 20 0.37+0.52
−0.44 −0.37+0.44

−0.52 −0.01+0.35
−0.35 Yes XRB AGN

LZB 21 −0.38+0.25
−0.27 1.32+0.96

−0.57 0.93+0.98
−0.61 Yes unclassified SNR/XRB

LZB 22 0.95+0.98
−0.61 −0.44+0.80

−1.07 0.49+0.54
−0.43 Yes foreground star · · ·

LZB 24 0.63+0.69
−0.51 0.38+1.15

−0.92 1.04+0.98
−0.61 Yes probable SNR SNR/XRBc

LZB 25 1.90+0.96
−0.55 0.00+1.18

−1.18 1.90+0.96
−0.55 Yes SSS SSS

LZB 26 0.54+0.30
−0.27 0.37+0.54

−0.46 0.90+0.49
−0.38 Yes probable SNR SSS/XRBGia thn perigraf  twn sthl¸n de thn shme�wsh ston P�naka 4.9

aPhgè sti akt�ne -Q aniqneumène apì tou Summers et al. (2003)
bPloÔsio se oxugìno (oxygen-rich) U/U.
c Aut  h phg  èqei aniqneuje� sto radiofwnikì mèro tou f�smato apì tou Chomiuk & Wilcots (2009) wperioq  ionismèmou udrogìnou (Hii region).
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P�naka 4.12 De�kte qr¸mato sti akt�ne - Q gia ta pijan� U/U ston NGC 4214

Source ID Col(S/M) Col(M/H) Col(S/H) Spectra Classification Counterpart

LZB 5 0.65+0.44
−0.35 −0.27+0.42

−0.48 0.38+0.29
−0.26 Yes XRB · · ·

LZB 7 1.01+0.25
−0.21 0.27+0.55

−0.44 1.28+0.50
−0.33 Yes SNR · · ·

LZB 10 −0.21+0.32
−0.35 0.61+0.69

−0.49 0.40+0.73
−0.54 No candidate SNR Background galaxyd

LZB 11 −0.35+0.36
−0.41 1.03+0.98

−0.61 0.66+1.03
−0.70 No candidate SNR · · ·

LZB 16 0.10+0.37
−0.36 0.81+0.99

−0.64 0.92+0.98
−0.63 No candidate SNR · · ·

LZB 20 −0.49+0.20
−0.22 0.57+0.25

−0.21 0.09+0.28
−0.28 Yes XRB · · ·

LZB 23 −0.55+0.34
−0.40 0.81+0.70

−0.46 0.26+0.80
−0.61 No candidate SNR · · ·

LZB 24 −0.24+0.05
−0.05 0.34+0.05

−0.0.05 0.08+0.07
−0.04 Yes XRB Hii

b

LZB 25 −0.26+0.02
−0.02 0.46+0.03

−0.03 0.20+0.03
−0.03 Yes XRB · · ·

LZB 26 −0.42+0.05
−0.05 0.58+0.06

−0.06 0.15+0.07
−0.07 Yes XRB SNR/Hii

g

LZB 27 0.11+0.20
−0.19 1.25+0.96

−0.58 1.38+0.95
−0.58 Yes XRB · · ·

LZB 28 −0.01+0.18
−0.18 1.06+0.80

−0.47 1.04+0.80
−0.47 Yes probable SNR SNR a,b

LZB 29 −0.55+0.13
−0.14 0.38+0.11

−0.11 −0.18+0.15
−0.15 Yes XRB · · ·

LZB 30 0.95+0.28
−0.23 0.89+0.99

−0.64 1.85+0.96
−0.55 Yes SNR SNR b

LZB 31 0.64+0.22
−0.20 0.50+0.65

−0.45 1.13+0.62
−0.38 Yes probable SNR · · ·

LZB 33 −0.77+0.15
−0.17 0.30+0.10

−0.10 −0.47+0.17
−0.18 Yes XRB · · ·

LZB 34 0.44+0.12
−0.12 0.69+0.40

−0.29 1.12+0.38
−0.27 Yes probable SNR SNRb

LZB 35 0.23+0.13
−0.12 1.13+0.81

−0.44 1.36+0.81
−0.43 Yes probable SNR · · ·

LZB 37 −0.53+0.09
−0.09 0.40+0.08

−0.07 −0.13+0.10
−0.10 Yes XRB · · ·

LZB 38 0.66+0.49
−0.37 0.60+1.09

−0.78 1.29+0.96
−0.58 Yes probable SNR Hii

c

LZB 41 0.98+0.99
−0.61 −1.33+0.58

−0.96 −0.34+0.25
−0.27 Yes XRB · · ·

LZB 43 −0.82+0.39
−0.60 0.44+0.29

−0.25 −0.38+0.49
−0.64 Yes XRB · · ·Gia thn perigraf  twn sthl¸n de ton P�naka 4.9. Oi phgè 10, 11, 16 kai 23 den e�qan arketì arijmì

counts oÔtw ¸ste na ma epitrape� h exagwg  twn fasm�twn tou. Parìla aut�, oi de�kte qr¸matì tousti akt�ne -Q (entì twn sfalm�twn tou) ta topojetoÔn sthn perioq  twn upoyhf�wn U/U.
aUpoy fio radiofwnikì U/U apì tou Vukot́ıc et al. (2005), sumbol�zetai w �̺�.
bUpoy fio radiofwnikì U/U apì tou Chomiuk & Wilcots (2009)
cTaxinomhmènh radiofwnik  perioq  ionismènou udrogìnou apì tou Chomiuk & Wilcots (2009)

dTa krit ria taxinìmhsh twn Chomiuk & Wilcots (2009) gia ta radiofwnik� U/U e�nai o radiofwnikìfasmatikì de�kth na e�nai α≤-0.2 kai na up�rqei ekpomp  Hα pou na sqet�zetai me thn phg . Sthn per�ptwshth sugkekrimènh phg , o radiofwnikì fasmatikì de�kth e�nai -0.32 all� den èqei aniqneuje� ekpomp  Hα.Gia autì to lìgo, taxinomoÔn aut  thn phg  w radiofwnikì galax�a upob�jrou.
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P�naka 4.13 De�kte qr¸mato sti akt�ne - Q gia ta pijan� U/U ston NGC 2403

Source ID Col(S/M) Col(M/H) Col(S/H) Spectra Classification Counterpart

LZB 2 −0.26+0.11
−0.11 0.79+0.23

−0.19 0.54+0.24
−0.20 Yes probable SNR SNR (MFBL–29)a

LZB 5 0.70+0.23
−0.19 0.61+0.81

−0.49 1.32+0.80
−0.41 Yes probable SNR · · ·

LZB 14 0.38+0.17
−0.16 1.16+0.95

−0.54 1.55+0.95
−0.52 Yes probable SNR SNR (MFBL-31,SP-30)b

LZB 21 −0.26+0.06
−0.06 0.55+0.11

−0.05 0.30+0.09
−0.08 Yes XRB · · ·

LZB 30 0.28+0.16
−0.15 1.35+0.95

−0.55 1.62+0.95
−0.54 Yes probable SNR SNR (MFBL-7, Eck-µ ?)

LZB 39 −0.35+0.11
−0.11 0.48+0.13

−0.12 0.13+0.14
−0.14 Yes XRB · · ·

LZB 41 0.62+0.16
−0.14 0.55+0.47

−0.34 1.17+0.45
−0.30 Yes probable SNR · · ·

LZB 42 0.18+0.12
−0.12 1.21+0.83

−0.44 1.39+0.83
−0.44 Yes SNR SNR (MFBL-17)c

LZB 54 −0.74+0.09
−0.09 0.32+0.07

−0.05 −0.42+0.10
−0.10 Yes XRB · · ·

LZB 58 −0.78+0.15
−0.18 0.18+0.11

−0.07 −0.59+0.16
−0.18 Yes XRB · · ·

LZB 63 2.42+0.95
−0.55 −0.23+1.10

−1.18 2.14+0.89
−0.47 Yes SSS · · ·

LZB 64 −0.04+0.04
−0.04 0.62+0.06

−0.06 0.57+0.06
−0.06 Yes XRB · · ·

LZB 65 −0.19+0.08
−0.07 0.50+0.10

−0.10 0.32+0.11
−0.10 Yes XRB · · ·

LZB 68 1.01+0.72
−0.44 0.045+1.01

−0.93 1.06+0.81
−0.47 Yes probable SNR · · ·

LZB 69 −0.16+0.03
−0.03 0.48+0.04

−0.04 0.32+0.05
−0.04 Yes XRB · · ·

LZB 71 1.90+0.35
−0.24 0.07+0.60

−0.53 1.98+0.48
−0.30 Yes probable SNR SNR (MFBL-33 ?)

LZB 72 2.26+0.93
−0.52 −0.23+1.09

−1.15 1.97+0.90
−0.44 Yes SSS · · ·

LZB 75 0.59+0.32
−0.27 0.17+0.57

−0.49 0.75+0.51
−0.35 Yes XRB · · ·

LZB 76 0.34+0.19
−0.18 1.24+0.96

−0.58 1.59+0.95
−0.57 Yes probable SNR · · ·

LZB 78 0.47+0.11
−0.10 1.09+0.77

−0.41 1.55+0.77
−0.40 Yes probable SNR · · ·

LZB 80 0.56+0.26
−0.22 0.55+0.83

−0.52 1.10+0.81
−0.43 Yes probable SNR SNR (MFBL-24)

LZB 81 0.49+0.16
−0.15 1.09+0.92

−0.51 1.59+0.90
−0.49 Yes SNR · · ·

LZB 86 0.66+0.33
−0.27 0.16+0.59

−0.50 0.82+0.51
−0.35 Yes probable SNR SNR (MFBL-22)

LZB 93 0.13+0.05
−0.05 0.49+0.08

−0.08 0.63+0.09
−0.07 Yes XRB SNR (MFBL-18 ?)

LZB 98 −0.52+0.04
−0.05 0.37+0.05

−0.04 −0.14+0.05
−0.06 Yes XRB · · ·

LZB 99 −0.85+0.04
−0.05 0.35+0.03

−0.02 −0.50+0.04
−0.04 Yes XRB SNR (MFBL-30)

LZB 100 −0.67+0.07
−0.04 0.06+0.04

−0.03 −0.60+0.06
−0.05 Yes XRB · · ·

LZB 101 0.01+0.04
−0.04 0.34+0.06

−0.05 0.35+0.06
−0.05 Yes XRB · · ·
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Sunèqeia P�naka 4.13
Source ID Col(S/M) Col(M/H) Col(S/H) Spectra Classification Counterpart

LZB 103 −0.46+0.01
−0.02 0.27+0.01

−0.01 −0.20+0.02
−0.02 Yes XRB XRB, ULX d

LZB 104 −0.44+0.01
−0.01 0.44+0.01

−0.01 −0.01+0.002
−0.01 Yes XRB SNR (MFBL-15)e

LZB 105 −0.33+0.04
−0.04 0.65+0.05

−0.05 0.33+0.05
−0.06 Yes XRB ULX f

LZB 107 0.34+0.04
−0.03 2.27+0.92

−0.44 2.59+0.92
−0.44 Yes SNR SNR (TH-2)g

LZB 109 −0.57+0.01
−0.01 0.48+0.01

−0.01 −0.09+0.01
−0.01 Yes XRB ULX h

LZB 112 −0.39+0.05
−0.05 0.42+0.05

−0.05 0.04+0.04
−0.01 Yes XRB · · ·

LZB 115 −0.30+0.08
−0.09 0.29+0.09

−0.08 −0.01+0.10
−0.10 Yes XRB · · ·

LZB 120 −0.16+0.06
−0.06 0.42+0.09

−0.07 0.26+0.10
−0.08 Yes probable SNR · · ·

.

Gia thn perigraf  twn sthl¸n de ton P�naka 4.9.
(MFBL): Optik� U/U, aniqneumèna apì tou Matonick et al. (1997),

(SP): U/U sti akt�ne -Q apì tou Schlegel & Pannuti (2003),

(TH): Upoy fia radiofwnik� U/U apì tou Turner & Ho (1994),

(Eck): Upoy fio radiofwnikì U/U apì tou Eck et al. (2002).Ta erwthmatik� upodhl¸noun arket  apìklish sti suntetagmène jèsh metaxÔ twn phg¸n pousump�ptoun qwrik� apì �lle èreune kai twn phg¸n th paroÔsa èreuna.
aAniqneumènh sti akt�ne -Q (SP–31) apì tou Schlegel & Pannuti (2003)
bAniqneumènh sti akt�ne -Q apì tou Pannuti et al. (2007).
c Aniqneumènh sti akt�ne -Q (SP–16) apì tou Schlegel & Pannuti (2003), Pannuti et al. (2007).

dDiplì sÔsthma astèrwn me èntonh ekpomp  sti akt�ne -Q apì tou Schlegel & Pannuti (2003) kai
ULX (Ultra Luminous X-ray source) apì tou Winter et al. (2006).

eOi Schlegel & Pannuti (2003) èqoun ex�gei f�sma gia aut  thn phg  (SP20) qwr� ìmw na thn èqountaxinom sei. Oi Winter et al. (2006) thn èqoun taxinom sei w ULX .
f Winter et al. (2006).

gAniqneumènh sti akt�ne -Q apì tou Schlegel & Pannuti (2003) (SP–12) kai Pannuti et al. (2007).
hTaxinomhmènh w ULX apì tou Winter et al. (2006) kai Schlegel & Pannuti (2003).

P�naka 4.14 De�kte qr¸mato sti akt�ne - Q gia ta pijan� U/U ston NGC 5204

Source ID Col(S/M) Col(M/H) Col(S/H) Spectra Classification Counterpart

LZB 8 0.30+0.08
−0.08 0.80+0.20

−0.20 1.1+0.20
−0.20 Yes XRB · · ·

LZB 10 0.03+0.006
−0.005 0.79+0.01

−0.01 0.82+0.01
−0.01 Yes XRB · · ·

LZB 11 −0.16+0.06
−0.06 0.36+0.07

−0.07 0.22+0.07
−0.10 Yes XRB · · ·Gia thn perigraf  twn sthl¸n de ton P�naka 4.9.98



4.2.4.2 Fasmatik  prosarmog Exet�same thn dokimastik  taxinìmhsh U/U (qrhsimopo�hsh twn deikt¸n qr¸matosti akt�ne -Q) k�nonta fasmatik  an�lush sti phgè me ikanì arijmì counts. Se aut thn an�lush sumperil�bame ti malakè phgè sthn k�tw dexi� gwn�a twn Sqhm�twn 4.9-4.14. Ex qjhsan f�smata, bohjhtik� arqe�a apìkrish (auxiliary response files -arf kai
redistribution matrix files -rmf) me to specextract tou CIAO, ta opo�a lamb�noun upìyhqwrikè diaforopoi sei th energ  perioq  th phg  sundu�zonta stajmismèna bohjhtik�arqe�a apìkrish (auxiliary response files kai redistribution matrix files - warf, wrmf) giak�je phg . H fasmatik  prosarmog  ègine me to astronomikì pakèto XSPEC9 version 11en¸ qrhsimopoi jhke h anabajmismènh èkdosh 3.4.2 tou CALDB.Gia phgè me p�nw apì 50 counts qrhsimopoi jhke h statistik  q2. Ta fasmatik�kan�lia (spectral channels) omadopoi jhkan (binned) kat� thn an�lush w ex : gia phgème uyhlì upìbajro (phgè sti opo�e to upìbajro suneisfèrei p�nw apì > 5% twn countstou) na perièqoun toul�qiston 25 counts/bin prin thn afa�resh tou upob�jrou kai gia ph-gè me qamhlì upìbajro (phgè sti opo�e to upìbajro suneisfèrei p�nw apì < 5% twn
counts tou) na perièqoun toul�qiston 15 counts/bin prin thn afa�resh tou upob�jrou. Autìdiasfal�zei ìti se k�je per�ptwsh ja èqoume toul�qiston 10 counts se kaje bin met� thnafa�resh tou upob�jrou. To ant�stoiqo upìbajro gia k�je phg  afairèjhke apì to f�smath phg  kat� th di�rkeia th prosarmog  tou f�smato. Gia phgè me l�ga counts (≤50)qrhsimopoi jhke h statistik  Cash maximum likelihood (Cash 1979) h opo�a e�nai peris-sìtero kat�llhlh apì ìti h statistik  q2 sthn per�ptwsh phg¸n me mikrì arijmì counts.Ta f�smata den omadopoi jhkan gia na diathr soun th mègisth dunat  plhrofor�a kat� thstatistik  an�lush.Ta montèla pou qrhsimopoi jhkan gia thn prosarmog  twn fasm�twn e�nai tr�a: to montèlonìmou dÔnamh po, to montèlo jermikoÔ pl�smato APEC kai to montèlo aporrìfhsh phabs:To montèlo nìmou dÔnamh e�nai th morf  N(E)=KE−Γ ìpou N(E) e�nai o arijmì twn fw-ton�wn sunart sei th enèrgeia. Oi basikè par�metroi autoÔ tou montèlou e�nai o fwtonikìde�kth Γ kai o par�gonta kanonikopo�hsh K me mon�de photons keV−1 cm−2 sec−1 sto 1

keV.To APEC e�nai montèlo optik� leptoÔ, jermikoÔ pl�smato (kroustik� ionismèno aèrio) mebasikè paramètrou th jermokras�a tou pl�smato (se keV), thn periektikìthta twn met�l-
9http://heasarc.gsfc.nasa.gov/xanadu/xspec/ 99



lwn kai ènan par�gonta kanonikopo�hsh (se mon�de 10−14(4πD2
A)−1

∫

nenpdV, ìpou DAe�nai h gwni¸dh apìstash th phg  se cm kai nenp e�nai oi puknìthte twn hlektron�wnkai twn prwton�wn ant�stoiqa se cm−3). 'Oson afor� sti periektikìthte twn met�llwn,jewr same hliakè metallikìthte gia ìlou tou galax�e mia kai h poiìthta twn dedomènwnden ma epètreye na perior�soume thn periektikìthta twn met�llwn (abundance). Epilèxamena qrhsimopoi soume to APEC montèlo ant� gia k�poio �llo montèlo jermikoÔ pl�smatogiat� e�nai to pio sÔgqrono montèlo gia optik� leptì, jermikì pl�sma se isorrop�a ionismoÔkai perilamb�nei shmantikè belti¸sei ìson afor� ton arijmì twn fasmatik¸n gramm¸n kaitwn ent�se¸n tou.To phabs e�nai montèlo fwtohlektrik  aporrìfhsh lìgw mesoastrik  Ôlh sthn pore�atwn fwton�wn kai ekfr�zetai apì th sqèsh N(E)=eσ(E)NH . To σ(E) e�nai h fwtohlektrik energì diatom  (cross section) kai to NH e�nai h isodÔnamh st lh udrogìnou me mon�de 1022

cm−2. O mìno periorismì pou epibl jhke  tan h st lh udrogìnou (NH) se k�je galax�ana mhn uperba�nei thn stajmismènh Galaxiak  tim  sthn euje�a or�sew. H Galaxiak  st lhudrogìnou el fjhke apì to Leiden/Argentine/Bonn (LAB) Survey (Kalberla et al. 2005)tou GalaxiakoÔ HI10.To f�sma k�je phg  arqik� prosarmìsthke xeqwrist� me dÔo diaforetik� montèla:èna aporrofhmèno montèlo nìmou dÔnamh (phabs * power law, pou ekfr�zetai dhlad  apì thsqèsh dN(E)

dE
= eσ(E)NH E−Γ) kai èna aporrofhmèno montèlo jermikoÔ pl�smato (phabs

* APEC). Se k�poie peript¸sei ìpou up rqan ende�xei gia asun jista èntone grammèekpomp , gegonì pou upodhl¸nei pl�sma se mh-isorrop�a, qrhsimopoi same to montèlo
NEI (p.q. h phg  LZB15 ston NGC 3077). Ep�sh, phgè kal� prosarmosmène me montèlo
APEC all� parous�azan mh realistik� qamhlè jermokras�e gia jermikì pl�sma (< 0.1 keV)xanaprosarmìsthkan me montèlo mèlano s¸mato (blackbody).Se merikè peript¸sei phg¸n (p.q. LZB4 kai LZB5 ston NGC 4449, LZB24 ston
NGC 4214, LZB64, LZB99 kai LZB101 ston NGC 2403, LZB11 ston NGC 5204) h fasma-tik  prosarmog  twn phg¸n me èna montèlo (p.q. aporofhmèno nìmo dÔnamh   aporrofhmènojermikì pl�sma) èdinan e�te mh epitreptè prosarmogè (q2>2 )   èntona upìloipa gramm¸nekpomp    mh-realistikè fusikè paramètrou. Se autè ti peript¸sei, prosarmìsame tadedomèna me dÔo montèla (po + APEC) me thn �dia aporrìfhsh.To fasmatikì montèlo pou telik� epilèqjhke gia k�je phg  bas�sthke tìso sthn

10De http://heasarc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl100



poiìthta th prosarmog  (p.q. h statistik� kal  prosarmog  kajor�zetai kur�w apì to q2

∼ 1 ìtan qrhsimopoie�tai h statistik  q2 kai piìthta prosarmog  - goodness-of-fit - ∼ 50%ìtan qrhsimopoie�tai h statistik  Cash) ìso kai sthn egkurìthta twn tim¸n twn paramètrwn(par�metro jermokras�a gia jermikì pl�sma ≤ 3 keV, fwtonikì de�kth nìmou dÔnamh ≤4). Sthn per�ptwsh phg¸n se galax�e me pollaplè parathr sei, prosarmìsame tautìqronata f�smata k�je parat rhsh me to �dio montèlo. Oi par�metroi tou montèlou gia k�jeparat rhsh, ektì apì thn kanonikopo�hsh,  tan sunduasmène ¸ste na prosarmostoÔn sth�dia tim  gia ìle ti parathr sei. Autì e�nai apodektì dedomènou ìti sth qronik  kl�makatwn parathr sewn pou qrhsimopoi jhkan den anamènoume metabol  tou f�smato twn phg¸nplhn th èntas  tou.Ta apotelèsmata th fasmatik  an�lush gia ta pijan� U/U (gia ti phgè dhlad pou br�skontai sto gewmetrikì tìpo twn U/U sta sq mata twn deikt¸n qr¸mato akt�nwn-Qgia k�je galax�a) maz� me ti paramètrou twn kalÔterwn prosarmog¸n tou, sunoy�zontaistou P�nake 4.15 - 4.20. Stou P�nake autoÔ exet�sthkan kai perikle�ontai oi malakèphgè pou br�skontai sthn k�tw dexi� gwn�a twn sqhm�twn 4.9-4.14. H st lh 1 parousi�zeithn tautìthta k�je phg  all� kai th parat rhsh pou qrhsimopoi jhke (ìtan prìkeitai giagalax�a me pollaplè parathr sei). Epishma�noume ìti se aut n thn per�ptwsh (twn poll¸nparathr sewn), qrhsimopoi jhkan mìno autè ìpou h ek�stote aniqneumènh phg  parousi�-zei ikanì arijmì counts kai den br�sketai kont� sta �kra th CCD (∼ 100 eikonostoiqe�amakri�). H st lh 2 de�qnei to prosarmosmèno montèlo gia k�je phg . H st lh 3 d�nei thnpuknìthta st lh (NH) proerqìmenh apì thn prosarmog  tou montèlou phabs (montèlo giafwtohlektrik  aporrìfhsh) en¸ h st lh 4 d�nei thn kalÔterh prosarmog  e�te tou fwtonikoÔde�kth gia to nìmo dÔnamh (po)   th jermokras�a gia ta montèla mèlano s¸mato (black

body)   jermikoÔ pl�smato (APEC). H st lh 5 d�nei thn kanonikopo�hsh tou montèlou.Sthn per�ptwsh twn pollapl¸n parathr sewn, d�noume ton pollaplasiastikì par�gonta k�-je f�smato pou prosarmìsthke tautìqrona, se sqèsh me thn pr¸th parat rhsh k�je phg .'Ole oi abebaiìthte sto 90% ep�pedo plhrìthta (confidence level) upolog�sthkan me thnentol  error tou XSPEC. H st lh 6 d�nei to q2/bajmo� eleujer�a   th statistik  Cash en¸h st lh 7 parousi�zei thn poiìthta prosarmog  (goodness-of-fit) th statistik  Cash. Oist le 8 kai 9 parousi�zoun thn mh-diorjwmènh kai diorjwmènh apì aporrìfhsh ro  akti-nobol�a k�je phg  sthn energeiak  perioq  0.3 - 10.0 keV. Parìlo pou h fasmatoskop�aègine sthn energeiak  perioq  0.3 - 7.0 keV , epilèxame na upolog�soume ti roè aktinobol�asthn energeiak  perioq  0.3 - 10.0 keV gia pio sunep  sÔgkrish me prohgoÔmene èreune101



sti akt�ne -Q. H st lh 10 d�nei th diorjwmènh gia aporrìfhsh fwteinìthta twn phg¸n sthnenergeiak  perioq  0.3 - 10.0 keV . H st lh 11 d�nei thn taxinìmhsh twn phg¸n b�sei twnfasmatik¸n tou prosarmog¸n sti akt�ne -Q: h qrhsimopo�hsh montèlou (  montèlwn) jer-mikoÔ pl�smato me qamhl  jermokras�a upodhl¸nei isqur� ìti h phg  e�nai U/U en¸ phgèpou èqoun pio sklhr� qarakthristik� sto f�sma tou (Ôparxh   sunÔparxh montèlou nìmoudÔnamh sthn fasmatik  prosarmog ) de�qnei ìti h phg  e�nai pio pijanì na e�nai diplì sÔsthmaastèrwn me èntonh ekpomp  sti akt�ne -Q. Phgè kal� prosarmosmène me montèlo mèla-no s¸mato se qamhlè jermokras�e (∼ 100 eV) upodhl¸nontai w Uper-Malakè Phgè(Super Soft Sources - SSS, p.q. di Stefano et al. 2004).Epishma�noume ep�sh ìti up�rqoun peript¸sei U/U (p.q. LZB15 ston NGC 3077)ìpou h hlektroniak  jermokras�a e�nai arket� uyhl  (> 2 keV). To gegonì autì mpore� naupodhl¸nei ìti to kroustik� ionismèno pl�sma den br�sketai se kat�stash isorrop�a (autèoi phgè prosarmìzontai ep�sh kal� kai me NEI montèla). Autì den e�nai asun jisto fainì-meno: Oi Kong et al. (2004) prote�noun ìti h kat�stash mh-isorrop�a kroustik� ionismènoupl�smato mpore� na proèrqetai e�te apì to jermikì ulikì pou sar¸jhke lìgw tou kÔmatosok   lìgw pijan  anomoiogèneia tou mesoastrikoÔ mesou.Epiplèon, up�rqoun phgè me mikrì arijmì counts gia ti opo�e h fasmatik  pro-sarmog  èdwse uyhlè timè th puknìthta st lh. Up�rqei ìmw gnwst  jetik  sqèshmetaxÔ th kanonikopo�hsh enì montèlou kai th aporrofoÔsa puknìthta st lh. 'Etsi,sthn per�ptwsh f�smato me mikrì arijmì counts (ìpw isqÔei sti perissìtere peript¸seiaut  th èreuna) e�nai pijanì na ex�gontai uyhlè timè th puknìthta st lh kai kat'epèktash uyhlè sunagìmene diorjwmène gia aporrìfhsh fwteinìthte (pou prokÔptounapì thn uyhl  kanonikopo�hsh phg¸n me qamhl  enèrgeia fasmatikè paramètrou).
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P�naka 4.15 Apotelèsmata fasmatik¸n prosarmog¸n twn shmeiak¸n phg¸n ston NGC 3077

Source ID Model NH Γ/kT Norm χ2/dof Goodness(%) Fabs Funabs logLunabs
X Classification

(× 1022 cm−2) (Index/keV) (10−5 A) or Cstat (for Cstat) (×10−15) (erg s−1)
(erg s−1cm−2)

χ2

LZB 2 bbody 0.41+0.14
−0.12 0.02+0.09

−0.01 > 936.2 1.84 56.0 3.2 5500 39.9 SSSb

LZB 6 apec 0.34+0.43
−0.34 0.30+0.45

−0.22 > 0.44 0.56 46.9 1.5 8.3 37.1 probable SNRb

LZB 8 PL 0.05a 3.29+2.32
−2.09 0.02+0.02

−0.02 2.48 20.5 0.8 1.2 36.3 XRB

LZB 12 apec 0.70+0.53
−0.70 0.77 (> 0.18) 0.18+2.8

−0.18 3.54 46.6 0.8 4.6 36.8 probable SNR

LZB 13 apec 2.97+4.8
−1.4 0.19+0.43

−0.19 > 111.1 1.44 78.3 0.7 1800 39.4 probable SNR

LZB 14 PL 0.05a 1.35+0.76
−0.76 0.06+0.03

−0.002 2.22 11.1 5.9 6.3 36.8 XRB

LZB 18 apec 0.99+0.16
−0.16 0.75+0.08

−0.13 3.13+2.0
−0.95 109.4 96 9.3 82.3 38.1 probable SNRb,cSt lh 1: Tautìthta phg , St lh 2: To efarmosmèno montèlo, St lh 3: Puknìthta st lh Hi, St lh 4: H tim  tou fwtonikoÔ de�kth gia thnkalÔterh prosarmog  tou montèlou nìmou dÔnamh   h jermokras�a se keV gia to jermikì montèlo APEC , St lh 5: O par�gonta kanonikopo�hshdosmèno se mon�de 10−5 K. Gia to montèlo apec A e�nai: 10−14(4πD2

A)−1
R

nenpdV, ìpou DA e�nai h gwni¸dh apìstash th phg  se cm kai nenp e�naioi puknìthte twn hlektron�wn kai twn prwton�wn ant�stoiqa se cm−3, gia to montèlo nìmou dÔnamh (po): photons keV−1 cm−2 sec−1 sto 1 keV kaigia to montèlo mèlano s¸mato (bbody): 1039 erg s−1 (10 kpc)−1, St lh 6: χ2/bajmo� eleujer�a   statistik  Cash, St lh 7: Poiìthta prosarmog (Goodness-of fit) gia th statistik  Cash, St lh 8: Mh-diorjwmènh gia aporrìfhsh ro  aktinobol�a sta 0.3 - 10 keV, St lh 9: Diorjwmènh giaaporrìfhsh ro  aktinobol�a sta 0.3 - 10 keV , St lh 10: Taxinìmhsh phg 
aStajerì sth Galaxiak  tim , sthn euje�a or�sew.
bOi Ott et al. (2003) èqoun taxinom sei ti phgè LZB6, LZB 18 w U/U akt�nwn-Q kai thn LZB2 san Uper-malak  phg  (SSS).
c Upoy fio radiofwnikì U/U twn Rosa-Gonzaléz (2005)
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P�naka 4.16 Apotelèsmata fasmatik¸n prosarmog¸n twn shmeiak¸n phg¸n ston NGC 4395

Source ID Model NH Γ/kT Norm χ2/dof Goodness(%) Fabs Funabs logLunabs
X Classification

(× 1022 cm−2) (Index/keV) (10−5 A) or Cstat (for Cstat) (×10−15) (erg s−1)
(erg s−1cm−2)

χ2

LZB 14 apec + apec 0.545 1.37 94 8.65/4 · · · 3.1 75.4 38.8 SNR
· · · · · · · · · 0.17 10.1 · · · · · · · · · · · · 37.8 · · ·

LZB 15 PL 0.03+0.06
−0.03 1.37+0.32

−0.25 1.27+0.48
−0.26 16.25/13 · · · 12 12 38.0 XRB

Cash

LZB 1 PL 0.0185a 0.64+1.46
−3.64 0.30+0.27

−0.15 3.62 60.0 7.9 8.0 37.8 XRB

LZB 2 PL 0.03+0.19
−0.03 3.36+3.13

−1.70 0.33+0.46
−0.33 2.74 21.1 1.5 2.0 37.2 XRB

LZB 5 PL 0.0185a 2.14+0.59
−0.58 0.24+0.08

−0.06 2.78 7.3 1.2 1.3 37.0 XRB

LZB 6 PL 0.0185a 1.27+1.26
−1.26 0.05+0.04

−0.05 9.75 84.4 0.6 0.6 36.7 XRB

LZB 7 PL 0.0185a 2.06+4.30
−5.06 0.05+0.06

−0.05 4.13 74.2 0.3 0.3 36.4 XRB

LZB 12 PL 0.0185a 1.61+0.34
−0.34 0.51+0.10

−0.09 27.0 6.0 3.7 3.8 37.5 XRBGia thn perigraf  twn sthl¸n de ton P�naka 4.15
aStajerì sth Galaxiak  tim , sthn euje�a or�sew.
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P�naka 4.17 Apotelèsmata fasmatik¸n prosarmog¸n twn shmeiak¸n phg¸n ston NGC 4449

Source ID Model NH Γ/kT Norm χ2/dof Goodness(%) Fabs Funabs logLunabs
X Classification

(× 1022 cm−2) (Index/keV) (10−5 A) or Cstat (for Cstat) (×10−15) (erg s−1)
(erg s−1cm−2)

χ2

LZB 2 PL 0.03+0.11
−0.03 2.46+1.37

−0.48 0.61+0.55
−0.14 7.43/6 · · · 2.5 3.0 37.8 XRB

· · · · · · · · · kT=1.25+0.90
−0.32 > 0.13 · · · · · · · · · · · · · · · · · ·

LZB 8 PL 0.20+0.15
−0.09 2.48+0.49

−0.53 1.94+1.58
−0.82 1.45/6 · · · 5.0 9.4 38.3 XRB

LZB 12 PL+2apec 0.30+0.44
−0.09 Γ = 1.67+0.21

−0.75 1.62+1.47
−1.46 26.7/27 · · · 18 41 38.9 SNR3

· · · · · · · · · kT1 = 0.25+0.09
−0.11 > 2.80 · · · · · · · · · · · · · · · · · ·

· · · · · · · · · kT 2 = 1.27+0.09
−0.11 8.00+7.00

−2.50 · · · · · · · · · · · · · · · · · ·
LZB 13 bbody 0.01+0.07

−0.01 0.09+0.01
−0.01 0.15+0.22

−0.04 18.7/16 · · · 6.3 7.5 38.2 SSS

LZB 16 PL 0.07+0.04
−0.03 2.13+0.24

−0.2 5.76+1.01
−0.79 53.9/36 · · · 24 30 38.8 XRB

Cash

LZB 4 PL+apec 0.08+0.12
−0.08 Γ = 1.81+0.67

−0.63 0.66+0.54
−0.30 78.5 2.0 4.2 4.9 38.0 XRB

· · · · · · · · · kT=1.08+0.26
−0.28 0.34+0.31

−0.21 · · · · · · · · · · · · · · · · · ·
LZB 5 PL 0.01612 2.3+0.27

−0.27 0.44+0.06
−0.07 75.2 30.0 2.1 2.2 37.7 XRB

LZB 9 apec 0.01612 0.99+1.10
−0.26 0.32+0.37

−0.07 19.9 93.6 0.7 0.7 37.2 SNR

LZB 11 PL 0.31+0.65
−0.31 1.5+1.80

−1.40 0.18+0.07
−0.18 0.7 30.5 1.2 1.5 37.5 XRB

LZB 14 bbody 0.01612 0.06+0.02
−0.02 0.04+0.12

−0.02 6.7 68.3 0.9 1.1 37.4 SSS

LZB 15 PL 0.16+0.10
−0.10 1.6+0.37

−0.36 1.06+0.47
−0.30 113.6 6.0 6.6 8.0 38.2 XRB

LZB 18 PL 0.56+1.15
−0.56 3.04+3.09

−1.92 0.28+3.70
−0.28 9.8 87.0 0.3 1.5 37.5 unclassified

· · · apec 1.15+0.72
−1.15 > 0.36 0.73+6.38

−0.73 9.8 87.4 0.2 1.7 37.6 · · ·
LZB 20 PL 0.01612 1.37+1.21

−1.06 0.03+0.03
−0.03 10.2 91.3 0.3 0.3 36.7 XRB

LZB 21 PL 0.02+1.33
−0.02 0.99+6.84

−1.47 0.08+1.55
−0.04 2.4 41.8 1.2 1.2 37.4 unclassified

· · · apec 1.24+0.54
−0.66 0.23+0.56

−0.09 > 13.0 5.4 71.8 0.2 24 38.7 · · ·
LZB 22 apec 0.53+0.45

−0.51 0.11+0.10
−0.06 > 23.9 3.8 73.6 0.1 15 38.5 foreground star

LZB 24 apec 0.01612 0.23+0.11
−0.08 0.07+0.13

−0.07 4.3 35.0 0.1 0.1 36.4 probable SNR4

LZB 25 bbody 0.44+3.25
−0.13 0.04+0.03

−0.02 > 84.8 5.8 95.6 0.5 220 39.7 SSS

LZB 26 apec 0.01612 1.02+0.84
−0.30 0.09+0.11

−0.04 13.3 91.5 0.2 0.4 36.9 probable SNRGia thn perigraf  tvn sthl¸n de ton P�naka 4.15
aGnwstè phgè akt�nwn-Q apì tou Summers et al. (2003).
bStajerì sth Galaxiak  tim , sthn euje�a or�sew.
cPloÔsio se oxugìno U/U, aniqneumèno se ìle ti energeiakè perioqè.

dRadiofwnikè parathr sei twn Chomiuk & Wilcots (2009) dhl¸noun thn sugkekrimènh phg  w perioq  ionismènou udrogìnou (Hii region) .

105



P�naka 4.18 Apotelèsmata fasmatik¸n prosarmog¸n twn shmeiak¸n phg¸n ston NGC 4214

Source ID Model NH Γ/kT Norm χ2/dof Goodness(%) Fabs Funabs logLunabs
X Classification

(× 1022 cm−2) (Index/keV) (10−5 A) or Cstat (for Cstat) (×10−15) (erg s−1)
(erg s−1cm−2)

χ2

LZB 24 (2030) PL+apec 0.28+0.30
−0.10 Γ = 1.69+0.41

−0.18 1.30+0.76
−0.48 31.07/23 · · · 72 130 38.5 XRBc

· · · · · · · · · kT=0.18+0.08
−0.05 2.50+58.6

−2.34 · · · · · · · · · · · · · · · · · ·
(4793) · · · · · · · · · 0.575 · · · · · · 42 75 38.3 · · ·
(5197) · · · · · · · · · 0.488 · · · · · · 35 64 38.2 · · ·

LZB 25 (2030) PL 0.12+0.02
−0.02 1.68+0.13

−0.12 4.90+0.68
−0.59 105.5/66 · · · 290 340 38.9 XRB

(4793) · · · · · · · · · 0.192 · · · · · · 55 66 38.2 · · ·
(5197) · · · · · · · · · 0.904 · · · · · · 260 310 38.9 · · ·

LZB 26 (2030) PL 0.27+0.07
−0.09 2.15+0.50

−0.40 0.84+0.53
−0.30 12.4/11 · · · 43.8 25.9 37.8 XRB e

(4793) · · · · · · · · · 1.950 · · · · · · 84.5 50.0 38.1 · · ·
(5197) · · · · · · · · · 1.660 · · · · · · 71.1 42.1 38.0 · · ·

Cash

LZB 5 (2030) PL 0.0199d 0.99+1.09
−1.04 0.16+0.18

−0.16 19.8 96.5 24 25 37.8 XRB
(5197) · · · · · · · · · 0.15 · · · · · · 3.7 3.7 37.0 · · ·

LZB 7 (2030) apec 0.0199d 0.28+0.04
−0.04 0.18+0.08

−0.05 15.8 81.8 2.9 3.3 36.9 SNR
(4793) · · · · · · · · · 0.85 · · · · · · 2.5 2.8 36.9 · · ·
(5197) · · · · · · · · · 0.95 · · · · · · 2.8 3.2 36.9 · · ·

LZB 20 (2030) PL 0.47+1.00
−0.47 2.88+3.90

−2.62 > 0.49 4.16 66.3 6.5 24.6 37.8 XRB

LZB 27 (2030) PL 0.0199d 2.64+0.94
−0.90 0.04+0.03

−0.02 23.4 85.8 1.8 2.0 36.7 XRB
(4793) · · · · · · · · · 0.87 · · · · · · 1.6 1.8 36.7 · · ·
(5197) · · · · · · · · · 0.83 · · · · · · 1.5 1.7 36.6 · · ·

LZB 28(2030) apec 0.68+0.37
−0.37 0.25+0.29

−0.10 > 1.30 36.0 99.5 0.8 24 37.8 probable SNRa,b

(4793) · · · · · · · · · 1.70 · · · · · · 1.4 40 38.0 · · ·
(5197) · · · · · · · · · 1.44 · · · · · · 1.2 34 37.9 · · ·

LZB 29 (2030) PL 0.18+0.32
−0.18 1.55+1.00

−0.82 0.16+0.16
−0.24 9.29 26.0 10 12 37.5 XRB

(4793) · · · · · · · · · 1.37 · · · · · · 14 17 37.6 · · ·
(5197) · · · · · · · · · 1.08 · · · · · · 11 13 37.5 · · ·

LZB 30 (2030) apec 0.0199d 0.29+0.05
−0.05 0.12+0.06

−0.05 12.2 15.0 1.9 2.2 36.8 SNRb

(4793) · · · · · · · · · 0.99 · · · · · · 1.9 2.2 36.8 · · ·
(5197) · · · · · · · · · 1.32 · · · · · · 2.5 2.9 36.9 · · ·

LZB 31 (2030) apec 0.0199d 0.36+0.13
−0.07 0.10+0.06

−0.04 37.9 92.2 1.8 2.1 36.7 probable SNR
(4793) · · · · · · · · · 0.73 · · · · · · 1.3 1.5 36.6 · · ·
(5197) · · · · · · · · · 0.75 · · · · · · 1.4 1.5 36.6 · · ·

106



Sunèqeia tou P�naka 4.18

Source ID Model NH Γ/kT Norm χ2/dof Goodness(%) Fabs Funabs logLunabs
X Classification

(× 1022 cm−2) (Index/keV) (10−5 A) or Cstat (for Cstat) (×10−15) (erg s−1)
(erg s−1cm−2)

LZB 33 (2030) PL 0.37+0.36
−0.33 1.21+0.78

−0.78 0.12+0.16
−0.12 12.3 28.5 12 14 37.6 XRB

(4793) · · · · · · · · · 2.26 · · · · · · 26 31 37.9 · · ·
(5197) · · · · · · · · · 2.32 · · · · · · 27 32 37.9 · · ·

LZB 34 (2030) apec 0.66+0.10
−0.19 0.14+0.05

−0.05 > 37.1 14.4 72.0 3.2 410 39.0 probable SNRb

(4793) · · · · · · · · · 0.63 · · · · · · 2.0 260 38.8 · · ·
(5197) · · · · · · · · · 1.44 · · · · · · 4.6 590 39.2 · · ·

LZB 35 (2030) apec 0.0199d 0.75+0.16
−0.18 0.16+0.05

−0.05 10.58 57 3.9 4.3 37.0 probable SNR
(4793) · · · · · · · · · 0.44 · · · · · · 1.7 1.8 36.7 · · ·
(5197) · · · · · · · · · 0.33 · · · · · · 1.3 1.4 36.6 · · ·

LZB 37 (2030) PL 0.20+0.14
−0.12 1.68+0.46

−0.42 0.44+0.25
−0.16 32.7 53.7 24 31 37.9 XRB

(4793) · · · · · · · · · 1.01 · · · · · · 24 31 37.9 · · ·
(5197) · · · · · · · · · 1.01 · · · · · · 24 31 37.9 · · ·

LZB 38 (2030) apec 0.0199d 0.20+0.12
−0.08 0.05+0.10

−0.05 15.6 96 0.7 0.9 36.4 probable SNRc

(4743) · · · · · · · · · 1.68 · · · · · · 1.2 1.5 36.6 · · ·
LZB 41 (2030) PL 0.0199d 0.54+0.82

−0.83 0.02+0.02
−0.02 32.8 100 5.4 5.4 37.2 XRB

(5197) · · · · · · · · · 1.00 · · · · · · 5.4 5.4 37.2 · · ·
LZB 43 (2030) PL 0.0199d 1.43+0.77

−0.76 0.03+0.04
−0.03 28.3 97.7 2.6 2.6 36.8 XRB

(4793) · · · · · · · · · 1.31 · · · · · · 3.4 3.5 37.0 · · ·
(5197) · · · · · · · · · 1.23 · · · · · · 3.2 3.3 36.9 · · ·St lh 1: Tautìthta phg . Oi arijmo� sti parenjèsei de�qnoun thn tautìthta th parat rhsh pou qrhsimopoi jhke, St lh 2: To efarmosmènomontèlo, St lh 3: St lh puknìthta Hi, St lh 4: H tim  tou fwtonikoÔ de�kth gia thn kalÔterh prosarmog  tou montèlou nìmou dÔnamh (po)   hjermokras�a se keV gia to jermikì montèlo (APEC) , St lh 5: Kanonikopo�hsh th pr¸th parat rhsh. Sthn per�ptwsh pollapl¸n parathr sewn, oarijmì pou parousi�zetai e�nai o suntelest  metatrop  o opo�o pollaplasi�zetai me thn kanonikopo�hsh th pr¸th parat rhsh. H kanonikopo�hshd�netai se mon�de 10−5 K, ìpou K gia to montèlo apec e�nai: 10−14(4πD2

A)−1
R

nenpdV, ìpou DA e�nai h gwni¸dh apìstash th phg  se cm kai nenpe�nai oi puknìthte twn hlektron�wn kai twn prwton�wn ant�stoiqa se cm−3, gia to montèlo nìmou dÔnamh: photons keV−1 cm−2 sec−1 sto 1 keV kaigia to montèlo mèlano s¸mato (bbody): 1039 erg s−1 (10 kpc)−1, St lh 6: χ2/bajmo� eleujer�a   statistik  Cash, St lh 7: Poiìthta prosarmog (Goodness-of fit) gia th statistik  Cash, St lh 8: Mh-diorjwmènh gia aporrìfhsh ro  aktinobol�a sta 0.3 - 10 keV, St lh 9: Diorjwmènh giaaporrìfhsh ro  aktinobol�a sta 0.3 - 10 keV , St lh 10: Taxinìmhsh phg 
aUpoy fio radiofwnikì U/U apì tou Vukotic et al. (2005).
bUpoy fio radiofwnikì U/U apì tou Chomiuk & Wilcots (2009).
cRadiofwnikè perioqè ionismènou udrogìnou (Hii regions) aniqneumène apì tou Chomiuk & Wilcots (2009).

dStajerì sth Galaxiak  tim , sthn euje�a or�sew.
eRadiofwnikì phg , taxinomhmènh w SNR/Hii apì tou Chomiuk & Wilcots (2009).
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P�naka 4.19 Apotelèsmata fasmatik¸n prosarmog¸n twn shmeiak¸n phg¸n ston NGC 2403

Source ID Model NH Γ/kT Norm χ2/dof Goodness(%) Fabs Funabs logLunabs
X Classification

(× 1022 cm−2) (Index/keV) (10−5 A) or Cstat (for Cstat) (×10−15) (erg s−1)
(erg s−1cm−2)

χ2

LZB 21 (4630) PL 0.14+0.07
−0.08 2.06+0.20

−0.14 1.02+0.40
−0.28 8.3/14 · · · 40 55 37.8 XRB

LZB 54 (4628) PL 0.25+0.22
−0.15 1.37+0.32

−0.40 0.23+0.15
−0.08 16.2/11 · · · 18 22 37.4 XRB

(4629) PL · · · · · · 1.16 · · · · · · 21 25 37.5 · · ·
(4630) PL · · · · · · 1.50 · · · · · · 28 33 37.6 · · ·

LZB 58 (4630) PL 0.12+0.31
−0.12 1.32+0.54

−0.40 0.38+0.35
−0.14 4.77/5 · · · 35 39 37.7 XRB

LZB 64 (2014) PL + apec 0.0436d Γ = 1.95+0.23
−0.26 0.56+0.09

−0.12 40.99/33 · · · 34 39 37.7 XRB

· · · · · · · · · kT=0.82+0.16
−0.11 0.26+0.09

−0.09 · · · · · · · · · · · · · · · · · ·
(4630) · · · · · · · · · 2.06 · · · · · · 71 80 38.0 · · ·

LZB69 (4628) PL 0.08+0.03
−0.04 1.89+0.11

−0.16 1.00+0.21
−0.17 44.9/56 · · · 49 60 37.9 XRB

(4629) · · · · · · · · · 1.26 · · · · · · 63 76 38.0 · · ·
(4630) · · · · · · · · · 1.93 · · · · · · 46 56 37.8 · · ·

LZB 71 (4629) apec+apec 4.24 kT1=1.72 5.60 29.1/13 · · · 79 92 38.0 probable SNRa

· · · · · · · · · kT2=0.10 1.04 · · · · · · · · · · · · · · · · · ·
(4630) · · · · · · · · · 0.79 · · · · · · 63 73 37.9 · · ·

LZB 93 (4628) PL 0.0436d 2.48+0.22
−0.22 > 0.37 12.4/14 · · · 20 25 37.5 XRBa

(4630) · · · · · · · · · 0.79 · · · · · · 11 14 37.2 · · ·
LZB 98 (2014) PL 0.26+0.10

−0.06 1.63+0.17
−0.21 0.59+0.19

−0.14 55.52/35 · · · 34 44 37.7 XRB
(4628) · · · · · · · · · 0.90 · · · · · · 30 39 37.7 · · ·
(4629) · · · · · · · · · 1.20 · · · · · · 41 53 37.8 · · ·
(4630) · · · · · · · · · 1.00 · · · · · · 34 44 37.7 · · ·

LZB 99 (2014) PL + apec 0.66+0.27
−0.12 Γ = 1.94+0.18

−0.16 2.67+0.68
−0.65 72.24/83 · · · 94 180 38.3 XRBa

· · · · · · · · · kT=1.02+0.34
−0.45 1.12+1.29

−0.64 · · · · · · · · · · · · · · · · · ·
(4628) · · · · · · · · · 0.47 · · · · · · 44 85 38.0 · · ·
(4629) · · · · · · · · · 0.88 · · · · · · 82 160 38.3 · · ·
(4630) · · · · · · · · · 1.04 · · · · · · 97 190 38.4 · · ·

LZB 100 (4628) PL 0.18+0.07
−0.06 0.88+0.13

−0.13 1.5+0.3
−0.2 47.59/50 · · · 258 275 38.5 XRB

(4629) · · · · · · · · · 0.20 · · · · · · 52 56 37.8 · · ·
LZB 101 (4629) PL + apec 0.0436d Γ = 1.64+0.27

−0.22 0.89+0.20
−0.19 30.46/22 · · · 67 720 38.9 XRB

· · · · · · · · · kT=0.34+0.29
−0.07 0.41+0.21

−0.26 · · · · · · · · · · · · · · · · · ·
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Sunèqeia tou P�naka 4.19

Source ID Model NH Γ/kT Norm χ2/dof Goodness(%) Fabs Funabs logLunabs
X Classification

(× 1022 cm−2) (Index/keV) (10−5 A) or Cstat (for Cstat) (×10−15) (erg s−1)
(erg s−1cm−2)

LZB 103 (2014) PL 0.13+0.02
−0.02 1.45+0.06

−0.06 5.98+0.47
−0.44 354.5/317 · · · 460 530 38.8 XRB

(4628) · · · · · · · · · 0.77 · · · · · · 360 410 38.7 · · ·
(4629) · · · · · · · · · 0.86 · · · · · · 390 450 38.7 · · ·
(4630) · · · · · · · · · 0.82 · · · · · · 380 430 38.7 · · ·

LZB 104 (2014) PL 0.26+0.02
−0.02 1.91+0.05

−0.05 14.6+0.86
−0.80 600/534 · · · 590 870 39.0 XRBa

(4628) · · · · · · · · · 0.77 · · · · · · 460 670 38.9 · · ·
(4629) · · · · · · · · · 0.86 · · · · · · 510 740 39.0 · · ·
(4630) · · · · · · · · · 0.86 · · · · · · 510 740 39.0 · · ·

LZB 105 (4629) PL 0.17+0.04
−0.05 2.28+0.14

−0.19 1.5+0.38
−0.30 48.6/42 · · · 47 76 38.0 XRB

(4630) · · · · · · · · · 1.52 · · · · · · 71 110 38.1 · · ·
LZB 107 (2014) 2×apec 0.09+0.10

−0.06 kT1=0.80+0.12
−0.09 2.04+1.28

−0.92 50.54/40 · · · 19 33 37.6 SNRb

· · · · · · · · · kT2=0.27+0.06
−0.06 2.99+5.04

−1.79 · · · · · · · · · · · · · · · · · ·
(4628) · · · · · · · · · 0.91 · · · · · · 18 30 37.6 · · ·
(4629) · · · · · · · · · 1.15 · · · · · · 23 38 37.7 · · ·
(4630) · · · · · · · · · 0.98 · · · · · · 19 32 37.6 · · ·

LZB 109 (2014) PL 0.39+0.01
−0.01 2.30+0.04

−0.04 44.5+2.14
−1.93 695.1/568 · · · 1100 2200 39.4 XRB

(4628) · · · · · · · · · 1.22 · · · · · · 1300 2700 39.5 · · ·
(4630) · · · · · · · · · 0.94 · · · · · · 1000 2100 39.4 · · ·

LZB 112 (2014) PL 0.05+0.06
−0.05 1.61+0.21

−0.30 0.82+0.29
−0.19 17.22/20 · · · 56 62 37.9 XRB

(4629) · · · · · · · · · 0.47 · · · · · · 27 29 37.6 · · ·
(4630) · · · · · · · · · 0.30 · · · · · · 17 19 37.4 · · ·

LZB 115 (2014) PL 0.0436d 1.28+0.28
−0.28 0.45+0.07

−0.08 15.5/8 · · · 46 48 37.8 XRB

LZB 120 (4628) apec 0.0436d 2.75+1.54
−0.70 1.03+0.18

−0.18 18.8/12 · · · 15 16 37.3 probable SNR
(4629) · · · · · · · · · 0.83 · · · · · · 12 14 37.2 · · ·

Cash

LZB 2 (4628) apec 0.0436d 2.98+6.50
−1.27 0.13+0.07

−0.05 36.8 89 1.9 2.0 36.4 probable SNRa

(4629) · · · · · · · · · 1.6 · · · · · · 3.0 3.3 36.6 · · ·
(4630) · · · · · · · · · 1.7 · · · · · · 3.2 3.4 36.6 · · ·
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Sunèqeia tou P�naka 4.19

Source ID Model NH Γ/kT Norm χ2/dof Goodness(%) Fabs Funabs logLunabs
X Classification

(× 1022 cm−2) (Index/keV) (10−5 A) or Cstat (for Cstat) (×10−15) (erg s−1)
(erg s−1cm−2)

LZB 5 (2014) apec 0.0436d 0.25+0.05
−0.03 0.09+0.05

−0.04 30.1 97.6 1.2 1.8 36.3 probable SNR
(4628) · · · · · · · · · 0.97 · · · · · · 1.2 1.7 36.3 · · ·
(4629) · · · · · · · · · 0.94 · · · · · · 1.2 1.6 36.3 · · ·
(4630) · · · · · · · · · 1.21 · · · · · · 1.5 2.1 36.4 · · ·

LZB 14 (2014) apec 0.0436d 0.29+0.07
−0.06 0.12+0.06

−0.04 29.5 94 1.7 2.3 36.4 probable SNRa

(4628) · · · · · · · · · 0.31 · · · · · · 0.5 0.7 35.9 · · ·
(4629) · · · · · · · · · 0.80 · · · · · · 1.4 1.8 36.3 · · ·
(4630) · · · · · · · · · 0.37 · · · · · · 0.6 0.8 36.0 · · ·

LZB 30 (2014) apec 0.48+0.14
−0.30 0.18+0.08

−0.04 2.12+9.86
−2.12 30.7 91.6 1.2 33 37.6 probable SNRa,c

(4628) · · · · · · · · · 1.07 · · · · · · 1.2 35 37.6 · · ·
(4629) · · · · · · · · · 1.25 · · · · · · 1.4 41 37.7 · · ·
(4630) · · · · · · · · · 0.69 · · · · · · 0.8 23 37.4 · · ·

LZB 39 (2014) PL 0.15+0.20
−0.15 1.83+0.62

−0.56 0.20+0.17
−0.09 31.05 10 9.9 12.8 37.2 XRB

(4628) · · · · · · · · · 0.35 · · · · · · 3.5 4.5 36.7 · · ·
(4630) · · · · · · · · · 0.75 · · · · · · 7.5 9.7 37.1 · · ·

LZB 41 (2014) apec 0.0436d 0.25+0.03
−0.02 0.08+0.05

−0.03 44.9 95.3 1.1 1.5 36.3 probable SNR
(4628) · · · · · · · · · 0.84 · · · · · · 0.9 1.3 36.2 · · ·
(4629) · · · · · · · · · 1.79 · · · · · · 1.9 2.7 36.5 · · ·
(4630) · · · · · · · · · 1.68 · · · · · · 1.8 2.6 36.5 · · ·

LZB 42 (2014) apec 0.0436d 0.77+0.21
−0.21 0.07+0.03

−0.02 32.3 67.8 1.5 1.8 36.3 SNRa

(4628) · · · · · · · · · 1.00 · · · · · · 1.6 1.8 36.3 · · ·
(4629) · · · · · · · · · 0.86 · · · · · · 1.3 1.6 36.3 · · ·
(4630) · · · · · · · · · 0.65 · · · · · · 1.0 1.2 36.2 · · ·

LZB 63 (4629) bbody 0.0436d 0.06+0.01
−0.01 10.2+17.7

−0.04 18.7 39 1.4 2.6 37.5 SSS

LZB 65 (4628) PL 0.0436d 1.73+0.25
−0.25 0.16+0.05

−0.04 25.6 25 9.8 10.7 37.1 XRB
(4629) · · · · · · · · · 1.46 · · · · · · 14.2 15.6 37.3 · · ·
(4630) · · · · · · · · · 1.11 · · · · · · 10.9 11.9 37.2 · · ·
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Source ID Model NH Γ/kT Norm χ2/dof Goodness(%) Fabs Funabs logLunabs
X Classification

(× 1022 cm−2) (Index/keV) (10−5 A) or Cstat (for Cstat) (×10−15) (erg s−1)
(erg s−1cm−2)

LZB 68 (4628) apec 0.0436d 0.14+0.06
−0.05 0.14+0.56

−0.14 15 89 1.0 1.6 36.3 probable SNR
(4629) · · · · · · · · · 0.92 · · · · · · 0.9 1.6 36.3 · · ·
(4630) · · · · · · · · · 0.56 · · · · · · 0.6 0.9 36.1 · · ·

LZB 72 (4628) PL 0.08+0.12
−0.08 0.06+0.02

−0.01 0.12+0.84
−0.12 19.0 58.0 9.5 28.7 37.5 SSS

LZB 75 (2014) PL 0.0436d 2.88+1.10
−0.92 0.03+0.02

−0.03 26.0 91.3 1.1 1.4 36.2 XRB
(4628) · · · · · · · · · 1.19 · · · · · · 1.3 1.7 36.3 · · ·
(4629) · · · · · · · · · 0.87 · · · · · · 9.2 1.3 36.2 · · ·
(4630) · · · · · · · · · 1.27 · · · · · · 1.3 1.8 36.3 · · ·

LZB 76 (2014) apec 0.48+0.23
−0.19 0.12+0.05

−0.03 > 8.4 7.26 68.0 0.8 62 37.9 probable SNR
(4628) · · · · · · · · · 0.63 · · · · · · 0.5 39 37.7 · · ·
(4629) · · · · · · · · · 1.35 · · · · · · 1.2 83 38.0 · · ·
(4630) · · · · · · · · · 1.11 · · · · · · 0.9 68 37.9 · · ·

LZB 78 (2014) apec 0.0436d 0.70+0.08
−0.11 0.12+0.04

−0.03 53.8 84.6 2.7 3.2 36.6 probable SNR
(4628) · · · · · · · · · 0.75 · · · · · · 2.0 2.4 36.5 · · ·
(4629) · · · · · · · · · 0.89 · · · · · · 2.4 2.8 36.5 · · ·
(4630) · · · · · · · · · 0.88 · · · · · · 2.4 2.8 36.5 · · ·

LZB 80 (2014) apec 0.57+0.45
−0.57 0.24+0.55

−0.15 > 0.55 6.27 55.8 0.5 10 37.1 probable SNRa

(4628) · · · · · · · · · 1.01 · · · · · · 0.5 10 37.1 · · ·
(4629) · · · · · · · · · 3.40 · · · · · · 1.6 34 37.6 · · ·
(4630) · · · · · · · · · 1.11 · · · · · · 0.5 11 37.1 · · ·

LZB 81 (2014) apec 0.52+0.14
−0.10 0.12+0.04

−0.05 > 6.21 15.1 47 1.0 64 37.9 SNR
(4628) · · · · · · · · · 1.02 · · · · · · 1.0 66 37.9 · · ·
(4629) · · · · · · · · · 0.98 · · · · · · 0.9 63 37.9 · · ·
(4630) · · · · · · · · · 1.02 · · · · · · 1.0 66 37.9 · · ·

LZB 86 (2014) apec 0.63+0.23
−0.30 0.18+0.2

−0.09 > 1.9 6.06 62.3 0.5 29 37.6 probable SNRa

(4628) · · · · · · · · · 1.84 · · · · · · 0.9 53 37.8 · · ·
(4629) · · · · · · · · · 2.44 · · · · · · 1.2 71 37.9 · · ·
(4630) · · · · · · · · · 1.64 · · · · · · 0.8 47 37.8 · · ·Gia thn perigraf  tvn sthl¸n de ton P�naka 4.18

aOptikì U/U aniqneumèno apì tou Matonick et al. (1997).
bRadiofwnikì U/U aniqneumèno apì tou Turner & Ho (1994).
cRadiofwnikì U/U aniqneumèno apì tou Eck et al. (2002)
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P�naka 4.20 Apotelèsmata fasmatik¸n prosarmog¸n twn shmeiak¸n phg¸n ston NGC 5204

Source ID Model NH Γ/kT Norm χ2/dof Goodness(%) Fabs Funabs logLunabs
X Classification

(× 1022 cm−2) (Index/keV) (10−5 A) or Cstat (for Cstat) (×10−15) (erg s−1)
(erg s−1cm−2)

χ2

LZB 10 (2028) PL 0.16+0.01
−0.01 2.8+0.05

−0.04 79.7+3.02
−3.04 1635.6/1069 · · · 1839 3937 40.0 ULX, XRB

(2029) · · · · · · · · · 0.38 · · · · · · 696.8 1492 39.6 · · ·
(3933) · · · · · · · · · 0.58 · · · · · · 1064 2278 39.8 · · ·
(3934) · · · · · · · · · 0.28 · · · · · · 521.1 1116 39.5 · · ·
(3935) · · · · · · · · · 0.35 · · · · · · 651.1 1394 39.6 · · ·
(3936) · · · · · · · · · 1.29 · · · · · · 2382 5101 40.2 · · ·
(3937) · · · · · · · · · 1.24 · · · · · · 2286 4894 40.1 · · ·
(3938) · · · · · · · · · 0.28 · · · · · · 507 1085 39.5 · · ·
(3939) · · · · · · · · · 0.26 · · · · · · 487.4 1044 39.5 · · ·
(3940) · · · · · · · · · 0.79 · · · · · · 1452 3109 39.9 · · ·
(3941) · · · · · · · · · 1.24 · · · · · · 2286 4894 40.1 · · ·
(3942) · · · · · · · · · 0.70 · · · · · · 1292 2766 39.9 · · ·
(3943) · · · · · · · · · 1.11 · · · · · · 2049 4388 40.1 · · ·

LZB 11 (3941) PL+apec 0.01+1.04
−0.01 Γ = 1.20+1.17

−0.47 1.46+1.12
−0.48 5.79/9 · · · 179.2 181.9 38.7 XRB

· · · · · · · · · kT> 0.8 0.30+6.86
−0.30 · · · · · · · · · · · · · · · · · ·

(3942) · · · · · · · · · 1.12 · · · · · · 201.6 204.6 38.8 · · ·
(3943) · · · · · · · · · 1.07 · · · · · · 191.4 194.3 38.7 · · ·

Cash

LZB 8 (3933) PL 0.13+0.14
−0.12 Γ = 3.1+0.85

−0.73 0.41+0.27
−0.16 41.3 5.0 9.7 21.8 37.8 XRBGia thn perigraf  twn sthl¸n de ton P�naka 4.18
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4.2.5 Taxinìmhsh U/U - ApotelèsmataMe b�sh ta parap�nw apotelèsmata, qwr�zoume ta U/U akt�nwn-Q pou aniqneÔjhkansthn paroÔsa èreuna se trei kathgor�e: a) se U/U, b) se pijan� U/U kai g) se upoy fiaU/U. W U/U jewroÔme shmeiakè phgè, mh-metablht  fwteinìthta (se perip¸seipou èqoume pollaplè parathr sei gia èna galax�a kai h ro  aktinobol�a mia phg  denmetab�lletai p�nw apì 15%) kai parousi�zoun f�sma pou sun�dei me monì   diplì jermikìf�sma qamhl  jermokras�a sti akt�ne -Q (kT < 3 keV).W pijan� U/U jewroÔme phgè pou 1) plhroÔn ta parap�nw krit ria twn U/U all�èqoun mikrì arijmì counts (< 50) kai/  meg�la sf�lmata sti fasmatikè tou paramètroukai/  2) h ro  aktinobol�a aut¸n twn phg¸n metab�lletai kat� > 15% metaxÔ diaforetik¸nparathr sewn.W upoy fia U/U jewroÔme phgè gia ti opo�e den  tan dunatì na exaqje� f�smasti akt�ne -Q all� plhroÔn ta krit ria twn deikt¸n sklhrìthta (p.q. br�skontai entìtwn sfalm�twn tou sthn perioq  qamhl¸n jermokrasi¸n sto jermikì plègma twn deikt¸nqr¸mato), Phgè pou h epilog  metaxÔ jermikoÔ montèlou kai montèlou nìmou dÔnamh den tan efikt , upodhl¸nontai w mh-taxinomhmène (unclassified). Par�ola aut�, oi fasmatikètou par�metroi perilamb�nontai stou sqetikoÔ p�nake.Parathre�tai mia kal  susqètish metaxÔ twn fasmatik¸n paramètrwn pou prokÔ-ptoun apì ta qr¸mata twn akt�nwn-Q kai thn an�lush twn fasm�twn sti akt�ne -Q, gegonìpou dhl¸nei ìti h qr sh twn diagramm�twn twn deikt¸n sklhrìthta e�nai ikan  kai axiìpisthw diagnwstikì ergale�o gia thn arqik  an�qneush jermik¸n U/U. Epishma�noume ìti ìle oiphgè aut  th èreuna e�nai shmeiakè (fusikè kl�make 5 kai 11 pc gia ton pio kontinìkai makrinì galax�a ant�stoiqa), perior�zonta ètsi thn pijanìthta na e�nai topikè enisqÔseith genik  di�quth ekpomp  sti akt�ne -Q tou ek�stote galax�a.Sthn paroÔsa èreuna brèjhkan sunolik� 37 U/U b�sei twn idiot twn tou sti akt�-ne -Q (8 U/U, 24 pijan� U/U kai 5 upoy fia U/U), 30 apì ta opo�a e�nai nèe anakalÔyeisti akt�ne -Q. To èna tr�to twn kainoÔrgiwn phg¸n èqoun  dh aniqneuje� w U/U se �llam kh kÔmato, de�qnonta gia �llh mia for� thn isqÔ th qrhsimopoioÔmenh mejìdou epilog U/U. Trei apì tou galax�e tou de�gmato (NGC 4214, NGC 5204 kai NGC 4395) ereun¸n-tai gia pr¸th for� sti akt�ne -Q kai d�noun 71 phgè, 12 ek twn opo�wn e�nai U/U. Up�rqeimia epiplèon phg  ston galax�a NGC 3077 h opo�a sumperilamb�netai sth l�sta phg¸n twn113



Ott et al. (2003), met� apì dik  tou optik  epije¸rhsh twn dedomènwn (phg  5, taxinomhmènhw U/U). Aut  h phg  up�rqei sta dedomèna twn parathr sewn ma all� fa�netai na e�naiektetamènh kai se jèsh me di�quth ekpomp . Mia kai ja mporoÔse na e�nai optik  en�sqush thdi�quth ekpomp  epilèxame na mhn th sumperil�boume sth l�sta phg¸n tou sugkekrimènougalax�a. 'Ola ta upìloipa gnwst� U/U sti akt�ne -Q apì �lle èreune èqoun aniqneuje�apì thn paroÔsa èreuna.Sthn per�ptwsh dÔo phg¸n ston NGC 4449 ta apotelèsmat� ma upodhl¸noun e-lafr¸ diaforetikè taxinom sei apì autè pou èqoun dhmosieuje� se prohgoÔmene èreune(p.q. Summers et al. 2003). TaxinomoÔme thn phg  LZB4 w diplì sÔsthma astèrwn me èn-tonh ekpomp  sti akt�ne -Q (XRB) b�sei tou sqetik� sklhroÔ f�smato pou parousi�zei (G= 2.3). Oi Summers et al. (2003) taxinomoÔn th sugkekrimènh phg  w U/U sti akt�ne -Q.Epiplèon, h phg  LZB26 (taxinomhmènh w SSS/XRB apì tou Summers et al. 2003) mpore�na prosarmosje� ex�sou kal� me èna aporrofhmèno montèlo jermikoÔ pl�smato (kT∼ 1.02

keV)   me èna aporrofhmèno montèlo mèlano s¸mato (kT∼ 0.2 keV). Gia to lìgo autì,jewroÔme th sugkekrimènh phg  w U/U.Exet�same to endeqìmeno oi phgè pou jewroÔme w U/U na e�nai malakè phgè,tÔpou SSS (Super Soft Sources, p.q. di Stefano & Kong 2003)   QSS (Quasi Soft Sources, p.q.
di Stefano et al. 2004). Oi phgè autè e�nai polÔ malakè sti akt�ne -Q kai qarakthr�zontaiapì lamprìthte 1037-1039 erg/sec en¸ den aniqneÔontai se enèrgeie megalÔtere apì ∼1

keV. Oi SSS qarakthr�zontai apì f�smata mèlano s¸mato me jermokras�e kT<100 eV.To pijanìtero montèlo e�nai ìti proèrqontai apì thn elegqìmenh kaÔsh (sÔnthxh) aer�ousthn epif�neia enì leukoÔ n�nou pou proslamb�nei hmi-stajer� Ôlh apì èna sunodì astèra(p.q. van den Heuvel et al. 1992, Rappaport et al. 1994). Oi phgè SSS mporoÔn naexeliqjoÔn se uperkainofane� tÔpou Ia, ìtan lìgw th prosaÔxhsh h m�za tou uperbe� toìrio Chandrashekar. Oi phgè QSS parousi�zoun enèrgeie 100 eV<kT<350 eV. Epiplèon,parousi�zoun pio sklhrì f�sma sti akt�ne -Q apì autì twn SSS lìgw Ôparxh mh-jermik aktinobol�a. Aut  pisteÔetai ìti proèrqetai e�te apì melanè opè endi�mesh m�za (merik¸nekatont�dwnM⊙)   apì leukoÔ n�nou se diplì sÔsthma astèrwn pou èqoun d�sko epaÔxhsh(accretion disk). Oi phgè pou jewroÔntai U/U sthn paroÔsa èreuna den parousi�zounmetablhtìthta sth ro  aktinobol�a tou p�nw apì 15% sti di�fore parathr sei. Autìmei¸nei thn pijanìthta oi phgè autè na e�nai SSS   QSS phgè (h metablhtìthta proèrqetaip.q. apì to gegonì ìti oi SSS e�nai mèro diploÔ sust mato astèrwn). Epiprìsjeta,ta U/U akt�nwn-Q th paroÔsa èreuna den parousi�zoun f�sma tupikì twn SSS phg¸n114



(f�sma tÔpou mèlano s¸mato kai pio malakì: kT ≤ 0.1 keV)   twn quasi-soft phg¸n(malakì f�sma se sunduasmì me nìmo dÔnamh, de p.q. Greiner 1996, Di Stefano & Kong

2004). Antijètw, ta U/U th paroÔsa diatrib  parousi�zoun tupikì kai 'kajarì' jermikìf�sma. Epiplèon, ta krit ria epilog  twn U/U pou èqoume epilèxei e�nai apotelesmatik�kai empnèoun empistosÔnh sto na mhn e�nai �llou e�dou phgè kaj¸ to èna tr�to twn U/Upou aniqneÔjhkan sti akt�ne -Q èqei epibebaiwje� apì gnwst� U/U pou sump�ptoun qwrik�se �lla m kh kÔmato. Exet�same thn pijanìthta k�poia apì ta U/U na e�nai astèria pouprob�llontai sthn epif�neia tou k�je galax�a (foreground stars), sugkr�nont� ta me tonkat�logo 2MASS kai exet�zonta ta optik� tou omìloga se eikìne tou SDSS. Brèjhkem�a phg  (h LZB22 ston NGC 4449) na sump�ptei me èna proballìmeno sthn epif�neia tougalax�a astèri (de P�naka 4.17). H sugkekrimènh phg  apokle�sjhke apì to de�gma U/U tousugkekrimènou galax�a.Epiplèon, to malakì jermikì f�sma (kT ≤ 3 keV) twn aniqneumènwn U/U, elaqi-stopoie� th pijanìthta na e�nai phgè upob�jrou (background sources), ìpw AGNs (Active

Galactic Nuclei)   QSOs (Quasi Stellar Objects), mia kai autè epideiknÔoun sklhrìtera f�-smata apì aut� twn U/U, me G ≤ 2 - 2.5. Akìma kai an e�qan enswmatwje� sthn arqik  l�staphg¸n, ja e�qan apokleisje� kat� th di�rkeia epilog  twn U/U.4.3 SUZHTHSH4.3.1 Sqèsei U/U metaxÔ diaforetik¸n m kwn kÔmatoH sÔgkrish th ekpomp  twn U/U se diaforetik� m kh kÔmato mpore� na parèqeiplhrofor�e gia ta st�dia exèlixh twn phg¸n kai/  mpore� na upode�xei fainìmena epilog (selection effects). Gia to lìgo autì, anazht same sumpt¸sei metaxÔ twn U/U sti akt�ne -Q th paroÔsa èreuna me U/U sto optikì kai radiofwnikì mèro tou f�smato. StoSq ma 4.15a parousi�zoume thn epik�luyh metaxÔ twn U/U epilegmènwn: sti akt�ne -Q, stooptikì kai sto radiofwnikì, me th morf  tou diagr�mmato Venn gia ìlou tou galax�e toude�gmato, ektì apì ton NGC 5204 ston opo�o den aniqneÔjhkan U/U akt�nwn-Q. Gia aut  thsÔgkrish qrhsimopoi same ta U/U kai ta pijan� U/U akt�nwn-Q th paroÔsa èreuna. Tade�gmata U/U sta di�fora m kh kÔmato èqoun epileqje� ¸ste na kalÔptoun thn �dia perioq se k�je galax�a. Gia autì apokle�same to radiofwnikì U/U ston NGC 4395 (Vukotic et

al. 2005), mia kai e�nai ektì ped�ou parat rhsh tou Chandra. Ep�sh, apokle�same ta115
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NGC 2403. Oi arijmo� sti parenjèsei anafèrontai sta optik�/radiofwnik� U/U apì thdoulei� twn Pannuti et al. (2007).radiofwnik� U/U a kai b ston NGC 4214 (Vukotic et al. 2005) kaj¸ h fÔsh tou e�nai upìsuz thsh (Chomiuk & Wilcots 2009). Se aut  th sÔgkrish, l�bame upìyin mìno ta upoy fiaradiofwnik� U/U twn Chomiuk & Wilcots (2009), apokle�onta ti sÔnjete phgè tÔpouU/U / perioq¸n ionismènou udrogìnou (SNR/H ii) ta opo�a parousi�zoun fasmatikì de�kthpou sun�dei e�te me U/U   me perioqè ionismènou udrogìnou.Apì ta 36 anagnwrismèna U/U sto optikì mèro tou f�smato (kur�w me th fw-tometr�a tou stenoÔ eÔrou), 8 sump�ptoun qwrik� me U/U sti akt�ne -Q (antistoiqe� seposostì an�qneush 22%) en¸ 7 apì ta 19 radio-upoy fia U/U sump�ptoun qwrik� me U/Usti akt�ne -Q (posostì an�qneush 37%). Mikr  epik�luyh fa�netai na up�rqei metaxÔ o-ptik¸n kai radiofwnik¸n U/U (6%). Sth per�ptwsh tou NGC 2403 (Sq ma 3.15b) br�skoumemegalÔtero arijmì U/U akt�nwn-Q apì autìn pou anafèretai sthn èreuna twn Pannuti et

al. (2007). Autì sumba�nei lìgw a) twn arket� megalÔterwn qrìnwn èkjesh pou qrhsimo-poioÔntai apì thn paroÔsa èreuna kai b) twn diaforetik¸n krithr�wn epilog  (oi Pannuti et

al. 20O7 est�asan se r�dio/optik� de�gmata U/U pou ekpèmpoun sti akt�ne -Q).To posostì an�qneush se di�fora m kh kÔmato exart�tai se meg�lo bajmì apì thnkat�stash kai ti idiìthte tou perib�llonto mèsou th phg . Gia par�deigma, oi Pannuti

et al. (2007) epishma�noun ìti oi melète sto optikì mèro tou f�smato e�nai pio pijanì na116



aniqneÔsoun U/U pou br�skontai se perioqè me ligìterh di�quth ekpomp , en¸ melète storadiofwnikì kai sti akt�ne -Q e�nai pijanìtero na aniqneÔsoun U/U se perioqè me megalÔ-terh optik  sÔgqush (perissìterh di�quth ekpomp ). To de�gma twn radiofwnik¸n U/U pouqrhsimopoioÔntai sthn paroÔsa melèth e�nai polÔ periorismèno, lìgw th èlleiyh diajèsimwn,bajèwn radiofwnik¸n ereun¸n gia U/U stou misoÔ galax�e tou de�gmato. Autì mpore�na sumb�llei sth diafor� twn posost¸n an�qneush metaxÔ U/U sto optikì/akt�ne -Q kaise U/U sto optikì/radiofwnikì   radiofwnikì/akt�ne -Q.4.3.2 Upole�mmata uperkainofan¸n   dipl� sust mata astèrwn meèntonh ekpomp  sti akt�ne -Q ;Trei phgè (LZB93, LZB99, LZB104) ston NGC 2403, parousi�zoun sklhr  ek-pomp  sti akt�ne -Q (de P�naka 4.19) kai oi fwteinìthtè tou (sti akt�ne -Q) e�nai sumba-tè me autè twn XRBs (de ton P�naka 4.19). Autè oi phgè sundèontai me gnwst� optik�U/U apì ton kat�logo tou Matonick et al. (1997). H �dia per�ptwsh isqÔei kai gia thnphg  LZB26 ston NGC 4214 h opo�a e�nai fasmatik� tautopoihmènh me U/U kai tautìqronasump�ptei me m�a radiofwnik  phg  pou oi Chomiuk & Wilcots (2009) thn upodhl¸noun wU/U / perioq  ionismènou udrogìnou (SNR/Hii) (de P�naka 4.18). M�a pijan  ex ghsh e�naih per�ptwsh enì XRB pou sump�ptei me èna U/U kai sundèetai me ton uperkainofan  poudhmioÔrghse to sumpagè antike�meno (compact object) sto diplì sÔsthma astèrwn. Se aut thn per�ptwsh to U/U e�nai upeÔjuno gia thn parathroÔmenh optik  kai radiofwnik  aktino-bol�a en¸ to diplì sÔsthma prokale� thn ekpomp  akt�nwn-Q. H fwteinìthta sti akt�ne -Qtwn energ¸n XRBs (1037 erg sec−1) e�nai uyhlìterh apì aut  twn U/U (tupikè timè 1035- 1037 erg sec−1) kai sunep¸ mporoÔn na ta episki�soun. Qarakthristikì par�deigma autoÔtou tÔpou twn antikeimènwn e�nai to sÔsthma SS443/W50SNR/XRB (p.q. Safi-Harb et al.

2001), en¸ merik� tètoia upoy fia antike�mena èqoun aniqneuje� kai se �llou galax�e wmetablhtè kai sklhrè sti akt�ne -Q phgè pou e�nai sundedemène me optik�   radiofwnik�U/U (Pannuti et al. 2007).Ereun same gia epiprìsjete phgè aut  th kl�sh pou apodeiknÔontai apì sÔn-jeta montèla jermikoÔ kai mh-jermikoÔ f�smato (dhlad  shmeiakè phgè pou to f�sma touprosarmìzetai me montèla nìmou dÔnamh kai jermik� montèla) kai ìpou o jermikì par�gon-ta uperisqÔei, upodeiknÔonta ìti ja mporoÔsan na e�nai sust mata U/U /XRBs. Tèsseriphgè èqoun aniqneuje� sto de�gma twn galaxi¸n kai ta f�smat� tou èqoun prosarmoste� tau-117



tìqrona me jermikì kai mh jermikì montèlo (LZB4 ston NGC 4449, LZB24 ston NGC 4214kai LZB64, LZB101 ston NGC 2403). H sunist¸sa tou jermikoÔ montèlou suneisfèrei li-gìtero apì 30 % sthn olik  ekpomp  akt�nwn-Q aut¸n twn phg¸n kai ètsi h tautopo�hshtou w XRBs e�nai pio swst .4.3.3 NH - LX , kT - LXExet�same thn Hi puknìthta st lh NH twn aniqneumènwn U/U sti akt�ne -Q sande�kth gia thn puknìthta tou topikoÔ tou meooastrikoÔ mèsou. Ta U/U, se puknè kaièntone se astrogènesh perioqè, sundèontai sun jw me shmantik� pos� yuqroÔ aer�ou, taopo�a mporoÔn na odhg soun se upèrbash aporrìfhsh pro th gramm  oratìtht� tou.Prosomei¸sei U/U, enswmatwmènwn se puknì perib�llon, de�qnoun ìti te�noun na parou-si�zoun uyhlìtere fwteinìthte (p.q. Chevalier & Fransson 2001). Sunep¸, k�poio japer�mene susqètish metaxÔ th fwteinìtht� tou kai th puknìthta tou perib�llonto pouta perikle�ei. Sto Sq ma 4.16, parousi�zoume thn puknìthta st lh se sqèsh me th mh dior-jwmènh gia aporrìfhsh (parathroÔmenh) fwteinìthta sti akt�ne -Q twn fasmatik¸n U/Uaut  th èreuna. Oi timè th puknìthta st lh e�nai basismène sti paramètrou thkalÔterh fasmatik  prosarmog  (best-fit parameters) twn phg¸n (P�nake 4.14-4.19). Htim  th Galaxiak  puknìthta st lh èqei afaireje� apì thn metrhmènh puknìthta st lh.Ta sf�lmata antistoiqoÔn sto 90% ep�pedo plhrìthta (confidence level) gia k�je par�-gonta endiafèronto. Se autì to sq ma den sumperilamb�noume phgè me tim  tou NH poue�nai orismènh sthn Galaxiak  tim . H mh-Ôparxh twn k�tw sfalm�twn tou NH   twn ariste-r¸n sfalm�twn th fwteinìthta dhl¸noun �nw fr�gmata sto 90% tou epipèdou plhrìthta.Sta �dia sq mata, qrhsimopoioÔme gia sÔgkrish èna de�gma U/U twn nef¸n tou Maggel�nou(MCs) apì ton kat�logo U/U tou Chandra (Chandra Supernova Remnants Catalog11). Apìto sq ma autì blèpoume ìti to de�gma twn exwgalaxiak¸n U/U parousi�zei susthmatik� u-yhlìtere fwteinìthte sti akt�ne -Q apì autè twn U/U sta nèfh tou Maggel�nou kai ìtiden up�rqei k�poia sugkekrimènh t�sh sth sqèsh fwteinìthta kai puknìthta st lh. Autìmpore� na upodhl¸nei ìti h suneisfor� tou topikoÔ perib�llonto se sqèsh me thn sunolik puknìthta st lh Hi e�nai polÔ mikr    ìti oi topikè puknìthte den e�nai arket� uyhlè stona ephre�soun shmantik� thn fwteinìthta sti akt�ne -Q.Sto Sq ma 4.17, diereunoÔme th sqèsh metaxÔ th jermokras�a twn U/U kai th
11De http://hea-www.cfa.harvard.edu/ChandraSNR118



Sq ma 4.16 Di�gramma th mh-diorjwmènh gia aporrìfhsh (parathroÔmenh) fwteinìthtatwn U/U sthn energeiak  perioq  0.3-10.0 keV sunart sei th puknìthta st lh NH .
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Sq ma 4.17 Di�gramma th mh-diorjwmènh gia aporrìfhsh fwteinìthta twn U/U sthnenergeiak  perioq  0.3-10.0 keV sunart sei th jermokras�a tou.mh-diorjwmènh gia aporrìfhsh fwteinìtht� tou. H pleioyhf�a twn U/U èqei jermokras�esthn perioq  twn 0.1 - 1.0 keV, tupikè gia jermik� U/U (p.q. Schlegel 1994) kai fwteinìthtesthn perioq  5 x 1036 me 5 x 1039. Den diakr�noume shmantik  susqètish metaxÔ fwteinìthtakai jermokras�a. Parìla aut�, blèpoume ènan plhjusmì U/U me uyhlìtere jermokras�-e   uyhlìtere fwteinìthte. 'Opw èqei anaferje� sthn Par. 4.2.4.2, ta antike�mena meuyhlè jermokras�e upodeiknÔoun phgè me f�sma se kat�stash mh-isorrop�a en¸ h uyhl mh-diorjwmènh gia aporrìfhsh fwteinìthta merik¸n antikeimènwn e�nai pijan� apotelèsmatath meg�lh (kai suqn� anakrib¸ ektimhmènh) puknìthta st lh. Sthn pragmatikìthta,oi fwteinìthte twn antikeimènwn aut¸n suqn� sun�doun me ton basikì plhjusmì twn U/U(entì twn sfalm�twn tou). H diakekommènh gramm  de�qnei thn anamenìmenh sqèsh metaxÔ120



th diorjwmènh gia aporrìfhsh fwteinìthta sti akt�ne -Q kai th jermokras�a gia miajermik  phg  se apìstash 5 Mpc, basismèno se èna APEC montèlo me prosarmosmèno tomètro ekpomp  (emission measure-EM). Apì autì to montèlo parathroÔme mia asjen  ex�r-thsh th fwteinìthta me th jermokras�a an e�nai k�tw apì 1 keV. Epishma�noume ìti sthnper�ptwsh qrhsimopo�hsh dÔo jermik¸n montèlwn (APEC) qrhsimopoi same thn uyhlìterhtim  th jermokras�a.4.3.4 Upole�mmata uperkainofan¸n kai rujmì astrogènesh (Star

Formation Rate - SFR)Mia kai ta U/U pou proèrqontai apì thn kat�rreush tou pur na tou progìnouastèra apeikon�zoun to tèlo th exèlixh twn astèrwn meg�lh m�za, jewroÔntai kalo�de�kte tou trèqonto rujmoÔ astrogènesh.Parìti up�rqoun arketè ektim sei gia ton rujmì astrogènesh apì radiofwnik�U/U (p.q. (Condon & Yin 1990), h diereÔnhsh tou arijmoÔ U/U sti akt�ne -Q me torujmì astrogènesh parempod�zontai apì thn èlleiyh meg�lwn kai asfal¸n deigm�twn U/Uaniqneumèna me b�sh ti idiìthtè tou sti akt�ne -Q. Sthn paroÔsa èreuna epidi¸koume naex�goume mia tètoia diakr�bwsh qrhsimopoi¸nta omoiìmorfa de�gmata U/U pou epilèqjhkanme ton trìpo pou anafèretai sthn Par. 4.2.5.'Oloi oi galax�e tou de�gmato èqoun akribe� metr sei th sunolik  fwteinìtht�tou sto upèrujro (Ho et al. 1997, Pin. 4.21). Epilèxame loipìn na thn qrhsimopoi soumesan de�kth tou rujmoÔ astrogènesh. H fwteinìthta sto upèrujro bas�zetai se metr sei thfwteinìthta pou proèkuyan apì to dorufìro IRAS (Infrared Astronomical Satellite) sta 60kai 100 µm kai qrhsimopoi jhkan gia thn mètrhsh th upèrujrh fwteinìthta sta 42 - 122
µm, qrhsimopoi¸nta ti sqèsei twn Rice et al. (1988), Helou et al. (1988) kai ti apost�seitwn galaxi¸n (de Pin. 3.1). Gnwr�zoume ìti h upèrujrh fwteinìthta te�nei na uperektim�ton rujmì astrogènesh mia kai perilamb�nei late-type astère. Gia th sÔgkrish ìmw tourujmoÔ U/U me ton rujmì astrogènesh thn protim�me apì thn fwteinìthta metroÔmenh apìeikìne Hα, h opo�a suqn� e�nai isqur� ephreasmènh apì aporrìfhsh.4.3.4.1 Idiìthte twn U/U sti akt�ne -Q kai AstrogèneshProkeimènou na diereun soume ti idiìthte akt�nwn-Q twn U/U se perib�llon mediaforetikì posostì astrogènesh, upolog�same thn mèsh, diorjwmènh apì aporrìfhsh fw-121



teinìthta sti akt�ne -Q kai oloklhrwmènh sthn energeiak  perioq  0.3 - 10.0 keV, ìlwn twnU/U pou èqoun fwteinìthte mèqri 5×1036 erg sec−1 se k�je galax�a. To ìrio autì sthnfwteinìthta bas�zetai se mia prokatarktik  an�lush twn katanom¸n fwteinìthta twn U/Usto de�gma ma (Leonidaki et al. in preparation) h opo�a de�qnei ìti to de�gma twn U/U e�naipl re mèqri autì to ìrio. L�bame upìyin mìno ti phgè th paroÔsa èreuna pou e�nai taxi-nomhmène w U/U   pijan� U/U. Epiplèon, sumperil�bame sto de�gma U/U aniqneumèna stiakt�ne -Q apì trei akìma galax�e apì thn doulei� twn Pannuti et al. (2007). Sthn sug-kekrimènh doulei�, h mètrhsh th fwteinìthta sti akt�ne -Q ègine sthn energeiak  perioq 0.2 - 10.0 keV. Gia na e�nai se sumfwn�a me thn energeiak  perioq  th paroÔsa èreuna kaisunep¸ gia kalÔterh sÔgkrish, metatrèyame thn mèsh, diorjwmènh gia aporrìfhsh fwteinì-thta sthn energeiak  perioq  twn 0.3 - 10.0 keV. Autì ègine me thn upìjesh eno jermikoÔmontèlou bremsstrahlung me jermokras�a 0.5 keV. Parìlo pou h diafor� sti dÔo perioqèe�nai mikr  (0.1 keV), k�name thn metatrop  gia sunèpeia.Sto Sq ma 4.18 fa�netai h mèsh diorjwmènh gia aporrìfhsh fwteinìthta sti a-kt�ne -Q twn U/U stou speiroeide� galax�e (tetr�gwna shme�a sto sq ma) kai stou�morfou galax�e (tr�gwna shme�a sto sq ma) se sqèsh me thn upèrujrh fwteinìtht� tousta 42 - 122 µm, h opo�a e�nai kalì de�kth tou rujmoÔ astrogènesh. Sto �dio sq ma,perilamb�noume ta U/U me fwteinìthte megalÔtere twn 5×1036 erg sec−1 (shme�a kÔkloi)apì to Mikrì kai Meg�lo Nèfo tou Maggel�nou (Chandra Supernova Catalogue).'Opw  tan anamenìmeno, den up�rqei sqèsh metaxÔ th fwteinìthta twn U/U stiakt�ne -Q kai th sunolik  upèrujrh fwteinìthta tou galax�a ston opo�o br�skontai. P�-rauta, up�rqei mia susthmatik  t�sh ta pio lampr� U/U na sundèontai me tou �morfougalax�e. Autì upodhl¸nei mia diafor� sta qarakthristik� twn plhjusm¸n U/U metaxÔ twndÔo deigm�twn. Autì mpore� na sumba�nei lìgw th qamhlìterh metallikìthta pou tupik�blepoume stou �morfou galax�e apì aut  pou up�rqei stou speiroeide� (p.q. Pagel &

Endmunds 1981, Garnett 2002). Oi qamhlè periektikìthte se mètalla stou �morfougalax�e katal goun se asjenèsterou astrikoÔ anèmou (p.q. Lamers & Cassinelli 1999)oi opo�oi me th seir� tou par�goun megalÔterh m�za progìnou twn uperkainofan¸n. Me-galÔterh m�za prìgonoi anamènetai na d¸soun megalÔterh m�za ektoxeuìmena aèria kat�thn èkrhxh tou uperkainofanoÔ kai pio èntona kÔmata sok ta opo�a odhgoÔn se uyhlìterefwteinìthte sti akt�ne -Q.'Alle pijanè ermhne�e perilamb�noun to anomoiogenè mesoastrikì mèso to opo�osuqn� emfan�zetai se �morfou galax�e,   pijanè diaforè sti arqikè sunart sei m�za122



Sq ma 4.18 Mèsh, diorjwmènh gia aporrìfhsh fwteinìthta sti akt�ne -Q twn U/U su-nart sei th upèrujrh fwteinìthta tou k�je galax�a sta 42 - 122 µm. Ta tetr�gwnaupodhl¸noun ta U/U twn speiroeid¸n galaxi¸n en¸ ta tr�gwna de�qnoun ta U/U twn �mor-fwn galaxi¸n. Sumperilamb�nontai U/U apì ta Nèfh tou Maggel�nou kai apì to de�gmaspeiroeid¸n galaxi¸n twn Pannuti et al. (2007).(IMF - Initial Mass Function) twn astèrwn se speiroeide� kai �morfou galax�e. Sthnpr¸th per�ptwsh oi topikè enisqÔsei tou mesoastrikoÔ mèsou (eidik� se perioqè me astro-gènesh) mporoÔn na d¸soun pio lampr� U/U en¸ sthn deÔterh per�ptwsh sunart sei arqik m�za me mikrìterh kl�sh oi opo�e se merikè peript¸sei èqoun protaje� gia tou �morfougalax�e, mporoÔn na katal xoun se meg�lo arijmì uperkainofan¸n me progìnou astèrwnmegalÔterh m�za.
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4.3.4.2 Arijmì U/U kai rujmì astrogèneshMia kai ta U/U e�nai ta teleuta�a st�dia th sqetik� sÔntomh zw  twn near¸nastèrwn k�poio ja per�mene mia grammik  sqèsh metaxÔ tou arijmoÔ twn U/U (aniqneumènab�sei twn idiot twn tou sti akt�ne -Q) kai tou rujmoÔ astrogènesh (p.q. Condon & Yin

1990). Gia na pistopoi soume aut  th sqèsh, sugkr�name ton arijmì twn U/U p�nw apì toìrio an�qneush tou de�gmatì ma (5 × 1036 erg sec−1) me th sunolik  upèrujrh fwteinìthtak�je galax�a (Sq ma 4.19).

Sq ma 4.19 Arijmì U/U p�nw apì to ìrio an�qneush tou de�gmatì ma (5 × 1036 erg sec−1)sunart sei th sunolik  upèrujrh fwteinìthta k�je galax�a.Gia sÔgkrish, sto �dio sq ma sumperil�bame to de�gma U/U sto Mikrì Nèfo toumaggel�nou (SMC) apì thn èreuna twn Ghavamian et al. (2005) pou ègine me to dorufìro
XMM-Newton. 'Ereuna sta U/U akt�nwn-Q sto SMC èqei g�nei kai apì tou Yokogawa et

al. (2000) me ton dorufìro ASCA ìpou kalÔptei sqedìn olìklhro to galax�a. H sÔgkrish124



metaxÔ twn dÔo aut¸n ereun¸n èdeixe ìti to de�gma U/U twn Ghavamian et al. (2005) e�naipl re kai h apograf  twn U/U sta Nèfh tou Maggel�nou ft�nei se fwteinìthte th t�xhtwn 1035 erg sec−1, polÔ qamhlìtere apì to dikì ma ìrio plhrìthta.Gia na sugkr�noume ton plhjusmì twn U/U sta Nèfh tou Maggel�nou me to dikìma de�gma qrhsimopoi same ti katanomè fwteinìthta (luminosity distributions) apì taU/U twn Ghavamian et al. (2005). Epanakanonikopoi same (rescale) ton arijmì twn U/Upou èqoun brei me b�sh to dikì tou ìrio fwteinìthta sto dikì ma ìrio fwteinìthta twn 5 ×
1036 erg sec−1, upojètonta sun�rthsh fwteinìthta th morf  N(>L) ∝ L−0.5 (de Sq ma4.21) h opo�a antiproswpeÔei kal� ton plhjusmì twn U/U sta Nèfh tou Maggel�nou. Denqrhsimopoi jhkan ta U/U apì thn èreuna twn Pannuti et al. (2007) mia kai ta diaforetik�krit ria epilog  U/U metaxÔ twn dÔo deigm�twn (optik� epilegmèna U/U akt�nwn-Q ènantiU/U akt�nwn-Q epilegmèna apì ti akt�ne -Q) den epitrèpoun mia �mesh sÔgkrish twn dÔoplhjusm¸n.Br�skoume mia grammik  sqèsh metaxÔ tou arijmoÔ twn epilegmènwn U/U sti akt�-ne -Q kai th upèrujrh fwteinìthta (Sq ma 4.19) all� o mikrì arijmì twn antikeimènwnden ma epitrèpei na ektim soume ti paramètrou aut  th sqèsh. Parìla aut�, o sunte-lest  grammik  susqètish (linear correlation coefficient) e�nai 0.72 de�qnei ìti up�rqei miashmantik  susqètish. Akìma kai an afairèsoume ton NGC 2403 apì to de�gma (pou de�qnei naodhge� thn susqètish)   ton NGC 4449 o opo�o parousi�zei thn megalÔterh abebaiìthta wpro thn apìstas  tou, o suntelest  grammik  susqètish e�nai 0.53 kai 0.90 ant�stoiqa.H mh-jermik  radiofwnik  ekpomp  e�nai èna pio �meso de�kth tou rujmoÔ U/Ukai kat' epèktash th astrogènesh astèrwn meg�lh m�za (p.q. Condon & Yin 1990). 'Etsidiereun same ep�sh th sqèsh metaxÔ th radiofwnik  ekpomp  sta 1.4 GHz twn galaxi¸ntou de�gmato me ton arijmì twn aniqneumènwn U/U sti akt�ne -Q (Sq ma 4.20).Qrhsimopoi same ti sunolikè radiofwnikè roè aktinobol�a apì ton Condon

(1987) kai upolog�same ènan suntelest  grammik  susqètish 0.45. Gia tou �diou lì-gou pou anafèrjhkan sthn prohgoÔmenh par�grafo, an agno soume ton NGC 2403   ton
NGC 4449 o suntelest  pa�nei ti timè 0.22 kai 0.85 ant�stoiqa. H grammik  sqèsh metaxÔtou arijmoÔ twn U/U kai th radiofwnik  fwteinìthta twn galaxi¸n e�nai saf¸ asjenè-sterh se aut n thn per�ptwsh. Autì mpore� na sumba�nei lìgw shmantik  suneisfor� thjermik  radiofwnik  aktinobol�a sthn fwteinìthta twn 1.4 GHz.
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Sq ma 4.20 Arijmì U/U sti akt�ne -Q sunart sei th radiofwnik  ekpomp  sta 1.4 GHztou k�je galax�a sto de�gma ma.
4.3.4.3 Katanomè fwteinìthta twn U/UProkeimènou na exet�soume ta apotelèsmata aut  th èreuna sta pla�sia twnplhjusm¸n U/U pou èqoun aniqneuje� se �llou galax�e, sugkr�name ti katanomè fwtei-nìthta twn U/U se diaforetikoÔ tÔpou galaxi¸n me ton arijmì twn aniqneumènwn U/Usti akt�ne -Q sto parìn de�gma. Me autì ton trìpo exet�zoume an o arijmì twn U/Ustou �morfou galax�e tou de�gmatì ma e�nai sunep  me autìn pou perimènoume, e�n e-panakanonikopo�soume ti sunart sei fwteinìthta twn U/U sti akt�ne -Q (XLFs - X-ray

Luminosity Functions) me m�a gnwst  katanom  fwteinìthta p.q. twn Nef¸n tou Maggel�-nou (Ghavamian et al. 2005).Ektim same loipìn ton anamenìmeno arijmì twn U/U stou galax�e tou de�gma-tì ma basizìmenoi sthn katanom  fwteinìthta twn U/U sta Nèfh tou Maggel�nou kai126



Sq ma 4.21 Katanom  fwteinìthta sti akt�ne -Q (XLF) twn Ghavamian et al. (2005) giata U/U twn Nef¸n tou Maggel�nou.sthn grammik  sqèsh tou arijmoÔ autoÔ me to rujmì astrogènesh. Autì ègine epanaka-nonikopoi¸nta ton arijmì twn U/U sta nèfh tou Maggel�nou me b�sh to dikì ma ìriofwteinìthta (5 × 1036 erg sec−1), upojètonta sun�rthsh fwteinìthta th morf  N(>L)

∝ L−0.5 (Sq ma 4.21, Ghavamian et al. 2005) kai qrhsimopoi¸nta tou rujmoÔ astrgèn-nesh twn Nef¸n tou Maggel�nou kai twn galaxi¸n tou de�gmatì ma. 'Opw fa�netai stonP�naka 4.21, br�skoume ìti o arijmì twn parathroÔmenwn U/U stou perissìterou galax�esump�ptei me autìn pou anamènetai.Apì ton P�naka 4.21 blèpoume ìti up�rqei meg�lh asumfwn�a metaxÔ twn para-thrhmènou kai anamenìmenou arijmoÔ twn U/U ston NGC 4449 kai ston NGC 2403. Sthnper�ptwsh tou NGC 4449 h asumfwn�a aut  mpore� na ofe�letai sthn shmantik  abebaiìthtapou up�rqei sthn apìstash tou galax�a, h opo�a kuma�netai metaxÔ 2.9 Mpc (Karachentsev

& Drozdovsky 1998) kai 5.0 Mpc (Aaronson & Mould 1983). H qamhlìterh tim  twn 2.9127



P�naka 4.21 Anamenìmeno arijmì U/U (jewr¸nta katanom  fwteinìthta an�logh meaut  twn MCs)

Galaxy LFIR ( SNR
LF IR

)MC Expected Number Observed

(×1042 erg s−1) (×10−42 SNR / (erg s −1)) of SNRs SNRs

NGC 3077 0.94 3.38 3.2 5
NGC 4449 4.10 3.38 13.8 3
NGC 4395 0.24 3.38 0.8 1
NGC 4214 2.52 3.38 8.5 5
NGC 5204 0.39 3.38 1.3 0
NGC 2403 4.33 3.38 14.6 8St lh 1: Onomas�a galax�a, St lh 2: Oi upèrujre (FIR) fwteinìthte twn galaxi¸n sta42-122 µm, basismène sti metr sei me ton IRAS sunolik  ro  aktinobol�a stienergeiakè perioqè 60 kai 100 µm (Ho et al. 1997) qrhsimopoi¸nta th bajmonìmhsh twn
Rice et al. (1988) kai ti apost�sei tou P�naka 3.1, St lh 3: O mèso arijmì twn U/Usto MC (mèqri ta 5×1036 erg s−1) an� mon�da upèrujrh fwteinìthta, de §4.3.4.2 gialeptomèreie, St lh 4: O anamenìmeno arijmì U/U gia tou galax�e tou de�gmatì ma,proerqìmeno apì thn anaprosarmog  twn U/U sta MCs, St lh 5: Ta parathrhmèna U/Ugia k�je galax�a mèqri to ìrio an�qneush twn 5×1036 erg s−1.

128



Mpc èqei qrhsimopoihje� se prohgoÔmene èreune gia U/U (p.q. Summers et al. 2003) kai oant�stoiqo anamenìmeno arijmì U/U e�nai se sumfwn�a me ton parathroÔmeno arijmì U/U(3). Mia pio axiìpisth mètrhsh th apìstash tou galax�a, me th mèjodo th koruf  twnerujr¸n gig�ntwn (Tip of the Red Giant Branch-TRGB), d�nei apìstash 4.2 Mpc (Anni-

bali et al. 2008) kai katal gei se 13.8 U/U (de P�naka 4.21). Dedomènou twn meg�lwnabebaiot twn sthn apìstash tou NGC 4449 apokle�oume ton sugkekrimèno galax�a apì thsÔgkrish.Sthn per�ptwsh tou NGC 2403, h asumfwn�a mpore� na upodhl¸nei diafor� meta-xÔ twn plhjusm¸n U/U stou galax�e. Mia tètoia diafor� ja  tan anamenìmenh afoÔ o
NGC 2403 e�nai èna speiroeid  galax�a en¸ ta Nèfh tou Maggel�nou me ta opo�a tonsugkr�noume e�nai �morfoi galax�e. Gia autì, ant� th katanom  fwteinìthta twn Nef¸ntou Maggel�nou qrhsimopoi same san anafor� thn katanom  fwteinìthta U/U tou M33(Sq ma 4.22, Haberl & Pietsch 2001). Aut  ìmw h katanom  fwteinìthta den sthr�zetaise U/U aniqneumèna kat� b�sh sti akt�ne -Q all� se optikè/radiofwnikè idiìthte twnU/U. Gia sunèpeia ti sugkr�noume ìqi me to dikì ma de�gma all� me autì twn Pannuti et al.

(2007) to opo�o e�nai basismèno sta �dia krit ria an�qneush U/U. To gegonì autì ep�shma epitrèpei na dierÔnoume thn sÔgkrish se èna megalÔtero eÔro speiroeid¸n galaxi¸n.Akolouj same loipìn thn �dia diadikas�a me aut  twn Nef¸n tou Maggel�nou me th mìnhdiafor� ìti epanakanonikopoi same ton arijmì twn U/U ston M33 sto ìrio fwteinìthta(1037 erg sec−1) pou or�zoun oi Haberl & Pietsch (2001). Epeid  sto istìgramma tou Sq -mato 4.22 den e�nai eudi�krith h kl�sh th katanom , upojèsame sunart sei fwteinìthtath morf  N(>L) ∝ L−0.5 all� kai N(>L) ∝ L−1. Br�skoume kal  sumfwn�a metaxÔ twnparathroÔmenwn radiofwnik¸n/optik� epilegmènwn U/U se autoÔ tou speiroeide� galax�ekai se aut� pou anamènontai b�sei th katanom  fwteinìthta tou M 33 (P�naka 4.22).Sunolik�, oi sugkr�sei twn katanom  fwteinìthta twn epilegmènwn U/U apì tiakt�ne -Q se diaforetikoÔ tÔpou galaxi¸n me ton arijmì twn epilegmènwn U/U apì tiakt�ne -Q sthn paroÔsa èreuna upodeiknÔei diaforetikè katanomè fwteinìthta metaxÔ U/Use speiroeide� kai �morfou galax�e. Autì ja exetaste� peraitèrw me th sÔgkrish twnkatanom¸n fwteinìthta metaxÔ U/U stou speiroeide� kai stou �morfou galax�e toude�gmatì ma (Leonidaki et. al., in preparation).
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Sq ma 4.22 Katanom  fwteinìthta sti akt�ne -Q (XLF) twn Haberl & Pietsch (2001) twnU/U ston M33. Gia sÔgkrish parat�jentai kai oi katanomè fwteinìthta gia ta U/U staNèfh tou Maggel�nou. O arijmì twn U/U èqei kanonikopoihje� me b�sh ton olikì arijmìtwn U/U ston galax�a.
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P�naka 4.22 Anamenìmeno arijmì U/U stou speiroeidei galax�e (jewr¸nta katanom  fwteinìthta sti akt�ne -Q an�loghme aut  tou M33)

Galaxy LFIR ( SNR
LF IR

)M33 Expected Number ( SNR
LF IR

)M33 Expected Number Observed

(×1042 erg s−1) (×10−42 SNR / (erg s−1)) of SNRs (×10−42 SNR / (erg s−1)) of SNRs SNRs
(α = - 0.5) (α = - 0.5) (α = - 1) (α = - 1)

NGC 2403 4.33 0.93 4.0 0.27 1.2 3
M 101 37.2 0.93 34.6 0.27 10.0 7
NGC 6946 36.0 0.93 33.5 0.27 9.7 6
NGC 4736 8.20 0.93 7.6 0.27 2.2 5St lh 1: Onomas�a galax�a, St lh 2: Oi upèrujre (FIR) fwteinìthte twn galaxi¸n sta 42-122 µm, basismène sti metr sei me ton IRASsunolik  ro  aktinobol�a sti energeiakè perioqè 60 kai 100 µm (Ho et al. 1997) qrhsimopoi¸nta th bajmonìmhsh twn Rice et al. (1988) kai tiapost�sei twn Pannuti et al. (2007), St lh 3: Arijmì twn U/U ston M33 an� mon�da upèrujrh fwteinìthta, me kat¸tato ìrio ta 1037 erg s−1

(Pannuti et al. 2007) kai jewr¸nta ajroistik  kl�sh (cumulative slope) to - 0.5, St lh 4: O anamenìmeno arijmì U/U gia a = -0.5, ektim¸menoapì thn anaprosarmog  th katanom  fwteinìthta sti akt�ne -Q tou M33 b�sei th upèrujrh fwteinìthta k�je galax�a, St lh 5: Arijmì twnU/U ston M33 an� mon�da fwteinìthta sto upèrujro, mèqri ta 1037 erg s−1 (Pannuti et al. 2007) kai jewr¸nta ajroistik  kl�sh to - 1, St lh 6:Parìmoia me th St lh 4 all� gia ajroistik  kl�sh a = -1, St lh 7: Parathrhmèna U/U apì to de�gma galaxi¸n twn Pannuti et al. (2007) (me k�twìrio fwteinìthta ta 1037 erg s−1).

131



4.4 SUMPERASMATASto kef�laio autì parousi�sthke mia susthmatik  melèth U/U sti akt�ne -Q seèxi kontinoÔ galax�e. Ta U/U epilèqjhkan b�sei tou malakoÔ jermikoÔ tou f�smato stakt�ne -Q (kT < 3 keV)   twn qrwm�twn tou sti akt�ne -Q.1. Brèjhkan 37 U/U, 30 ek twn opo�wn e�nai nèe anakalÔyei sti akt�ne -Q. Poll�apì aut� ta U/U èqoun aniqneuje� se �lla m kh kÔmato, gegonì pou dhl¸nei ìti ta qr¸matatwn akt�nwn-Q e�nai kal� diagnwstik� ergale�a gia thn arqik  an�qneush jermik¸n U/U.Up�rqei mikr  epik�luyh (5%) metaxÔ optik¸n kai radiofwnik¸n tautopoi sewn, kuriìteralìgw th qamhl  euaisjhs�a twn uparqous¸n radiofwnik¸n ereun¸n.2. Tèsseri phgè, anagnwrismène w U/U se optikè kai radiofwnikè parathr -sei èqoun idiìthte sti akt�ne -Q pou sump�ptoun perissìtero me dipl� sust mata akt�nwn-Q(XRBs). Ta teleuta�a mporoÔn na sqet�zontai fusik� me ta U/U mia kai ta dÔo e�dh phg¸nèqoun sqèsh me astrik� s¸mata meg�lh m�za kai mikr  di�rkeia zw . 'Etsi, autè oitèsseri phgè prote�noume ìti e�nai dipl� sust mata akt�nwn-Q pou sump�ptoun qwrik� meU/U. 3. Den br�skoume isqur  sÔndesh metaxÔ th fwteinìthta sti akt�ne -Q twn U/Ukai th Hi st lh puknìtht� tou   th jermokras�a tou.4. Br�skoume ìti ta U/U akt�nwn-Q stou �morfou galax�e e�nai pio lampr� apìaut� stou speiroeide�. Apod�doume autì to apotèlesma e�te sthn qamhlìterh metalikìthtatwn �morfwn galaxi¸n (h opo�a katal gei se prìgonou astère megalÔterh m�za)   sthndiaforetik  puknìthta tou mesoastrikoÔ mèsou.5. Br�skoume isqurè ende�xei gia grammik  sqèsh metaxÔ tou arijmoÔ twn lampr¸nU/U akt�nwn-Q (LX > 5 x 1036 erg sec−1) kai tou rujmoÔ astrogènesh sto de�gma twngalaxi¸n ma.6. Up�rqei èndeixh gia diaforetikè katanomè fwteinìthta sti akt�ne -Q metaxÔplhjusm¸n U/U se �morfou kai speiroeide� galax�e, b�sei th sÔgkrish twn parathroÔ-menwn U/U kai aut¸n pou anamènontai an anaprosarmìsoume ti katanomè fwteinìthta twnU/U sta Nèfh tou Maggel�nou.
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Kef�laio 5
ANIQNEUONTASUPOLEIMMATAUPERKAINOFANWN STOOPTIKO MEROS TOUFASMATOSH an�qneush optik¸n U/U sthr�zetai arqik� sth fwtometr�a twn eikìnwn twn è-xi galaxi¸n tou de�gmatì ma mèsw sten¸n f�ltrwn pou apomon¸noun thn qarakthristik kai èntonh ekpomp  aktinobol�a twn U/U sti fasmatikè grammè Ha(λ 6563), [S ii](λλ

6716, 6731). H pistopo�hsh th fÔsh aut¸n twn phg¸n w U/U g�netai me th mètrhsh twnfasm�twn tou. To krit rio entopismoÔ aut¸n twn antikeimènwn e�nai na parousi�zoun lì-gou [S ii]/Ha>0.4. Sto parìn kef�laio parousi�zoume analutik� ti fasmato-fwtometrikèparathr sei pou èginan gia tou galax�e tou de�gmatì ma kai ta apotelèsmata aut¸ntwn parathr sewn. AniqneÔjhkan ∼400 nèa fwtometrik� U/U (ek twn opo�wn 67 èqoun pi-stopoihje� fasmatoskopik� w U/U), apart�zonta to megalÔtero de�gma fasmatoskopik�entopismènwn, exwgalaxiak¸n U/U se diaforetikoÔ tÔpou galaxi¸n pou èqei dhmosieuje�èw t¸ra. Epiplèon, diereunoÔme thn allhlep�drash twn U/U me to perib�llon tou kai thsusqètish me U/U pou sump�ptoun qwrik� se �lla m kh kÔmato. Mia sunoptik  eikìna au-toÔ tou kefala�ou parousi�zetai apì tou Leonidaki et al. (2012), mia deÔterh dhmos�eush133



(aþ) (bþ)Sq ma 5.1 a) Asteroskope�o Sk�naka. Sta arister� fa�netai o jìlo me to thleskìpio 1.3m,b) To thleskìpio 1.3m tÔpou Ritchey-Chretien.sta pla�sia th paroÔsa didaktorik  diatrib .5.1 ANALUSH EIKONWN5.1.1 Parathr seiOi eikìne el fjhsan me to thleskìpio 1.3m tou Asteroskope�ou Sk�naka sto H-r�kleio th Kr th (Sq ma 5.1). To sugkekrimèno thleskìpio e�nai tÔpou Rithcey-Chretienkai estiak  apìstash f/7.7. Ta thleskìpia Rithcey-Chretien e�nai thleskìpia exeidikeu-mènou tÔpou Cassegrain (to optikì sÔsthma twn opo�wn fa�netai parastatik� sto Sq ma5.2) ìpou ant� gia paraboloeid  prwteÔonta kai uperboloeid  deutereÔonta k�toptra, èqounuperboloeid  gewmetr�a kai ta dÔo k�toptra. Aut  h gewmetr�a twn katìptrwn parèqeimeg�lo ped�o parat rhsh perior�zonta ta optik� sf�lmata (p.q. fainìmeno sfairik  e-ktrop , fainìmeno kìmh). Ta teqnik� qarakthristik� tou thleskop�ou parajètontai sto
http://skinakas.physics.uoc.gr/.Oi parathr sei me to sugkekrimèno thleskìpio èginan sti 6-12 Ioun�ou 2008 kaisti 16-18 Noembr�ou 2009. Qrhsimopoi jhke h k�mera 2048×2048 ANDOR Tech CCD meoptikì ped�o 9.6′×9.6′ kai kl�maka eikìna 0.28′′/eikonostoiqe�o. Ektì apì ti 18 Noembr�ou2009, ìle oi upìloipe nÔqte parat rhsh  tan fwtometrikè, me to seeing na kuma�netaimetaxÔ 1.3′′ kai 2.5′′ .Oi galax�e pro exètash parathr jhkan mèsw twn sten¸n f�ltrwn Hα+[N ii], [S ii] kai [O iii]all� kai mèsw euruzwnik¸n f�ltrwn sto kìkkino kai sto mple. Ta sugkekrimèna euruzwnik�134



Sq ma 5.2 Sqhmatik  apeikìnish th optik  di�taxh thleskop�ou tÔpou Cassegrainf�ltra perior�zoun thn dièleush twn qarakthristik¸n isqur¸n gramm¸n ekpomp  twn U/Ukai ètsi g�nontai qr sima ergale�a gia thn afa�resh tou astrikoÔ suneqoÔ apì ti eikìne twnsten¸n f�ltrwn (euruzwnikì kìkkino f�ltro gia ti eikìne Hα+[N ii], [S ii] kai euruzwnikìmple f�ltro gia ti eikìne [O iii]). Ta qarakthristik� twn f�ltrwn pou qrhsimopoi jhkand�nontai ston P�naka 5.1. H st lh 1 dhl¸nei to qrhsimopoioÔmeno f�ltro. H st lh 2 d�nei tom ko kÔmato mègisth apìkrish. H st lh 3 d�nei to eÔro tou k�je f�ltrou en¸ h st lh 4d�nei to posostì th diaperatìthta tou f�ltrou (transmittance) kai exart�tai apì to m kokÔmato.Oi sunoliko� qrìnoi èkjesh  tan 3600 sec me to f�ltro Hα+[N ii], 7200 sec me to f�ltro
[S ii] kai 300 sec me ta euruzwnik� f�ltra. H aèria m�za (airmass) twn galaxi¸n kat� thdi�rkeia twn parathr sewn kum�njhke metaxÔ 1.06 kai 1.87. Sthn per�ptwsh tou NGC 2403,to optikì ped�o th k�mera (9.6′) den k�lupte olìklhrh thn perioq  D25 tou galax�a, giaautì k�name parathr sei se 4 ped�a pou sqhmat�zoun èna mwsaðkì 2×2 epikentrwmèno stokèntro tou galax�a. Oi galax�e NGC 2403 kai NGC 4395 den parathr jhkan me to f�ltro
[O iii]   to euruzwnikì mple f�ltro lìgw èlleiyh qrìnou exait�a twn kairik¸n sunjhk¸n.Kat� th di�rkeia k�je nÔqta parat rhsh lamb�nontan eikìne hlektronikoÔ jorÔbou (bia-

ses) kai fwteinoÔ upob�jrou (twilight flats). Ep�sh parathr jhkan di�fora fwtometrik�135



P�naka 5.1 Qarakthristik� twn qrhsimopoioÔmenwn f�ltrwn
Filter λc ∆λ Tpeak

(Å) (Å) (%)

Hα+N II (6548 & 6584Å) 6570 75 80
S II (6716 & 6731 Å) 6720 27 80

O III 5007 Å 5010 20 63
Continuum red 6096 134 -
Continuum blue 5470 230 -astèria anafor� (standard stars) apì th l�sta twn Hamuy et al. (1992) gia th fwtometrik bajmonìmhsh twn parathr sewn (flux calibration).5.1.2 An�lush DedomènwnSti eikìne pou lamb�nontai apì ta ep�geia thleskìpia upeisèrqontai sf�lmata pouofe�lontai tìso sta ìrgana tou thleskop�ou, ìso kai sthn atmìsfaira th Gh   sthn me-soastrik  Ôlh. Aut� ta sf�lmata e�nai ta pr¸ta pou prèpei na diorjwjoÔn apì ti eikìneparat rhsh ¸ste na p�roume axiìpiste metr sei. H basik  epexergas�a pou g�netai se ìleti lhfje�se eikìne parat rhsh ègkeitai: 1) sthn metatrop  twn tuqìn arnhtik¸n countsse jetik�, 2) sthn afa�resh tou hlektronikoÔ jorÔbou, 3) sthn epipedopo�hsh twn eikìnwn,4) sthn afa�resh tou fwteinoÔ upob�jrou tou ouranoÔ kai 5) sthn afa�resh twn iqn¸n twnkosmik¸n akt�nwn.

• Metatrop  arnhtik¸n tim¸n se jetikèUp�rqoun peript¸sei aniqneut¸n, ìpw sthn per�ptwsh th k�mera ANDOR pou qrhsimo-poi jhke sthn paroÔsa èreuna, ìpou ta eikonostoiqe�a arq�zoun kai katagr�foun arnhtikètimè p�nw apì ènan sugkekrimèno arijmì counts. Sthn per�ptwsh th ANDOR CCD k�mera,ìtan èna eikonostoiqe�o katagr�yei 215 counts suneq�zei thn katagraf  me arnhtikè timèxekin¸nta apì ta -215 mèqri ta -216 ìpou tìte arq�zei h uperqe�lish twn counts (to gnwstì
saturation) kai plèon oi eikìne den mporoÔn na qrhsimopoihjoÔn. Gia th diìrjwsh autoÔ toufainomènou apaite�tai h prìsjesh tou arijmoÔ 216 se ìla ta eikonostoiqe�a pou parousi�zounarnhtikè timè. H diìrjwsh aut  pragmatopoi jhke me th bo jeia tou astronomikoÔ pakètou
MIDAS1.

1http://www.eso.org/sci/data-processing/software/esomidas/136



(aþ) (bþ)Sq ma 5.3 a) Tupik  eikìna hlektronikoÔ jorÔbou (bias), b) Tupik  eikìna epipedopo�hsh(flat)
• Afa�resh hlektronikoÔ jorÔbouH suneq  t�sh pou efarmìzetai se ènan aniqneut  CCD par�gei hlektrìnia pou parousi�-zontai se k�je eikìna parat rhsh w èna stajerì upìbajro. Gia th diìrjwsh autoÔ toujorÔbou lamb�nontai eikìne me mhdenikì qrìno èkjesh kai me to di�fragma tou thleskop�-ou kleistì (bias frames) pou afairoÔntai sth sunèqeia apì k�je eikìna parat rhsh. Miatupik  eikìna hlektronikoÔ jorÔbou fa�netai sto Sq ma 5.3a. Parìlo pou ta ep�peda autoÔtou jorÔbou anamènetai na e�nai stajer�, up�rqoun mikrè diakum�nsei kat� th di�rkeia thnÔqta parat rhsh. Gia to lìgo autì lamb�nontai arketè eikìne hlektronikoÔ jorÔboukat� th di�rkeia th nÔqta, h mèsh tim  twn opo�wn afaire�tai apì k�je eikìna parat rhsh.Lìgw twn hlektronik¸n kuklwm�twn th k�mera emfan�zetai èna epiplèon sf�lma sti eikì-ne parat rhsh, to legìmeno reÔma skìtou (dark current). Akìma kai se sunj ke pl rouskìtou par�gontai jermik� hlektrìnia, lìgw th jermokras�a tou aniqneut  CCD, ta o-po�a katametr¸ntai lanjasmèna w aktinobol�a th parathroÔmenh phg . H diìrjwsh tousf�lmato autoÔ e�nai anagka�a ektì kai an perior�zetai (sqedìn apokle�etai) me thn yÔxhth k�mera me ugrì �zwto se polÔ qamhlè jermokras�e (-100 oC). Sthn paroÔsa an�lu-sh, o aniqneut  briskìtan se jermokras�a -100 oC kajìlh th di�rkeia twn parathr sewn,epomènw to reÔma skìtou e�nai amelhtèo kai den up�rqei an�gkh gia diìrjws  tou.
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• Epipedopo�hsh eikìnwn (flat-fielding)H epipedopo�hsh eikìnwn diorj¸nei thn diaforetik  apìkrish (apìdosh) tou k�je eikonostoi-qe�ou tou aniqneut . Kaj¸ ta fwtìnia prosp�ptoun sta eikonostoiqe�a th k�mera CCD,par�goun hlektrìnia ta opo�a prosmetr¸ntai w counts sthn eikìna parat rhsh. Lìgwkataskeu  twn aniqneut¸n, ta eikonostoiqe�a den èqoun thn �dia apìdosh, dhlad  o �dioarijmì prospiptìmenwn fwton�wn se èna eikonostoiqe�o den par�gei ton �dio arijmì hlektro-n�wn. Epiplèon, anomoiomorf�e lìgw pijan  skình ston aniqneut  (h opo�a sked�zei tafwtìnia ta opo�a telik� den prosmetr¸ntai)   pijan  anomoiogèneia sto fwtismì twn ka-tìptrwn prèpei na lhfjoÔn upìyin kai na diorjwjoÔn apì thn lhfje�sa eikìna parat rhsh.H diìrjwsh twn parap�nw epidr�sewn sta parathrhsiak� dedomèna g�netai me th l yh ekjè-sewn epipedopo�hsh (flat-field images, Sq ma 5.3b), oi opo�e sun�stantai apì parathr seiomoiìmorfa fwtismènwn epifanei¸n oÔtw ¸ste na katagrafe� ìso pio pist� g�netai h ìpoiadiaforopo�hsh th apìdosh twn eikonostoiqe�wn tou aniqneut . Oi eikìne epipedopo�hshmporoÔn na lhfjoÔn me dÔo trìpou: e�te to thleskìpio na stoqeÔei sto zen�j kat� th di�r-keia tou lukìfwto   th qaraug  (sky   twilight flats) ìtan den up�rqoun akìma fwteinèphgè ston ouranì kai o fwtismì e�nai omoiìmorfo   to thleskìpio na stoqeÔei se m�aomoiìmorfa fwtismènh, leuk  epif�neia sto eswterikì tou jìlou (dome flats).Lamb�nontai arketè eikìne epipedopo�hsh kat� th di�rkeia th nÔqta parat rhsh kai sek�je f�ltro xeqwrist�, mia kai h apìkrish tou aniqneut  exart�tai apì to m ko kÔmato thaktinobol�a. Oi eikìne epipedopo�hsh en¸nontai dhmiourg¸nta mia mèsh eikìna epipedopo�-hsh gia k�je f�ltro. Gia na mhn ephreastoÔn ta counts twn eikìnwn parat rhsh apì aut th diìrjwsh, h mèsh eikìna epipedopo�hsh kanonikopoie�tai (diaire�tai me th mèsh tim  th) kaioi ek�stote eikìne parat rhsh diairoÔntai me thn kanonikopoihmènh eikìna epipedopo�hsh.
• Afa�resh fwteinoÔ upob�jrou (sky-background subtraction)Oi eikìne parat rhsh perilamb�noun kai èna fwteinì upìbajro tou ouranoÔ pou ofe�letaisth skèdash th aktinobol�a twn fwtein¸n antikeimènwn apì thn atmìsfaira th Gh. Giana p�roume thn autoÔsia aktinobol�a apì ta parathroÔmena antike�mena, to fwteinì upìbajrotou ouranoÔ prèpei na afaireje�. Gia autì, se k�je mia apì ti eikìne twn galaxi¸n toude�gmatì ma sta sten� f�ltra (Hα+[N ii], [S ii] kai [O iii]) epilèqjhke mia mikr  perioq qwr� astèria kai makri� apì th lampr  perioq  tou k�je galax�a, h mèsh tim  th opo�a138



afairèjhke apì ti ant�stoiqe eikìne oÔtw ¸ste na g�nei l yh tou autoÔsiou fwtì apìk�je galax�a.
• Afa�resh kosmik  aktinobol�aH epif�neia tou aniqneut  bombard�zetai apì kosmik  aktinobol�a (hlektrìnia, prwtìnia, pu-r ne hl�ou k.a.) me apotèlesma poll� eikonostoiqe�a na katagr�foun auxhmène timè pouden ofe�lontai sthn aktinobol�a th parathroÔmenh phg . 'Ena apotelesmatikì trìpoapokleismoÔ th kosmik  aktinobol�a e�nai h ènwsh twn pollapl¸n eikìnwn parat rhsh(>3) me median combine. Autì o trìpo ènwsh epilègei gia k�je eikonostoiqe�o th enw-mènh eikìna thn endi�mesh (median) tim  tou k�je eikonostoiqe�ou apì ti arqikè eikìne.'Etsi, aporr�ptontai eikonostoiqe�a pou èqoun akra�e timè (polÔ diaforetikè apì ti timètwn eikonostoiqe�wn apì ti diaforetikè ekjèsei sto �dio shme�o tou ouranoÔ).'Ola ta parap�nw èginan me th bo jeia tou astronomikoÔ pakètou IRAF (Image Reduction

and Analysis Facility) V2.142, ektì kai an anafèretai diaforetik�.Met� apì thn basik  epexergas�a ìlwn twn eikìnwn, oi diorjwmène apì to fwteinìupìbajro eikìne Hα+[N ii], [S ii] kai [O iii] eujugramm�sthkan w pro mia ant�stoiqh eikìnaanafor� (oi Hα+[N ii], [S ii] w pro thn eikìna tou euruzwnikoÔ f�ltrou sto kìkkino kai oieikìne tou [O iii] w pro thn eikìna tou euruzwnikoÔ f�ltrou sto mple) kai èginan diorj¸seisthn astrometr�a tou (astrometrical calibration) me b�sh tou katalìgou USNO-B1.03 kai
SDSS Data Release 74.Ta exwgalaxiak� U/U jewroÔntai shmeiakè phgè (ektì l�gwn peript¸sewn poumporoÔn na e�nai pio ektetamèna) kai h an�qneus  tou e�nai ti perissìtere forè polÔdÔskolh. Gia na dieukolÔnoume thn an�qneus  tou kai prokeimènou na metr soume thn èntashth aktinobol�a sti fasmatikè grammè pou ma endiafèroun, afairèsame to suneqè pouemperièqetai sta sten� f�ltra. Aut  h epexergas�a èqei to pleonèkthma ìti afaire� kai taastèria apì ti eikìne, dieukolÔnonta shmantik� thn an�qneush twn U/U. Se autì to pla�sio,epilèxame apì ti eikìne Hα+[N ii], [S ii] kai tou euruzwnikoÔ f�ltrou sto kìkkino 8-10amudr� astèria (15 -20 mag) kai upolog�same tou lìgou ent�sewn (Hα+[N ii] / cont red),

([S ii] / cont red) aut¸n twn asteri¸n. H mèsh tim  twn lìgwn aut¸n qrhsimopoi jhke gia na
2http://iraf.net/irafdocs/ccduser3
3http://tdc-www.harvard.edu/catalogs/ub1.html
4http://www.sdss.org/dr7/ 139



dhmiourghjoÔn dÔo kanonikopoihmène eikìne tou euruzwnikoÔ f�ltrou sto kìkkino (mia giati Hα+[N ii] eikìne kai m�a gia ti [S ii] eikìne) kai na afairejoÔn apì ti eikìne Hα+[N

ii] kai [S ii] ant�stoiqa. H diadikas�a th afa�resh asteri¸n den ègine sti [O iii] eikìnegiat� epilèxame na ti qrhsimopoi soume mìno gia optik  epal jeush ekpomp  [O iii] se k�jephg . To telikì st�dio epexergas�a twn eikìnwn (kai sugkekrimèna twn telik¸n eikì-nwn Hα+[N ii], [S ii]) sun�statai sth fwtometrik  bajmonìmhsh, qrhsimopoi¸nta di�forafasmato-fwtometrik� astèria anafor� (p.q. HR 7596, HR7950, HR8634) apì th l�sta twn
Hamuy et al. (1992). Aut� ta astèria parathr jhkan kajìlh th di�rkeia th nÔqta kaim�lista se diaforetik� shme�a ston ouranì, èqonta an�logo eÔro aèria m�za me autìtou galax�a upì parat rhsh. Me autìn ton trìpo epitugq�noume ìso to dunatìn kalÔterhdiìrjwsh sthn exasjènhsh th ro  aktinobol�a tou lìgw th ep�drash th atmìsfaira.Autì se sunduasmì me to gegonì ìti h stajer  ro  aktinobol�a tou èqei metrhje� me me-g�lh akr�beia (p.q. Hamuy et al. 1992) k�nei dunat  thn bajmonìmhsh th ro  aktinobol�asti eikìne parat rhsh. O trìpo bajmonìmhsh perigr�fetai analutik� sto Par�rthmaA. Epishma�noume ìti to qrhsimopoioÔmeno f�ltro Hα+[N ii] perilamb�nei ti apago-reumène grammè 6548 Å kai 6584 Å tou N ii. H kajar  ro  th aktinobol�a Hα twnparathroÔmenwn galaxi¸n (qwr� thn suneisfor� twn apagoreumènwn gramm¸n tou az¸tou)mpore� na ektimhje� me th bo jeia fasmatoskopik¸n parathr sewn kai pio sugkekrimèna toufasmatoskopikoÔ lìgou [N ii] (λλ6548, 6584)/Hα. Epeid  oi fasmatoskopikè parathr seith paroÔsa èreuna sthr�qjhkan katarq n sth fwtomerik  an�qneush upoy fiwn U/U, thstigm  th fwtometrik  an�lush den up rqan diajèsima f�smata. Gia to lìgo autì qrhsimo-poi same th doulei� twn Kennicutt et al. (2008), oi opo�oi diex gagan sunolik  (integrated)fasmatoskop�a se meg�lo de�gma galaxi¸n, sumperilambanomènwn kai aut¸n tou de�gmatopou qrhsimopoie�tai sthn paroÔsa èreuna. O lìgo [N ii]/Hα sthn per�ptwsh fasmatoskop�-a olìklhrou galax�a anamènetai na e�nai k�pw mikrìtero apì autìn pou prokÔptei apì thfasmatoskop�a memonwmènwn antikeimènwn (p.q. U/U), lìgw th Ôparxh poll¸n perioq¸nionismènou udrogìnou kai th auxhmènh tou ekpomp  sth gramm  Hα. Parìla aut�, me b�shta diajèsima dedomèna, autì e�nai o mìno trìpo gia mia proseggistik  all� asfal  diìr-jwsh. Sth sunèqeia, me b�sh ti fasmatoskopikè parathr sei ja ektim soume thn akr�beiaaut  th diìrjwsh (§5.1.4). Me b�sh loipìn tou fasmatoskopikoÔ lìgou [N ii](λλ6548,

6584)/Hα twn galaxi¸n apì th doulei� twn Kennicutt et al. (2008), kai lamb�nonta upìyin140



thn kampÔlh apìkrish twn sten¸n f�ltrwn upolog�same th suneisfor� twn gramm¸n tou
[N ii] se sqèsh me th gramm  Hα kai diorj¸same analìgw ti dikè ma fwtometrikè eikìnepou el fjhsan me to f�ltro Hα+[N ii] .Sta Sq mata 5.4 - 5.7 parousi�zontai oi ègqrwme eikìne (colour images) twngalaxi¸n pou parathr jhkan kai me ta pènte f�ltra. Ta qr¸mata pou qrhsimopoi jhkan giaton sunduasmì twn f�ltrwn e�nai: portokal� gia to Hα+[N ii], kìkkino gia to [S ii], mple giato [O iii], gal�zio gia to to mple euruzwnikì f�ltro kai pr�sino pro k�trino gia to kìkkinoeuruzwnikì f�ltro.

Sq ma 5.4 'Egqrwmh eikìna th ekpomp  gramm¸n aer�ou ston NGC 3077. Ta qr¸mata pouqrhsimopoi jhkan e�nai: portokal� gia to Hα+[N ii], kìkkino gia to [S ii], mple gia to [O iii],gal�zio gia to mple euruzwnikì f�ltro kai pr�sino pro kìkkino gia to kìkkino euruzwnikìf�ltro (Credit: D mhtra Ampartz ).5.1.3 An�qneush Phg¸nOi phgè parousi�zoun aisjht� auxhmèno s ma-pro -jìrubo (Signal-to-noise, S/N)sti eikìne Hα se sqèsh me ti eikìne [S ii]. Gia autì to lìgo, se k�je telik , kai bajmono-mhmènh se èntash aktinobol�a, eikìna Hα k�je galax�a ègine an�qneush phg¸n me th bo jeia141



Sq ma 5.5 'Egqrwmh eikìna th ekpomp  gramm¸n aer�ou ston NGC 4214 (Credit: D mhtraAmpartz ). Ta qr¸mata pou qrhsimopoi jhkan gia ta di�fora f�ltra anafèrontai sthn eikìna5.1.tou astronomikoÔ pakètou Sextractor (astronomical source extractor) V2.5.0 (Bertin & Ar-

nouts 1996). Skopì aut  th an�qneush  tan o prosdiorismì amudr¸n nefelwm�twn sesqetik� apomonwmène perioqè kaj¸ kai o diaqwrismì pijan¸n U/U apì perioqè ionismè-nou udrogìnou   apì perioqè di�quth ekpomp . Dedomènou ìti to Sextractor qrhsimopoi -jhke mìno gia an�qneush phg¸n, oi mìne par�metroi pou prosarmìsthkan se k�je ektèleshtou progr�mmato e�nai oi akìlouje: (1) ìrio an�qneush (detection threshold) sta 1.3σ-3.5σ p�nw apì to upìbajro, (2) el�qisto arijmì twn eikonostoiqe�wn se mia an�qneush ta3 - 7, (3) to plègma sth dhmiourg�a qart¸n upob�jrou apì to Sextractor na e�nai 6-10 eiko-nostoiqe�a ètsi ¸ste oi endeqìmene amudrè phgè na mporoÔn na diaforopoioÔntai apì tidiakum�nsei tou upob�jrou. 'Ole oi parap�nw par�metroi epilègontan k�je for� an�logame thn èntash tou upob�jrou k�je galax�a kai thn kalÔterh apìdosh sthn an�qneush amudr¸nphg¸n. To anomoiogenè upìbajro th ekpomp  Hα, kaj¸ kai to di�quto upìbajro mèsastou galax�e, den ma epètreye na bas�stoÔme apokleistik� sta apotelèsmata tou Sextra-

ctor. Gia to lìgo autì, oi phgè pou aniqneÔjhkan apì to Sextractor sti telikè, diorjwmènekai bajmonomhmène eikìne Hα k�je galax�a epijewr jhkan optik� m�a pro m�a gia na apo-feuqjoÔn peript¸sei an�qneush topik¸n meg�stwn tou upob�jrou Hα   yeud¸n phg¸n pou142



Sq ma 5.6 'Egqrwmh eikìna th ekpomp  gramm¸n aer�ou ston NGC 4449 (Credit: D mhtraAmpartz ). Ta qr¸mata pou qrhsimopoi jhkan gia ta di�fora f�ltra anafèrontai sthn eikìna5.1.sqet�zontai me katestramèna eikonostoiqe�a. Telik¸, dhmiourg jhkan l�ste phg¸n pou nabr�skontai entì th perioq  D25 k�je galax�a. Sthn per�ptwsh tou NGC 2403, to tètartoped�o parat rhsh (frame) parathr jhke kat� th di�rkeia mh-fwtometrik  nÔqta (18 No-embr�ou 2009) kai gia autì to lìgo apokle�sthke apì thn peraitèrw diadikas�a an�lush. Han�qneush twn phg¸n sto sugkekrimèno galax�a ègine anex�rthta se k�je èna apì ta tr�adiaforetik� parathroÔmena ped�a. Ta apotelèsmata th an�qneush se k�je mwsaikì sundu�-sthkan gia na dhmiourghje� mia telik  l�sta phg¸n ston NGC 2403.Oi l�ste phg¸n k�je galax�a topojet jhkan sti an�loge eikìne euruzwnikoÔ f�ltrou twngalaxi¸n sto kìkkino me skopì na exaleifjoÔn emfan  astèria. Tèlo, kaj¸ h an�qneushtwn upoleimm�twn uperkainofan¸n sthr�zetai sthn isqur  ekpomp  [S ii], epijewr same o-ptik� ti phgè p�nw sti telikè kai bajmonomhmène eikìne tou [S ii] apì ti opo�e e�qeafaireje� to ant�stoiqo suneqè. Oi telikè l�ste twn phg¸n se k�je galax�a or�sthkanme b�sh thn xek�jarh kai di�krith oratìthta tou sti eikìne kai twn dÔo sten¸n f�ltrwn(Hα, [S ii]). Epishma�noume ìti epilèxame na qrhsimopoi soume xeqwrist� ti eikìne Hα kai
[S ii] gia thn an�qneush twn phg¸n (ant� eikìnwn tou lìgou [S ii]/Hα) mia kai te�noun naparousi�zoun ligìtero jìrubo.
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Sq ma 5.7 'Egqrwmh eikìna th ekpomp  gramm¸n aer�ou ston NGC 5204 (Credit: D mhtraAmpartz ). Ta qr¸mata pou qrhsimopoi jhkan gia ta di�fora f�ltra anafèrontai sthn eikìna5.1.5.1.4 Fwtometr�aMe th bo jeia tou pakètou apphot tou IRAF ègine h fwtometr�a twn telik¸n ph-g¸n se k�je galax�a sti ant�stoiqe telikè eikìne sta sten� f�ltra Hα kai [S ii]. Sthnper�ptwsh tou NGC 2403, en¸same ti telikè l�ste twn phg¸n apì ta tèssera diaforetik�ped�a parat rhsh tou galax�a kai fwtometr same k�je phg  se ìpoio ped�o  tan dunat  hfwtomètrhs  th. H telik  fwtometr�a k�je phg  se autìn ton galax�a ex qjh apì th mèshtim  th ro  aktinobol�a se k�je èna apì ta ped�a pou e�qe aniqneuje�.H fwtometr�a k�je phg  metr jhke qrhsimopoi¸nta diafr�gmata (apertures) diamètrou ∼8-10 eikonostoiqe�wn (ta opo�a analogoÔn se di�metro 2′′-3′′) kai antistoiqoÔn se fusik kl�maka phg¸n diamètrou ∼32 me ∼66 pc gia ton pio kontinì kai pio makrinì galax�a toude�gmatì ma ant�stoiqa. Ta diafr�gmata or�sthkan ètsi ¸ste na kalÔptoun to mègisto thperikleiìmenh enèrgeia k�je phg  sti eikìne Hα kai [S ii] (kai lamb�nonta upìyin tisunj ke tou seeing twn parathr sewn pou kat� th di�rkeia twn parathr sewn kum�njhkesta 1.3′′-2.5′′). Idia�terh prosoq  dìjhke ¸ste ta fwtometrik� diafr�gmata na mhn peri-144



lamb�noun �lle geitonikè phgè (an br�skontai se poluplhjè ped�o)   shmantik  di�quthekpomp . H afa�resh tou topikoÔ upob�jrou apì thn metroÔmenh ro  aktinobol�a k�je ph-g  ègine me th qr sh kat�llhlwn diafragm�twn daktuloeidoÔ sq mato gÔrw apì thn phg ,tupikoÔ megèjou 10 eikonostoiqe�wn (∼3′′). Se merikè peript¸sei, ìpou h anomoiogèneiatou topikoÔ upob�jrou den epètrepe thn akrib  ekt�mhs  tou, to upìbajro metr jhke apìgeitonikè perioqè. Epishma�noume ìti h akrib  mètrhsh th fwtometr�a mia phg  sthneikìna Hα exart�tai se meg�lo bajmì apì thn epilog  tou upob�jrou pou ja afaireje�, eidi-k� ìtan oi phgè br�skontai mèsa se perioqè auxhmènh di�quth ekpomp . Gia par�deigma,an qrhsimopoi soume diaforetikè perioqè gia thn afa�resh tou upob�jrou br�skoume miatupik  abebaiìthta th taxh tou 40% sth ro  aktinobol�a Hα sti perioqè me èntona a-nomoiogen  aktinobol�a. Aut  h abebaiìthta perior�zetai sthn per�ptwsh fwtometr�a p�nwsti eikìne [S ii] lìgw tou qamhloÔ upob�jrou pou parathre�tai kai th shmeiak  emf�nishtwn perissìterwn phg¸n. Epishma�noume ìti lìgw th mh parat rhsh twn galaxi¸n me tof�ltro Hβ, den pragmatopoi jhke diìrjwsh gia mesoastrik  aporrìfhsh (interstellar exti-

nction correction) sti roè aktinobol�a Hα kai [S ii] twn phg¸n.Gia ton upologismì twn sfalm�twn sti roè aktinobol�a twn phg¸n kataskeu�sthkan q�r-te sf�lmato (variance maps). Oi q�rte auto� dhmiourg jhkan me thn efarmog  th me-t�dosh sfalm�twn sti arqikè eikìne (met� thn afa�resh twn bias kai thn diadikas�aepipedopo�hsh) kai lamb�nonta upìyin ìla ta b mata pou akolouj jhkan sthn an�lush giathn exagwg  twn telik¸n eikìnwn (afa�resh upob�jrou, bajmonìmhsh ro  aktinobol�a) ka-j¸ kai ta qarakthristik� th qrhsimopoioÔmenh k�mera (readout noise, gain). Ta arqik�sf�lmata upolog�sthkan w h tetragwnik  r�za twn arijm¸n twn counts se k�je eikonostoi-qe�o twn arqik¸n eikìnwn ston an�logo q�rth sf�lmato, mèsa sthn perioq  pou kalÔptetaiapì to di�fragma pou qrhsimopoi jhke sth fwtometr�a th phg . Ta sf�lmata sto lìgo [S

ii]/Hα twn phg¸n upolog�sthkan mèsw th tupik  met�dosh sfalm�twn.Basizìmenoi sti fwtometrikè idiìthte twn aniqneujèntwn phg¸n, upolog�same to lìgoro  aktinobol�a [S ii]/Hα th telik  l�sta twn phg¸n k�je galax�a. Prokeimènou naexet�soume peraitèrw e�n h diìrjwsh th suneisfor� twn apagoreumènwn gramm¸n tou a-z¸tou sti eikìne Hα pou efarmìsame e�nai swst  (me b�sh tou oloklhrwmènou lìgou
[N ii]/Hα twn Kennicutt et al. 2008) kai kat' epèktash e�n oi metroÔmene Hα kai [S ii]/Hαroè aktinobol�a e�nai ègkure, qrhsimopoi same tou fasmatoskopikoÔ lìgou [N ii]/Hαphg¸n pou èqoun fasmatoskopik� parathrhje� sthn paroÔsa èreuna. Ta istogr�mmata au-t¸n twn fasmatoskopik¸n lìgwn fa�nontai sto Sq ma 5.8. ParathroÔme ìti dhmiourgoÔn145



dÔo gewmetrikoÔ tìpou: ta U/U twn �morfwn galaxi¸n (ektì tou NGC 3077) ekte�nontaise qamhlìterou lìgou [N ii]/Hα apì ta U/U ston NGC 2403 + NGC 3077, pijanìtatalìgw diafor� sthn sugkèntrwsh met�llwn (metallikìthta) metaxÔ twn diaforetik¸n tÔpwngalaxi¸n. To apotèlesma autì ma od ghse sto na epanaprosdior�soume tou suntelestèdiìrjwsh [N ii]/Hα pou e�qame qrhsimopoi sei kai na diorj¸soume ant�stoiqa ti Hα kai [S

ii]/Hα roè aktinobol�a twn aniqneujèntwn phg¸n, basizìmenoi sto parap�nw istìgrammakai sti endi�mese timè (median values) twn lìgwn [N ii]/Hα twn U/U stou �morfou(plhn tou NGC 3077) kai upìloipou (NGC 2403+NGC 3077) galax�e. 'Olh h peraitèrwan�lush ègine me th qrhsimopo�hsh aut¸n twn lìgwn.

Sq ma 5.8 Istìgramma tou lìgou [N ii]/Hα twn fasmatik� parathroÔmenwn phg¸n.'Ole oi di�krite phgè me isqur  ekpomp  twn gramm¸n Hα kai [S ii] kai me lìgou146



[S ii]/Hα >0.4 (entì twn sfalm�twn tou) jewroÔntai sthn paroÔsa èreuna fwtometrik�U/U. Sthn �dia kathgor�a sumperilamb�noume kai phgè me 0.3 < [S ii]/Hα < 0.4 oi opo�ee�nai polÔ pijanì na e�nai U/U mia kai h fwtometr�a mpore� na katal xei pollè forè seabèbaiou [S ii]/Hα lìgou, eidik� gia phgè kont� se perioqè H ii   mèsa se èntonh di�quthekpomp . Stou p�nake 5.2 - 5.7 parousi�zontai oi fwtometrikè idiìthte twn aniqneumènwnfwtometrik¸n U/U se k�je galax�a. Epiplèon, ston P�naka 5.8 parousi�zontai oi fwtome-trikè idiìthte ìlwn twn fasmatoskopik� parathroÔmenwn phg¸n pou den epalhjeÔthkan wU/U, dhlad  èqoun lìgou ([S ii]/Hα)spec< 0.4. Sth st lh 1 d�netai h tautìthta th phg ,sti st le 2 kai 3 d�nontai h orj  anafor� (RA) kai apìklish (DEC) k�je fwtometrikoÔU/U, sth st lh 4 h akt�na tou diafr�gmato pou qrhsimopoi jhke gia th fwtometr�a thphg  (se eikonostoiqe�a), sti st le 5 kai 6 h eswterik  kai exwterik  akt�na tou daktu-l�ou gÔrw apì k�je phg  pou qrhsimopoi jhke gia thn afa�resh tou upob�jrou (phgè giati opo�e to upìbajro upolog�sthke apì kontin  perioq  dhl¸nontai w ext), sti st le7 kai 8 oi fwtometrikè roè aktinobol�a sto Hα kai [S ii] ant�stoiqa (mh-diorjwmène giamesoastrik  apìsbesh), sth st lh 9 o fwtometrikì lìgo [S ii]/Hα th phg , sth st lh10 an h phg  èqei parathrhje� fasmatoskopik� (ta gr�mmata sthn parènjesh dhl¸noun tothleskìpio me to opo�o èqei g�nei h parat rhsh th phg : M gia to Mayall thleskìpio sto
Kitt Peak kai S gia to thleskìpio tou Sk�naka) kai sthn teleuta�a st lh d�netai h taxinìmh-sh th phg  basismènh sta krit ria pou anafèrontai sthn §5.3. Epishma�noume ìti up rqanpeript¸sei perioq¸n ìpou aniqneÔjhkan pollaplè kai suqn� allhloepikaluptìmene phgèkai epomènw den  tan dunat  h saf  di�krish enì   pollapl¸n U/U. Autè oi phgè ana-fèrontai w p.q. LBZ 1-1, LBZ1-2, LBZ 1-3 stou ant�stoiqou p�nake.O k�je p�naka qwr�zetai me orizìntie grammè se tr�a mèrh: to pr¸to mèro perilamb�neifasmatoskopik� epalhjeumèna U/U, to deÔtero mèro perilamb�nei phgè me ([S ii]/Hα)phot>

0.4 (entì twn sfalm�twn tou) kai to tr�to mèro parousi�zei phgè (entì twn sfalm�twntou) me 0.3 <([S ii]/Hα)phot< 0.4.
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P�naka 5.2 Idiìthte fwtometrik¸n U/U ston NGC 2403

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 1 07:36:30.4 65:35:43.4 8 10 10 107.0 ±0.4 40.8 ±0.3 0.38±0.01 yes (M) SNRa

LBZ 2 07:36:35.2 65:37:17.5 5 10 10 19.4 ±0.5 12.9 ±0.4 0.66±0.03 yes (M) SNR
LBZ 3 07:36:41.1 65:36:18.0 6 10 10 12.8 ±0.4 11.7 ±0.3 0.91±0.05 yes (M) SNR
LBZ 4 07:36:48.3 65:34:40.3 8 40 5 39.3 ±0.5 14.1 ±0.3 0.36±0.01 yes (M) SNR∗

LBZ 5 07:36:50.6 65:35:35.8 6 10 10 101.0 ±0.6 36.2 ±0.4 0.36±0.01 yes (M) SNR
LBZ 6 07:36:55.4 65:35:42.2 6 6 2 187.0 ±0.7 117.0±0.3 0.63±0.03 yes (M) SNRb

LBZ 7 07:37:03.2 65:35:51.8 5 10 10 14.3 ±0.4 4.4 ±0.1 0.31±0.02 yes (M) SNR
LBZ 8 07:37:03.2 65:37:13.7 6 6 2 6.0 ±0.6 4.9 ±0.2 0.81±0.09 yes (M) SNRc

LBZ 9 07:37:03.5 65:37:17.4 6 10 10 34.2 ±0.5 10.4 ±0.2 0.30±0.01 yes (M) SNR
LBZ 10 07:37:04.9 65:36:10.7 5 5 2 5.5 ±0.5 1.8 ±0.2 0.33±0.05 yes (M) SNR
LBZ 11 07:37:16.0 65:33:28.9 6 6 2 13.3 ±0.7 4.5 ±0.2 0.34±0.03 yes (M) SNRd

LBZ 12 07:37:21.4 65:33:06.9 6 6 2 9.0 ±0.5 4.9 ±0.2 0.54±0.03 yes (M) SNRe

LBZ 13 07:36:08.4 65:37:45.6 10 15 5 39.3 ±0.5 25.1 ±0.4 0.64 ±0.01 no candidate SNR∗

LBZ 14 07:36:09.4 65:37:45.1 6 10 10 22.0 ±0.3 8.9 ±0.2 0.41 ±0.01 no candidate SNR
LBZ 15 07:36:12.8 65:38:16.0 8 10 10 22.0 ±0.3 12.2 ±0.3 0.55 ±0.01 no candidate SNR∗

LBZ 16 07:36:17.6 65:37:11.8 8 10 10 15.8 ±0.5 6.6 ±0.4 0.42 ±0.03 no candidate SNR∗

LBZ 17 07:36:18.1 65:37:03.4 8 10 10 31.7 ±0.4 22.5 ±0.4 0.71 ±0.02 no candidate SNR∗

LBZ 18 07:36:19.0 65:37:29.6 8 10 10 24.0 ±0.6 12.9 ±0.5 0.54 ±0.03 no candidate SNR∗

LBZ 19 07:36:19.5 65:37:26.3 8 10 10 37.8 ±0.6 16.2 ±0.5 0.43 ±0.02 no candidate SNR∗

LBZ 20 07:36:19.5 65:37:37.2 6 10 10 13.8 ±0.4 7.3 ±0.3 0.53 ±0.03 no candidate SNR
LBZ 21 07:36:19.9 65:37:57.7 8 10 10 20.9 ±0.4 10.9 ±0.4 0.52 ±0.02 no candidate SNR∗

LBZ 22 07:36:24.1 65:36:07.2 5 5 2 2.35 ±0.1 1.0 ±0.1 0.43 ±0.04 no candidate SNRf

LBZ 23 07:36:20.2 65:36:53.5 8 10 10 27.6 ±0.5 19.8 ±0.4 0.72 ±0.02 no candidate SNR∗

LBZ 24 07:36:20.5 07:36:20.6 6 10 10 23.5 ±0.4 8.9 ±0.3 0.38 ±0.02 no candidate SNR
LBZ 25 07:36:20.8 65:39:02.9 8 10 10 22.0 ±0.5 11.6 ±0.4 0.53 ±0.02 no candidate SNR∗

LBZ 26 07:36:21.5 65:37:36.8 10 20 30 50.1 ±0.5 36.4 ±0.5 0.73 ±0.01 no candidate SNR∗

LBZ 27 07:36:23.8 65:38:45.8 8 10 10 51.1 ±0.6 19.8 ±0.5 0.39 ±0.01 no candidate SNR∗

aFwtometrikì U/U twn Matonick & Fesen (1997) (SNR-3).
bTo f�sma perilamv�nei mèro tou fwtometrikoÔ U/U SNR-15 twn Matonick & Fesen (1997), XRB sti akt�ne -Q twn Leonidaki et al. (2010).
c U/U akt�nwn-Q twn Leonidaki et al. (2010)(LZB 81).

dU/U akt�nwn-Q twn Leonidaki et al. (2010)(LZB 14) kai fasmatoskopik� aniqneumèno U/U sto optikì twn Matonick & Fesen (1997) (SNR-31).

eMèro tou fwtometrikoÔ U/U SNR-32 twn Matonick & Fesen (1997).
fFwtometrikì U/U twn Matonick & Fesen (1997) (SNR-2).
∗ Pijanì superbubble (de §5.4.3.4)
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Sunèqeia P�naka 5.2

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 28 07:36:26.0 65:37:58.8 8 10 10 18.4 ±0.5 18.2 ±0.4 0.99 ±0.03 no candidate SNR∗

LBZ 29 07:36:27.0 65:37:04.8 6 10 10 23.0 ±0.4 10.9 ±0.3 0.47 ±0.02 no candidate SNR
LBZ 30 07:36:27.2 65:38:53.4 6 10 10 22.0 ±0.4 15.5 ±0.3 0.70 ±0.02 no candidate SNR
LBZ 31 07:36:27.4 65:38:48.2 6 10 10 17.4 ±0.4 10.9 ±0.3 0.63 ±0.02 no candidate SNR
LBZ 32 07:36:29.2 65:37:00.1 5 5 2 3.68 ±0.3 4.3 ±0.3 1.17 ±0.12 no candidate SNR
LBZ 33 07:36:29.9 65:40:28.8 8 10 10 12.3 ±0.1 8.6 ±0.1 0.70 ±0.01 no candidate SNR∗

LBZ 34 07:36:32.1 65:37:04.1 6 10 10 59.4 ±0.3 23.7 ±0.2 0.40 ±0.01 no candidate SNR
LBZ 35 07:36:34.6 65:37:21.9 5 5 2 5.62 ±0.4 4.3 ±0.4 0.77 ±0.09 no candidate SNR
LBZ 36 07:36:35.3 65:37:03.8 6 20 30 26.0 ±0.3 21.8 ±0.3 0.84 ±0.02 no candidate SNR
LBZ 37 07:36:35.4 65:36:45.8 6 10 10 42.3 ±0.4 20.2 ±0.3 0.48 ±0.01 no candidate SNR
LBZ 38 07:36:35.4 65:36:58.8 6 10 10 38.3 ±0.4 15.6 ±0.3 0.41 ±0.02 no candidate SNR
LBZ 39 07:36:35.5 65:37:49.5 8 10 10 28.1 ±0.6 16.2 ±0.5 0.58 ±0.02 no candidate SNR∗

LBZ 40 07:36:35.6 65:37:38.0 8 10 10 28.1 ±0.6 16.9 ±0.6 0.60 ±0.02 no candidate SNR∗

LBZ 41 07:36:35.7 65:37:59.5 6 10 10 14.3 ±0.4 8.3 ±0.4 0.58 ±0.03 no candidate SNR
LBZ 42 07:36:36.3 65:38:05.6 6 10 10 11.7 ±0.4 7.9 ±0.3 0.68 ±0.04 no candidate SNR
LBZ 43 07:36:36.4 65:37:11.5 6 6 2 9.8 ±0.3 6.9 ±0.3 0.70 ±0.06 no candidate SNR
LBZ 44 07:36:36.9 65:36:51.0 10 10 10 30.9 ±0.7 34.7 ±0.5 1.12 ±0.03 no candidate SNR∗

LBZ 45 07:36:37.5 65:36:31.5 6 10 10 23.8 ±0.4 14.8 ±0.3 0.62 ±0.03 no candidate SNR
LBZ 46 07:36:37.8 65:37:03.6 6 10 10 40.3 ±0.3 18.8 ±0.3 0.47 ±0.01 no candidate SNR
LBZ 47 07:36:37.9 65:37:52.8 8 10 10 46.5 ±0.7 24.1 ±0.6 0.52 ±0.01 no candidate SNR∗

LBZ 48 07:36:38.8 07:36:38.8 6 10 10 33.4 ±0.3 19.4 ±0.3 0.58 ±0.02 no candidate SNR
LBZ 49 07:36:40.8 65:36:20.6 6 10 10 27.6 ±0.4 11.3 ±0.3 0.41 ±0.02 no candidate SNR
LBZ 50 07:36:40.8 65:36:34.9 6 6 2 12.5 ±0.3 12.8 ±0.3 1.02 ±0.05 no candidate SNR
LBZ 51 07:36:41.0 65:36:48.6 6 10 10 36.1 ±0.4 17.2 ±0.3 0.48 ±0.02 no candidate SNR
LBZ 52 07:36:41.1 65:37:05.0 8 10 10 50.6 ±0.4 25.8 ±0.3 0.51 ±0.01 no candidate SNR∗

LBZ 53 07:36:41.2 65:36:52.7 6 10 10 48.2 ±0.4 23.3 ±0.3 0.48 ±0.01 no candidate SNR
LBZ 54 07:36:41.3 65:38:58.2 8 10 10 36.8 ±0.4 16.2 ±0.3 0.44 ±0.01 no candidate SNR∗

LBZ 55 07:36:41.5 65:36:50.5 6 10 10 35.3 ±0.4 14.3 ±0.3 0.40 ±0.02 no candidate SNR
LBZ 56 07:36:41.9 65:36:51.7 6 10 10 66.7 ±0.4 29.5 ±0.3 0.44 ±0.01 no candidate SNRa

LBZ 57 07:36:42.0 65:37:10.6 6 10 10 13.7 ±0.3 17.8 ±0.2 1.31 ±0.04 no candidate SNR
LBZ 58 07:36:42.5 65:37:02.8 6 10 10 49.7 ±0.4 20.4 ±0.3 0.41 ±0.01 no candidate SNR

aU/U akt�nwn-Q twn Leonidaki et al. (2010) (LZB107) kai radiofwnikì U/U twn Turner & Ho (1994) (TH2).
∗ Pijanì superbubble (de §5.4.3.4)
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Sunèqeia P�naka 5.2

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 59 07:36:42.5 65:39:03.7 6 10 10 18.9 ±0.2 7.9 ±0.2 0.42 ±0.01 no candidate SNR
LBZ 60 07:36:42.9 65:34:51.9 6 10 10 8.9 ±0.3 5.9 ±0.2 0.67 ±0.03 no candidate SNRa

LBZ 61 07:36:44.1 65:39:10.9 6 10 10 16.9 ±0.3 8.3 ±0.2 0.49 ±0.02 no candidate SNR
LBZ 62 07:36:44.2 65:36:45.7 6 10 10 18.8 ±0.4 18.2 ±0.3 0.97 ±0.04 no candidate SNR
LBZ 63 07:36:44.2 65:37:20.5 6 10 10 18.9 ±0.6 10.3 ±0.5 0.54 ±0.03 no candidate SNR
LBZ 64 07:36:45.2 65:36:35.8 6 10 10 32.5 ±0.4 15.0 ±0.4 0.46 ±0.02 no candidate SNR
LBZ 65 07:36:45.3 65:36:42.0 6 10 10 64.3 ±0.5 30.9 ±0.4 0.48 ±0.01 no candidate SNR
LBZ 66 07:36:45.7 65:36:40.6 6 10 10 155.0±0.6 149.0±0.4 0.96 ±0.01 no candidate SNRb

LBZ 67 07:36:45.8 65:36:36.0 5 10 10 84.4 ±0.4 32.7 ±0.3 0.39 ±0.01 no candidate SNRc

LBZ 68 07:36:46.0 65:37:43.2 6 10 10 22.0 ±0.5 12.2 ±0.4 0.55 ±0.02 no candidate SNR
LBZ 69 07:36:46.0 65:39:06.0 12 20 30 86.8 ±0.6 39.7 ±0.4 0.46 ±0.01 no candidate SNR∗

LBZ 70 07:36:46.4 07:36:46.4 6 10 10 44.4 ±0.6 20.8 ±0.5 0.47 ±0.01 no candidate SNR
LBZ 71 07:36:47.0 65:39:44.6 8 10 10 11.2 ±0.2 6.9 ±0.1 0.62 ±0.01 no candidate SNR∗

LBZ 72 07:36:47.1 65:36:54.5 5 5 2 11.3 ±0.4 6.3 ±0.3 0.56 ±0.05 no candidate SNR
LBZ 73 07:36:47.7 65:36:07.1 6 6 2 3.2 ±0.6 2.1 ±0.4 0.65 ±0.18 no candidate SNR
LBZ 74 07:36:47.9 65:36:23.9 6 6 2 13.1 ±0.6 10.1 ±0.5 0.77 ±0.07 no candidate SNRd

LBZ 75 07:36:48.0 65:37:56.4 5 10 10 19.4 ±0.4 8.9 ±0.3 0.46 ±0.02 no candidate SNR
LBZ 76 07:36:48.1 65:36:59.3 6 10 10 15.9 ±0.4 12.3 ±0.3 0.77 ±0.04 no candidate SNR
LBZ 77 07:36:48.3 65:34:58.5 6 10 10 6.1 ±0.5 2.4 ±0.2 0.40 ±0.05 no candidate SNR
LBZ 78 07:36:48.5 65:37:50.7 8 10 10 29.6 ±0.6 16.2 ±0.5 0.55 ±0.02 no candidate SNR∗

LBZ 79 07:36:48.9 65:35:30.3 6 10 10 7.3 ±0.6 2.7 ±0.3 0.37 ±0.05 no candidate SNR
LBZ 80 07:36:49.5 65:34:39.5 6 10 10 4.4 ±0.4 2.1 ±0.2 0.48 ±0.06 no candidate SNR
LBZ 81 07:36:50.9 65:36:24.5 10 15 5 62.0 ±1.0 40.6 ±0.8 0.65 ±0.03 no candidate SNR∗

LBZ 82 07:36:51.1 65:33:51.7 5 10 10 4.9 ±0.1 3.6 ±0.1 0.77 ±0.02 no candidate SNR
LBZ 83 07:36:51.1 65:36:36.6 6 10 10 26.4 ±0.5 15.4 ±0.4 0.58 ±0.03 no candidate SNR
LBZ 84 07:36:51.1 65:36:55.8 6 10 10 41.4 ±0.7 18.5 ±0.5 0.45 ±0.01 no candidate SNR
LBZ 85 07:36:51.5 65:35:36.4 6 10 10 10.1 ±0.7 6.6 ±0.4 0.65 ±0.06 no candidate SNR
LBZ 86 07:36:51.5 65:36:09.5 6 10 10 19.0 ±0.7 10.1 ±0.6 0.53 ±0.06 no candidate SNR
LBZ 87 07:36:52.2 65:33:41.9 6 6 2 3.8 ±0.1 3.8 ±0.1 0.99 ±0.03 no candidate SNRe

aOptikì, fwtometrikì U/U twn Matonick & Fesen (1997) (SNR-5).
bFasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-7), U/U akt�nwn-Q twn Leonidaki et al. (2010) (LZB30) kai radiofwnikì U/U twn Eck

et al. (2002) (µ).
cFasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-6).

dU/U akt�nwn-Q twn Leonidaki et al. (2010) (LZB120).
eOptikì, fwtometrikì U/U twn Matonick & Fesen (1997) (SNR-9).

∗ Pijanì superbubble (de §5.4.3.4)
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Sunèqeia P�naka 5.2

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 88 07:36:52.9 65:36:13.8 6 10 10 35.6 ±0.6 16.6 ±0.5 0.47 ±0.03 no candidate SNR
LBZ 89 07:36:53.4 65:35:59.8 6 10 10 58.4 ±0.6 34.2 ±0.5 0.59 ±0.02 no candidate SNRa

LBZ 90 07:36:53.8 65:33:41.7 8 10 10 68.8 ±0.2 30.3 ±0.2 0.44 ±0.01 no candidate SNRb

LBZ 91 07:36:54.3 65:34:04.0 5 10 10 3.2 ±0.2 2.5 ±0.1 0.80 ±0.06 no candidate SNR
LBZ 92 07:36:54.4 65:35:11.0 5 10 10 4.0 ±0.4 2.5 ±0.2 0.63 ±0.07 no candidate SNR
LBZ 93 07:36:55.1 65:35:38.1 10 15 5 78.1 ±0.9 43.0 ±0.5 0.55 ±0.01 no candidate SNRc

LBZ 94 07:36:55.6 65:35:36.1 6 10 10 31.9 ±0.6 13.7 ±0.2 0.43 ±0.02 no candidate SNRd

LBZ 95 07:36:55.8 65:35:38.6 6 10 10 33.8 ±0.6 14.2 ±0.2 0.42 ±0.01 no candidate SNRe

LBZ 96 07:36:57.2 65:36:03.9 6 10 10 5.7 ±0.6 6.9 ±0.3 1.21 ±0.13 no candidate SNRf

LBZ 97 07:36:58.1 65:36:28.7 10 10 5 20.6 ±0.8 15.0 ±0.4 0.73 ±0.03 no candidate SNR∗

LBZ 98 07:36:59.3 65:35:38.0 6 10 10 19.1 ±0.5 9.8 ±0.2 0.51 ±0.02 no candidate SNR
LBZ 99 07:37:00.0 65:37:28.9 6 6 2 10.2 ±0.5 4.0 ±0.4 0.39 ±0.04 no candidate SNR
LBZ 100 07:37:01.3 65:34:38.4 6 10 10 26.3 ±0.4 10.4 ±0.2 0.40 ±0.01 no candidate SNR
LBZ 101 07:37:01.4 65:34:35.7 6 10 10 15.5 ±0.4 8.1 ±0.2 0.52 ±0.02 no candidate SNR
LBZ 102 07:37:01.8 65:34:13.4 10 20 5 98.9 ±0.6 50.3 ±0.2 0.51 ±0.01 no candidate SNRg

LBZ 103 07:37:02.4 65:36:01.7 6 6 2 18.7 ±0.4 9.5 ±0.2 0.51 ±0.01 no candidate SNRh

LBZ 104 07:37:02.8 65:34:38.1 6 10 10 37.1 ±0.4 17.9 ±0.2 0.48 ±0.01 no candidate SNRi

LBZ 105 07:37:03.5 65:37:25.2 6 10 10 14.8 ±0.4 8.9 ±0.3 0.60 ±0.03 no candidate SNR
LBZ 106 07:37:06.4 65:34:46.1 6 10 10 13.0 ±0.5 5.6 ±0.2 0.43 ±0.02 no candidate SNR
LBZ 107 07:37:10.7 65:33:11.0 5 5 5 9.85 ±0.5 4.2 ±0.2 0.42 ±0.03 no candidate SNRj

LBZ 108 07:37:12.4 65:33:45.9 6 10 10 6.4 ±0.6 4.2 ±0.2 0.65 ±0.07 no candidate SNRk

LBZ 109 07:37:21.6 65:33:14.4 6 6 1 5.57 ±0.4 2.1 ±0.1 0.38 ±0.03 no candidate SNRl

aOptikì, fwtometrikì U/U twn Matonick & Fesen (1997) (SNR-11).
bOptikì, fasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-12).
cOptikì, fwtometrikì U/U twn Matonick & Fesen (1997) (SNR-14).

dMèro tou SNR-14 twn Matonick & Fesen (1997).
eMèro tou SNR-15 twn Matonick & Fesen (1997).
fOptikì, fasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-17) kai U/U akt�nwn-Q twn Leonidaki et al. (2010) (LZB42).

gOptikì, fwtometrikì U/U twn Matonick & Fesen (1997) (SNR-18) kai XRB akt�nwn-Q twn Leonidaki et al. (2010).
hOptikì, fasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-22) kai U/U akt�nwn-Q twn Leonidaki et al. (2010) (LZB86).

iOptikì, fasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-24) kai U/U akt�nwn-Q twn Leonidaki et al. (2010) (LZB80).
jU/U akt�nwn-Q twn Leonidaki et al. (2010) (LZB2) kai fwtometrik’o U/U twn Matonick & Fesen (1997) (SNR-29).
kOptikì, fasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-30) kai XRB akt�nwn-Q twn Leonidaki et al. (2010).
lOptikì, fasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-33).

∗ Pijanì superbubble (de §5.4.3.4)
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Sunèqeia P�naka 5.2

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 110 07:36:22.8 65:36:54.2 8 10 10 66.4 ±0.5 22.5 ±0.4 0.34 ±0.01 no probable candidate SNR∗

LBZ 111 07:36:25.6 65:36:12.4 6 10 10 43.8 ±0.2 16.6 ±0.2 0.38 ±0.01 no probable candidate SNR
LBZ 112 07:36:25.7 65:38:49.6 6 10 10 45.5 ±0.6 16.9 ±0.5 0.37 ±0.01 no probable candidate SNR
LBZ 113 07:36:26.9 65:37:01.8 6 10 10 29.1 ±0.4 10.9 ±0.3 0.37 ±0.01 no probable candidate SNR
LBZ 114 07:36:27.5 65:37:43.6 8 10 10 45.5 ±0.5 16.9 ±0.4 0.37 ±0.01 no probable candidate SNR∗

LBZ 115 07:36:30.5 65:35:24.4 8 10 10 25.9 ±0.3 7.5 ±0.2 0.29 ±0.01 no probable candidate SNR∗

LBZ 116 07:36:30.7 65:35:48.6 8 10 10 74.2 ±0.3 24.4 ±0.2 0.33 ±0.01 no probable candidate SNR∗

LBZ 117 07:36:37.0 65:36:35.4 6 10 10 110.0±0.4 35.2 ±0.3 0.32 ±0.01 no probable candidate SNR
LBZ 118 07:36:37.0 65:36:39.1 8 10 10 311.0±0.6 114.0±0.5 0.37 ±0.01 no probable candidate SNRa

LBZ 119 07:36:38.1 65:36:26.2 6 10 10 151.0±0.5 44.8 ±0.4 0.30 ±0.01 no probable candidate SNR
LBZ 120 07:36:40.2 65:39:22.0 6 10 10 23.0 ±0.2 8.60 ±0.2 0.37 ±0.01 no probable candidate SNR
LBZ 121 07:36:42.5 65:36:11.6 6 10 10 70.8 ±0.4 20.3 ±0.3 0.29 ±0.01 no probable candidate SNR
LBZ 122 07:36:42.7 65:36:59.4 6 10 10 71.4 ±0.4 23.6 ±0.3 0.33 ±0.01 no probable candidate SNR
LBZ 123 07:36:44.2 65:35:02.6 6 6 2 71.2 ±0.4 20.6 ±0.3 0.29 ±0.01 no probable candidate SNR
LBZ 124 07:36:44.9 65:36:05.9 6 10 10 31.7 ±0.4 10.2 ±0.4 0.32 ±0.02 no probable candidate SNR
LBZ 125 07:36:45.9 65:39:39.6 8 10 10 19.9 ±0.2 6.9 ±0.1 0.35 ±0.01 no probable candidate SNR∗

LBZ 126 07:36:46.3 65:35:57.9 6 10 10 55.5 ±0.5 17.3 ±0.4 0.31 ±0.01 no probable candidate SNR
LBZ 127 07:36:46.5 65:36:10.8 6 10 10 175.0±0.6 55.3 ±0.4 0.32 ±0.01 no probable candidate SNRb

LBZ 128 07:36:47.5 65:36:19.9 6 10 10 47.7 ±0.6 16.7 ±0.5 0.35 ±0.02 no probable candidate SNR
LBZ 129 07:36:47.6 07:36:47.5 6 10 10 29.6 ±0.5 10.6 ±0.4 0.36 ±0.01 no probable candidate SNR
LBZ 130 07:36:47.9 65:36:26.3 6 10 10 52.4 ±0.6 19.6 ±0.5 0.37 ±0.02 no probable candidate SNR
LBZ 131 07:36:49.2 65:34:30.6 10 15 5 31.2 ±0.6 9.7 ±0.3 0.31 ±0.01 no probable candidate SNRc

LBZ 132 07:36:49.3 65:36:21.6 6 10 10 89.5 ±0.6 30.6 ±0.5 0.34 ±0.01 no probable candidate SNR
LBZ 133 07:36:50.1 65:36:48.9 6 10 10 79.0 ±0.6 25.6 ±0.4 0.32 ±0.01 no probable candidate SNR
LBZ 134 07:36:51.0 65:36:14.3 6 10 10 41.2 ±0.7 12.2 ±0.5 0.30 ±0.02 no probable candidate SNR
LBZ 135 07:36:52.7 65:35:50.2 8 10 10 168.0±0.8 58.0 ±0.6 0.35 ±0.01 no probable candidate SNRd

aOptikì, fasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-4).
bXRB akt�nwn-Q twn Leonidaki et al. (2010).
cOptikì, fwtomerikì U/U twn Matonick & Fesen (1997) (SNR-8).

dOptikì, fasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-10).
∗ Pijanì superbubble (de §5.4.3.4)
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Sunèqeia P�naka 5.2

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 136 07:36:53.2 65:35:54.1 6 10 10 19.7 ±0.8 6.2 ±0.3 0.32 ±0.03 no probable candidate SNR
LBZ 137 07:36:53.7 65:35:11.5 5 10 10 10.9 ±0.4 4.1 ±0.2 0.37 ±0.02 no probable candidate SNRa

LBZ 138 07:36:53.8 65:35:32.1 6 10 10 31.5 ±0.5 9.2 ±0.4 0.29 ±0.02 no probable candidate SNR
LBZ 139 07:36:56.3 65:34:05.6 8 10 10 48.6 ±0.4 15.0 ±0.2 0.31 ±0.01 no probable candidate SNRb

LBZ 140 07:36:57.4 65:33:58.8 6 10 10 19.0 ±0.3 6.5 ±0.1 0.34 ±0.01 no probable candidate SNR
LBZ 141 07:36:57.9 65:37:31.6 6 10 10 29.6 ±0.5 8.6 ±0.4 0.29 ±0.01 no probable candidate SNR
LBZ 142 07:36:58.2 65:34:07.7 6 10 10 20.3 ±0.3 7.1 ±0.1 0.35 ±0.01 no probable candidate SNR
LBZ 143 07:37:01.3 65:34:59.5 5 5 2 13.4 ±0.4 5.0 ±0.1 0.37 ±0.02 no probable candidate SNR
LBZ 144 07:37:01.9 65:33:42.6 5 10 10 9.8 ±0.5 2.7 ±0.2 0.27 ±0.03 no probable candidate SNRc

LBZ 145 07:37:02.1 65:34:36.6 6 10 10 36.9 ±0.4 13.0 ±0.2 0.35 ±0.01 no probable candidate SNRd

LBZ 146 07:37:03.0 65:33:46.1 6 6 2 8.1 ±0.5 2.7 ±0.2 0.33 ±0.03 no probable candidate SNRe

LBZ 147 07:37:04.6 65:36:38.2 6 10 10 31.7 ±0.6 11.9 ±0.4 0.38 ±0.01 no probable candidate SNR
LBZ 148 07:37:04.7 65:34:35.9 6 10 10 26.9 ±0.4 9.2 ±0.1 0.34 ±0.01 no probable candidate SNR
LBZ 149 07:37:05.8 65:34:32.2 10 20 5 34.0 ±0.5 10.6 ±0.2 0.31 ±0.01 no probable candidate SNR∗

aOptikì, fasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-13).
bOptikì, fasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-16).
cOptikì, fwtomerikì U/U twn Matonick & Fesen (1997) (SNR-20).

dOptikì, fasmatoskopikì U/U twn Matonick & Fesen (1997) (SNR-19).
eOptikì, fwtometrikì U/U twn Matonick & Fesen (1997) (SNR-23).
∗ Pijanì superbubble (de §5.4.3.4)
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P�naka 5.3 Idiìthte fwtometrik¸n U/U ston NGC 3077

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 1 10:03:14.2 68:43:52.1 4 10 10 10.3±0.7 4.6±0.3 0.45±0.08 yes (M) SNR
LBZ 2 10:03:16.5 68:44:41.8 4 10 10 7.0±0.4 3.6±0.2 0.51±0.08 yes (M) SNR
LBZ 3 10:03:17.1 68:44:37.5 5 10 10 24.5±0.6 6.8±0.3 0.28±0.02 yes (M) SNR
LBZ 4 10:03:18.4 68:43:19.3 5 5 10 13.7±0.6 3.8±0.3 0.28±0.04 yes (M) SNR
LBZ 5 10:03:18.8 68:43:37.9 4 5 5 3.6±0.7 2.7±0.3 0.75±0.34 yes (M) SNR
LBZ 6 10:03:23.4 68:44:14.8 4 10 10 9.9±0.8 3.4±0.4 0.34±0.08 yes (S) SNR

LBZ 7 10:03:14.9 68:43:47.2 4 10 10 7.4±0.7 5.2±0.4 0.71±0.16 no candidate SNR
LBZ 8 10:03:15.7 68:43:48.3 4 10 10 4.8±0.8 2.4±0.4 0.51±0.22 no candidate SNR
LBZ 9 10:03:16.5 68:44:35.6 4 10 10 4.6±0.5 2.9±0.2 0.64±0.16 no candidate SNR
LBZ 10 10:03:16.6 68:43:44.7 4 10 10 9.9±0.8 4.1±0.4 0.41±0.09 no candidate SNR
LBZ 11 10:03:16.8 68:44:31.9 4 10 10 7.9±0.5 3.6±0.3 0.45±0.08 no candidate SNR
LBZ 12 10:03:18.1 68:44:32.6 4 10 10 8.3±0.6 3.7±0.3 0.45±0.08 no candidate SNR
LBZ 13 10:03:18.1 68:44:36.0 4 10 10 5.7±0.5 2.7±0.3 0.47±0.12 no candidate SNR
LBZ 14 10:03:18.6 68:44:30.1 3 10 10 6.6±0.4 2.8±0.2 0.43±0.08 no candidate SNR
LBZ 15 10:03:19.4 68:43:15.4 4 10 10 10.5±0.5 4.2±0.2 0.40±0.05 no candidate SNR
LBZ 16 10:03:20.3 68:44:29.0 4 6 5 11.1±0.6 5.4±0.3 0.49±0.07 no candidate SNR
LBZ 17 10:03:22.3 68:43:56.1 4 10 10 9.7±0.8 3.8±0.4 0.40±0.10 no candidate SNR
LBZ 18 10:03:22.7 68:44:15.8 4 10 10 9.0±0.8 5.2±0.4 0.58±0.13 no candidate SNR

LBZ 19 10:03:14.0 68:44:01.4 4 10 10 18.3±0.7 5.2±0.3 0.29±0.04 no probable candidate SNR
LBZ 20 10:03:14.4 68:43:59.2 4 10 10 16.9±0.8 5.0±0.4 0.29±0.04 no probable candidate SNR
LBZ 21 10:03:15.1 68:44:25.1 4 10 10 17.5±0.6 5.6±0.3 0.32±0.03 no probable candidate SNR
LBZ 22 10:03:17.7 68:44:31.0 4 10 10 11.8±0.6 3.6±0.3 0.31±0.05 no probable candidate SNR
LBZ 23 10:03:17.8 68:43:12.0 4 10 10 13.4±0.5 3.9±0.2 0.29±0.03 no probable candidate SNR
LBZ 24 10:03:20.8 68:41:40.2 4 10 10 4.2±0.2 1.2±0.1 0.29±0.05 no probable candidate SNRa

aU/U akt�nwn-Q twn Leonidaki et al. (2010) (LZB15).
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P�naka 5.4 Idiìthte fwtometrik¸n U/U ston NGC 4214

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 1 12:15:33.6 36:19:26.9 5 ext ext 18.8±0.2 4.7±0.3 0.25±0.03 yes (S) SNR
LBZ 2 12:15:33.8 36:19:12.0 3 20 10 2.4±0.1 1.7±0.2 0.71±0.15 yes (M) SNR
LBZ 3 12:15:33.8 36:19:30.9 5 ext ext 22.2±0.2 5.3±0.3 0.24±0.02 yes (S) SNR
LBZ 4 12:15:35.7 36:17:41.6 5 10 10 16.8±0.2 9.3±0.2 0.55±0.03 yes (M) SNR
LBZ 5 12:15:37.6 36:20:12.3 3 10 10 4.1±0.2 3.0±0.3 0.73±0.16 yes (S) SNR
LBZ 6 12:15:37.6 36:20:33.3 6 45 10 8.2±0.3 6.5±0.4 0.79±0.12 yes (S) SNR∗

LBZ 7 12:15:37.7 36:19:12.9 5 10 10 13.5±0.3 6.2±0.4 0.46±0.06 yes (S) SNR
LBZ 8 12:15:37.8 36:16:12.7 6 20 30 29.1±0.1 23.0±0.2 0.79±0.02 yes (S) SNR∗

LBZ 9 12:15:39.4 36:19:09.5 5 2 5 7.2±0.4 3.8±0.5 0.53±0.15 yes (M) SNR
LBZ 10 12:15:39.4 36:20:06.5 5 10 10 8.2±0.4 4.8±0.5 0.58±0.13 yes (M) SNR
LBZ 11 12:15:39.6 36:20:11.8 5 10 10 7.4±0.3 6.6±0.5 0.89±0.15 yes (M) SNR
LBZ 12 12:15:39.9 36:20:03.5 5 6 5 5.3±0.4 3.4±0.5 0.64±0.22 yes (M) SNR
LBZ 13 12:15:40.5 36:18:25.4 4 ext ext 8.9±0.2 4.1±0.2 0.46±0.05 yes (M) SNR
LBZ 14 12:15:40.9 36:19:50.0 5 10 5 14.0±0.4 5.4±0.5 0.39±0.07 yes (M) SNR
LBZ 15 12:15:41.7 36:18:40.5 5 5 5 3.8±0.2 3.8±0.4 1.01±0.25 yes (M) SNR
LBZ 16 12:15:42.5 36:19:47.7 8 20 30 176.0±0.5 98.0±0.7 0.55±0.01 yes (M) SNRa

LBZ 17 12:15:44.7 36:18:31.9 3 22 3 2.6±0.9 2.0±0.1 0.78±0.12 yes (M) SNR
LBZ 18 12:15:45.7 36:19:41.8 7 20 30 6.2±0.3 3.5±0.4 0.57±0.14 yes (M) SNRb

LBZ 19 12:15:21.8 36:19:25.0 5 10 10 4.1±0.1 2.6±0.2 0.63±0.08 no candidate SNR
LBZ 20 12:15:23.1 36:21:45.0 5 10 10 1.4±0.1 1.4±0.1 1.03±0.24 no candidate SNR
LBZ 21 12:15:23.6 36:17:00.5 5 10 10 3.2±0.1 2.0±0.2 0.61±0.09 no candidate SNR
LBZ 22 12:15:23.8 36:20:37.4 5 10 10 8.9±0.1 4.2±0.1 0.47±0.03 no candidate SNR
LBZ 23 12:15:25.9 36:22:04.6 5 10 10 3.1±0.1 1.4±0.2 0.46±0.09 no candidate SNR
LBZ 24 12:15:30.2 36:16:50.1 5 10 10 12.7±0.1 5.0±0.2 0.40±0.02 no candidate SNR
LBZ 25 12:15:31.9 36:22:24.3 5 10 10 2.7±0.1 1.4±0.2 0.51±0.12 no candidate SNR
LBZ 26 12:15:32.1 36:22:05.6 5 10 10 11.1±0.2 6.1±0.2 0.55±0.04 no candidate SNR
LBZ 27 12:15:32.4 36:22:20.7 5 10 10 8.6±0.2 3.2±0.2 0.37±0.05 no candidate SNR
LBZ 28 12:15:32.6 36:21:58.5 3 4 10 2.7±0.1 1.5±0.1 0.55±0.08 no candidate SNR
LBZ 29 12:15:32.7 36:21:50.1 5 10 10 2.9±0.1 2.5±0.2 0.86±0.14 no candidate SNR
LBZ 30 12:15:32.9 36:22:13.2 5 10 10 10.6±0.1 7.0±0.2 0.66±0.04 no candidate SNR

aOptikì U/U (SNR-6) twn Dopita et al. (2010).
bU/U akt�nwn-Q (LZB38) twn Leonidaki et al. (2010) kai optikì U/U (SNR-7) twn Dopita et al. (2010).
∗ Pijanì superbubble (de §5.4.3.4)
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Sunèqeia P�naka 5.4

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 31 12:15:33.3 36:19:04.4 5 10 10 5.5±0.2 3.5±0.3 0.64±0.10 no candidate SNR
LBZ 32 12:15:33.3 36:19:25.6 5 10 10 6.8±0.2 3.5±0.3 0.51±0.09 no candidate SNR
LBZ 33 12:15:33.3 36:21:07.9 5 10 10 7.9±0.1 3.0±0.2 0.38±0.05 no candidate SNR
LBZ 34 12:15:33.3 36:21:56.4 5 10 10 12.1±0.2 6.9±0.2 0.57±0.04 no candidate SNR
LBZ 35 12:15:33.4 36:19:01.0 5 10 10 5.5±0.2 4.9±0.3 0.89±0.11 no candidate SNRa

LBZ 36 12:15:34.0 36:21:53.5 5 10 10 5.3±0.1 2.3±0.2 0.43±0.07 no candidate SNR
LBZ 37 12:15:34.5 36:18:23.9 5 10 10 6.2±0.2 4.1±0.2 0.67±0.08 no candidate SNR
LBZ 38 12:15:35.2 36:21:18.4 5 10 10 5.8±0.2 2.7±0.2 0.46±0.07 no candidate SNR
LBZ 39 12:15:35.2 36:22:16.2 7 15 5 8.7±0.2 8.5±0.3 0.98±0.08 no candidate SNR∗

LBZ 40 12:15:35.4 36:21:12.2 5 10 10 4.6±0.2 2.0±0.2 0.43±0.09 no candidate SNR
LBZ 41-1 12:15:35.8 36:20:52.8 5 10 10 6.3±0.2 4.0±0.3 0.63±0.09 no candidate SNR
LBZ 42-2 12:15:35.9 36:20:51.1 5 10 10 9.4±0.2 5.8±0.3 0.61±0.06 no candidate SNR
LBZ 43 12:15:36.2 36:20:48.6 5 10 10 9.9±0.2 7.3±0.3 0.74±0.07 no candidate SNR
LBZ 44 12:15:36.7 36:20:55.7 5 10 10 16.9±0.2 9.0±0.3 0.53±0.04 no candidate SNR
LBZ 45 12:15:37.9 36:19:55.6 5 10 10 39.3±0.4 16.0±0.7 0.41±0.03 no candidate SNR
LBZ 46 12:15:38.0 36:21:16.4 5 10 10 4.3±0.2 2.7±0.3 0.63±0.13 no candidate SNR
LBZ 47 12:15:38.0 36:22:22.4 10 12 5 66.7±0.4 42.0±0.8 0.63±0.02 no candidate SNRb

LBZ 48 12:15:38.3 36:19:08.6 5 10 10 8.5±0.3 4.8±0.5 0.56±0.11 no candidate SNR
LBZ 49-1 12:15:38.3 36:20:09.3 5 10 10 20.5±0.4 8.2±0.5 0.40±0.05 no candidate SNR
LBZ 50-2 12:15:38.6 36:20:09.5 5 10 10 14.0±0.4 11.0±0.5 0.78±0.08 no candidate SNR
LBZ 51-3 12:15:38.8 36:20:09.7 5 10 10 12.8±0.4 5.0±0.5 0.39±0.08 no candidate SNR
LBZ 52 12:15:38.9 36:19:16.1 5 10 10 14.0±0.4 6.6±0.5 0.47±0.07 no candidate SNR
LBZ 53 12:15:39.0 36:19:05.4 5 10 10 7.4±0.3 6.6±0.4 0.89±0.16 no candidate SNR
LBZ 54 12:15:39.0 36:19:08.6 5 5 5 7.2±0.4 3.9±0.5 0.54±0.14 no candidate SNR
LBZ 55 12:15:39.2 36:20:12.1 5 10 10 6.5±0.3 2.4±0.5 0.37±0.14 no candidate SNR
LBZ 56 12:15:39.4 36:20:54.1 4 20 5 2.2±0.1 2.0±0.2 0.89±0.21 no candidate SNRc

LBZ 57 12:15:40.0 36:18:39.4 5 10 10 9.6±0.2 8.9±0.4 0.92±0.09 no candidate SNRd

LBZ 58 12:15:40.2 36:18:41.1 5 10 10 10.8±0.2 8.0±0.4 0.74±0.08 no candidate SNR
LBZ 59 12:15:40.8 36:19:58.8 5 10 10 15.2±0.3 8.3±0.5 0.54±0.07 no candidate SNR
LBZ 60 12:15:41.8 36:18:50.5 5 10 10 5.6±0.3 3.1±0.4 0.55±0.14 no candidate SNR

aPijan¸ sundèetai me to U/U LZB7 twn Leonidaki et al. (2010).
bAut  h phg  pijan¸ sump�ptei me to U/U akt�nwn-Q LZB11 twn Leonidaki et al. (2010).
cU/U akt�nwn-Q (LZB31) twn Leonidaki et al. (2010).

dU/U akt�nwn-Q (LZB30) twn Leonidaki et al. (2010), optikì U/U (SNR-2) twn Dopita et al. (2010) kai radiofwnikì U/U (SNR-9) twn Chomiuk

& Wilcots (2009).
∗ Pijanì superbubble (de §5.4.3.4)
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Sunèqeia P�naka 5.4

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 61 12:15:41.9 36:19:35.9 5 10 10 7.4±0.3 5.1±0.4 0.69±0.13 no candidate SNR
LBZ 62 12:15:42.0 36:19:43.1 5 10 10 8.4±0.3 7.0±0.4 0.83±0.12 no candidate SNR
LBZ 63 12:15:42.7 36:18:34.1 5 10 10 36.0±0.3 23.0±0.4 0.64±0.02 no candidate SNR
LBZ 64 12:15:42.8 36:16:58.6 5 10 10 4.3±0.1 1.7±0.2 0.40±0.07 no candidate SNR
LBZ 65 12:15:44.7 36:18:03.6 5 10 10 6.3±0.2 3.5±0.2 0.55±0.07 no candidate SNR
LBZ 66 12:15:46.1 36:17:02.0 5 10 10 10.1±0.1 3.9±0.2 0.39±0.03 no candidate SNR
LBZ 67 12:15:46.2 36:17:39.4 5 10 10 6.7±0.1 5.2±0.2 0.78±0.05 no candidate SNR
LBZ 68 12:15:47.1 36:17:14.8 5 10 10 4.8±0.1 2.7±0.2 0.56±0.06 no candidate SNR
LBZ 69-1 12:15:47.6 36:17:37.2 5 10 10 8.2±0.1 5.4±0.2 0.65±0.05 no candidate SNR
LBZ 70-2 12:15:47.7 36:17:35.5 5 10 10 10.1±0.1 7.5±0.2 0.74±0.04 no candidate SNR
LBZ 71-3 12:15:47.8 36:17:37.1 5 10 10 7.9±0.1 5.6±0.2 0.71±0.05 no candidate SNR
LBZ 72-4 12:15:47.9 36:17:36.7 5 10 10 8.6±0.1 5.9±0.2 0.69±0.05 no candidate SNR
LBZ 73 12:15:48.8 36:17:02.3 6 70 5 8.9±0.1 4.8±0.2 0.54±0.05 no candidate SNRa

LBZ 74 12:15:33.2 36:16:45.3 5 10 10 5.8±0.1 1.9±0.1 0.33±0.04 no probable candidate SNR
LBZ 75 12:15:34.9 36:22:48.5 5 10 10 4.6±0.1 1.5±0.1 0.33±0.05 no probable candidate SNR
LBZ 76 12:15:35.4 36:19:44.6 5 10 10 14.0±0.3 4.6±0.5 0.33±0.06 no probable candidate SNR
LBZ 77 12:15:35.8 36:21:02.0 6 10 10 27.4±0.2 9.1±0.3 0.33±0.02 no probable candidate SNR∗

LBZ 78 12:15:36.3 36:20:02.6 5 10 10 47.9±0.4 15.0±0.5 0.32±0.02 no probable candidate SNR
LBZ 79 12:15:36.6 36:22:44.6 5 10 10 14.2±0.2 4.1±0.2 0.29±0.02 no probable candidate SNR
LBZ 80 12:15:38.2 36:19:45.2 10 10 5 94.1±0.6 33.0±1.1 0.35±0.02 no probable candidate SNRb

LBZ 81 12:15:38.6 36:20:04.6 5 10 10 42.8±0.4 14.0±0.6 0.33±0.02 no probable candidate SNR
LBZ 82 12:15:38.9 36:18:58.9 4 ext ext 25.7±0.2 8.5±0.3 0.33±0.02 no probable candidate SNRc

LBZ 83 12:15:40.2 36:19:30.2 5 10 10 410.0±1.0 150.0±0.9 0.36±0.01 no probable candidate SNRd

LBZ 84 12:15:40.8 36:18:46.3 5 10 10 13.5±0.3 4.7±0.4 0.34±0.05 no probable candidate SNR
LBZ 85 12:15:40.8 36:18:49.9 5 10 10 23.9±0.3 6.9±0.4 0.29±0.03 no probable candidate SNR

aU/U akt�nwn-Q (LZB23) twn Leonidaki et al. (2010).
bOi Chomiuk & Wilcots (2009) èqoun taxinom sei aut  thn phg  w radiofwnikì SNR/H II en¸ sti akt�ne - Q èqei fasmatoskopik� pistopoihje�w XRB (Leonidaki et al. 2010).
cOptikì U/U twn Dopita et al. (2010) (SNR-1) kai radiofwnikì U/U (SNR-4) twn Chomiuk & Wilcots (2009).

dOptikì U/U (SNR-4) twn Dopita et al. (2010) kai radiofwnikì U/U (SNR-11) twn Chomiuk & Wilcots (2009).
∗ Pijanì superbubble (de §5.4.3.4)
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Sunèqeia P�naka 5.4
SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification

(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 86 12:15:40.9 36:18:52.8 5 10 10 23.9±0.3 7.9±0.4 0.33±0.03 no probable candidate SNR
LBZ 87 12:15:41.9 36:19:15.5 6 6 2 83.8±0.5 30.0±0.6 0.36±0.01 no probable candidate SNRa

LBZ 88 12:15:42.9 36:18:13.3 5 10 10 23.9±0.2 8.5±0.3 0.36±0.02 no probable candidate SNR
LBZ 89 12:15:43.1 36:16:49.6 5 10 10 17.1±0.2 6.0±0.2 0.35±0.02 no probable candidate SNR
LBZ 90 12:15:43.6 36:16:50.0 5 10 10 20.5±0.2 6.7±0.2 0.33±0.02 no probable candidate SNR
LBZ 91 12:15:44.7 36:22:53.3 5 10 10 2.7±0.1 1.0±0.2 0.36±0.10 no probable candidate SNR
LBZ 92 12:15:50.8 36:21:25.0 5 10 10 5.5±0.1 1.7±0.1 0.31±0.04 no probable candidate SNR

aAut  h phg  èqei aniqneuje� w U/U se di�fore energeiakè perioqè. Optikì: Dopita et al. (2010) (SNR5), radiofwnikì: Vukotic et al. (2005)kai Chomiuk & Wilcots (2009) (ρ kai SNR-19 ant�stoiqa) kai akt�ne -Q: Leonidaki et al. (2010) (LZB28).
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P�naka 5.5 Idiìthte fwtometrik¸n U/U ston NGC 4395

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LZB1 12:25:44.9 33:30:36.3 6 10 10 14.0±0.2 3.5±0.1 0.25±0.02 yes (M) SNR
LBZ 2 12:25:46.1 33:30:47.2 4 10 10 4.3±0.1 1.2±0.1 0.27±0.04 yes (M) SNR
LBZ 3 12:25:47.2 33:32:45.3 3 10 10 5.5±0.1 1.4±0.1 0.26±0.04 yes (M) SNR
LBZ 4 12:25:53.4 33:31:03.9 5 20 30 14.0±0.2 3.3±0.1 0.24±0.02 yes (M) SNR
LBZ 5 12:25:54.1 33:30:57.6 6 15 5 17.0±0.3 4.3±0.1 0.25±0.02 yes (S) SNR
LBZ 6 12:25:54.3 33:30:50.0 4 10 5 1.5±0.2 1.3±0.2 0.88±0.43 yes (S) SNR

LBZ 7 12:25:31.9 33:33:49.6 4 20 10 2.4±0.1 0.8±0.1 0.37±0.05 no candidate SNR
LBZ 8 12:25:37.9 33:30:34.3 5 10 10 5.3±0.1 2.0±0.1 0.39±0.03 no candidate SNR
LBZ 9 12:25:44.6 33:35:08.4 4 10 10 4.4±0.2 1.6±0.1 0.36±0.06 no candidate SNR
LBZ 10 12:25:50.7 33:30:09.0 4 10 10 3.1±0.1 1.1±0.1 0.36±0.05 no candidate SNR
LBZ 11 12:25:52.5 33:30:25.9 4 5 5 3.9±0.2 2.0±0.1 0.53±0.08 no candidate SNR
LBZ 12 12:25:53.4 33:31:05.9 5 6 5 7.5±0.2 3.0±0.1 0.40±0.04 no candidate SNR
LBZ 13 12:25:54.5 33:31:03.4 4 10 10 2.7±0.2 1.8±0.1 0.64±0.14 no candidate SNR
LBZ 14 12:25:54.6 33:31:14.6 4 10 10 5.8±0.2 2.4±0.1 0.41±0.05 no candidate SNR
LBZ 15 12:25:54.9 33:31:12.3 4 10 10 5.3±0.2 1.9±0.1 0.35±0.05 no candidate SNR
LBZ 16 12:25:56.6 33:31:31.7 4 10 10 4.1±0.2 2.8±0.1 0.68±0.11 no candidate SNR
LBZ 17 12:25:57.2 33:36:22.5 4 10 10 2.6±0.1 0.7±0.1 0.34±0.06 no candidate SNR
LBZ 18 12:25:57.7 33:31:54.7 4 10 10 6.2±0.2 2.2±0.1 0.36±0.04 no candidate SNR
LBZ 19 12:25:59.9 33:31:32.6 4 10 10 5.5±0.2 2.0±0.1 0.37±0.05 no candidate SNR
LBZ 20 12:26:01.1 33:29:04.3 4 10 10 2.0±0.1 0.7±0.1 0.35±0.06 no candidate SNR

LBZ 21 12:25:31.3 33:35:24.8 4 10 10 3.1±0.1 0.8±0.1 0.26±0.04 no probable candidate SNR
LBZ 22 12:25:34.7 33:33:02.9 4 10 10 3.1±0.1 0.9±0.1 0.30±0.05 no probable candidate SNR
LBZ 23 12:25:42.1 33:31:22.2 4 10 10 3.9±0.1 1.2±0.1 0.32±0.04 no probable candidate SNR
LBZ 24 12:25:42.7 33:30:47.9 4 10 10 7.9±0.2 2.2±0.1 0.27±0.03 no probable candidate SNR
LBZ 25 12:25:42.7 33:31:03.5 4 10 10 5.3±0.2 1.8±0.1 0.34±0.04 no probable candidate SNR
LBZ 26 12:25:43.5 33:33:30.2 4 10 10 16.0±0.2 4.5±0.1 0.29±0.02 no probable candidate SNR
LBZ 27 12:25:44.3 33:32:56.2 4 10 10 9.1±0.2 2.5±0.1 0.27±0.03 no probable candidate SNR
LBZ 28 12:25:45.7 33:30:51.6 4 10 10 5.3±0.1 1.6±0.1 0.29±0.03 no probable candidate SNR
LBZ 29 12:25:49.1 33:32:36.8 4 10 10 8.9±0.2 2.3±0.2 0.26±0.04 no probable candidate SNR
LBZ 30 12:25:49.5 33:30:08.4 4 5 5 3.1±0.1 1.0±0.1 0.34±0.05 no probable candidate SNR
LBZ 31 12:25:50.5 33:30:16.9 4 10 10 5.1±0.1 1.5±0.1 0.30±0.03 no probable candidate SNR
LBZ 32 12:25:50.9 33:29:29.7 4 10 10 4.1±0.1 1.4±0.1 0.34±0.04 no probable candidate SNR
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Sunèqeia P�naka 5.5

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 33 12:25:51.9 33:30:32.8 4 10 10 4.3±0.1 1.1±0.1 0.26±0.04 no probable candidate SNR
LBZ 34 12:25:53.6 33:35:09.9 4 10 10 3.4±0.1 0.9±0.1 0.26±0.04 no probable candidate SNR
LBZ 35 12:25:53.7 33:30:57.4 4 10 10 5.8±0.2 1.8±0.1 0.32±0.05 no probable candidate SNR
LBZ 36 12:25:53.9 33:30:49.5 4 10 10 3.6±0.2 1.1±0.1 0.29±0.09 no probable candidate SNR
LBZ 37 12:25:55.7 33:31:30.5 4 10 10 8.7±0.2 2.6±0.1 0.30±0.03 no probable candidate SNR
LBZ 38 12:25:56.3 33:30:10.2 4 10 10 4.9±0.1 1.4±0.1 0.28±0.03 no probable candidate SNR
LBZ 39 12:25:56.7 33:35:18.9 5 20 30 6.0±0.1 1.9±0.1 0.31±0.03 no probable candidate SNR
LBZ 40 12:25:59.2 33:36:40.4 4 10 10 2.9±0.1 0.8±0.1 0.28±0.05 no probable candidate SNR
LBZ 41 12:25:59.6 33:31:04.3 4 10 10 7.5±0.2 2.0±0.1 0.27±0.03 no probable candidate SNR
LBZ 42 12:25:59.7 33:31:21.4 4 10 10 6.2±0.2 1.6±0.1 0.26±0.04 no probable candidate SNR
LBZ 43 12:26:00.7 33:28:40.1 4 10 10 3.4±0.1 1.0±0.1 0.31±0.05 no probable candidate SNR
LBZ 44 12:26:02.2 33:31:21.3 4 10 10 5.1±0.2 1.4±0.1 0.27±0.04 no probable candidate SNR
LBZ 45 12:26:07.5 33:32:03.0 4 20 10 3.2±0.1 0.9±0.1 0.27±0.04 no probable candidate SNR
LBZ 46 12:26:08.2 33:35:26.4 4 20 10 2.7±0.1 0.8±0.1 0.29±0.05 no probable candidate SNR
LBZ 47 12:26:08.8 33:32:46.2 4 10 10 6.0±0.2 1.7±0.1 0.29±0.05 no probable candidate SNR
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P�naka 5.6 Idiìthte fwtometrik¸n U/U ston NGC 4449

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 1 12:28:07.3 44:04:44.9 4 4 5 3.8±0.2 3.6±0.3 0.93±0.21 yes (M) SNR
LBZ 2 12:28:07.4 44:05:51.6 5 10 10 8.0±0.3 4.4±0.3 0.54±0.08 yes (M) SNR
LBZ 3 12:28:09.5 44:05:49.2 5 10 10 19.0±0.4 7.0±0.5 0.39±0.05 yes (M) SNR
LBZ 4 12:28:11.8 44:05:13.9 5 10 10 17.0±0.5 5.4±0.6 0.30±0.06 yes (M) SNR
LBZ 5 12:28:11.9 44:04:49.4 5 5 5 7.5±0.3 4.4±0.3 0.59±0.10 yes (M) SNR
LBZ 6b 12:28:12.6 44:06:38.1 3 5 5 2.9±0.2 1.0±0.2 0.34±0.16 yes (M) SNR
LBZ 6a 12:28:12.7 44:06:39.5 3 5 5 3.1±0.2 1.9±0.2 0.62±0.19 yes (M) SNR
LBZ 7 12:28:13.0 44:06:06.1 5 10 10 77.0±0.6 18.0±0.6 0.24±0.01 yes (S) SNR
LBZ 8 12:28:13.0 44:06:28.8 5 10 10 24.0±0.4 9.0±0.4 0.36±0.03 yes (S) SNR
LBZ 9 12:28:13.1 44:06:34.9 5 10 10 41.0±0.5 11.0±0.5 0.27±0.02 yes (S) SNR
LBZ 10 12:28:13.1 44:06:22.7 6 10 10 20.0±0.5 7.7±0.5 0.36±0.05 yes (S) SNR
LBZ 11 12:28:13.2 44:06:41.9 4 5 5 4.1±0.3 3.7±0.3 0.91±0.23 yes (S) SNR
LBZ 12 12:28:13.3 44:05:56.1 5 10 10 17.0±0.6 13.0±0.7 0.77±0.10 yes (M) SNR
LBZ 13 12:28:14.4 44:05:45.4 5 10 10 7.9±0.5 4.9±0.5 0.63±0.16 yes (M) SNR
LBZ 14 12:28:14.9 44:05:29.3 4 5 3 4.3±0.3 3.4±0.3 0.79±0.19 yes (M) SNR
LBZ 15 12:28:14.9 44:06:56.3 5 5 5 8.4±0.3 3.0±0.3 0.35±0.07 yes (M) SNR
LBZ 16 12:28:15.1 44:06:08.5 3 10 10 5.8±0.2 2.9±0.3 0.51±0.10 yes (M) SNR
LBZ 17 12:28:16.2 44:06:15.6 3 4 5 3.4±0.2 2.3±0.2 0.68±0.16 yes (M) SNR
LBZ 18 12:28:19.5 44:06:13.9 5 5 2 6.0±0.3 6.6±0.3 1.12±0.17 yes (M) SNR

LBZ 19 12:27:55.8 44:05:35.7 5 6 10 11.0±0.2 4.0±0.2 0.37±0.03 no candidate SNR
LBZ 20 12:28:04.1 44:05:45.1 5 10 10 8.7±0.2 4.6±0.2 0.52±0.05 no candidate SNR
LBZ 21 12:28:06.9 44:03:26.4 5 10 10 24.0±0.2 6.2±0.2 0.46±0.05 no candidate SNR
LBZ 22 12:28:07.0 44:04:29.4 5 5 5 3.6±0.3 8.1±0.3 0.45±0.05 no candidate SNR
LBZ 23 12:28:07.8 44:05:43.7 5 10 10 9.6±0.3 7.7±0.4 0.80±0.10 no candidate SNR
LBZ 24 12:28:08.5 44:05:42.8 5 10 10 5.1±0.4 2.3±0.4 0.53±0.07 no candidate SNR
LBZ 25 12:28:08.6 44:04:45.0 5 10 10 14.0±0.3 5.3±0.4 0.43±0.05 no candidate SNR
LBZ 26 12:28:08.6 44:05:56.3 5 5 5 10.0±0.3 7.0±0.4 0.67±0.11 no candidate SNR
LBZ 27 12:28:08.8 44:04:48.4 5 10 10 15.0±0.4 6.2±0.4 0.37±0.04 no candidate SNR
LBZ 28 12:28:08.9 44:05:35.1 5 10 10 19.0±0.5 7.6±0.5 0.41±0.06 no candidate SNR
LBZ 29 12:28:09.4 44:06:00.2 5 10 10 11.0±0.3 6.1±0.4 0.54±0.07 no candidate SNR
LBZ 30 12:28:09.4 44:06:47.6 5 5 5 13.0±0.3 6.0±0.2 0.43±0.10 no candidate SNR
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Sunèqeia P�naka 5.6

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 31 12:28:09.5 44:05:34.9 5 10 10 6.3±0.6 7.1±0.6 1.13±0.35 no candidate SNR
LBZ 32 12:28:09.5 44:05:57.6 5 10 10 19.0±0.4 7.2±0.4 0.40±0.04 no candidate SNR
LBZ 33 12:28:09.6 44:06:21.2 5 5 5 5.5±0.3 3.0±0.3 0.54±0.13 no candidate SNR
LBZ 34 12:28:09.8 44:07:00.9 5 10 10 26.0±0.2 5.8±0.2 0.51±0.08 no candidate SNR
LBZ 35 12:28:10.5 44:05:08.1 5 6 6 18.0±0.6 8.1±0.6 0.52±0.09 no candidate SNR
LBZ 36 12:28:10.6 44:06:06.9 5 10 10 10.0±0.4 3.5±0.4 0.34±0.07 no candidate SNR
LBZ 37 12:28:11.0 44:06:14.1 5 10 10 13.0±0.4 4.5±0.4 0.36±0.06 no candidate SNR
LBZ 38 12:28:11.2 44:04:53.7 5 10 10 14.0±0.4 5.2±0.4 0.37±0.06 no candidate SNR
LBZ 39 12:28:12.0 44:05:18.8 5 10 10 22.0±0.6 3.3±0.6 0.58±0.24 no candidate SNR
LBZ 40 12:28:12.0 44:06:52.6 5 10 10 3.9±0.4 3.6±0.3 0.94±0.29 no candidate SNR
LBZ 41 12:28:12.2 44:06:47.4 5 10 10 8.2±0.4 4.4±0.4 0.54±0.10 no candidate SNR
LBZ 42 12:28:12.2 44:06:50.9 5 10 10 7.5±0.4 2.7±0.3 0.36±0.09 no candidate SNR
LBZ 43-1 12:28:13.8 44:06:35.2 5 10 10 6.5±0.4 6.2±0.4 0.85±0.31 no candidate SNR
LBZ 44-2 12:28:14.0 44:06:33.7 5 10 10 10.0±0.4 3.4±0.4 0.44±0.07 no candidate SNR
LBZ 45-3 12:28:14.0 44:06:35.4 5 5 2 11.0±0.4 3.1±0.4 0.51±0.13 no candidate SNR
LBZ 46 12:28:14.1 44:05:59.0 5 6 5 8.2±0.5 10.±0.5 0.79±0.16 no candidate SNR
LBZ 47 12:28:14.1 44:06:31.0 5 5 3 15.0±0.4 3.2±0.4 0.53±0.16 no candidate SNR
LBZ 48 12:28:14.2 44:05:07.1 5 10 10 14.0±0.3 7.0±0.3 0.59±0.16 no candidate SNR
LBZ 49 12:28:14.2 44:05:10.1 5 10 10 5.8±0.3 3.0±0.3 0.41±0.05 no candidate SNR
LBZ 50 12:28:14.4 44:06:01.7 5 10 10 11.0±0.5 6.6±0.5 0.46±0.09 no candidate SNR
LBZ 51 12:28:14.4 44:06:24.6 6 6 5 15.0±0.5 7.6±0.5 0.50±0.07 no candidate SNR
LBZ 52 12:28:14.5 44:06:04.4 5 10 10 12.0±0.5 2.9±0.5 0.44±0.07 no candidate SNR
LBZ 53 12:28:14.6 44:06:02.2 5 10 10 8.2±0.5 5.5±0.5 0.48±0.10 no candidate SNR
LBZ 54 12:28:15.2 44:06:04.0 5 10 10 8.7±0.4 5.9±0.4 0.43±0.04 no candidate SNR
LBZ 55 12:28:15.3 44:05:57.8 5 10 10 17.0±0.4 5.2±0.4 0.75±0.14 no candidate SNR
LBZ 56 12:28:15.4 44:06:56.3 5 5 2 14.0±0.3 4.6±0.3 0.81±0.23 no candidate SNR
LBZ 57 12:28:19.2 44:06:55.7 5 10 10 3.0±0.2 6.7±0.2 0.55±0.07 no candidate SNRa

LBZ 58 12:28:07.9 44:05:20.5 5 10 10 7.0±0.4 3.3±0.4 0.28±0.04 no probable candidate SNR
LBZ 59 12:28:08.5 44:04:43.4 5 10 10 16.0±0.3 6.5±0.3 0.35±0.04 no probable candidate SNR
LBZ 60 12:28:09.7 44:05:54.8 5 10 10 22.0±0.4 6.0±0.4 0.27±0.03 no probable candidate SNRb

aRadiofwnikì U/U twn Chomiuk & Wilcots (2009) (w phg  26).
bAut  h phg  e�nai taxinomhmènh w XRB apì tou Leonidaki et al. (2010) (LZB15).
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Sunèqeia P�naka 5.6
SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification

(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 61 12:28:11.8 44:05:16.7 5 10 10 24.0±0.6 6.9±0.6 0.25±0.08 no probable candidate SNR
LBZ 62 12:28:11.9 44:05:08.4 5 10 10 5.1±0.5 6.3±0.5 0.32±0.04 no probable candidate SNR
LBZ 63 12:28:11.9 44:05:10.2 5 10 10 22.0±0.5 3.4±0.5 0.27±0.04 no probable candidate SNR
LBZ 64 12:28:14.2 44:06:18.7 5 10 10 26.0±0.4 7.1±0.4 0.27±0.03 no probable candidate SNR
LBZ 65 12:28:14.3 44:04:33.4 5 10 10 12.0±0.2 4.4±0.2 0.35±0.03 no probable candidate SNR
LBZ 66 12:28:14.6 44:05:16.9 5 5 5 24.0±0.4 7.5±0.4 0.30±0.03 no probable candidate SNR
LBZ 67 12:28:14.9 44:04:45.9 5 10 10 256.0±0.2 8.5±0.2 0.34±0.02 no probable candidate SNR
LBZ 68 12:28:18.8 44:06:54.3 5 10 10 13.0±0.2 4.1±0.2 0.32±0.03 no probable candidate SNR
LBZ 69 12:28:18.9 44:06:09.2 5 5 5 20.0±0.3 6.6±0.3 0.33±0.03 no probable candidate SNR
LBZ 70 12:28:18.9 44:06:18.7 5 10 10 5.6±0.3 5.5±0.3 0.31±0.05 no probable candidate SNR
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P�naka 5.7 Idiìthte fwtometrik¸n U/U ston NGC 5204

SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification
(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 1 13:29:32.9 58:24:53.3 5 6 5 5.1±0.3 1.3±0.2 0.26±0.08 yes (S) SNR
LBZ 2 13:29:33.2 58:24:48.4 5 10 10 4.6±0.4 1.4±0.2 0.29±0.10 yes (S) SNR
LBZ 3 13:29:33.7 58:25:09.4 7 8 2 20.5±0.6 2.9±0.3 0.15±0.03 yes (S) SNR∗

LBZ 4 13:29:34.5 58:24:23.8 5 10 10 10.5±0.3 2.9±0.2 0.28±0.04 yes (M) SNRa

LBZ 5 13:29:38.8 58:25:34.8 5 10 10 10.9±0.4 2.7±0.2 0.25±0.04 yes (M) SNR
LBZ 6 13:29:39.0 58:26:12.0 5 10 10 19.5±0.2 4.5±0.1 0.23±0.01 yes (M) SNR
LBZ 7 13:29:40.0 58:24:57.3 5 5 2 8.2±0.4 1.7±0.2 0.20±0.04 yes (S) SNR

LBZ 8 13:29:28.6 58:25:16.9 4 10 10 2.4±0.2 0.9±0.1 0.37±0.08 no candidate SNR
LBZ 9 13:29:30.3 58:25:20.6 5 10 10 5.2±0.2 1.8±0.1 0.34±0.06 no candidate SNRb

LBZ 10 13:29:31.0 58:25:33.5 5 10 10 4.5±0.2 1.7±0.1 0.38±0.08 no candidate SNR
LBZ 11 13:29:32.3 58:23:37.0 5 10 10 2.3±0.2 1.1±0.1 0.48±0.12 no candidate SNR
LBZ 12 13:29:32.4 58:25:16.2 5 10 10 6.8±0.3 2.6±0.1 0.38±0.06 no candidate SNR
LBZ 13-1 13:29:36.7 58:26:25.6 5 10 10 7.3±0.3 2.8±0.1 0.37±0.05 no candidate SNR
LBZ 14-2 13:29:36.7 58:26:23.4 5 10 10 7.1±0.3 2.8±0.1 0.40±0.05 no candidate SNR
LBZ 15-3 13:29:36.8 58:26:20.5 5 10 10 4.4±0.3 1.6±0.1 0.35±0.08 no candidate SNR
LBZ 16 13:29:36.9 58:24:26.9 4 4 2 2.0±0.3 1.8±0.2 0.91±0.42 no candidate SNRc

LBZ 17 13:29:37.2 58:23:41.8 5 10 10 5.4±0.2 2.4±0.1 0.44±0.07 no candidate SNR
LBZ 18 13:29:37.7 58:26:04.5 5 10 10 5.2±0.3 1.9±0.2 0.37±0.08 no candidate SNR
LBZ 19 13:29:38.3 58:26:01.6 7 10 10 13.3±0.4 4.9±0.2 0.37±0.04 no candidate SNR∗

LBZ 20 13:29:28.2 58:25:14.6 5 10 10 5.2±0.2 1.5±0.1 0.29±0.04 no probable candidate SNR
LBZ 21 13:29:30.7 58:24:48.2 5 10 10 5.4±0.2 1.5±0.1 0.27±0.05 no probable candidate SNR
LBZ 22 13:29:30.8 58:23:38.5 5 10 10 2.3±0.2 0.9±0.1 0.38±0.10 no probable candidate SNR
LBZ 23 13:29:30.8 58:25:49.1 5 10 10 4.99±0.2 1.6±0.1 0.33±0.05 no probable candidate SNR
LBZ 24 13:29:31.5 58:23:18.2 5 10 10 3.3±0.1 0.9±0.1 0.27±0.05 no probable candidate SNR
LBZ 25 13:29:31.9 58:24:12.1 5 10 10 7.7±0.3 2.2±0.1 0.29±0.04 no probable candidate SNR
LBZ 26 13:29:36.4 58:26:27.5 5 10 10 7.1±0.2 2.4±0.1 0.33±0.04 no probable candidate SNR
LBZ 27 13:29:36.6 58:23:31.0 5 10 10 5.0±0.2 1.6±0.1 0.32±0.05 no probable candidate SNR

aFasmatoskopikì U/U twn Matonick et al. (1997) (SNR-2).
bFwtometrikì U/U twn Matonick et al. (1997) (SNR-1).
cFasmatoskopikì U/U twn Matonick et al. (1997) (SNR-3).
∗ Pijanì superbubble (de §5.4.3.4)
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Sunèqeia P�naka 5.7
SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot Spectra Classification

(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

LBZ 28 13:29:37.1 58:26:24.0 5 10 10 5.9±0.3 1.9±0.1 0.33±0.06 no probable candidate SNR
LBZ 29 13:29:38.5 58:26:30.2 5 10 10 4.7±0.2 1.4±0.1 0.30±0.05 no probable candidate SNR
LBZ 30 13:29:39.1 58:26:20.2 5 10 10 6.8±0.2 2.1±0.1 0.31±0.04 no probable candidate SNR
LBZ 31 13:29:40.3 58:24:03.1 5 10 10 5.6±0.2 1.6±0.1 0.29±0.04 no probable candidate SNR
LBZ 32 13:29:41.2 58:25:08.9 5 10 10 8.3±0.3 2.3±0.1 0.27±0.04 no probable candidate SNR
LBZ 33 13:29:41.4 58:25:06.0 5 10 10 7.8±0.3 2.4±0.1 0.31±0.04 no probable candidate SNR
LBZ 34-1 13:29:47.7 58:23:56.6 5 10 10 2.3±0.1 0.6±0.1 0.25±0.06 no probable candidate SNR
LBZ 35-2 13:29:48.2 58:23:53.8 5 10 10 2.1±0.1 0.6±0.1 0.30±0.08 no probable candidate SNR
LBZ 36-3 13:29:48.3 58:23:55.1 5 10 10 2.0±0.2 0.6±0.1 0.29±0.09 no probable candidate SNR
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P�naka 5.8 Fwtometrikè idiìthte fasmatoskopik� parathroÔmenwn phg¸n pou den e�nai U/U

Galaxy SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot

(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

NGC 2403 LBZ 1059 07:36:13.6 65:37:57.5 5 10 10 10.7 ±0.2 9.6 ±0.2 0.90±0.03
- LBZ 731 07:36:27.1 65:36:30.2 5 10 10 41.5 ±0.2 17.3±0.2 0.42±0.01
- LBZ 561 07:36:28.4 65:37:02.6 5 10 10 3.3 ±0.4 5.6 ±0.3 1.72±0.22
- LBZ 484 07:36:32.1 65:35:42.7 5 10 10 17.0 ±0.4 4.1 ±0.2 0.24±0.01
- LBZ 982 07:36:35.1 65:37:35.7 5 10 10 61.3 ±0.7 25.8±0.6 0.42±0.01
- LBZ 1291 07:36:36.8 65:36:54.8 5 10 10 22.5 ±0.4 14.9±0.3 0.66±0.03
- LBZ 840 07:36:37.7 65:36:53.1 5 10 10 25.6 ±0.3 13.9±0.3 0.54±0.02
- LBZ 796 07:36:38.2 65:36:43.8 5 10 10 42.6 ±0.4 18.8±0.3 0.44±0.01
- LBZ 620 07:36:41.6 65:36:12.4 5 10 10 119.0±0.5 47.0±0.4 0.39±0.01
- LBZ 514 07:36:45.5 65:36:06.9 5 10 10 11.3 ±0.5 8.6 ±0.4 0.76±0.07
- LBZ 1180 07:36:50.4 65:34:36.4 5 10 10 7.7 ±0.4 2.2 ±0.2 0.28±0.03
- LBZ 963 07:37:00.7 65:37:28.0 5 10 10 33.2 ±0.5 3.1 ±0.2 0.10±0.01

NGC 3077 LBZ 396 10:03:15.5 68:44:21.6 4 10 10 19.0±0.61 4.4±0.30 0.23±0.03
- LBZ 363 10:03:20.0 68:43:21.3 4 10 10 17.5±0.54 3.7±0.27 0.22±0.03

NGC 4214 LBZ 1089 12:15:33.5 36:19:42.8 5 10 10 46.2±0.27 17.0±0.36 0.37±0.01
- LBZ 597 12:15:34.2 36:19:57.7 5 10 10 70.1±0.30 16.9±0.42 0.24±0.01
- LBZ 1091 12:15:34.5 36:19:45.8 5 10 10 46.2±0.32 13.2±0.43 0.29±0.02
- LBZ 988 12:15:34.5 36:20:00.9 5 10 10 148.8±0.37 29.5±0.44 0.20±0.01
- LBZ 917 12:15:35.0 36:19:53.6 5 10 10 188.0±0.48 32.2±0.54 0.16±0.01
- LBZ 971 12:15:36.5 36:21:06.8 5 10 10 12.0±0.18 5.1±0.24 0.43±0.04
- LBZ 928 12:15:37.6 36:19:00.7 5 10 10 30.8±0.26 6.2±0.38 0.20±0.02
- LBZ 911 12:15:38.3 36:20:38.8 5 10 10 20.5±0.25 7.5±0.35 0.36±0.03
- LBZ 889 12:15:39.3 36:17:40.9 5 10 10 27.4±0.16 5.5±0.22 0.20±0.01
- LBZ 899 12:15:39.6 36:19:21.8 5 10 10 76.9±0.49 18.0±0.64 0.23±0.01
- LBZ 362 12:15:40.1 36:21:57.9 5 10 10 6.2±0.10 2.6±0.16 0.42±0.05
- LBZ 863 12:15:41.2 36:20:29.3 5 10 10 15.7±0.20 5.8±0.30 0.37±0.04
- LBZ 740 12:15:42.4 36:18:51.0 5 10 10 7.5±0.24 6.0±0.35 0.81±0.11
- LBZ 800 12:15:43.1 36:18:13.7 5 10 10 11.3±0.20 4.1±0.27 0.37±0.05
- LBZ 845 12:15:43.3 36:18:52.3 5 10 10 15.6±0.24 6.6±0.35 0.43±0.04
- LBZ 836 12:15:43.6 36:19:00.5 5 10 10 29.1±0.24 10.1±0.35 0.35±0.02
- LBZ 690 12:15:44.9 36:18:17.5 5 10 10 4.3±0.14 4.1±0.20 0.95±0.12

NGC 4395 LBZ 1252 12:25:52.5 33:30:22.5 4 10 10 7.2±0.16 1.9±0.10 0.26±0.03
- LBZ 391 12:25:56.7 33:30:20.7 4 10 10 6.3±0.12 2.1±0.08 0.33±0.03
- LBZ 267 12:25:59.1 33:30:59.3 4 10 10 2.8±0.13 1.3±0.08 0.47±0.08
- LBZ 151 12:26:00.2 33:31:37.7 4 10 10 7.2±0.16 2.1±0.11 0.29±0.03
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Sunèqeia P�naka 5.8

Galaxy SourceID RA Dec Rad An Dan F(Hα) F(S II) (S II/Hα)phot

(h:m:s) (d:m:s) (pix) (pix) (pix) (erg sec−1 cm−2) (erg sec−1 cm−2)
(J2000) (J2000) (× 10−15) (× 10−15)

NGC 4449 LBZ 581 12:28:05.6 44:05:33.0 5 10 10 44.5±0.28 10.6±0.29 0.23±0.01
- LBZ 593 12:28:06.2 44:04:06.1 5 10 10 6.7±0.19 4.5±0.19 0.66±0.07
- LBZ 567 12:28:08.7 44:04:08.1 5 10 10 6.0±0.19 3.9±0.20 0.96±0.09
- LBZ 527 12:28:09.5 44:06:29.6 5 10 10 41.0±0.30 9.8±0.28 0.24±0.01
- LBZ 503 12:28:10.2 44:04:52.6 5 10 10 49.6±0.47 10.5±0.48 0.21±0.02
- LBZ 500 12:28:10.4 44:04:10.6 5 10 10 9.6 ±0.21 4.4±0.22 0.46±0.05
- LBZ 521 12:28:10.5 44:04:38.4 5 10 10 20.5±0.32 7.2±0.34 0.35±0.03
- LBZ 266 12:28:10.6 44:05:20.0 5 10 10 10.3±0.76 10.5±0.72 0.10±0.01
- LBZ 449 12:28:12.9 44:04:33.1 5 10 10 23.9±0.24 5.3±0.23 0.22±0.02
- LBZ 398 12:28:13.0 44:05:33.1 5 10 10 188.±0.65 14.7±0.59 0.08±0.01
- LBZ 391 12:28:13.1 44:05:43.0 5 10 10 564.±0.86 59.0±0.73 0.10±0.01
- LBZ 432 12:28:13.4 44:04:39.5 5 10 10 27.4±0.23 6.9±0.22 0.26±0.02
- LBZ 311 12:28:14.0 44:04:53.9 5 10 10 20.5±0.24 6.1±0.24 0.30±0.02
- LBZ 401 12:28:14.5 44:06:06.2 5 10 10 5.5±0.45 5.1±0.49 0.92±0.27
- LBZ 387 12:28:14.8 44:05:50.8 5 10 10 11.1±0.44 4.8±0.48 0.43±0.09
- LBZ 394 12:28:14.8 44:07:00.7 5 10 10 18.8±0.30 2.6±0.27 0.13±0.02
- LBZ 95 12:28:15.1 44:07:28.5 5 10 10 9.4 ±0.17 3.7±0.15 0.39±0.03
- LBZ 260 12:28:16.0 44:04:29.6 5 10 10 9.8±0.14 2.8±0.13 0.29±0.03
- LBZ 318 12:28:19.4 44:06:20.9 5 10 10 23.9±0.28 8.3±0.24 0.35±0.02
NGC 5204 LBZ 154 13:29:32.4 58:26:13.1 5 10 10 11.1±0.26 2.4±0.13 0.22±0.02
- LBZ 487 13:29:33.9 58:24:46.7 5 10 10 14.7±0.42 1.2±0.21 0.08±0.02
- LBZ 458 13:29:34.9 58:25:13.9 5 10 10 16.8±0.53 1.1±0.26 0.06±0.03
- LBZ 439 13:29:35.5 58:24:22.4 5 10 10 6.8±0.33 1.4±0.17 0.21±0.05
- LBZ 412 13:29:36.6 58:26:01.6 5 10 10 10.4±0.31 1.9±0.16 0.18±0.03
- LBZ 242 13:29:38.2 58:25:06.1 5 10 10 6.5±0.55 0.6±0.27 0.09±0.07
- LBZ 299 13:29:42.4 58:25:48.2 5 10 10 22.2±0.29 3.8±0.14 0.17±0.01
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5.2 FASMATOSKOPIAOi fasmatoskopikè parathr sei e�nai o pio asfal  trìpo pistopo�hsh th fÔ-sh aut¸n twn phg¸n w U/U (([S ii]/Hα)spec> 0.4) . Me th bo jeia aut¸n twn parathr se-wn mporoÔn na apokthjoÔn akribe� lìgoi gramm¸n ekpomp  pou parèqoun plhrofor�e giati fusikè paramètrou tou (p.q. puknìthta hlektron�wn, taqÔthte sok), en¸ tautìqronamporoÔn na qrhsimopoihjoÔn gia na elègxoume thn akr�beia twn fwtometrik¸n paramètrwn.Oi phgè pou parathr jhkan fasmatoskopik� sthn paroÔsa diatrib , epilèqjhkanme b�sh ta akìlouja krit ria: a) to lìgo ([S ii]/Hα)phot, b) th fwteinìtht� tou (¸stena p�roume f�smata me isqurì s ma-pro -jìrubo kai g) tou fusikoÔ periorismoÔ sthnkataskeu  twn sqism¸n sti m�ske gia fasmatoskop�a tÔpou pollapl¸n sqism¸n (multi-

slit). Epilèxame ep�sh na l�boume f�smata gia merikè akìma phgè pou parousi�zoun ([S

ii]/Hα)phot≤ 0.3 prokeimènou na diereun soume tuqìn susthmatikè epidr�sei stou fwto-metrikoÔ lìgou [S ii]/Hα .Oi fasmatoskopikè parathr sei pou pragmatopoi jhkan e�nai oi ex : 4 nÔqte(long-slit spectra) sto thleskìpio 1.3m tou Sk�naka sthn Kr th kai 4 nÔqte (multi-slit

spectra) sto thlsskìpio 4m Mayall sto Kitt Peak th Arizìna sti HPA.5.2.1 Fasmatoskopikè parathr sei tÔpou pollapl¸n sqism¸n (multi-

slit) me to thleskìpio 4m MayallOi fasmatoskopikè parathr sei sto tÔpou Ritchey-Chretien thleskìpio Mayall(Sq ma 5.9) èginan sti 3-6 Maòou 2010. Qrhsimopoi jhke o aniqneut  5′ × 5′ T2KB CCDkai fr�gma per�jlash BL420 me 600 lines/mm , kentrarismèno sta 6000 Å, d�nonta fa-smatoskopikì eÔro 2300 Å sthn pr¸th t�xh. H fasmatik  an�lush twn 3.8 Å epitrèpei todiaqwrismì twn gramm¸n Hα tou udrogìnou apì to zeÔgo twn apagoreumènwn gramm¸n tou
[N ii] (λλ 6548, 6584) kai th xeqwrist  mètrhsh tou zeÔgou twn apagoreumènwn gramm¸ntou [S ii] (λλ 6716, 6731).Qhsimopoi jhke sqism  (slit) eÔrou 2.5′′ (160µm), ikan  na sumperil�bei to megalÔtero po-sostì tou fwtì th phg , dedomènwn twn sunjhk¸n th atmìsfaira (seeing: 1.2′′-1.5′′)kai qwr� na mei¸nei idia�tera th fasmatik  an�lush. To m ko k�je sqism , orismèno sta4′′-5′′, epètrepe k�je for� thn epilog  perioq  gÔrw apì to upì an�lush antike�meno giathn afa�resh tou topikoÔ upob�jrou. Oi kairikè sunj ke pare�qan fwtometrikè nÔqteen¸ oi qrìnoi èkjesh an� m�ska kum�njhkan sta 2100-3600 sec, an�loga me th fwteinìthta168



(aþ) (bþ)Sq ma 5.9 a) Kitt Peak National Observatory. EÔkola diakr�netai to Mayall thleskìpio, b)To 4m Mayall thleskìpio (Credit: Leonidaki Ioanna)twn stìqwn kai tou qronikoÔ periorismoÔ kat� th di�rkeia th parat rhsh. K�je nÔqtalamb�nontan ekjèsei bias, comparison lamps, projector flats (gia diìrjwsh twn sfalm�twntwn org�nwn kai gia bajmonìmhsh m kou kÔmato) kaj¸ kai fasmato-fwtometrik� astèriaanafor� (gia th bajmonìmhsh th ro  th aktinobol�a).5.2.2 Fasmatoskopikè parathr sei tÔpou makr� sqism  (long-

slit) me to 1.3m thleskìpio tou Sk�nakaOi fasmatoskopikè parathr sei sto sugkekrimèno thleskìpio èginan sti 25-28Ioun�ou 2009. Qrhsimopoi jhke o aniqneut  SITe CCD me 2000×800 (15mm) eikonostoiqe�akai fr�gma per�jlash me 1302 lines/mm , kentrarismèno sta 5500 Å kalÔptonta ètsi fa-smatikì eÔro apì 4700 Å èw 6700 Å (diaspor� ∼1 Å/ pixel) kai me fasmatik  an�lush ∼6

Å kai ∼4 Å (FWHM) sta mple kai kìkkina m kh kÔmato ant�stoiqa. H sqism  pou qrhsi-mopoi jhke èqei eÔro 6.3′′, kalÔptonta to mègisto fw th phg  dedomènwn twn sunjhk¸nth atmìsfaira (seeing: 1.3′′ -1.8′′) en¸ to m ko tou twn 7.8′  tan ikanì gia antiprosw-peutik  afa�resh tou upob�jrou. Se ìle ti peript¸sei oi sqismè  tan prosanatolismènesthn kateÔjunsh borr�-nìtou. H amudrìthta twn nefelwm�twn pro parat rhsh èkane thnakrib  topojèthsh th sqism  p�nw se aut� na e�nai idia�tera dÔskolh. Gia autì k�je for�h topojèthsh tou upì melèth antikeimènou sto kèntro th sqism  ginìtan me metatìpishtou thleskop�ou apì èna kontinì astèri anafor� to opo�o e�qe topojethje� sto kèntro thsqism . Epilèxame na parathrhjoÔn phgè ektì poluplhj¸n perioq¸n   perioq¸n me auxh-169



P�naka 5.9 Suntetagmène jèsh twn sqism¸n gia th fasmatoskop�a sto Sk�naka
Slit center

Galaxy RA DEC Total Exposure Timea

(h:m:s) (d:m:s) (sec)
(J2000) (J2000)

NGC 3077 – Slit 1 10:03:23.3 +68:44:27.1 3000 (1)
NGC 4214 – Slit 1 12:15:33.7 +36:19:07.2 5400 (3)
NGC 4214 – Slit 2 12:15:37.6 +36:18:30.2 3600 (2)
NGC 4395 – Slit 1 12:25:54.1 +33:31:39.6 5400 (3)
NGC 4395 – Slit 2 12:25:41.1 +33:30:56.0 3600 (2)
NGC 4449 – Slit 1 12:28:13.3 +44:05:20.8 5400 (3)
NGC 5204 – Slit 1 13:29:33.3 +58:25:06.1 3600 (2)
NGC 5204 – Slit 2 13:29:40.0 +58:24:40.9 3600 (2)

aOi parenjèsei dhl¸noun ton arijmì twn ekjèsewn.mènh di�quth ekpomp  gia na mpore� na e�nai pio akrib  h afa�resh tou upob�jrou, dedomènoutou eÔrou th sqism . Epiplèon, to kèntro th sqism  gia k�je parat rhsh epilegìtanètsi ¸ste to f�sma na perilamb�nei parap�nw apì m�a phgè. Oi suntetagmène sti opo�etopojet jhkan oi sqismè kaj¸ kai oi qrìnoi èkjesh gia k�je sqism  parat�jentai stonP�naka 5.9. Oi nÔqte  tan ìle fwtometrikè. Fasmato-fwtometrik� astèria anafor� pa-rathroÔntan k�je br�du parat rhsh kaj¸ kai ekjèsei kajarismoÔ kai bajmonìmhsh twndedomènwn (biases, twilight flats, comparison lamp exposures).5.2.3 An�lush fasm�twnH an�lush twn fasmatoskopik¸n dedomènwn ègine me th bo jeia tou astronomikoÔpakètou IRAF . H diadikas�a pou akolouj jhke perigr�fetai sunoptik� parak�tw, ektì apìth diìrjwsh tou hlektronikoÔ jorÔbou (bias) kai thn afa�resh twn kosmik¸n akt�nwn, poue�nai h �dia ìpw kai sthn per�ptwsh twn eikìnwn (§4.1.2):
• Epipedopo�hsh fasm�twn (Flat-fielding)'Opw anafèrjhke kai sthn per�ptwsh th an�lush twn eikìnwn, ta eikonostoiqe�a enì ani-qneut  den metatrèpoun ta sullegìmena fwtìnia ston �dio arijmì hlektron�wn (lìgw diafore-tik  kbantik  apìkrish twn eikonostoiqe�wn tou aniqneut  all� kai lìgw anomoiomorf�asto fwtismì   lìgw skình). Gia to lìgo autì, lamb�nontai eikìne epipedopo�hsh me th170



(aþ) (bþ)Sq ma 5.10 Eikìne epipedopo�hsh gia fasmatoskop�a makr� sqism  (kalÔptei per�pou4500-7000 Å) apì a) l�mpa udrargÔrou kai b) apì ton ouranoqr sh di�forwn lamp¸n (p.q. udrargÔrou   nèou, gnwstè w projector ’h lamp flat), poukalÔptoun meg�lo eÔro mhk¸n kÔmato kai mporoÔn na qrhsimopoihjoÔn gia th diìrjwsh thapìkrish twn eikonostoiqe�wn se diaforetik� m kh kÔmato. Epiplèon, lamb�nontai eikìneepipedopo�hsh tou ouranoÔ (twilight flats) gia th diìrjwsh pijan¸n kat�loipwn anomoiìmor-fou fwtismoÔ. O trìpo epipedopo�hsh twn fasm�twn perigr�fetai sunoptik� parak�tw:Gia fasmatoskop�a makr� sqism  (long-slit): Oi eikìne epipedopo�hsh l�mpa (Sq ma5.10a) kanonikopoioÔntai qrhsimopoi¸nta thn entol  response tou IRAF. To response dh-miourge� kanonikopoihmènh eikìna epipedopo�hsh h opo�a prokÔptei apì th dia�resh th eikì-na epipedopo�hsh l�mpa me mia sun�rthsh pou antikatoptr�zei to mèso f�sma th l�mpa(apì ìlh thn eikìna tou f�smato), exale�fonta ètsi ti diakum�nsei sthn èntash th eikì-na lìgw tou f�smato th l�mpa. Me autì ton trìpo pa�rnoume mia eikìna pou ma d�nei thnapìkrish tou sust mato sunart sei tou m kou kÔmato. Oi diorj¸sei lìgw anomoiìmor-fou fwtismoÔ g�nontai me th qr sh eikìna epipedopo�hsh tou ouranoÔ (twilight flats, Sq ma5.10b) kai me thn entol  illuminate tou IRAF afoÔ pr¸ta diaireje� me thn kanonikopoihmènheikìna epipedopo�hsh l�mpa (gia na exaleifjoÔn kai apì aut  oi diakum�nsei tou f�smatoth parathroÔmenh phg ). To ginìmeno twn dÔo kanonikopoihmènwn eikìnwn epipedopo�hsh(l�mpa kai ouranoÔ) diaire�tai apì ta dedomèna parat rhsh.Gia fasmatoskop�a pollapl¸n sqism¸n (multi-slit): Lamb�noume eikìne epipedopoihshl�mpa me th m�ska twn pollapl¸n sqism¸n (Sq ma 5.11) kai qrhsimopoioÔme thn entol  a-

pnorm tou IRAF gia thn kanonikopo�hs  tou. To apnorm kajor�zei monodi�stata f�smata(th l�mpa) me b�sh thn plhrofor�a k�je sqism . Katìpin, prosarmìzei èna polu¸numo sek�je èna apì ta f�smata aut� kai ta diaire� apì to f�sma k�je gramm  (  st lh) tou �xonadiaspor� (dispersion axis) th an�logh sqism . Epeid  olìklhro to eÔro k�je sqism diaire�tai me th mèsh tim  tou f�smato th k�je sqism , ektì apì ti diakum�nsei sthnapìkrish lìgw diaforetikoÔ m kou kÔmato, diorj¸netai kai ì,ti kat�loipo anomoiogenoÔfwtismoÔ mpore� na èqei emfaniste�. Gia autì kai sthn per�ptwsh th fasmatoskop�a mepollaplè sqismè den e�nai anagka�a h l yh eikìnwn epipedopo�hsh ouranoÔ (twilight flats).171



Sq ma 5.11 Eikìna epipedopo�hsh l�mpa gia fasmatoskop�a pollapl¸n sqism¸n. Sthnprokeimènh per�ptwsh qrhsimopoi jhke m�ska me 16 sqismè. K�je lwr�da apeikon�zei tof�sma pou proèrqetai apì m�a sqism .
• Bajmonìmhsh m kou kÔmato twn fasm�twnEpìmeno st�dio sthn epexergas�a twn fasmatik¸n parathr sewn e�nai h bajmonìmhsh twnfasm�twn w pro to m ko kÔmato, dhlad  h antisto�qish twn eikonostoiqe�wn kat� m kotou �xona diaspor� me to m ko kÔmato, oÔtw ¸ste na e�nai efikt  h anagn¸rish twngramm¸n ekpomp . Autì epitugq�netai me th l yh fasm�twn m�a l�mpa eugen¸n stoiqe�wn(He-Ne-Ar), gnwst� w arc-frames, twn opo�wn ta m kh kÔmato twn gramm¸n ekpomp  e�naignwst� apì to ergast rio. Sto Sq ma 5.12 fa�netai èna tupikì arc frame se disdi�stath (ètsiìpw to pa�rnoume apì fasmatogr�fo makr� sqism  kai pollapl¸n sqism¸n ant�stoiqa) kaimonodi�stath morf  (exagwg  f�smato).
• Bajmonìmhsh ro  aktinobol�aPrin apì thn telik  exagwg  twn fasm�twn, e�nai apara�thth h metatrop  sta dedomèna pa-rat rhsh twn hlektron�wn pou èqoun sulleqje� (apì ta eikonostoiqe�a) se ro  enèrgeia.Autì g�netai me th l yh arket¸n fasmato-fwtometrik¸n astèrwn anafor� kat� th di�rkeiath nÔqta parat rhsh, ta opo�a èqoun gnwst  kai stajer  ro  aktinobol�a. Epiplèon,h parat rhs  tou se di�fore timè aèria m�za (an�loge me ti aèrie m�ze twn anti-keimènwn pro parat rhsh) k�nei dunat  th diìrjwsh twn dedomènwn parat rhsh apì thnaporrìfhsh th atmìsfaira.Pio sugkekrimèna, arqik� se k�je m�a apì ti parathr sei twn astèrwn anafor� qrhsi-mopoie�tai h entol  standard tou IRAF. Aut  h entol  oloklhr¸nei ta fasmatoskopik�dedomèna tou asterioÔ sti kat�llhle energeiakè perioqè, ta diaire� me to qrìno èkjesh172



(aþ) (bþ)

(gþ)Sq ma 5.12 Tupik� f�smata l�mpa gia bajmonìmhsh m kou kÔmato a) f�sma makr� sqi-sm  se disdi�stath morf , b) f�sma pollapl¸n sqism¸n se disdi�stath morf . To mplemèro tou f�smato br�sketai sta arister� kai to kìkkino mèro tou f�smato sta dexi� twneikìnwn 5.12a kai 5.12b kai g) tupikì monodi�stato f�sma l�mpa He-Ne-Ar sto opo�o èqounshmeiwje� ta m kh kÔmato twn pio isqur¸n gramm¸n ekpomp .
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kai b�sei gnwst¸n dedomènwn bajmonìmhsh tou k�je astèra anafor� (gnwstè roè akti-nobol�a se kaje energeiak  perioq  p.q. Hamuy et al. 1992), upolog�zei th ro  aktinobol�aan� energeiak  perioq  tou k�je parathroÔmenou astèra anafor�. AfoÔ diorj¸soume taparathroÔmena f�smata gia aporrìfhsh lìgw th atmìsfaira, upolog�zoume to lìgo thparathroÔmenh ro  pro thn pragmatik  ro  tou k�je astèra anafor� kai sth sunèqeiaprosarmìzoume èna polu¸numo 3ou bajmoÔ (spline3) se autì ton lìgo. Autì to polu¸numoma d�nei th sun�rthsh euaisjhs�a (sensitivity function) tou fasmatogr�fou sunart sei toum kou kÔmato. Tèlo, me thn entol  calibrate efarmìzoume aut  th sun�rthsh euaisjhs�asta f�smata twn antikeimènwn prokeimènou na p�roume ta telik� bajmonomhmèna f�smata.Kai se aut  th f�sh lamb�noume upìyin thn ep�drash th atmosfairik  aporrìfhsh mèswth kampÔlh aporrìfhsh (extinction curve) p.q. twn Hamuy et al. (1992) kai thn aèriam�za kat� th stigm  th parat rhsh tou k�je antikeimènou.
• Exagwg  fasm�twnTo teleuta�o st�dio th fasmatik  an�lush sun�statai sthn exagwg  twn fasm�twn twnupì melèth antikeimènwn. Sto Sq ma 5.13 parousi�zetai èna tupikì disdi�stato f�sma giam�a kai pollaplè sqismè ant�stoiqa, ìpou mporoÔn na diakrijoÔn di�fore qarakthristikègrammè ekpomp  (p.q. [O iii] 5007Å, [N ii] 6548Å, Hα 6563Å, [N ii] 6584Å, [S ii] 6716Å,

[S ii] 6731Å). Me th bo jeia tou IRAF, epilègetai h perioq  pou kalÔptei to upì exètashantike�meno sto disdi�stato f�sma kai mia antiproswpeutik  perioq  gia thn afa�resh thaktinobol�a tou ouranoÔ kai tou upob�jrou. Sth sunèqeia ex�getai to monodi�stato f�smatou upì melèth antikeimènou prosjètonta th ro  aktinobol�a gia k�je m ko kÔmato sthnperioq  tou antikeimènou kai afair¸nta thn aktinobol�a tou upob�jrou, lamb�nonta upìyinti diaforè sth gewmetrik  tou epif�neia.To m ko th sqism  se k�je per�ptwsh twn fasmatik¸n parathr sewn epètrepe thn afa�-resh tou topikoÔ upob�jrou. Se peript¸sei pou h pollapl  exagwg  fasm�twn kat� m koth sqism   tan dÔskolh lìgw ektetamènwn phg¸n enswmatwmènwn se perioqè me di�quthekpomp , h exagwg  twn fasm�twn k�je phg  ègine sugkr�nonta th qwrik  di�stash touf�smato me ti fwtometrikè eikìne.
• Mètrhsh ro  aktinobol�a twn gramm¸n ekpomp H shmas�a th exagwg  twn fasm�twn ègkeitai sto gegonì ìti mèsw metr sewn th ènta-sh twn gramm¸n ekpomp  mporoÔme na ex�goume shmantikè plhrofor�e gia th fÔsh kai174



(aþ)

(bþ)Sq ma 5.13 Disdi�stata f�smata: a) m�a sqism  kai b) pollapl¸n sqism¸n. Oi fwteinèkatakìrufe grammè antistoiqoÔn se grammè ekpomp  apì ton ouranì.
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ti idiìthte twn parathroÔmenwn antikeimènwn. Gia par�deigma, h akrib  mètrhsh tou lìgou
[S ii]/Hα mpore� na pistopoi sei me asf�leia th fÔsh twn parathroÔmenwn antikeimènwn wU/U en¸ �lloi lìgoi mporoÔn na d¸soun plhrofor�e gia thn puknìthta   thn taqÔthta touaer�ou pou ekpèmpetai ([S ii](6716Å)/[S ii](6731Å), [O iii]/Hβ ant�stoiqa).'Omw, h aktinobol�a pou ekpèmpei mia astronomik  phg  uf�statai aporrìfhsh (interstellar

extinction), lìgw skèdash   aporrìfhs  th apì ta mìria tou mesoastrikoÔ aer�ou kaith mesoastrik  skình, h opo�a e�nai sun�rthsh tou m kou kÔmato (e�nai entonìterh stamikrìtera m kh kÔmato). H aporrìfhsh sun jw ekfr�zetai apì th diafor� qr¸mato (color

excess) E(B-V)=AB-AV ìpou AB , AV e�nai h olik  aporrìfhsh ekfrasmènh se fainìmena me-gèjh (Aλ=2.5log(Iλ1/Iλ0)), sti B=blue=4400Å kai V=visual=5500Å energeiakè perioqèant�stoiqa. O lìgo R=AV /E(B-V) ekfr�zei thn olik  pro mia epilektik  se k�poio m kokÔmato aporrìfhsh kai qarakthr�zei to mèso mègejo, th sÔnjesh kai to sq ma twn kìkkwnth skình pou prokaloÔn th mesoastrik  aporrìfhsh (Osterbrock & Ferland 2006).Sto Sq ma 5.14 fa�nontai di�fore kampÔle aporrìfhsh sunart sei tou antistrìfou m -kou kÔmato, gia di�fore timè th paramètrou R. Oi timè tou R kuma�nontai apì 2.3 -5.5, an�loga me ti idiìthte th skình (mègejo, sÔstash) kai thn puknìthta th Ôlh pouanamènetai kat� thn euje�a or�sew. Sthn paroÔsa melèth, qrhsimopoi jhke h tim  3.1 hopo�a e�nai mia tupik  tim  se di�quth mesoastrik  Ôlh sto Galax�a ma.Sthn paroÔsa èreuna, se k�je gramm  ekpomp  se m ko kÔmato l prosarmìsamekatanomè Gauss kai metr same thn kanonikopoihmènh w pro Hα parathroÔmenh èntash thaktinobol�a tou (Iλ/IHα) sÔmfwna me thn sqèsh:
Iλ

IHα
=

Iλ0

IHα0
10−c∆λ (5.1)ìpou:

• Iλ0/IHα0 e�nai h kanonikopoihmènh w pro Hα èntash aktinobol�a gramm  se m kokÔmato l qwr� mesoastrik  aporrìfhsh
• c e�nai o suntelest  aporrìfhsh
• ∆λ=f(λ)-f(Hα) e�nai h diafor� th aporrìfhsh th aktinobol�a sto parathroÔmenom ko kÔmato w pro to Hα. Gnwr�zonta ton pragmatikì lìgo Iλ0/IHα0 mporoÔmena metr soume thn aporrìfhsh mèsw twn metroÔmenwn lìgwn Iλ/IHα. Autì o lìgo
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Sq ma 5.14 KampÔlh mesoastrik  apìsbesh apì to makrinì upèrujro (FIR) mèqri to upe-ri¸de (UV) (Fitzpatrick 1999)e�nai gnwstì apì th jewr�a ionismoÔ mesoastrik  Ôlh gia ti grammè Balmer touudrogìnou (p.q. P�naka 7.1, gia R-3.1, Osterbrock & Ferland 2006).O suntelest  aporrìfhsh c upolog�zetai apì th Sqèsh 5.1 an jewr soume thgramm  tou udrogìnou Hα w pro thn Hβ kai R=3.1. Katal goume loipìn sth sqèsh:
c(Hβ) =

1

0.346
log

I(Hα)
I(Hβ)

2.87
(5.2)ìpou:

• 0.346 e�nai h diafor� th aporrìfhsh th Hα apì thn Hβ (f(Hβ)-f(Hα))

• I(Hα)/I(Hβ) e�nai h parathroÔmenh ekpomp  aktinobol�a twn dÔo gramm¸n kai
• Sthn per�ptwsh twn Hα, Hβ kai gia aèrio nèfo udrogìnou me hlektroniak  jermo-kras�a 104 K kai hlektroniak  puknìthta 104 cm−3, to opo�o e�nai kroustik�/fwtoionismèno, o lìgo I(Hα)/I(Hβ) e�nai 2.87 (Osterbrock & Ferland 2006).Epiplèon, h sqèsh th diafor� qr¸mato E(B-V) me to suntelest  aporrìfhshexart�tai apì thn kampÔlh exasjènhsh kai gia ton tupikì nìmo erÔjrwsh (R=3.1) d�netaiapì th sqèsh (Osterbrock & Ferland 2006):

E(B − V ) ≈ 0.77c (5.3)177



Ston P�naka 5.10 d�netai h aporrofhmènh (F) kai h diorjwmènh apì aporrìfhsh(I) ro  aktinobol�a twn gramm¸n ekpomp  ìlwn twn fasmatik� parathroÔmenwn U/U (([S

ii]/Hα)spec≤ 0.4) se k�je galax�a tou de�gmatì ma, ìle kanonikopoihmène sto F=100 erg

sec−1 cm−2 kai I=100 erg sec−1 cm−2 ant�stoiqa. Ep�sh parat�jetai o lìgo s mato - pro- jìrubo (S/N) twn ro¸n aktinobol�a. To S/N ektim jhke me b�sh ta fasmatik� counts twngramm¸n ekpomp  (CS) kai tou ant�stoiqou upob�jrou tou (Cb), lamb�nonta upìyin tateqnik� qarakthristik� tou aniqneut  (gain - G, readout noise - NR), sÔmfwna me th sqèsh:
S/N =

CS
√

Cs + Cb + (G × NR)2
(5.4)Oi grammè sti opo�e den d�nontai timè e�nai grammè pou den aniqneÔjhkan.
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P�naka 5.10 Roè aktinobol�a gramm¸n ekpomp  twn fasmatik¸n U/U

Line Hβ [O iii] [O iii] [O i] [He i] [He ii] [O i] [O i] [N ii] Hα [N ii] [He ii] [S ii] [S ii] [Ar iii]
(Å) (4861) (4959) (5007) (5577) (5876) (6234) (6300) (6364) (6548) (6563) (6584) (6678) (6716) (6731) (7136)

NGC 2403 - LBZ 1

F 31 - 14 - - - - - 7 100 26 - 28 22 -
I 35 - 16 - - - - - 7 100 26 - 28 21 -

S/N 8 - 6 - - - - - 7 30 14 - 15 12 -

NGC 2403 - LBZ 2

F 14 - 8 - - - 3 - 7 100 27 - 24 18 -
I 35 - 17 - - - 4 - 7 100 27 - 22 17 -

S/N 8 - 7 - - - 5 - 11 49 25 - 22 16 -

NGC 2403 - LBZ 3

F 14 3 12 10 - 2 8 3 9 100 28 - 25 18 2
I 35 6 28 16 - 2 9 3 9 100 28 - 24 17 1

S/N 13 6 15 22 - 12 21 12 20 71 36 - 34 29 8

NGC 2403 - LBZ 4

F 30 - - 18 - - 10 6 9 100 28 - 33 24 -
I 35 - - 19 - - 10 6 9 100 28 - 33 24 -

S/N 13 - - 19 - - 17 10 13 59 28 - 32 25 -

NGC 2403 - LBZ 5

F 17 - 4 - 2 - 1 - 11 100 36 - 27 19 -
I 35 - 8 - 3 - 1 - 11 100 36 - 25 18 -

S/N 15 - 8 - 9 - 9 - 25 78 47 - 41 33 -

NGC 2403 - LBZ 6

F 16 6 9 - - - - - 12 100 36 - 38 27 -
I 35 12 18 - - - - - 12 100 35 - 36 26 -

S/N 11 6 8 - - - - - 18 59 34 - 33 27 -

NGC 2403 - LBZ 7

F - - - - - - - - 14 100 32 - 53 41 -
I - - - - - - - - - - - - - - -

S/N - - - - - - - - 5 14 8 - 10 9 -

NGC 2403 - LBZ 8

F 24 - - - - - - - 5 100 23 - 29 29 -
I 35 - - - - - - - 5 100 23 - 28 20 -

S/N 5 - - - - - - - 3 25 11 - 12 10 -
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Sunèqeia P�naka 5.10

Line Hβ [O iii] [O iii] [O i] [He i] [He ii] [O i] [O i] [N ii] Hα [N ii] [He ii] [S ii] [S ii] [Ar iii]

(Å) (4861) (4959) (5007) (5577) (5876) (6234) (6300) (6364) (6548) (6563) (6584) (6678) (6716) (6731) (7136)

NGC 2403 - LBZ 9

F 34 11 32 16 5 - 10 4 9 100 21 2 24 17 3
I 35 11 32 16 5 - 10 4 9 100 21 2 24 17 3

S/N 10 5 13 12 5 - 12 8 9 37 16 3 17 14 5

NGC 2403 - LBZ 10

F 16 - 32 - - - - - 9 100 24 - 35 26 -
I 35 - 61 - - - - - 9 100 24 - 33 24 -

S/N 6 - 9 - - - - - 7 24 10 - 14 8 -

NGC 2403 - LBZ 11

F 22 26 86 - - - 21 4 11 100 29 - 43 41 -
I 35 38 124 - - - 22 4 12 100 29 - 42 39 -

S/N 6 7 15 - - - 9 5 7 22 10 - 14 16 -

NGC 2403 - LBZ 12

F 31 54 153 - - - - - 7 100 21 - 24 19 5
I 35 61 171 - - - - - 7 100 21 - 24 19 5

S/N 13 21 40 - - - - - 12 50 22 - 25 21 7

NGC 3077 - LBZ 1

F 26 9 15 12 - - 5 5 11 100 31 - 21 18 -
I 35 11 19 14 - - 5 5 11 100 31 - 21 17 -

S/N 10 6 7 7 - - 10 9 13 46 21 - 15 17 -

NGC 3077 - LBZ 2

F 20 - - 13 - - 6 - 12 100 19 - 24 18 -
I 35 - - 17 - - 17 - 12 100 19 - 23 17 -

S/N 3 - - 10 - - 8 - 10 27 11 - 11 9 -

NGC 3077 - LBZ 3

F 29 - - - - - - - 9 100 22 - 25 17 -
I 35 - - - - - - - 9 100 22 - 25 17 -

S/N 7 - - - - - - - 6 24 10 - 10 5 -

NGC 3077 - LBZ 4

F 28 - 4 23 - - 5 2 7 100 25 - 25 17 -
I 35 - 5 26 - - 5 2 7 100 25 - 24 17 -

S/N 10 - 5 16 - - 9 6 9 38 18 - 17 15 -
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Sunèqeia P�naka 5.10

Line Hβ [O iii] [O iii] [O i] [He i] [He ii] [O i] [O i] [N ii] Hα [N ii] [He ii] [S ii] [S ii] [Ar iii]

(Å) (4861) (4959) (5007) (5577) (5876) (6234) (6300) (6364) (6548) (6563) (6584) (6678) (6716) (6731) (7136)

NGC 3077 - LBZ 5

F 16 - 17 22 - - 4 - 10 100 35 - 26 20 -
I 35 - 34 32 - - 5 - 11 100 35 - 24 19 -

S/N 6 - 5 10 - - 6 - 6 33 16 - 15 10 -

NGC 3077 - LBZ 6

F - - - - - - - - 17 100 27 - 27 27 -
I - - - - - - - - - - - - - - -

S/N - - - - - - - - 10 33 14 - 11 12 -

NGC 4214 - LBZ 1

F - - - - - - - - - 100 12 - 33 28 -
I - - - - - - - - - - - - - - -

S/N - - - - - - - - - 34 12 - 12 10 -

NGC 4214 - LBZ 2

F 15 - - - - - 5 - 10 100 21 - 30 21 -
I 35 - - - - - 6 - 10 100 11 - 28 20 -

S/N 8 - - - - - 13 - 9 39 10 - 19 15 -

NGC 4214 - LBZ 3

F - - - - - - - - - 100 - - 28 21 -
I - - - - - - - - - - - - - - -

S/N - - - - - - - - - 24 - - 13 10 -

NGC 4214 - LBZ 4

F 27 11 31 - 3 - 7 3 4 100 12 - 29 21 -
I 35 14 39 - 4 - 7 3 4 100 12 - 29 20 -

S/N 19 12 24 - 8 - 15 - 8 60 18 - 30 25 -

NGC 4214 - LBZ 5

F - 70 - - - - - - - 100 16 - 26 18 -
I - - - - - - - - - - - - - - -

S/N - 18 - - - - - - - 40 11 - 15 11 -

NGC 4214 - LBZ 6

F - - - - - - - - - 100 - - 25 24 -
I - - - - - - - - - - - - - - -

S/N - - - - - - - - - 33 - - 13 13 -
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Sunèqeia P�naka 5.10

Line Hβ [O iii] [O iii] [O i] [He i] [He ii] [O i] [O i] [N ii] Hα [N ii] [He ii] [S ii] [S ii] [Ar iii]

(Å) (4861) (4959) (5007) (5577) (5876) (6234) (6300) (6364) (6548) (6563) (6584) (6678) (6716) (6731) (7136)

NGC 4214 - LBZ 7

F 15 - 27 - - - - - - 100 13 - 44 34 -
I 35 - 56 - - - - - - 100 13 - 41 32 -

S/N 8 - 14 - - - - - - 41 12 - 22 16 -

NGC 4214 - LBZ 8

F - - - - - - 18 - - 100 - - 34 29 -
I - - - - - - - - - - - - - - -

S/N - - - - - - 17 - - 37 - - 22 19 -

NGC 4214 - LBZ 9

F - - - - - - 15 - - 100 16 - 40 34 -
I - - - - - - - - - - - - - - -

S/N - - - - - - 4 - - 16 3 - 8 7 -

NGC 4214 - LBZ 10

F 25 18 53 - - - - - 7 100 17 - 24 18 -
I 35 24 71 - - - - - 7 100 17 - 23 18 -

S/N 14 13 25 - - - - - 10 47 16 - 21 17 -

NGC 4214 - LBZ 11

F 27 - 25 - - - - - 9 100 12 - 24 19 -
I 35 - 31 - - - - - 9 100 12 - 23 18 -

S/N 10 - 13 - - - - - 9 42 15 - 17 15 -

NGC 4214 - LBZ 12

F 21 - 23 - - - 13 - 19 100 24 - 38 32 -
I 35 - 36 - - - 14 - 19 100 24 - 37 31 -

S/N 4 - 4 - - - 5 - 6 15 6 - 6 5 -

NGC 4214 - LBZ 13

F 22 - 29 - - - 5 - 5 100 17 - 26 19 -
I 35 - 44 - - - 6 - 5 100 17 - 26 18 -

S/N 7 - 8 - - - 6 - 6 25 8 - 12 8 -

NGC 4214 - LBZ 14

F 31 16 47 - 3 - 6 3 6 100 18 2 28 20 -
I 35 18 52 - 3 - 6 3 6 100 18 2 28 19 -

S/N 21 16 29 - 7 - 13 7 13 60 24 7 31 25 -
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Sunèqeia P�naka 5.10

Line Hβ [O iii] [O iii] [O i] [He i] [He ii] [O i] [O i] [N ii] Hα [N ii] [He ii] [S ii] [S ii] [Ar iii]

(Å) (4861) (4959) (5007) (5577) (5876) (6234) (6300) (6364) (6548) (6563) (6584) (6678) (6716) (6731) (7136)

NGC 4214 - LBZ 15

F 28 12 47 - - - 4 - 3 100 16 - 26 18 -
I 35 15 57 - - - 4 - 3 100 16 - 25 18 -

S/N 11 10 19 - - - 8 - 6 41 14 - 19 15 -

NGC 4214 - LBZ 16

F 24 26 82 - 3 - 14 4 4 100 13 - 34 24 3
I 35 36 111 - 4 - 14 4 4 100 13 - 33 24 3

S/N 24 28 53 - 12 - 30 16 15 87 29 - 49 41 10

NGC 4214 - LBZ 17

F - - - - - - - - - 100 11 - 24 20 -
I - - - - - - - - - - - - - - -

S/N - - - - - - - - - 25 5 - 10 9 -

NGC 4214 - LBZ 18

F 23 22 69 - 3 - 14 4 6 100 19 1 42 31 3
I 35 32 102 - 3 - 14 4 6 100 18 1 41 30 2

S/N 17 19 38 - 8 - 22 11 14 63 25 6 39 34 5

NGC 4395 - LBZ 1

F 30 - 13 - - - - - 4 100 7 - 25 18 -
I 35 - 15 - - - - - 4 100 7 - 24 17 -

S/N 13 - 9 - - - - - 7 40 10 - 19 15 -

NGC 4395 - LBZ 2

F 18 - 29 - - - - - - 100 - - 30 31 -
I 35 - 51 - - - - - - 100 - - 29 30 -

S/N 2 - 4 - - - - - - 11 - - 5 4 -

NGC 4395 - LBZ 3

F 11 22 10 - - - - - - 100 9 - 24 19 -
I 35 64 29 - - - - - - 100 9 - 22 18 -

S/N 3 5 5 - - - - - - 23 7 - 8 8 -

NGC 4395 - LBZ 4

F 25 11 32 - - - 5 - 5 100 14 - 25 17 -
I 35 15 42 - - - 5 - 5 100 14 - 24 17 -

S/N 9 5 12 - - - 4 - 7 32 12 - 15 13 -
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Sunèqeia P�naka 5.10

Line Hβ [O iii] [O iii] [O i] [He i] [He ii] [O i] [O i] [N ii] Hα [N ii] [He ii] [S ii] [S ii] [Ar iii]

(Å) (4861) (4959) (5007) (5577) (5876) (6234) (6300) (6364) (6548) (6563) (6584) (6678) (6716) (6731) (7136)

NGC 4395 - LBZ 5

F 22 12 53 - - - - - - 100 15 - 35 28 -
I 35 18 78 - - - - - - 100 14 - 34 26 -

S/N 9 8 15 - - - - - - 38 13 - 20 16 -

NGC 4395 - LBZ 6

F 17 10 49 - - - - - - 100 16 - 35 27 -
I 35 19 93 - - - - - - 100 16 - 33 26 -

S/N 9 8 14 - - - - - - 29 11 - 16 14 -

NGC 4449 - LBZ 1

F 19 - - - - - 8 - 5 100 19 - 33 27 -
I 35 - - - - - 9 - 5 100 19 - 32 26 -

S/N 7 - - - - - 10 - 7 40 16 - 21 17 -

NGC 4449 - LBZ 2

F 29 56 173 16 - - 10 - 7 100 16 - 23 16 6
I 34 70 206 17 - - 10 - 7 100 14 - 23 16 6

S/N 14 21 40 15 - - 9 - 5 44 15 - 19 15 6

NGC 4449 - LBZ 3

F 24 6 35 - - - 10 - 9 100 19 - 28 20 -
I 35 8 49 - - - 11 - 9 100 19 - 27 19 -

S/N 11 4 13 - - - 8 - 9 36 15 - 18 16 -

NGC 4449 - LBZ 4

F 34 11 33 - 4 - 3 - 6 100 16 - 25 17 -
I 35 11 34 - 4 - 3 - 6 100 16 - 25 17 -

S/N 23 16 29 - 11 - 14 - 16 75 28 - 34 28 -

NGC 4449 - LBZ 5

F 28 10 34 - - - 7 - 6 100 19 - 33 24 -
I 35 12 41 - - - 7 - 6 100 19 - 33 24 -

S/N 11 6 15 - - - 6 - 8 40 15 - 21 18 -

NGC 4449 - LBZ 6a

F 30 10 42 42 - - 11 - 5 100 13 - 27 21 -
I 35 12 48 45 - - 11 - 5 100 13 - 27 21 -

S/N 16 11 21 33 - - 11 - 9 51 18 - 26 22 -
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Sunèqeia P�naka 5.10

Line Hβ [O iii] [O iii] [O i] [He i] [He ii] [O i] [O i] [N ii] Hα [N ii] [He ii] [S ii] [S ii] [Ar iii]

(Å) (4861) (4959) (5007) (5577) (5876) (6234) (6300) (6364) (6548) (6563) (6584) (6678) (6716) (6731) (7136)

NGC 4449 - LBZ 6b

F 28 14 48 21 - - 4 - 3 100 15 - 32 23 -
I 35 17 59 23 - - 4 - 3 100 15 - 32 22 -

S/N 10 6 14 16 - - 7 - 7 38 12 - 19 16 -

NGC 4449 - LBZ 7

F 11 18 49 - 3 - 3 - 3 100 14 - 26 21 -
I 35 52 138 - 4 - 4 - 3 100 13 - 24 19 -

S/N 12 14 36 - 12 - 7 - 14 98 29 - 36 29 -

NGC 4449 - LBZ 8

F 22 16 53 - - - 4 - 3 100 14 - 28 21 -
I 35 24 78 - - - 5 - 3 100 14 - 28 20 -

S/N 22 31 37 - - - 15 - 11 91 30 - 41 34 -

NGC 4449 - LBZ 9

F 32 24 77 - 3 - 7 - 3 100 14 - 28 20 -
I 35 25 83 - 4 - 7 - 3 100 14 - 28 20 -

S/N 33 29 59 - 14 - 30 - 19 123 41 - 56 46 -

NGC 4449 - LBZ 10

F 19 14 53 - - - 4 - 7 100 16 - 28 19 -
I 35 24 89 - - - 4 - 7 100 16 - 26 19 -

S/N 33 28 49 - - - 20 - 24 115 45 - 57 49 -

NGC 4449 - LBZ 11

F 32 16 46 - 4 - 7 - 4 100 14 - 34 25 -
I 35 17 50 - 4 - 7 - 4 100 14 - 34 25 -

S/N 27 20 37 - 13 - 22 - 17 109 40 - 56 46 -

NGC 4449 - LBZ 12

F 23 11 34 - 4 - 4 - 6 100 19 - 24 17 -
I 35 16 50 - 4 - 4 - 6 100 19 - 23 17 -

S/N 19 17 29 - 12 - 13 - 17 74 31 - 37 30 -

NGC 4449 - LBZ 13

F 25 16 32 - - - 28 - - 100 25 - 62 46 18
I 35 22 42 - - - 29 - - 100 25 - 60 45 16

S/N 4 5 8 - - - 10 - - 22 10 - 14 13 6
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Sunèqeia P�naka 5.10

Line Hβ [O iii] [O iii] [O i] [He i] [He ii] [O i] [O i] [N ii] Hα [N ii] [He ii] [S ii] [S ii] [Ar iii]

(Å) (4861) (4959) (5007) (5577) (5876) (6234) (6300) (6364) (6548) (6563) (6584) (6678) (6716) (6731) (7136)

NGC 4449 - LBZ 14

F 23 - - - - - - - 4 100 12 - 38 29 -
I 35 - - - - - - - 4 100 12 - 37 28 -

S/N 4 - - - - - - - 3 14 5 - 9 6 -

NGC 4449 - LBZ 15

F 13 - 16 - - - - - 2 100 15 - 35 25 -
I 35 - 38 - - - - - 2 100 14 - 33 23 -

S/N 7 - 8 - - - - - 6 34 11 - 19 16 -

NGC 4449 - LBZ 16

F 22 9 20 - - - - - 5 100 17 - 24 18 -
I 35 14 29 - - - - - 5 100 17 - 23 17 -

S/N 12 7 14 - - - - - 9 51 19 - 23 19 -

NGC 4449 - LBZ 17

F 26 11 32 13 - - 13 6 3 100 12 - 30 22 -
I 35 14 41 15 - - 13 6 3 100 12 - 29 21 -

S/N 15 10 18 21 - - 14 8 8 53 17 - 28 24 -

NGC 4449 - LBZ 18

F 27 13 34 - - - 4 2 4 100 12 - 27 20 2
I 35 16 42 - - - 3 4 4 100 12 - 27 20 1

S/N 15 11 21 - - - 7 9 9 52 17 - 26 22 5

NGC 5204 - LBZ 1

F - - - - - - - - 3 100 15 - 35 33 -
I - - - - - - - - - - - - - - -

S/N - - - - - - - - 4 17 6 - 8 6 -

NGC 5204 - LBZ 2

F 28 21 140 - - - - - - 100 9 - 25 17 -
I 35 26 172 - - - - - - 100 9 - 24 17 -

S/N 6 13 18 - - - - - - 21 6 - 7 6 -

NGC 5204 - LBZ 3

F 13 20 66 - - - - - 2 100 2 - 26 19 -
I 35 50 162 - - - - - 2 100 9 - 24 18 -

S/N 8 9 13 - - - - - 7 36 11 - 15 9 -
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Sunèqeia P�naka 5.10

Line Hβ [O iii] [O iii] [O i] [He i] [He ii] [O i] [O i] [N ii] Hα [N ii] [He ii] [S ii] [S ii] [Ar iii]
(Å) (4861) (4959) (5007) (5577) (5876) (6234) (6300) (6364) (6548) (6563) (6584) (6678) (6716) (6731) (7136)

NGC 5204 - LBZ 4

F 14 - - - - - 12 - 5 100 7 - 38 30 -
I 35 - - - - - 13 - 5 100 7 - 36 28 -

S/N 7 - - - - - 11 - 8 32 8 - 19 15 -

NGC 5204 - LBZ 5

F 25 - 16 - - - - - 3 100 12 - 23 19 -
I 35 - 21 - - - - - 3 100 12 - 22 18 -

S/N 6 - 5 - - - - - 3 24 7 - 9 8 -

NGC 5204 - LBZ 6

F 25 3 7 - - - 3 - 4 100 11 - 22 17 -
I 35 4 9 - - - 3 - 4 100 11 - 22 16 -

S/N 12 3 8 - - - 5 - 7 50 14 - 22 18 -

NGC 5204 - LBZ 7

F 20 - - - - - - - 17 100 2 - 24 20 -
I 35 - - - - - - - 17 100 2 - 23 19 -

S/N 16 - - - - - - - 20 43 13 - 21 19 -

F: ParathroÔmene roè aktinobol�a twn gramm¸n ekpomp , kanonikopoihmène se F(Hα)=100, mh diorjwmène gia mesoastrik  aporrìfhsh

I: Roè aktinobol�a twn gramm¸n ekpomp , kanonikopoihmène se I(Hα)=100, diorjwmène gia mesoastrik  aporrìfhsh

S/N: Logoi s mato pro jìrubo twn paratijèmenwn ro¸n aktinobol�a
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O P�naka 5.11 parousi�zei ti paramètrou twn gramm¸n ekpomp  gia ìla ta fa-smatoskopik¸ parathrhmèna U/U (([S ii]/Hα)spec≥ 0.4) sto de�gma twn galaxi¸n ma. OP�naka 5.12 parousi�zei ti paramètrou twn gramm¸n ekpomp  gia ti parathrhmène fa-smatoskopikè phgè me ([S ii]/Hα)spec< 0.4) . Oi st le 1 kai 2 parousi�zoun to galax�apou an kei h phg  kai thn tautìthta th phg  ant�stoiqa. H st lh 3 d�nei th diorjwmè-nh pro aporrìfhsh ro  aktinobol�a th gramm  Hα (F(Hα)) se mon�de 1014 erg sec−1

cm−2. Sthn st lh 4 d�netai h aporrìfhsh c pou prokÔptei apì th Sqèsh 5.2. H st lh 5d�nei th diafor� qr¸mato E(B-V) (Sqèsh 5.3). H st lh 6 parousi�zei ton parathroÔmenolìgo Hα / Hβ, mh diorjwmèno gia aporrìfhsh. Oi upìloipe st le parousi�zoun di�foroulìgou gramm¸n ekpomp , me qrhsimopoioÔmene e�te ti diorjwmène gia aporrìfhsh roèaktinobol�a (ìtan h gramm  Hβ e�nai diajèsimh)   ti aporrofhmène roè aktinobol�a. Hdiorjwmène apì aporrìfhsh roè aktinobol�a twn gramm¸n ekpomp  kanonikopoi jhkan meb�sh thn aktinobol�a Hα kai ektim jhkan qrhsimopoi¸nta th Sqèsh 5.1 (qrhsimopoi jhkanta f(λ) apì ton P�naka 7.1 tou Osterbrock & Ferland 2006 gia R=3.1). Ta sf�lmata upolo-g�sthkan me b�sh thn tupik  met�dosh sfalm�twn.Sto Sq ma 5.15 parousi�zontai ta 67 fasmatoskopik� parathrhmèna U/U (de P�nake 5.2-5.7) p�nw sthn eikìna Hα k�je galax�a, me skopì na fane� h morfolog�a tou ìpou e�naidunatìn. H k�je eikìna kalÔptei perioq  30′′×30′′ en¸ ta bèlh sti eikìne de�qnoun ta U/U.Sto Sq ma 5.16 parat�jentai ta exagìmena f�smata twn 67 fasmatoskopik� parathrhmènwnU/U.
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P�naka 5.11 Par�metroi twn gramm¸n ekpomp  ìlwn twn fasmatik� parathrhmènwn U/U sto de�gma twn galaxi¸n ma
Galaxy SourceID F(Hα) c(Hβ) E(B−V ) Hα / Hβ [Sii](6716+6731) [Nii](6548+6584) [Sii](6716) [Oiii] (4959+5007)

/ Hα / Hα /[Sii](6731) /Hβ

NGC 2403 LBZ 1 0.17 0.15±0.17 0.12±0.13 3.25±0.44 0.49±0.03 0.32±0.02 1.32±0.14 0.46±0.10∗

- LBZ 2 0.29 1.19±0.17 0.92±0.13 7.42±0.99 0.39±0.02 0.33±0.01 1.34±0.10 0.50±0.10∗

- LBZ 3 0.73 1.19±0.10 0.92±0.08 7.43±0.59 0.41±0.01 0.37±0.01 1.39±0.06 0.80±0.11
- LBZ 4 0.48 0.19±0.10 0.15±0.07 3.35±0.26 0.56±0.02 0.37±0.01 1.39±0.07 -
- LBZ 5 0.92 0.92±0.09 0.71±0.07 5.97±0.42 0.43±0.01 0.47±0.01 1.40±0.05 0.22±0.03∗

- LBZ 6 0.53 0.95±0.11 0.73±0.09 6.14±0.56 0.61±0.02 0.47±0.02 1.40±0.07 0.51±0.13
- LBZ 7 0.04 - - - 0.94±0.10 0.46±0.06 1.30±0.19 -
- LBZ 8 0.07 0.46±0.26 0.35±0.20 4.13±0.87 0.48±0.04 0.27±0.03 1.39±0.18 -
- LBZ 9 0.19 0.02±0.13 0.01±0.10 2.91±0.30 0.41±0.02 0.30±0.02 1.39±0.13 0.92±0.15
- LBZ 10 0.11 0.95±0.21 0.73±0.16 6.12±1.00 0.57±0.05 0.36±0.06 1.35±0.20 1.76±0.35∗

- LBZ 11 0.11 0.53±0.21 0.41±0.17 4.38±0.75 0.81±0.06 0.41±0.04 1.07±0.10 3.57±0.86
- LBZ 12 0.36 0.15±0.10 0.12±0.08 3.25±0.26 0.43±0.02 0.28±0.01 1.30±0.08 4.90±0.54
NGC 3077 LBZ 1 0.25 0.36±0.13 0.28±0.10 3.83±0.40 0.38±0.02 0.42±0.02 1.20±0.11 0.55±0.13
- LBZ 2 0.10 0.72±0.39 0.56±0.30 5.10±1.59 0.40±0.03 0.31±0.02 1.33±0.19 -
- LBZ 3 0.06 0.24±0.19 0.19±0.15 3.48±0.54 0.42±0.05 0.32±0.03 1.43±0.32 -
- LBZ 4 0.15 0.29±0.13 0.22±0.10 3.61±0.38 0.41±0.02 0.31±0.02 1.41±0.13 0.14±0.03∗

- LBZ 5 0.22 0.97±0.21 0.74±0.16 6.20±1.02 0.43±0.03 0.45±0.03 1.31±0.16 0.98±0.23∗

- LBZ 6 0.51 - - - 0.55±0.04 0.44±0.03 1.01±0.12 -
NGC 4214 LBZ 1 0.30 - - - 0.61±0.04 0.12±0.01∗ 1.17±0.15 -
- LBZ 2 0.15 1.03±0.16 0.80±0.12 6.54±0.83 0.48±0.02 0.21±0.02 1.40±0.12 -
- LBZ 3 0.17 - - - 0.49±0.04 - 1.36±0.17 -
- LBZ 4 0.49 0.30±0.07 0.23±0.05 3.65±0.20 0.49±0.02 0.16±0.10 1.42±0.08 1.11±0.10
- LBZ 5 0.64 - - - 0.44±0.03 0.16±0.02∗ 1.41±0.16 -
- LBZ 6 0.36 - - - 0.49±0.03 - 1.06±0.11 -
- LBZ 7 0.56 1.03±0.16 0.80±0.13 6.54±0.85 0.73±0.03 0.13±0.01∗ 1.29±0.10 1.60±0.24∗

- LBZ 8 0.51 - - - 0.62±0.03 - 1.18±0.08 -
- LBZ 9 0.03 - - - 0.74±0.09 0.16±0.05∗ 1.20±0.25 -
- LBZ 10 0.06 0.42±0.10 0.32±0.07 4.00±0.30 0.41±0.02 0.23±0.01 1.29±0.10 2.04±0.23
- LBZ 11 0.26 0.31±0.13 0.24±0.10 3.66±0.39 0.41±0.02 0.21±0.01 1.27±0.11 0.88±0.12∗

- LBZ 12 0.02 0.64±0.37 0.49±0.29 4.79±1.42 0.68±0.10 0.43±0.06 1.20±0.31 1.03±0.41∗

- LBZ 13 0.12 0.60±0.19 0.46±0.15 4.63±0.72 0.44±0.04 0.22±0.02 1.42±0.22 1.27±0.25∗

- LBZ 14 0.38 0.17±0.06 0.13±0.05 3.28±0.17 0.47±0.01 0.23±0.01 1.44±0.07 1.50±0.12
- LBZ 15 0.21 0.29±0.12 0.22±0.09 3.60±0.33 0.43±0.02 0.19±0.01 1.41±0.12 1.63±0.21
- LBZ 16 0.24 0.44±0.05 0.34±0.04 4.09±0.18 0.57±0.01 0.17±0.01 1.41±0.04 3.19±0.20
- LBZ 17 0.10 - - - 0.44±0.04 0.11±0.02∗ 1.20±0.19 -
- LBZ 18 0.14 0.55±0.08 0.42±0.06 4.45±0.27 0.71±0.02 0.24±0.01 1.34±0.05 2.92±0.25
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Sunèqeia P�naka 5.11

Galaxy SourceID F(Hα) c(Hβ) E(B−V ) Hα / Hβ [Sii](6716+6731) [Nii](6548+6584) [Sii](6716) [Oiii] (4959+5007)

/ Hα / Hα /[Sii](6731) /Hβ

NGC 4395 LBZ 1 0.22 0.20±0.10 0.15±0.08 3.37±0.28 0.42±0.02 0.11±0.01 1.41±0.12 0.42±0.06∗

- LBZ 2 0.02 0.80±0.58 0.62±0.45 5.42±2.50 0.59±0.11 - 0.96±0.29 1.45±0.82∗

- LBZ 3 0.07 1.48±0.37 1.14±0.29 9.35±2.78 0.40±0.04 0.09±0.02∗ 1.26±0.22 0.82±1.01
- LBZ 4 0.13 0.42±0.15 0.32±0.11 4.00±0.48 0.41±0.02 0.19±0.02 1.43±0.15 1.21±0.24
- LBZ 5 0.33 0.57±0.14 0.44±0.11 4.50±0.50 0.61±0.03 0.14±0.01∗ 1.29±0.10 2.24±0.36
- LBZ 6 0.21 0.92±0.15 0.71±0.11 5.97±0.69 0.59±0.04 0.16±0.02∗ 1.31±0.12 2.68±0.45
NGC 4449 LBZ 1 0.19 0.75±0.17 0.58±0.13 5.23±0.72 0.58±0.03 0.24±0.02 1.23±0.09 -
- LBZ 2 0.20 0.25±0.10 0.19±0.07 3.51±0.27 0.39±0.02 0.21±0.02 1.44±0.12 5.90±0.61
- LBZ 3 0.21 0.48±0.12 0.37±0.09 4.20±0.40 0.46±0.02 0.28±0.02 1.40±0.12 1.41±0.20
- LBZ 4 0.82 0.02±0.06 0.01±0.04 2.91±0.13 0.42±0.01 0.22±0.01 1.42±0.07 0.96±0.07
- LBZ 5 0.20 0.27±0.11 0.21±0.09 3.56±0.33 0.56±0.02 0.25±0.02 1.40±0.10 1.17±0.17
- LBZ 6a 0.34 0.20±0.08 0.15±0.06 3.37±0.22 0.47±0.02 0.18±0.01 1.29±0.08 1.38±0.13
- LBZ 6b 0.16 0.29±0.14 0.22±0.10 3.61±0.39 0.54±0.03 0.18±0.01 1.41±0.12 1.69±0.27
- LBZ 7 2.70 1.48±0.11 1.14±0.08 9.35±0.82 0.43±0.01 0.16±0.01 1.29±0.06 3.96±0.57
- LBZ 8 2.20 0.56±0.06 0.43±0.04 4.50±0.21 0.47±0.01 0.17±0.01 1.38±0.05 2.24±0.16
- LBZ 9 4.00 0.11±0.04 0.08±0.03 3.12±0.10 0.48±0.01 0.17±0.01 1.40±0.04 2.37±0.11
- LBZ 10 3.20 0.74±0.04 0.57±0.03 5.19±0.16 0.45±0.01 0.23±0.01 1.42±0.04 2.56±0.12
- LBZ 11 2.80 0.13±0.05 0.10±0.04 3.17±0.12 0.59±0.01 0.18±0.01 1.36±0.04 1.44±0.08
- LBZ 12 0.65 0.55±0.07 0.42±0.05 4.44±0.25 0.40±0.01 0.26±0.01 1.38±0.06 1.44±0.12
- LBZ 13 0.06 0.40±0.29 0.31±0.23 3.94±0.92 1.06±0.07 0.25±0.03∗ 1.33±0.14 1.19±0.48
- LBZ 14 0.04 0.53±0.31 0.41±0.24 4.38±1.10 0.65±0.08 0.16±0.03 1.33±0.25 -
- LBZ 15 0.18 1.25±0.19 0.96±0.14 7.78±1.16 0.56±0.03 0.16±0.01 1.43±0.12 1.08±0.22∗

- LBZ 16 0.34 0.56±0.11 0.43±0.08 4.50±0.39 0.40±0.02 0.22±0.01 1.35±0.09 0.83±0.14
- LBZ 17 0.33 0.35±0.09 0.27±0.07 3.79±0.26 0.51±0.02 0.15±0.01 1.39±0.08 1.16±0.13
- LBZ 18 0.32 0.32±0.09 0.25±0.07 3.70±0.26 0.46±0.02 0.16±0.01 1.36±0.08 1.22±0.14
NGC 5204 LBZ 1 0.11 - - - 0.69±0.08 0.17±0.03 1.06±0.22 -
- LBZ 2 0.15 0.29±0.21 0.23±0.16 3.62±0.61 0.41±0.05 0.09±0.02∗ 1.43±0.31 4.94±0.99
- LBZ 3 0.41 1.28±0.16 0.99±0.13 7.98±1.03 0.42±0.03 0.11±0.01 1.36±0.17 4.66±0.97
- LBZ 4 0.17 1.16±0.18 0.89±0.14 7.20±1.01 0.64±0.04 0.12±0.01 1.30±0.11 -
- LBZ 5 0.07 0.40±0.23 0.31±0.17 3.96±0.71 0.41±0.04 0.14±0.02 1.22±0.20 0.60±0.17∗

- LBZ 6 0.32 0.40±0.11 0.31±0.08 3.94±0.33 0.38±0.02 0.15±0.01 1.33±0.10 0.27±0.06
- LBZ 7 0.51 0.67±0.08 0.52±0.07 4.91±0.33 0.42±0.02 0.19±0.01 1.24±0.09 -O aster�sko dhl¸nei ìti mìno m�a ek twn dÔo gramm¸n tou [Nii]   tou [Oiii] èqei aniqneuje� kai w ek toÔtou èqei qrhsimopoihje�.
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P�naka 5.12 Par�metroi twn gramm¸n ekpomp  ìlwn twn fasmatik� parathrhmènwn, mh pistopoihmènwn U/U sto de�gma twngalaxi¸n ma

Galaxy SourceID F(Hα) c(Hβ) E(B−V ) Hα / Hβ [Sii](6716+6731) [Nii](6548+6584) [Sii](6716) [Oiii] (4959+5007)

/ Hα / Hα /[Sii](6731) /Hβ

NGC 2403 LBZ 1059 0.15 - - - 0.35±0.02 - 1.17±0.14 -
- LBZ 731 0.11 0.39±0.20 0.30±0.16 3.93±0.63 0.19±0.02 0.28±0.03 1.24±0.24 0.89±0.18∗

- LBZ 561 0.22 0.30±0.10 0.23±0.08 3.64±0.30 0.23±0.02 0.25±0.02 1.32±0.17 1.16±0.15
- LBZ 484 0.11 0.74±0.21 0.57±0.16 5.17±0.87 0.26±0.03 0.32±0.03 0.94±0.17 5.99±1.43
- LBZ 982 0.64 0.43±0.09 0.33±0.07 4.03±0.27 0.21±0.01 0.28±0.01 1.36±0.12 0.49±0.07
- LBZ 1291 0.34 0.82±0.16 0.63±0.13 5.49±0.71 0.30±0.02 0.32±0.02 1.20±0.13 0.56±0.10∗

- LBZ 840 0.04 - - - 0.15±0.03 - 1.42±0.59 -
- LBZ 796 0.31 0.37±0.13 0.28±0.10 3.85±0.38 0.14±0.01 0.33±0.02 0.97±0.15 0.43±0.09
- LBZ 620 0.40 0.11±0.08 0.09±0.06 3.13±0.19 0.20±0.01 0.32±0.01 1.14±0.10 1.67±0.15
- LBZ 514 0.35 0.59±0.13 0.45±0.10 4.58±0.48 0.32±0.02 0.37±0.02 1.38±0.13 0.46±0.12
- LBZ 1180 0.17 0.20±0.11 0.15±0.09 3.37±0.30 0.15±0.01 0.26±0.02 0.95±0.16 1.06±0.20
- LBZ 963 0.20 1.02±0.34 0.78±0.26 6.46±1.73 0.23±0.02 0.18±0.01 1.36±0.17 -
NGC 3077 LBZ 363 0.10 1.74±0.49 1.34±0.38 11.5±4.49 0.25±0.03 0.33±0.04 1.30±0.23 -
- LBZ 396 0.19 0.40±0.13 0.31±0.10 3.94±0.42 0.20±0.02 0.36±0.02 1.22±0.15 -
NGC 4214 LBZ 1089 1.30 0.43±0.05 0.33±0.04 4.03±0.15 0.21±0.01 0.09±0.01 1.34±0.06 9.39±0.47
- LBZ 597 0.85 0.74±0.07 0.57±0.05 5.18±0.27 0.20±0.01 0.15±0.01 1.30±0.07 0.95±0.09
- LBZ 1091 1.20 0.70±0.07 0.54±0.05 5.02±0.26 0.12±0.01 0.08±0.01 1.27±0.09 2.59±0.20
- LBZ 988 0.20 0.07±0.05 0.06±0.04 3.04±0.12 0.27±0.01 0.14±0.01 1.40±0.07 0.22±0.02
- LBZ 917 4.70 0.52±0.02 0.40±0.02 4.34±0.08 0.14±0.01 0.11±0.01 1.35±0.04 2.16±0.06
- LBZ 971 0.24 0.19±0.12 0.15±0.10 3.35±0.33 0.17±0.01 0.06±0.01∗ 1.08±0.16 9.05±1.20
- LBZ 928 1.10 0.76±0.10 0.58±0.08 5.24±0.42 0.15±0.01 - 1.43±0.16 6.22±0.72
- LBZ 911 0.41 0.60±0.09 0.46±0.07 4.62±0.33 0.14±0.01 0.13±0.01 1.37±0.14 2.08±0.23
- LBZ 889 0.56 0.28±0.06 0.21±0.05 3.58±0.18 0.13±0.01 0.11±0.01 1.33±0.13 2.21±0.16
- LBZ 899 1.70 0.19±0.04 0.14±0.03 3.33±0.09 0.26±0.01 0.16±0.01 1.39±0.05 4.71±0.18
- LBZ 362 0.10 1.02±0.20 0.79±0.15 6.48±1.02 0.27±0.03 0.19±0.03 1.30±0.23 -
- LBZ 863 0.36 0.52±0.08 0.40±0.06 4.34±0.27 0.17±0.01 0.15±0.01 1.37±0.13 1.21±0.12
- LBZ 740 0.15 0.18±0.11 0.14±0.09 3.32±0.30 0.19±0.02 0.10±0.01 1.17±0.22 8.09±0.97
- LBZ 800 0.16 0.42±0.14 0.32±0.10 4.00±0.43 0.19±0.02 0.08±0.01 1.34±0.35 1.15±0.18
- LBZ 845 0.27 0.41±0.11 0.32±0.08 3.99±0.35 0.11±0.01 0.13±0.01 1.14±0.17 0.70±0.10
- LBZ 836 0.43 0.41±0.07 0.32±0.06 3.99±0.23 0.16±0.01 0.14±0.01 1.31±0.12 1.10±0.10
- LBZ 690 0.16 0.84±0.22 0.64±0.17 5.59±0.97 0.37±0.02 0.14±0.01 1.28±0.16 1.05±0.29
NGC 4395 LBZ 1252 0.18 0.27±0.13 0.21±0.10 3.55±0.36 0.20±0.01 0.09±0.01 1.41±0.18 0.95±0.15
- LBZ 391 0.14 0.66±0.22 0.51±0.17 4.87±0.85 0.24±0.02 0.09±0.02∗ 1.36±0.23 -
- LBZ 267 0.05 0.47±0.26 0.36±0.20 4.16±0.88 0.24±0.04 0.13±0.03∗ 1.33±0.37 3.21±0.94
- LBZ 151 0.20 0.24±0.10 0.19±0.08 3.48±0.29 0.22±0.01 0.07±0.01∗ 1.35±0.01 6.81±0.75
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Sunèqeia P�naka 5.12

Galaxy SourceID F(Hα) c(Hβ) E(B−V ) Hα / Hβ [Sii](6716+6731) [Nii](6548+6584) [Sii](6716) [Oiii] (4959+5007)

/ Hα / Hα /[Sii](6731) /Hβ

NGC 4449 LBZ 581 0.82 0.39±0.06 0.30±0.04 3.90±0.18 0.22±0.01 0.18±0.01 1.40±0.08 2.77±0.18
- LBZ 593 0.15 0.32±0.14 0.25±0.11 3.72±0.42 0.24±0.02 0.25±0.02 0.77±0.12 1.64±0.26
- LBZ 567 0.20 0.62±0.17 0.48±0.13 4.71±0.63 0.20±0.02 0.11±0.01 1.40±0.23 0.41±0.08∗

- LBZ 527 0.71 0.35±0.07 0.27±0.05 3.81±0.20 0.31±0.01 0.19±0.01 1.41±0.07 0.83±0.07
- LBZ 503 0.27 0.64±0.12 0.49±0.09 4.78±0.45 0.36±0.02 0.23±0.01 1.29±0.10 1.82±0.25
- LBZ 500 0.20 0.84±0.15 0.65±0.12 5.62±0.68 0.24±0.02 0.15±0.02 1.36±0.16 -
- LBZ 521 0.25 0.36±0.11 0.28±0.08 3.83±0.33 0.21±0.01 0.25±0.01 1.11±0.14 0.38±0.08
- LBZ 266 1.2 0.36±0.06 0.28±0.04 3.82±0.17 0.26±0.01 0.18±0.01 1.43±0.06 2.45±0.16
- LBZ 449 0.33 1.34±0.09 1.03±0.07 8.35±0.63 0.27±0.02 - 1.43±0.18 6.42±0.55∗

- LBZ 398 6.9 0.29±0.03 0.22±0.02 3.60±0.09 0.30±0.01 0.15±0.01 1.41±0.04 2.50±0.09
- LBZ 391 21. 0.06±0.02 0.04±0.01 3.01±0.04 0.27±0.01 0.17±0.01 1.38±0.02 1.80±0.04
- LBZ 432 1.0 0.14±0.08 0.11±0.06 3.21±0.20 0.28±0.01 0.11±0.01 1.40±0.08 0.81±0.06∗

- LBZ 311 0.29 0.28±0.10 0.21±0.08 3.57±0.28 0.26±0.01 0.14±0.01 1.36±0.12 1.41±0.17
- LBZ 401 0.57 0.63±0.09 0.48±0.07 4.74±0.33 0.32±0.01 0.25±0.01 1.19±0.08 2.83±0.29
- LBZ 387 0.33 0.44±0.09 0.34±0.07 4.07±0.29 0.33±0.01 0.20±0.01 1.15±0.08 1.12±0.13
- LBZ 394 0.29 0.25±0.10 0.19±0.08 3.49±0.28 0.33±0.01 0.19±0.01 1.41±0.10 2.69±0.30
- LBZ 95 0.23 0.59±0.11 0.45±0.09 4.59±0.42 0.23±0.01 0.14±0.01 1.39±0.14 12.06±1.52
- LBZ 260 0.15 0.75±0.24 0.58±0.18 5.22±0.99 0.18±0.02 0.12±0.01∗ 1.43±0.27 1.21±0.34
- LBZ 318 0.36 0.09±0.07 0.07±0.06 3.09±0.18 0.16±0.01 0.12±0.01 1.35±0.14 1.23±0.11
NGC 5204 LBZ 154 0.23 0.15±0.11 0.11±0.09 3.23±0.29 0.13±0.01 0.04±0.01∗ 1.35±0.23 7.61±0.93
- LBZ 487 0.17 0.77±0.33 0.59±0.25 5.30±1.40 0.30±0.02 0.06±0.01∗ 0.38±0.16 1.87±0.67
- LBZ 458 0.11 0.26±0.23 0.20±0.18 3.53±0.64 0.32±0.03 - 1.39±0.20 1.33±0.28∗

- LBZ 439 0.59 0.03±0.06 0.02±0.05 2.94±0.14 0.22±0.10 0.13±0.01 1.27±0.10 3.52±0.25
- LBZ 412 0.05 0.08±0.21 0.06±0.16 3.06±0.50 0.31±0.04 0.19±0.03 1.04±0.22 0.71±0.17∗

- LBZ 242 0.95 0.94±0.09 0.73±0.07 6.09±0.42 0.12±0.01 0.11±0.01 1.10±0.08 1.39±0.16
- LBZ 299 0.18 - - - 0.21±0.02 0.11±0.02 0.82±0.14 -O aster�sko dhl¸nei ìti mìno m�a ek twn dÔo gramm¸n tou [Nii]   tou [Oiii] èqei aniqneuje� kai w ek toÔtou èqei qrhsimopoihje�.
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5.3 APOTELESMATA KAI TAXINOMHSH U/UH fwtometrik  an�lush èdwse ènan meg�lo arijmì phg¸n (269) me ([S ii]/Hα)phot≥
0.4 en¸ 138 epiplèon phgè parousi�zoun 0.3<([S ii]/Hα)phot< 0.4. 134 phgè parathr jh-kan fasmatoskopik� me ta dÔo thleskìpia (Mayall kai Sk�naka), katal gonta se 67 phgèfasmatoskopik� pistopoihmène w U/U (12 ston NGC 2403 , 6 ston NGC 3077 , 18 ston
NGC 4214 , 6 ston NGC 4395 , 18 ston NGC 4449 kai 7 ston NGC 5204). Sti fasmatik�parathrhmène phgè (134) den perilamb�nontai mìno phgè me ([S ii]/Hα)phot≥ 0.3 (to ìrioth paroÔsa èreuna gia ton prosdiorismì U/U) all� kai phgè me lìgo k�tw autoÔ touor�ou. Autì ègine me skopì na ereun soume tuqìn susthmatikè epidr�sei sto fwtometrikìlìgo [S ii]/Hα (gia mia sunolik  eikìna, de ton P�naka 5.13).Me b�sh loipìn ta fwtometrik� kai fasmatoskopik� apotelèsmata, diaqwr�zoume taoptik¸ epilegmèna U/U sti akìlouje kathgor�e: 1) U/U, 2) upoy fia U/U kai 3) pijan�upoy fia U/U. Sthn pr¸th kathgor�a an koun ta fwtometrik� U/U pou parousi�zoun stof�sma tou lìgo [S ii]/Hα > 0.4. W upoy fia U/U jewroÔme ta fwtometrik� U/U (entìtwn sfalm�twn tou) qwr� ìmw na èqoun parathrhje� fasmatoskopik�. W pijan� upoy fiaU/U jewroÔme ti phgè me 0.3<([S ii]/Hα)phot< 0.4 entì twn sfalm�twn tou. Autì todiagnwstikì ergale�o ([S ii]/Hα>0.4) èqei apodeiqje� ìti mpore� na diaforopoi sei ton ionismìlìgw kroustik¸n kum�twn (pou sumba�nai sta U/U) apì to fwtoionismì pou lamb�nei q¸rase �lla nefel¸mata (p.q. perioqè ionismènou udrogìnou   planhtik� nefel¸mata). Autìofe�letai sto gegonì ìti sthn per�ptwsh twn U/U, to megalÔtero mèro th periektikìthtase je�o sti perioqè yÔxh p�sw apì to mprostinì mètwpo tou sok e�nai me th morf  tou S+, me apotèlesma oi kroustikè diegèrsei na katal goun se auxhmènou lìgou [S ii] / Hα.Apì thn �llh, se tupikè perioqè ionismènou udrogìnou kai lìgw tou fwtoðonismoÔ, ta iìntatou je�ou e�nai kur�w sth morf  tou S++ (p.q. Long et al. 2010, Matonick & Fesen 1997).Epomènw, o lìgo [S ii]/Hα anamènetai genik� na e�nai qamhlìtero apì 0.4. Prìsjeteapagoreumène grammè ([O i] 6300 Å   [O iii] 4959, 5007 Å)   auxhmènoi lìgoi [N ii]/Hαse sqèsh me autoÔ twn ionismènwn perioq¸n udrogìnou mporoÔn na qrhsimopoihjoÔn wapodeiktik� stoiqe�a gia thn Ôparxh twn mhqanism¸n sok kai w ek toÔtou na pistopoi sounthn fÔsh twn phg¸n w U/U.Ston P�naka 5.13 parousi�zetai h apograf  twn fwtometrik� kai fasmatoskopik�193



parathroÔmenwn phg¸n se k�je galax�a kaj¸ kai ta posost� epituq�a ìson afor� thnfasmatoskopik  pistopo�hsh fwtometrik¸n U/U. Sth st lh 1 qwr�same tou lìgou ([S ii]/

Hα)phot se trei kathgor�e: > 0.4 (upoy fia U/U), 0.3-0.4 (pijan� upoy fia U/U) kai <0.3. Sth st lh 2 parousi�zoume ton arijmì twn phg¸n pou aniqneÔjhkan se k�je kathgor�a(entì twn sfalm�twn tou). Sth st lh 3 d�noume ton arijmì twn fwtometrik¸n U/U apìtou P�nake 5.2 - 5.7. Auto� oi arijmo� prokÔptoun apì ti aniqneuìmene phgè (St lh 2)an afairèsoume ti fasmatik� parathroÔmene phgè pou den pistopoi jhkan w U/U (St lh4 me�on St lh 5). Sthn per�ptwsh twn tim¸n gia <0.3 se aut  th st lh, sumperil�bame mìnota fasmatik� pistopoihmèna U/U. Sth st lh 4 d�netai o sunolikì arijmì twn fasmatik�parathroÔmenwn phg¸n en¸ sth St lh 5 parousi�zoume ton arijmì twn phg¸n pou pistopoi- jhkan fasmatoskopik� w U/U. Tèlo, sth St lh 6 d�noume to posostì twn fwtometrik¸nU/U pou epibebai¸jhkan kai fasmatoskopik� w U/U (posostì epituq�a).
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LBZ 1 NGC 2403 LBZ 2 NGC 2403 LBZ 3

LBZ 4 NGC 2403 LBZ 6LBZ 5

NGC 2403

NGC 2403 NGC 2403

NGC 2403 LBZ 7 NGC 2403 LBZ 8 NGC 2403 LBZ 9

NGC 2403 LBZ 10 NGC 2403 LBZ 11 NGC 2403 LBZ 12Sq ma 5.15 Hα eikìne twn 67 fasmatoskopik� parathrhmènwn U/U th paroÔsa èreuna.Ta bèlh de�qnoun thn jèsh twn U/U. H kateÔjunsh twn eikìnwn e�nai Borr� pro ta p�nwkai Anatol  pro ta arister�. Oi eikìne kalÔptoun 30′′×30′′ kai sti dÔo kateujÔnsei.195
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Sq ma 5.16 Ta f�smata twn 67 U/U.
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P�naka 5.13 Apograf  U/U sto de�gma galaxi¸n ma kai posost� epituq�aFwtometrikì Aniqneumène Fwtometrik� Lamb�nonta Fasmatoskopik  Posostìlìgo phgè U/U f�smata taxinìmhsh epituq�aw U/U se U/U
NGC 2403

>0.4 111 102 14 5 36%
0.3 - 0.4 48 47 8 7 88%

<0.3 ... 0 2 0 0 %

NGC 3077

>0.4 16 16 4 4 100%
0.3 - 0.4 8 8 2 2 100%

<0.3 ... - 2 - -

NGC 4214

>0.4 78 71 23 16 69.5%
0.3 - 0.4 23 19 4 0 0%

<0.3 ... 2 8 2 25%

NGC 4395

>0.4 16 15 2 1 50%
0.3 - 0.4 36 29 9 2 22%

<0.3 ... 3 4 3 75%

NGC 4449

>0.4 59 53 20 14 70%
0.3 - 0.4 19 15 6 2 33%

<0.3 ... 2 11 2 18%

NGC 5204

>0.4 12 12 - - -
0.3 - 0.4 21 20 4 3 75%

<0.3 ... 4 11 4 36%'Oloi oi galax�e
>0.4 292 269 63 40 64%

0.3 - 0.4 155 138 33 16 48%
<0.3 ... 11 38 11 30%SÔnolo

447+.. 418 134 67St lh 1: Fwtometriko� lìgoi [Sii]/Hα, qwrismènoi se trei kathgor�e: >0.4 (upoy fia U/U), 0.3 - 0.4(pijan� upoy fia U/U) kai <0.3, St lh 2: arijmì fwtometrik¸n phg¸n pou aniqneÔjhkan se k�je kathgor�a(entì twn sfalm�twn tou), St lh 3: fwtometrik� U/U pou parousi�zontai stou P�nake 5.2 - 5.7. Auto� oiarijmo� prokÔptoun apì ta aniqneuìmena U/U (St lh 2) an afairejoÔn ta fasmatik¸ parathroÔmena, mh-pistopoihmèna U/U (tim  th St lh 4 me�on thn tim  th St lh 5). Sthn per�ptwsh pou se aut  thn st lhe�nai <0.3, parajètontai mìno oi phgè pou pistopoi jhkan fasmatoskopik� w U/U, St lh 4: arijmì fasmato-skopik� parathroÔmenwn phg¸n, St lh 5: arijmì phg¸n pou èqoun pistopoihje� fasmatoskopik� w U/U, St lh6: posostì twn fwtwmetrik¸n U/U pou pistopoi jhkan fasmatoskopik� (posostì epituq�a).Oi arijmo� sthn enìthta �SÔnolo� prokÔptoun apì to �jroisma twn ant�stoiqwn arijm¸n se ìlou tou galax�e.208



5.3.1 Memonwmèna antike�menaParak�tw parousi�zontai axioshme�wte peript¸sei phg¸n an� galax�a:
NGC 2403: LBZ6, LBZ95: Autè oi dÔo phgè br�skontai se èna megalÔtero sÔm-plegma nefelwm�twn (Sq ma 5.17a, mikro� kÔkloi) kai parousi�zoun ([S ii]/Hα)phot = 0.63kai 0.42 ant�stoiqa. H phg  LBZ 6 èqei parathrhje� fasmatoskopik� d�nonta ([S ii]/Hα)spec=0.61. Oi Matonick et al. (1997) prosdiìrisan fwtometrik� ìlh aut n thn perioq  w ènaU/U (SNR-15). Autì pijan� ofe�letai sto ìti h an�qneush tou gia U/U  tan basismènh seeikìne tou lìgou [S ii]/Hα, pou te�noun na e�nai pio jorub¸dei apì ti epimèrou eikìne

Hα kai [S ii]. Gia lìgou sÔgkrish, pragmatopoi same fwtometr�a se olìklhrh thn perioq (meg�lo kÔklo sto Sq ma 5.17a) kai katal xame se [S ii]/Hα≈0.41. Wstìso, sti eikìnema h perioq  aut  e�nai saf¸ katanemhmènh se memonwmène phgè kai me meg�le timè toulìgou [S ii]/Hα, gegonì pou upodhl¸nei ìti pijanìtata prìkeitai gia sÔmplegma U/U.
LBZ1: Pragmatopoi same fwtometr�a se olìklhrh thn perioq  aut  th toxoeidoÔ phg (kÔklo sto Sq ma 5.17b). Wstìso, h fasmatoskop�a ègine sthn �krh tou tìxou ìpw fa�-netai apì th sqism  pou qrhsimopoi jhke.
LBZ12: Aut  h shmeiak  phg  prosdior�sthke fwtometrik� w U/U en¸ ke�tai d�pla apì m�atoxoeid  phg  (Sq ma 5.17g). O sunduasmì aut¸n twn dÔo antikeimènwn èqei fwtometrik�prosdioriste� san U/U apì tou Matonick et al. (1997) w SNR-32 . Wstìso, h topojèthshth sqism  sti fasmatoskopikè parathr sei, ma bo jhse na diereun soume peraitèrwthn fÔsh aut  th perioq  (Sq ma 5.17g). To ar�stero �kro th sqism  kalÔptei thn
LBZ 12 kai d�nei ([S ii]/Hα)spec =0.43. To dexiì �kro th sqism  kalÔptei mèro th toxoei-doÔ phg  d�nonta ([S ii]/Hα)spec =0.23, upodhl¸nonta ìti prìkeitai gia perioq  pou dendiege�retai mèsw kum�twn sok. Gia na mporèsoume na sugkr�noume ta apotelèsmat� ma meaut� twn Matonick et al. (1997), upolog�same epiplèon to fasmatoskopikì lìgo [S ii]/Hαgia olìklhrh thn perioq . Br kame lìgo �so me 0.30, endeqomènw sÔmfwno me thn taxinì-mhsh twn ?). W ek toÔtou, prote�noume ìti mìno h shmeiak  phg  (LBZ 12) e�nai U/U, en¸h toxoeid  phg  e�nai mèro perioq  ionismènou udrogìnou.

NGC 4214: LBZ 5: H fwtometr�a aut  th phg  ègine se polÔ mikrìterh èktashapì eke�nh pou qrhsimopoi jhke gia thn exagwg  tou f�smato. Parìla aut�, to f�smath phg  den parousi�zei mègista kat� m ko th qwrik  kateÔjunsh ètsi ¸ste na maepitrèyei thn exagwg  fasm�twn epimèrou memonwmènwn perioq¸n.209
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(bþ)
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LBZ87: H phg  aut  br�sketai se mia meg�lh perioq  ionismènou udrogìnou h opo�a parou-si�zei enisqumènh di�quth ekpomp  Hα, apotrèponta ton entopismì th apì to Sextractor wdi�krith phg . Wstìso, epilèxame na k�noume fwtometr�a sthn sugkekrimènh phg  epeid  hekpomp  th sto je�o e�nai xek�jarh kai èntonh, en¸ e�nai  dh gnwstì U/U sti akt�ne -Q,sto radiofwnikì kai sto optikì mèro tou f�smato (bl. P�naka 5.16). O metroÔmeno lìgo
([S ii]/Hα)phot =0.36 ma epitrèpei na to sumperil�boume sthn telik  l�sta twn fwtometrik¸nU/U (P�naka 5.4).

NGC 4449: LBZ6: H sqism  tou f�smato topojet jhke kat� m ko th phg kai h fasmatoskop�a apok�luye thn Ôparxh dÔo koruf¸n (meg�stwn) sto sunolikì f�sma thphg . Exet�same optik� thn aniqneuìmenh phg  sthn Hα eikìna tou galax�a kai ìntw hparous�a dÔo lob¸n e�nai xek�jarh (Sq. 5.15). Epilèxame na parousi�soume ti idiìthte kaita f�smata kai gia ti dÔo perioqè (LBZ 6a-LBZ 6b) stou ant�stoiqou p�nake kai sq mata,all� par' ìla aut� th jewroÔme w m�a phg .
NGC 5204: LBZ 16: Aut  h phg  br�sketai d�pla se mia lampr  perioq  ionismènouudrogìnou kai gia to lìgo autì den aniqneÔjhke apì to Sextractor. Wstìso, h fwtometrik an�lush aut  th phg  èdwse ([S ii]/Hα)phot = 0.91. Autì o lìgo (> 0.4) se sunduasmììti e�nai se sumfwn�a me prohgoÔmenh taxinìmhsh w optikì U/U (Matonick & Fesen 1997)ma epitrèpei na sumperil�boume thn phg  ston telikì kat�logo twn fwtometrik¸n U/U.5.3.2 Fusikè par�metroiH fwtometrik  èreuna apok�luye ènan meg�lo arijmì U/U (∼ 418 Bl. P�nake5.2 -5.7) sto de�gma twn galaxi¸n ma, ft�nonta se roè Hα kai [S ii] th t�xew twn

∼1.2×10−15 kai ∼7×10−16 erg sec−1 cm−2 ant�stoiqa. Sto Sq ma 5.18 parousi�zoume tolìgo ([S ii]/Hα)phot ìlwn twn fwtometrik¸n U/U sto de�gma twn galaxi¸n ma ènanti thfwtometrik  tou ro  aktinobol�a sto Hα. H suntriptik  pleioyhf�a twn U/U, ektìapì eke�na ston NGC 2403 parousi�zoun roè apì 3×10−15 èw 3×10−14 erg sec−1 cm−2.Apì thn �llh pleur�, h pleioyhf�a twn U/U ston NGC 2403 parousi�zoun roè aktinobol�asth gramm  Hα metaxÔ 1×10−14 kai 6×10−14 erg sec−1 cm−2, sqedìn mis  t�xh megèjoulamprìtera apì th mèsh tim  th ro  aktinobol�a twn U/U stou upìloipou galax�e toude�gmatì ma. Autì sun�dei, entì twn fwtometrik¸n sfalm�twn, me to ìrio euaisjhs�a thèreuna twn Matonick et al. (1997) gia U/U ston �dio galax�a, h opo�a pragmatopoi jhke meèna parìmoia diamètrou thleskìpio. H diafor� sta ìria euaisjhs�a metaxÔ tou NGC 2403211



kai twn �llwn galaxi¸n e�nai pijanì na ofe�letai sthn èntonh kai anomoiogen  di�quth ek-pomp  se autìn ton galax�a. 'Opw epishma�netai apì tou Pannuti et al. (2007), oi optikèèreune den e�nai polÔ eua�sjhte ston entopismì U/U se tètoio perib�llon.

Sq ma 5.18 Lìgo ([S ii]/Hα)phot sunart sei th ro  aktinobol�a Hα twn fwtometrik¸nU/U. Exag�game ep�sh ti puknìthte hlektron�wn twn 67 fasmatoskopik� parathrhmè-nwn U/U, basizìmenoi stou lìgou tou [S ii](6716)/[S ii](6731) (blèpe P�naka 5.11). Olìgo autì e�nai kalì de�kth th puknìthta hlektron�wn (de §2.5.2.1 - Hlektroniak puknìthta). Gia tou parap�nw upologismoÔ qrhsimopoi same to temden apì to pakèto
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nebular tou IRAF5, upojètonta jermokras�a 104 K. Oi lìgoi [S ii](λ6716)/[S ii](λ6731)tou de�gmato ma de�qnoun ìti oi hlektroniakè puknìthte twn fasmatoskopik� parathroÔ-menwn U/U tou de�gmato twn galaxi¸n ma kuma�nontai metaxÔ 170 - 580 cm−3 .Sto Sq ma 5.19 parousi�zetai o arijmì twn fasmatik� pistopoihmènwn U/U sunart seitwn lìgwn tou [S ii](6716)/[S ii](6731). To kìkkino istìgramma upodhl¸nei ta U/U ston
NGC 2403 (o monadikì speiroeid  galax�a sto de�gma ma), to maÔro istìgramma de�-qnei ta U/U stou upìloipou galax�e tou de�gmatì ma (�morfoi galax�e) en¸ èqou-me sumperil�bei (mwb istìgramma) ta fasmatik� parathroÔmena U/U tess�rwn galaxi¸n(NGC 5585, NGC 6946, M81 kai M101) apì th doulei� twn Matonick & Fesen (1987). K�-poio ja per�mene ìti ta U/U stou �morfou galax�e ja parousi�zoun qamhlìterou lìgou
[S ii](6716Å)/[S ii](6731Å) (megalÔtere puknìthte) apì autoÔ twn U/U stou speiroeide�galax�e, mia kai topikè enisqÔsei tou mesoastrikoÔ mèsou e�nai sun jei stou �morfougalax�e. Parìla aut�, den parathre�tai k�poia tètoia t�sh apì ta istogr�mmata tou Sq -mato 5.19. Autì upodeiknÔei ìti den up�rqoun shmantikè diaforè e�te sthn puknìthtatou ektinassìmenou ulikoÔ   sto topikì perib�llon twn U/U metaxÔ speiroeid¸n kai �mor-fwn galaxi¸n. Apì thn �llh, h pleionìthta twn U/U sto Sq ma 5.19 parousi�zei lìgou
[S ii](6716)/[S ii](6731) > 1, upodhl¸nonta ghrai� U/U, me b�sh ta krit ria twn Stupar &

Parker (2009). H t�sh na aniqneÔontai ghraiìtera U/U sto optikì mèro tou f�smato (p.q.
Rosado et al. 1983), se sunduasmì me thn ex�rthsh th puknìtht� tou apì thn hlik�a toumpore� na ermhneÔsei to gegonì ìti den parathroÔme shmantikè diaforè stou plhjusmoÔtwn U/U metaxÔ �morfwn kai speiroeid¸n galaxi¸n.5.3.3 Sqèsei U/U se pollapl� m kh kÔmatoGia to de�gma twn galaxi¸n pou exet�zoume, katart�same ènan kat�logo ìlwn twngnwst¸n optik¸n U/U apì thn paroÔsa èreuna all� kai apì th bibliograf�a (Matonick et

al. 1997, Dopita et al. 2010, Blair et al. 1983, Matonick & Fesen 1997) kaj¸ kai ìlata gnwst� U/U sti akt�ne -Q (Leonidaki et al. 2010 kai apì th bibliograf�a) kai storadiìfwnikì mèro tou f�smato (Eck et al. 2002, Turner & Ho 1994, Rosa-González 2005,

Chomiuk & Wilcots 2009, Vukotic et al. 2005) . Me b�sh loipìn ton parap�nw kat�logophg¸n kai me akt�na anaz thsh sta 2′′, y�xame gia pijanoÔ susqetismoÔ twn U/U stitrei autè perioqè tou f�smato. Aut  h akt�na anaz thsh or�sthke me b�sh to apìluto
5http://stsdas.stsci.edu/nebular/temden.html 213



Sq ma 5.19 Arijmì fasmatik� parathroÔmenwn U/U sunart sei twn lìgwn tou
[S ii](6716)/[S ii](6731). Kìkkino istìgramma: U/U ston NGC 2403 (o monadikì speiroeid galax�a sto de�gma ma), maÔro istìgramma: U/U stou upìloipou galax�e tou de�gma-tì ma (�morfoi galax�e), mwb istìgramma: fasmatik� parathroÔmena U/U apì th dou-lei� twn Matonick & Fesen (1997) se tèsseri speiroeide� galax�e (NGC 5585, NGC 6946,

M81 kai M101). 'Opw fa�netai, den up�rqei diaforopo�hsh sto lìgo tou je�ou sta U/UmetaxÔ diaforetik¸n tÔpwn galaxi¸n. Parìla aut�, h pleioyhf�a twn U/U parousi�zoun
[S ii](6716)/[S ii](6731) > 1 pou upodeiknÔei ìti e�nai U/U meg�lh hlik�a (de §5.3.2 gialeptomèreie).
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astrometrikì sf�lma twn epimèrou katalìgwn pou qrhsimopoi jhkan gia thn astrometrik diìrjwsh twn U/U (pou sti perissìtere peript¸sei  tan polÔ mikrì: p.q. USNO-B1.0sta 0.2′′) kaj¸ kai to tupikì sf�lma twn optik¸n dedomènwn ma (1′′-1.5′′).Phgè pou e�nai U/U sti akt�ne -Q   sto radiofwnikì mèro tou f�smato all� parousi�zoun
[S ii]/Hα)phot < 0.3 sthn paroÔsa melèth sumbol�zontai w SNR/H ii. Gia ta U/U stiakt�ne -Q   sto radiofwnikì mèro tou f�smato pou sthn paroÔsa optik  an�lush denanagnwr�sthkan w U/U, all� susqet�zontai me diakrit� nefel¸mata sti eikìne Hα twngalaxi¸n, pragmatopoi same gia sÔgkrish fwtometr�a sti perioqè pou d�nontai apì ta �llam kh kÔmato (akt�ne -Q   radiofwnikì).Ta apotelèsmata th susqètish aut  parousi�zontai stou P�nake 5.14 - 5.19 gia k�jegalax�a xeqwrist�. H st lh 1 parousi�zei thn tautìthta th phg , basismènh sthn paroÔsaèreuna. Oi phgè me to erwthmatikì apèqoun apì ta ant�stoiqa U/U sta �lla m kh kÔmatok�pw perissìtero apì thn kajorismènh akt�na anaz thsh. Sti perissìtere peript¸seiwstìso, den fa�netai na up�rqoun �lle phgè pou na perilamb�nontai mèsa sthn akt�naanaz thsh, ektì an dhl¸netai. H st lh 2 d�nei thn taxinìmhsh th phg  me b�sh thnparoÔsa melèth (bl. §4 ). Oi st le 3 kai 4 d�noun thn orj  anafor� (RA) kai apìklish(DEC) se J2000 twn phg¸n. E�n h phg  èqei aniqneuje� sthn paroÔsa èreuna anafèrontaioi suntetagmène th optik  phg , alli¸ d�nontai oi suntetagmène twn U/U sta m khkÔmato pou èqoun aniqneuje�. H st lh 5 de�qnei ta U/U pou èqoun aniqneuje� apì �lleèreune sto optikì mèro tou f�smato, en¸ h st lh 6 d�nei thn apìklish twn suntetagmènwnjèsh th phg  se deuterìlepta tou tìxou (′′) metaxÔ th paroÔsa kai twn �llwn optik¸nmelet¸n. H st lh 7 de�qnei thn tautìthta tou ant�stoiqou U/U sti akt�ne -Q en¸ h st lh8 d�nei thn apìklish twn suntetagmènwn jèsh th phg  se deuterìlepta tou tìxou metaxÔth paroÔsa èreuna kai twn akt�nwn-Q. H st lh 9 de�qnei thn tautìthta tou ant�stoiqouradiofwnikoÔ U/U en¸ h st lh 10 d�nei thn apìklish twn suntetagmènwn jèsh th phg se deuterìlepta tou tìxou metaxÔ th paroÔsa èreuna kai th ant�stoiqh radiofwnik èreuna.

NGC3077: To U/U LZB18 (kai radiofwnikì U/U) br�sketai metaxÔ dÔo phg¸n pouèqoun taxinomhje� apì thn paroÔsa èreuna w SNR/H ii (LBZ 299 kai LBZ300). Mia pijan ermhne�a th fÔsh aut¸n twn phg¸n d�netai sthn §5.4.3.3 . Oi dÔo autè phgè parousi�zounparìmoie apokl�sei sti suntetagmène jèsh metaxÔ th paroÔsa èreuna kai twn ereun¸nsti akt�ne -Q kai sto radiofwnikì, gia autì kai epilèxame na ti parousi�soume kai ti dÔosan pijan� omìloga me to U/U sti akt�ne -Q/radiofwnikì.215



NGC4449: To ploÔsio se oxugìno U/U, tÔpou Cas-A (LBZ122 sthn paroÔsa èreuna) ston
NGC 4449 (p.q. Blair et al. 1983) parousi�zei ([S ii]/Hα)phot < 0.4. Prèpei ìmw na ana-ferje� ìti h an�qneush aut  th phg  apì �lle optikè èreune den sthr�qjhke sti stenègrammè ekpomp  Hα, Hβ, [N ii] kai [S ii] (ergale�a an�qneush U/U th paroÔsa èreuna)all� sti grammè ekpomp  [O i], [O ii], [O iii], tupikè gia thn an�qneush ploÔsiwn se oxu-gìno U/U. Anafèroume ìti h fwtometrik  mèjodo pou qrhsimopoi jhke apì thn paroÔsaèreuna (to krit rio ([S ii]/Hα) phot > 0.4 gia thn an�qneush U/U) den e�nai bohjhtik  gia thnan�qneush near¸n, ploÔsiwn se oxugìno U/U, mia kai h paroÔsa èreuna epikentr¸netai sediaforetikè, èntone grammè ekpomp  twn U/U.
NGC2403: H paroÔsa èreuna pistopo�hse fasmatoskopik� tr�a fwtometrik� U/U apì thdoulei� twn Matonick et al. (1997) (SNR-3, SNR-15, SNR-32). Apì thn �llh, dÔo fwtome-trik� U/U th �dia doulei� (SNR-26, SNR-28) taxinomoÔntai w SNR/HII (([S ii]/Hα)phot

< 0.3) sthn paroÔsa èreuna. Gia autè ti phgè e�nai anagka�a h l yh fasm�twn ¸ste naepibebaiwje� h fÔsh tou.
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P�naka 5.14 Susqetismo� gnwst¸n U/U, se di�fora m kh kÔmato, ston NGC 2403

Source ID Classification RA Dec Optical Offset X-ray Offset Radio Offset
(h:m:s) (d:m:s) associatea (′′) associateb (′′) associate (′′)

out of field of view - 07:36:21.2 65:40:56.4 SNR-1 - - - - -
LBZ 22 candidate SNR 07:36:24.1 65:36:07.2 SNR-2 2.29 - - - -
LBZ 1 SNR 07:36:30.4 65:35:43.4 SNR-3 3.44 - - - -

LBZ 118 probable candidate SNR 07:36:37.0 65:36:39.1 SNR-4 1.24 - - - -
LBZ 60 candidate SNR 07:36:42.9 65:34:51.9 SNR-5 1.01 - - - -
LBZ 67 candidate SNR 07:36:45.8 65:36:36.0 SNR-6 0.69 - - - -
LBZ 66 candidate SNR 07:36:45.7 65:36:40.6 SNR-7 0.10 probable SNR (LZB30) 2.18 SNR (µ)c 3.09
LBZ 131 probable candidate SNR 07:36:49.2 65:34:30.6 SNR-8 1.06 - - - -
LBZ 87 candidate SNR 07:36:52.2 65:33:41.9 SNR-9 1.57 - - - -
LBZ 135 probable candidate SNR 07:36:52.7 65:35:50.2 SNR-10 0.30 - - - -
LBZ 89 candidate SNR 07:36:53.4 65:35:59.8 SNR-11 0.80 - - - -
LBZ 90 candidate SNR 07:36:53.8 65:33:41.7 SNR-12 1.89 - - - -
LBZ 137 probable candidate SNR 07:36:53.7 65:35:11.5 SNR-13 0.63 - - - -
LBZ 93 candidate SNR 07:36:55.1 65:35:38.1 SNR-14 0.72 - - - -
LBZ 6 SNR 07:36:55.8 65:35:43.0 SNR-15 3.36d XRB (LZB104) 2.98d

LBZ 139 probable candidate SNR 07:36:56.3 65:34:05.6 SNR-16 0.63 - - - -
LBZ 96 candidate SNR 07:36:57.2 65:36:03.9 SNR-17 2.11 SNR (LZB42) 2.51
LBZ 102 candidate SNR 07:37:01.8 65:34:13.4 SNR-18 1.30 XRB (LZB93) 5.9e - -
LBZ 145 probable candidate SNR 07:37:02.1 65:34:36.6 SNR-19 0.74 - - - -
LBZ 144 probable candidate SNR 07:37:02.0 65:33:42.0 SNR-20 0.48 - - - -
LBZ 1530 Frame-4 07:37:02.7 65:37:22.0 SNR-21 3.36 - - - -
LBZ 103 candidate SNR 07:37:02.4 65:36:01.7 SNR-22 1.54 probable SNR (LZB86) 1.86 - -
LBZ 146 probable candidate SNR 07:37:03.0 65:33:46.1 SNR-23 1.10 - - - -
LBZ 104 candidate SNR 07:37:02.8 65:34:38.1 SNR-24 1.24 probable SNR (LZB80) 3.69 - -
LBZ 560 Frame-4 07:37:06.1 65:36:04.1 SNR-25 1.12 - - - -
LBZ 651 SNR/H II 07:37:06.3 65:36:10.5 SNR-26 1.41 - - - -
LBZ 1301 Frame-4 07:37:07.2 65:37:10.4 SNR-27 0.79 - - - -
LBZ 1373 SNR/H II 07:37:09.7 65:32:55.6 SNR-28 2.08 - - - -
LBZ 107 candidate SNR 07:37:10.7 65:33:11.0 SNR-29 1.17 probable SNR (LZB 2) 0.73 - -
LBZ 108 candidate SNR 07:37:12.4 65:33:45.9 SNR-30 0.47 XRB (LZB99) 2.54 - -
LBZ 11 SNR 07:37:16.0 65:33:28.9 SNR-31 0.51 probable SNR (LZB14) 2.06 - -
LBZ 12 SNR 07:37:21.4 65:33:06.9 SNR-32 2.11 - - - -
LBZ 109 candidate SNR 07:37:21.6 65:33:14.4 SNR-33 0.62 - - - -
LBZ 622 Frame-4 07:37:23.0 65:35:46.8 SNR-34 0.97 - - - -
Mat 35 Frame-4 07:37:29.5 65:36:57.7 SNR-35 1.14 - - - -
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Sunèqeia P�naka 5.14

Source ID Classification RA Dec Optical Offset X-ray Offset Radio Offset
(h:m:s) (d:m:s) associatea (′′) associateb (′′) associate (′′)

LBZ 127 probable candidate SNR 07:36:46.5 65:36:10.8 - - XRB (LZB58) 3.28 - -
LBZ 8 SNR 07:37:03.2 65:37:13.7 - - SNR (LZB81) 2.82 - -
LBZ 74 candidate SNR 07:36:47.9 65:36:23.9 - - probable SNR (LZB 120) 2.09 - -
LBZ 56 candidate SNR 07:36:41.9 65:36:51.7 - - SNR (LZB 107) 3.05 SNR (TH2)f

LBZ 635.2 SNR/H II 07:36:52.3 65:36:40.3 - - probable SNR (LZB5) 1.72 - -
out of field of view - 07:37:08.0 65:39:20.6 - - probable SNR (LZB78) - - -

not detected nothing 07:37:17.9 65:36:24.2 - - probable SNR (LZB76) - - -
LBZ 902.4 SNR/H II 07:37:13.3 65:35:59.2 - - probable SNR (LZB41) 1.42 - -
LBZ 1562.1 SNR/H II 07:37:14.8 65:32:04.1 - - probable SNR (LZB68) 2.20 - -
not detected nothing 07:37:22.2 65:33:18.5 - - probable SNR (LZB71) - - -
LBZ 301.2 SNR/H II 07:36:49.2 65:36:51.4 - - - - SNR (TH4)f 0.53Shme�wsh � St lh 1: Tautìthta phg . Gia th shmas�a tou erwthmatikoÔ de § 5.3.3, St lh 2: Taxinìmhsh phg  apì thn paroÔsa èreuna. Phgème ([Sii]/Hα)phot < 0.3 dhl¸nontai w SNR/Hii, St le 3,4: Orj  anafor� (RA) kai apìklish (Dec) se J2000 k�je aniqneumènh phg  th paroÔsaèreuna. Gia phgè oi opo�e den èqoun aniqneuje� apì thn paroÔsa èreuna, d�nontai oi suntetagmène jèsh twn ant�stoiqwn U/U pou sump�ptounqwrik� se �lla m kh kÔmato, St lh 5: Optik� U/U apì �lle èreune, St lh 6: Apìklish se deuterìlepta tìxou (′′) metaxÔ twn suntetagmènwnjèsh th phg  sthn paroÔsa èreuna kai se �lle optikè èreune, St lh 7: U/U sti akt�ne -Q pou sump�ptei qwrik�, St lh 8: Apìklish sedeuterìlepta tìxou (′′) metaxÔ twn suntetagmènwn jèsh th phg  sthn paroÔsa èreuna kai se ant�stoiqe èreune akt�nwn-Q, St lh 9: RadiofwnikìU/U pou sump�ptei qwrik�, St lh 10: Apìklish se deuterìlepta tìxou ( ′′) metaxÔ twn suntetagmènwn jèsh th phg  sthn paroÔsa èreuna kai se�lle èreune sto radiofwnikì.Shme�wsh 2 � O ìro ’Frame-4’ antistoiqe� se phgè pou aniqneÔjhkan sto tètarto pla�sio tou mwsaikoÔ tou NGC2403 (2×2) all� den qrhsimo-poi jhkan mia kai h nÔqta parat rhsh den  tan fwtometrik  (§ 5.1.3).

aOptikì U/U twn Matonick et al. (1997).
bU/U akt�nwn-Q twn Leonidaki et al. (2010).
cRadiofwnikì U/U twn Eck et al. (2002).

dParìlo pou h apìklish sti suntetagmène e�nai meg�lh, to mègejo th phg  (∼ 3.6′′) k�nei to susqetismì ikanì kai epilèximo.

eParìlo pou h apìklish sti suntetagmène e�nai meg�lh, to mègejo th phg  (∼ 4′′ × 2.5′′) k�nei to susqetismì ikanì kai epilèximo.

f Radiofwnikì U/U twn Turner & Ho (1994).

218



P�naka 5.15 Susqetismo� gnwst¸n U/U, se di�fora m kh kÔmato, ston NGC 3077

Source ID Classification RA Dec Optical Offset X-ray Offset Radio Offset
(h:m:s) (d:m:s) associate (′′) associate (′′) associate (′′)

LBZ236 ? SNR/H II 10:03:18.2 68:44:02.4 - - SNR (LZB6a, S6b) 1.86 - -
not detected nothing 10:03:21.8 68:45:03.3 - - SNR (LZB 12)a - - -
not detected nothing 10:03:12.1 68:43:19.1 - - SNR (LZB 13)a - - -

LBZ 24 probable candidate SNR 10:03:20.8 68:41:40.1 - - SNR (LZB 15)a 1.22 - -
LBZ 299d SNR/H II 10:03:18.9 68:43:54.5 - - SNR (LZB 18a, S1b) 2.85 SNR (S1)c 1.97
LBZ 300d SNR/H II 10:03:18.8 68:43:59.0 - - SNR (LZB 18a, S1b) 2.35 SNR (S1)c 2.62
LBZ303 ? SNR/H II 10:03:18.1 68:43:57.0 - - SNR (S5)b 1.33 - -Shme�wsh � St lh 1: Tautìthta phg . Gia th shmas�a tou erwthmatikoÔ de §5.3.3, St lh 2: Taxinìmhsh phg  apì thn paroÔsa èreuna. Phgème ([Sii]/Hα)phot < 0.3 dhl¸nontai w SNR/Hii, St le 3,4: Orj  anafor� (RA) kai apìklish (Dec) se J2000 k�je aniqneumènh phg  th paroÔsaèreuna. Gia phgè oi opo�e den èqoun aniqneuje� apì thn paroÔsa èreuna, d�nontai oi suntetagmène jèsh twn ant�stoiqwn U/U pou sump�ptounqwrik� se �lla m kh kÔmato, St lh 5: Optik� U/U apì �lle èreune, St lh 6: Apìklish se deuterìlepta tìxou (′′) metaxÔ twn suntetagmènwnjèsh th phg  sthn paroÔsa èreuna kai se �lle optikè èreune, St lh 7: U/U sti akt�ne -Q pou sump�ptei qwrik� me autì sto optikì mèro touf�smato, St lh 8: Apìklish se deuterìlepta tìxou (′′) metaxÔ twn suntetagmènwn jèsh th phg  sthn paroÔsa èreuna kai se ant�stoiqe èreuneakt�nwn-Q, St lh 9: Omìlogo radiofwnikì U/U, St lh 10: Apìklish se deuterìlepta tìxou ( ′′) metaxÔ twn suntetagmènwn jèsh th phg  sthnparoÔsa èreuna kai se �lle èreune sto radiofwnikì.
a U/U akt�nwn-Q twn Leonidaki et al. (2010).
b U/U akt�nwn-Q twn Ott et al. (2003).
cRadiofwnikì U/U twn Rosa-González (2005).

d Gia autì to susqetismì de §5.3.3.
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P�naka 5.16 Susqetismo� gnwst¸n U/U, se di�fora m kh kÔmato, ston NGC 4214

Source ID Classification RA Dec Optical Offset X-ray Offset Radio Offset
(h:m:s) (d:m:s) associatea (′′) associateb (′′) associateb (′′)

LBZ 35 ? candidate SNR 12:15:33.4 36:19:01.0 - - SNR (LZB 7) 2.16 - -
not detected nothing 12:15:49.7 36:18:46.7 - - candidate SNR (LZB10) - - -

LBZ 47 ? candidate SNR 12:15:38.0 36:22:22.4 - - candidate SNR (LZB11) 1.48 - -
not detected diffused 12:15:40.2 36:19:25.2 - - candidate SNR (LZB16) - - -

LBZ 73 candidate SNR 12:15:48.8 36:17:02.3 - - candidate SNR (LZB23) 0.95 - -
LBZ 1073 SNR/H II 12:15:34.7 36:20:17.2 H II region - - - SNR-2 0.20
LBZ 80 probable candidate SNR 12:15:38.2 36:19:45.2 - - XRB (LZB26) 1.44 SNR/H II-3 0.29
LBZ 82 probable candidate SNR 12:15:38.9 36:18:58.9 SNR-1 0.34 - - SNR-4 0.59

not detected diffused 12:15:39.7 36:19:34.3 - - - - SNR/H II-8 -
LBZ 57 candidate SNR 12:15:40.0 36:18:39.4 SNR-2 0.47 SNR (LZB30) 0.32 SNR-9 0.85
LBZ 56 candidate SNR 12:15:39.4 36:20:54.1 - - probable SNR (LZB31) 0.00 - -

LBZ 1098 SNR/H II 12:15:40.0 36:19:35.8 SNR-3 0.28 probable SNR (LZB34) 0.78 SNR-10 0.52
LBZ 936 SNR/H II 12:15:37.2 36:22:19.6 - - probable SNR (LZB35) 0.97 - -
LBZ 83 probable candidate SNR 12:15:40.2 36:19:30.2 SNR-4 0.30 - - SNR-11 0.72

LBZ 1099 SNR/H II 12:15:40.5 36:19:31.5 - - - - SNR-12 0.00
not detected diffused 12:15:41.6 36:19:09.7 - - - - SNR/H II-18 -

LBZ 87 probable candidate SNR 12:15:41.9 36:19:15.5 SNR-5 0.37 probable SNR (LZB28) 1.06 SNR-19, ρd 0.26,1.43e

LBZ 16 SNR 12:15:42.5 36:19:47.7 SNR-6f 0.08 - - H II region -
LBZ 18 SNR 12:15:45.7 36:19:41.8 SNR-7f 0.30 probable SNR (LZB38) 0.43 H II region -
LBZ 832 SNR/H II 12:15:41.0 36:19:03.8 - - - - αd 1.91
LBZ 857 SNR/H IIg 12:15:40.7 36:19:11.9 - - - - βd 1.99Shme�wsh � St lh 1: Tautìthta phg . Gia th shmas�a tou erwthmatikoÔ de §5.3.3, St lh 2: Taxinìmhsh phg  apì thn paroÔsa èreuna. Phgème ([Sii]/Hα)phot < 0.3 dhl¸nontai w SNR/Hii, St le 3,4: Orj  anafor� (RA) kai apìklish (Dec) se J2000 k�je aniqneumènh phg  th paroÔsaèreuna. Gia phgè oi opo�e den èqoun aniqneuje� apì thn paroÔsa èreuna, d�nontai oi suntetagmène jèsh twn ant�stoiqwn U/U pou sump�ptounqwrik� se �lla m kh kÔmato, St lh 5: Optik� U/U apì �lle èreune, St lh 6: Apìklish se deuterìlepta tìxou (′′) metaxÔ twn suntetagmènwnjèsh th phg  sthn paroÔsa èreuna kai se �lle optikè èreune, St lh 7: Omìlogo U/U sti akt�ne -Q, St lh 8: Apìklish se deuterìlepta tìxou(′′) metaxÔ twn suntetagmènwn jèsh th phg  sthn paroÔsa èreuna kai se ant�stoiqe èreune akt�nwn-Q, St lh 9: Radiofwnikì omìlogo U/U, St lh10: Apìklish se deuterìlepta tìxou (′′) metaxÔ twn suntetagmènwn jèsh th phg  sthn paroÔsa èreuna kai se �lle èreune sto radiofwnikì.

aDopita et al. (2010).
bLeonidaki et al. (2010).
cChomiuk & Wilcots (2009).

dVukotic et al. (2005).
eApìklish sti suntetagmène metaxÔ LBZ 1097 kai tou radiofwnikoÔ U/U ρ.
fSÔnjeth SNR + Hii phg .

gAut  h phg  sump�ptei ep�sh me isqur  ekpomp  sto euruzwnikì kìkkino f�ltro.
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P�naka 5.17 Susqetismo� gnwst¸n U/U, se di�fora m kh kÔmato, ston NGC 4395

Source ID Classification RA Dec Optical Offset X-ray Offset Radio Offset
(h:m:s) (d:m:s) associate (′′) associatea (′′) associateb (′′)

out of field of view - 12:25:53.2 33:38:30.4 - - candidate SNR (LZB10) - - -
LBZ 1503 ? SNR/H II 12:25:39.6 33:32:04.2 - - SNR (LZB14) 2.28 - -
LBZ 1099 SNR/H II 12:25:58.1 33:31:38.3 - - - - SNR (source 3) 1.27Shme�wsh � St lh 1: Tautìthta phg . Gia th shmas�a tou erwthmatikoÔ de §5.3.3, St lh 2: Taxinìmhsh phg  apì thn paroÔsa èreuna. Phgème ([Sii]/Hα)phot < 0.3 dhl¸nontai w SNR/Hii, St le 3,4: Orj  anafor� (RA) kai apìklish (Dec) se J2000 k�je aniqneumènh phg  th paroÔsaèreuna. Gia phgè oi opo�e den èqoun aniqneuje� apì thn paroÔsa èreuna, d�nontai oi suntetagmène jèsh twn ant�stoiqwn omolìgwn U/U se �llam kh kÔmato, St lh 5: Optik� U/U apì �lle èreune, St lh 6: Apìklish se deuterìlepta tìxou (′′) metaxÔ twn suntetagmènwn jèsh th phg sthn paroÔsa èreuna kai se �lle optikè èreune, St lh 7: Omìlogo U/U sti akt�ne -Q, St lh 8: Apìklish se deuterìlepta tìxou (′′) metaxÔ twnsuntetagmènwn jèsh th phg  sthn paroÔsa èreuna kai se ant�stoiqe èreune akt�nwn-Q, St lh 9: Radiofwnikì omìlogo U/U, St lh 10: Apìklishse deuterìlepta tìxou (′′) metaxÔ twn suntetagmènwn jèsh th phg  sthn paroÔsa èreuna kai se �lle èreune sto radiofwnikì.

aU/U akt�nwn-Q twn Leonidaki et al. (2010).
bRadiofwnikì U/U twn Vukotic et al. (2005).
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P�naka 5.18 Susqetismo� gnwst¸n U/U, se di�fora m kh kÔmato, ston NGC 4449

Source ID Classification RA Dec Optical Offset X-ray Offset Radio Offset
(h:m:s) (d:m:s) associate (′′) associatea (′′) associateb (′′)

LBZ 201? SNR/H II 12:28:12.1 44:05:58.4 - - SNR (LZB9) 1.29 - -
LBZ 122 SNR/H II 12:28:11.0 44:06:47.8 oxygen-rich SNRc 0.57 SNR (LZB 12) 0.57 SNR-12 1.43
LBZ 241 SNR/H II 12:28:11.2 44:05:37.7 - - probable SNR (LZB 24) 1.08 H II region 0.79

not detected nothing 12:28:15.6 44:05:36.3 - - probable SNR (LZB 26) - - -
LBZ 475 ? SNR/H II 12:28:09.5 44:05:20.4 - - - - SNR-7 1.92

not detected diffused 12:28:10.9 44:05:40.2 - - - - SNR-11 -
LBZ363 ? SNR/H II 12:28:11.3 44:05:38.5 - - - - SNR-14 2.04
LBZ407 ? SNR/H II 12:28:12.8 44:06:10.4 - - - - SNR-17 1.81

not detected nothingd 12:28:13.1 44:05:37.8 - - - - SNR-19 -
LBZ 323 SNR/H II 12:28:16.2 44:06:42.8 - - - - SNR-24 0.96
LBZ 57 candidate SNR 12:28:19.2 44:06:55.7 - - - - SNR-26 0.33
LBZ 60 probable candidate SNR 12:28:09.7 44:05:54.8 - - XRB (LZB 15) 1.98 - -Shme�wsh � St lh 1: Tautìthta phg . Gia th shmas�a tou erwthmatikoÔ de § 5.3.3, St lh 2: Taxinìmhsh phg  apì thn paroÔsa èreuna. Phgème ([Sii]/Hα)phot < 0.3 dhl¸nontai w SNR/Hii, St le 3,4: Orj  anafor� (RA) kai apìklish (Dec) se J2000 k�je aniqneumènh phg  th paroÔsaèreuna. Gia phgè oi opo�e den èqoun aniqneuje� apì thn paroÔsa èreuna, d�nontai oi suntetagmène jèsh twn ant�stoiqwn U/U pou sump�ptounqwrik� se �lla m kh kÔmato, St lh 5: Optik� U/U apì �lle èreune, St lh 6: Apìklish se deuterìlepta tìxou (′′) metaxÔ twn suntetagmènwnjèsh th phg  sthn paroÔsa èreuna kai se �lle optikè èreune, St lh 7: Omìlogo U/U sti akt�ne -Q, St lh 8: Apìklish se deuterìlepta tìxou(′′) metaxÔ twn suntetagmènwn jèsh th phg  sthn paroÔsa èreuna kai se ant�stoiqe èreune akt�nwn-Q, St lh 9: Radiofwnikì omìlogo U/U, St lh10: Apìklish se deuterìlepta tìxou (′′) metaxÔ twn suntetagmènwn jèsh th phg  sthn paroÔsa èreuna kai se �lle èreune sto radiofwnikì.

aPhgè epilegmène sti akt�ne -Q apì th doulei� twn Leonidaki et al. (2010).
bRadiofwnikè phgè apì th doulei� twn Chomiuk & Wilcots (2009).
cBlair et al. (1983).

dAut  h phg  parousi�zei aniqneÔsimh ekpomp  sthn eikìna [Sii]. Parìla aut�, h phg  tuqa�nei na br�sketai sth sqism  pou qrhsimopoi jhke giafasmatoskop�a (Slit 1 ston NGC 4449, de ti suntetagmène th ston P�naka 5.9), kai den parathre�tai ekpomp  th sugkekrimènh phg  sto f�sma.
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P�naka 5.19 Susqetismo� gnwst¸n U/U, se di�fora m kh kÔmato, ston NGC 5204

Source ID Classification RA Dec Optical Offset X-ray Offset Radio Offset
(h:m:s) (d:m:s) associatea (′′) associate (′′) associate (′′)

LBZ 9 candidate SNR 13:29:30.3 58:25:20.6 SNR-1 0.70 - - - -
LBZ 4 SNR 13:29:34.5 58:24:23.8 SNR-2 1.64 - - - -
LBZ 16 candidate SNR 13:29:36.9 58:24:26.9 SNR-3 0.31 - - - -Shme�wsh � St lh 1: Tautìthta phg . Gia th shmas�a tou erwthmatikoÔ de §5.3.3, St lh 2: Taxinìmhsh phg  apì thn paroÔsa èreuna. Phgème ([Sii]/Hα)phot < 0.3 dhl¸nontai w SNR/Hii, St le 3,4: Orj  anafor� (RA) kai apìklish (Dec) se J2000 k�je aniqneumènh phg  th paroÔsaèreuna. Gia phgè oi opo�e den èqoun aniqneuje� apì thn paroÔsa èreuna, d�nontai oi suntetagmène jèsh twn ant�stoiqwn U/U pou sump�ptounqwrik� se �lla m kh kÔmato, St lh 5: Optik� U/U apì �lle èreune, St lh 6: Apìklish se deuterìlepta tìxou (′′) metaxÔ twn suntetagmènwnjèsh th phg  sthn paroÔsa èreuna kai se �lle optikè èreune, St lh 7: Omìlogo U/U sti akt�ne -Q, St lh 8: Apìklish se deuterìlepta tìxou(′′) metaxÔ twn suntetagmènwn jèsh th phg  sthn paroÔsa èreuna kai se ant�stoiqe èreune akt�nwn-Q, St lh 9: Radiofwnikì omìlogo U/U, St lh10: Apìklish se deuterìlepta tìxou (′′) metaxÔ twn suntetagmènwn jèsh th phg  sthn paroÔsa èreuna kai se �lle èreune sto radiofwnikì.

aMatonick & Fesen (1997).
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5.4 SUZHTHSH5.4.1 Egkurìthta th fwtometrik  mejìdouGia na exet�soume thn akr�beia twn fwtometrik¸n lìgwn [S ii]/Hα twn U/U, tousugkr�name me autoÔ pou metr same fasmatoskopik� gia k�je phg . Prokeimènou na elaqi-stopoi soume thn ep�drash th metallikìthta, h sÔgkrish ègine gia k�je galax�a qwrist�(Sq ma 5.20). Se autì to sq ma ta kìkkina shme�a dhl¸noun ta U/U, en¸ ta pr�sina shme�adhl¸noun phgè me [S ii]/Hαphot ≥ 0.3 oi opo�e den anagnwr�sthkan ìmw fasmatoskopik�w U/U (([S ii]/Hα)spec ≤ 0.4). Prokeimènou na exet�soume peraitèrw thn egkurìthta thfwtometrik  mejìdou, epilèxame tuqa�a phgè me [S ii]/Hαphot ≤ 0.3 gia fasmatoskopikèparathr sei. Autè oi phgè ìntw parousi�zoun [S ii]/Hαspec ≤ 0.3 kai dhl¸nontai memaÔra shme�a sta diagr�mmata. H suneq  gramm  antiproswpeÔei th sqèsh 1:1 metaxÔ twnfwtometrik¸n kai fasmatoskopik¸n lìgwn [S ii]/Hα en¸ oi diakekommène grammè or�zounthn perioq  mèsa sthn opo�a perimènoume thn Ôparxh U/U ([S ii]/Hα ≥ 0.4). Blèpoume ìti engènei up�rqei kal  sumfwn�a metaxÔ twn fwtometrik¸n kai twn fasmatoskopik¸n metr sewnentì twn sfalm�twn tou. Epiplèon parathroÔme ìti oi fwtometrikè metr sei te�noun nauperektim soun tou lìgou [S ii]/Hα to opo�o en gènei upodhl¸nei ìti den diakinduneÔoumena q�soume upoy fia U/U.Me b�sh ta parap�nw diagr�mmata   ta posost� epituq�a apì ton P�naka 5.13 giak�je galax�a, mporoÔme na ektim soume pìsa apì ta upoy fia U/U kai pijan� upoy fia U/Upou parousi�zontai stou P�nake 5.2 - 5.7 anamènetai na anagnwrisjoÔn kai fasmatoskopi-k� w U/U. O arijmì twn upoy fiwn U/U se ìlou tou èxi galax�e tou de�gmatì mae�nai 229 phgè, en¸ ta pijan� upoy fia U/U e�nai 122 (auto� oi arijmo� prokÔptoun apì tonP�naka 5.13, sthn enìthta �'Oloi oi galax�e �, an afairèsoume th St lh 5 apì th St lh 3).Lamb�nonta upìyh to posostì epituq�a anagn¸rish U/U apì ton P�naka 5.13 gia k�jegalax�a, perimènoume ∼ 155 phgè na mhn e�nai telik� U/U.Oi kat�logoi twn U/U pou parousi�zontai sthn paroÔsa èreuna den mporoÔn na qarakthri-sjoÔn se kamm�a per�ptwsh w pl rei, idia�tera sthn perioq  amudr¸n phg¸n ìpou h an�qneu-sh e�nai ellip  kai ta fwtometrik� sf�lmata kuriarqoÔn sti metr sei twn lìgwn [S ii]/Hα.Epiplèon, gia phgè oi opo�e br�skontai mèsa se auxhmènh di�quth ekpomp    kont� se perio-qè ionismènou udrogìnou, to ìrio an�qneush e�nai uyhlìtero lìgw tou auxhmènou upob�jrouk�nonta dÔskolo ton entopismì U/U qamhl  fwteinìthta.224



Sq ma 5.20 Oi fasmatoskopiko� ènanti twn fwtometrik¸n lìgwn [S ii]/Hα ìlwn twn fasma-toskopik� parathroÔmenwn phg¸n se k�je ènan apì tou galax�e tou de�gmatì ma.
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5.4.2 Lìgoi gramm¸n ekpomp  w qr sima diagnwstik� gia th fÔ-sh twn U/UTa diagnwstik� diagr�mmata twn Sabbadin, Minello & Bianchini (1977) kai Ga-

rcia et al. (1991) qrhsimopoioÔn di�forou lìgou gramm¸n ekpomp  (log(Hα/[N ii](6548,

6584)), log(Hα/[S ii](6716, 6731)) kai [S ii](6716)/[S ii](6731)) pou bohjoÔn sth di�krish toumhqanismoÔ diègersh twn gramm¸n ekpomp  sta di�fora nefel¸mata (fwtoðonismì gia pe-rioqè ionismènou udrogìnou   planhtik� nefel¸mata kai kroustik  diègersh gia U/U). Ogewmetrikì tìpo twn diafìrwn tÔpwn twn nefelwm�twn sta diagr�mmata aut� (diakekommè-ne grammè sta Sq mata 5.21-5.23) èqoun orisje� me b�sh enì meg�lou arijmoÔ galaxiak¸nU/U, perioq¸n ionismènou udrogìnou kai planhtik¸n nefelwm�twn. Prokeimènou loipìn natopojet soume ta U/U th paroÔsa èreuna se aut� ta diagnwstik� diagr�mmata kai nadoÔme poia perioq  katalamb�noun, upolog�same tou ant�stoiqou lìgou gia ìla ta fa-smatoskopik� aniqneumèna U/U. Qrhsimopoi same ti diorjwmène gia aporrìfhsh grammèekpomp  en¸, ìtan h gramm  Hβ den  tan diajèsimh, qrhsimopoi same ti mh-diorjwmènegia aporrìfhsh (P�naka 5.11). Gia sÔgkrish, sumperil�bame ta fasmatoskopik¸ parath-roÔmena, optik� U/U tess�rwn epiplèon speiroeid¸n galaxi¸n (M81, M101, NGC 6946 kai
NGC 5585) apì th doulei� twn Matonick & Fesen (1997).Sto Sq ma 5.21 parousi�zoume to lìgo log(Hα/[S ii](6716, 6731)) sunart sei tou lìgou
log(Hα/[N ii](6548, 6584) ìlwn twn fasmatoskopik� parathroÔmenwn U/U aut  th è-reuna. Blèpoume ìti sqedìn ìle oi phgè parousi�zoun lìgou [S ii]/Hα = 0.4 - 1, oiopo�e einai tupikè timè gia U/U. Autì pou e�nai axioshme�wto (kat� m ko tou �xona
log(Hα/[N ii](6548, 6584 Å)) e�nai ìti h suntriptik  pleioyhf�a twn U/U twn �morfwn ga-laxi¸n ekte�netai ektì th perioq  twn galaxiak¸n U/U, se ant�jesh me ta U/U twn spei-roeid¸n galaxi¸n pou br�skontai entì aut  th perioq . H perioq  pou kalÔptoun ta U/Utwn �morfwn galaxi¸n e�nai metatopismènh sth dieÔjunsh megalÔterwn tim¸n log(Hα/[N ii]),upodhl¸nonta asjenèsterh ekpomp  sti grammè tou az¸tou 6548 Å kai 6584 Å. Autì mpo-re� na ofe�letai e�te se diafor� sto posostì diègersh metaxÔ diaforetik¸n tÔpwn galaxi¸n  se diaforetik  metallikìthta metaxÔ diaforetik¸n tÔpwn galaxi¸n. Wstìso, apì th stig-m  pou den parathre�tai idia�terh diafor� metaxÔ twn lìgwn [S ii]/Hα stou plhjusmoÔ twnU/U se �morfou kai speiroeide� galax�e (Sq ma 5.21), o opo�o lìgo e�nai èna isqurìde�kth th kroustik  diègersh (kÔmata sok) sta U/U, h diafor� stou lìgou Hα/[N ii]metaxÔ twn plhjusm¸n twn U/U se diaforetikoÔ tÔpou galaxi¸n ja prèpei na ofe�letai226



kat� kÔrio lìgo sth diaforetik  metallikìthta metaxÔ twn galaxi¸n. Pr�gmati, oi �morfoigalax�e parousi�zoun sun jw qamhlìtere metallikìthte se sqèsh me tou speiroeide�(ìpw fa�netai ston P�naka 5.20   sti douleiè p.q. twn Pagel & Endmunds 1981, Garnett

2002). Parìmoia sumperifor� parousi�zoun kai ta perissìtera apì ta U/U sto Meg�loNèfo tou Maggel�nou (de Meaburn et al. 2010) ta opo�a èqoun shmantik� uyhlìteroulìgou Hα/[N ii] apì autoÔ twn galaxiak¸n U/U. H periektikìthta se �zwto sto LMC(Meg�lo Nèfo tou Maggel�nou) e�nai qamhlìterh kat� èna par�gonta 2 se sqèsh me au-t  tou dikoÔ ma Galax�a (Russell & Dopita 1992). H ep�drash th metallikìthta stoulìgou Hα/[N ii] parathre�tai ep�sh kai se �lla nefel¸mata, ìpw ti perioqè ionismènouudrogìnou (Viironen et al. 2007).
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Sta Sq mata 5.22 kai 5.23 d�nontai ta diagr�mmata [S ii](6716Å)/[S ii](6731Å) su-nart sei twn log(Hα/[S ii](6716Å & 6731Å) kai log([N ii]/[S ii](6716Å & 6731Å) ant�stoiqa.O lìgo [S ii](6716Å)/[S ii](6731Å) e�nai èna kalì de�kth th hlektroniak  puknìthtatou mesoastrikoÔ aer�ou kai w ek toÔtou mpore� na qrhsimopoihje� gia na exet�sei thn ep�dra-sh p.q. tou anomoiìmorfou mesoastrikoÔ mèsou (pou sumba�nei suqn� stou �morfou galax�-e) sti idiìthte twn plhjusm¸n twn U/U metaxÔ twn diafìrwn tÔpwn galaxi¸n. Se autì topla�sio, h pleionìthta twn U/U sto de�gma ma parousi�zei lìgou [S ii](6716Å)/[S ii](6731Å)metaxÔ 1.06 kai 1.43 pou antistoiqoÔn se hlektroniakè puknìthte mèqri∼470 cm−3. Aut� taU/U, pou parousi�zoun oi qamhlè puknìthte ([S ii](6716Å)/[S ii](6731Å) >1), anamènetaina e�nai ghrai� U/U (de Stupar & Parker 2009) . Parìla aut�, den blèpoume na parousi�ze-tai kamm�a diaforopo�hsh metaxÔ twn hlektroniak¸n puknot twn twn U/U stou speiroeide�kai stou �morfou galax�e. Autì upodeiknÔei ìti den up�rqoun shmantikè diaforè stoektoxeuìmeno ulikì twn U/U   sto perib�llon tou metaxÔ twn speiroeid¸n kai twn �mor-fwn galaxi¸n. Wstìso, sto di�gramma [S ii](6716Å)/[S ii](6731Å) - log([N ii]/[S ii](6716Å &

6731Å) (Sq ma 5.23), ta U/U stou �morfou galax�e exakoloujoÔn na ekte�nontai ektìth perioq  twn Galaxiak¸n U/U. Parìlo pou fa�netai na epikalÔptoun thn perioq  twn Ga-laxiak¸n perioq¸n ionismènou udrogìnou, h fÔsh tou e�nai pèra apì k�je amfibol�a aut  twnU/U lìgw tou isquroÔ lìgou tou [S ii]/Hα. Epeid  o sugkekrimèno lìgo e�nai eua�sjhtokai sth metallikìthta, k�poio ja mporoÔse na isquriste� ìti autì ofe�letai pijan� sthnauxhmènh metallikìthta. To endeqìmeno autì ìmw katarr�ptetai me b�sh ton orismì touor�ou [S ii]/Hα pou bas�zetai sth qamhl  metallikìthta twn U/U sta Nèfh tou Maggel�nou
(Mathewson & Clarke 1973). Antijètw, o uyhlìtero lìgo Hα/[Nii] pou parousi�zoun,ja mporoÔse na e�nai apotèlesma th qamhl  metallikìthta, or�zonta ètsi mia ektetamè-nh perioq  gia exwgalaxiak� U/U se qamhl  metallikìthta �morfou galax�e. Parìmoiaepiqeir mata isqÔoun gia ti metatop�sei twn U/U kai sta upìloipa diagnwstik� diagr�mmata.O fasmatikì lìgo [O iii]/Hβ e�nai èna qr simo diagnwstikì ergale�o gia to kat�pìso up�rqei stajer  kat�stash ro  tou aer�ou (steady flow) apì to mètwpo tou kÔmatosok mèqri thn perioq  yÔxh ìpou g�netai h ekpomp  twn gramm¸n (recombination zone). Au-tì kat' epèktash de�qnei kat� pìso èqoun oloklhrwje� oi domè tou kÔmato sok se autèti perioqè (complete recombination zones) kai to bajmì aktinobol�a (p.q. Raymond et

al. 1988, Pakull, Soria & Motch 2010). Tètoie domè perigr�fontai apì jewrhtik� montèlaw ex : to kÔma sok sunoreÔei me mia lept  perioq  kroustik� ionismènou aer�ou. Aut  h231



perioq  akolouje�tai apì m�a �llh pio ektetamènh, yuqr  perioq  (me jermokras�e th t�xhtwn ∼104 K) kai met� apì m�a z¸nh fwtoðonismoÔ kai anasÔndesh h opo�a aporrof� ioni-smèna uperi¸dh fwtìnia apì thn yuqr  perioq  kai ekpèmpei qamhloÔ ionismoÔ apagoreumènegrammè kai grammè anasÔndesh. 'Olh aut  h dom  e�nai sqedìn isobar  kai h me�wsh thjermokras�a prokale� uyhlè puknìthte oi opo�e perior�zontai telik� apì thn p�esh toumagnhtikoÔ ped�ou.Jewrhtik� montèla twn Cox & Raymond (1985) kai Hartigan, Raymond & Hartmann (1987)èqoun de�xei ìti ìtan o sugkekrimèno lìgo e�nai k�tw apì 6 autì upodhl¸nei kÔmata sok mepl rei domè epanasÔndesh en¸ gia kÔmata sok me atele� perioqè epanasÔndesh eÔkolauperba�noun aut  thn tim  (Raymond et al. 1988). Oi metroÔmene timè apì ta fasmato-skopik� parathroÔmena U/U tou de�gmatì ma upodhl¸noun kÔmata sok me pl rei perioqèepanasÔndesh.Oi apagoreumène grammè tou [O iii] (λλ 4959, 5007) e�nai eua�sjhte sthn jer-mokras�a gi' autì kai e�nai kalo� de�kte th drasthriìthta kai th taqÔthta twn kum�twnsok mia kai ìso pio gr gora diad�detai to kÔma sok tìso pio isqur  ekpomp  [O iii] par�ge-tai. H apous�a twn gramm¸n [O iii] se poll� apì ta fasmatoskopik� parathroÔmena U/U(P�naka 5.11) upodhl¸nei arg� kÔmata sok (< 100 km s−1 - de Hartigan, Raymond &

Hartmann 1987). Se m�a prosp�jeia na metr soume ti taqÔthte twn kum�twn sok (twnphg¸n me diajèsimh ekpomp  [O iii]), qrhsimopoi same to di�gramma log([O iii](5007Å)/Hβ)

- log([N ii](6584Å)/Hα) apì th doulei� twn Allen et al. (2008). Autì to di�gramma e�naibasismèno sta gnwst� diagr�mmata BPT (Baldwin, Phillips & Terlevich 1981) kai qrhsimo-poie� plègmata pou prokÔptoun apì jewrhtik� montèla kum�twn sok gia diaforetikè timèth taqÔthta tou sok, twn paramètrwn tou magnhtikoÔ ped�ou kai th periektikìthta twnmet�llwn. Oi Allen et al. (2008) , ektì apì hliakè periektikìthte met�llwn dhmioÔr-ghsan plègmata kai gia �lla posost� periektikìthta met�llwn apì aut  tou  liou, ìpwp.q. autè gia ta Nèfh tou Maggel�nou (LMC: 0.33Z⊙ kai SMC: 0.20Z⊙). Epiplèon, oi
Allen et al.(2008) kataskeÔasan plègmata gia jewrhtik� montèla me kÔma sok kai prìdromome kÔma ionismoÔ (shock+precursor) se di�fore qhmikè afjon�e. To kÔma sok+prìdromosumba�nei se peript¸sei gr gorwn kum�twn sok ìpou h uperi¸dh aktinobol�a kai oi malakèakt�ne -Q, pou par�gontai apì thn yÔxh tou jermoÔ aer�ou p�sw apì to metwpikì kÔma sok,odhgoÔn se shmantik� fainìmena fwtoðonismoÔ sto aèrio mprost� apì to kÔma sok. Se autèti peript¸sei, o lìgo th ro  aktinobol�a mprost� apì to kÔma sok w pro thn puknì-232



thta tou ulikoÔ prin apì to kÔma sok, dhlad  h par�metro ionismoÔ (ionization parameter),kajor�zei thn taqÔthta tou met¸pou tou fwtoðonismoÔ pou pern� apì to pro-kÔmato sok aè-rio. 'Otan h par�metro ionismoÔ e�nai qamhl  tìte h taqÔthta tou met¸pou tou fwtoðonismoÔe�nai mikrìterh apì aut  tou kÔmato sok kai ta fwtìnia lìgw ionismoÔ aporrofoÔntai apìto metwpikì kÔma sok. Autì èqei w apotèlesma na all�zei h kat�stash ionismoÔ tou aer�outo opo�o trofodote� sto metwpikì kÔma sok. Kaj¸ h taqÔthta tou kÔmato sok aux�netai,megal¸nei kai h ro  aktinobol�a lìgw ionismoÔ kai kat' epèktash aux�netai kai h taqÔthtatou met¸pou tou fwtoðonismoÔ. 'Otan h taqÔthta tou kÔmato sok uperbe� èna orismèno ìrio(170 km sec−1) h taqÔthta tou met¸pou fwtoðonismoÔ uperba�nei thn taqÔthta tou sok kaito mètwpo tou fwtoðonismoÔ apokoll�tai apì to mètwpo tou sok dhmiourg¸nta èna mètwpoionismoÔ tÔpou R (R-type ionization front)6. Autì to mètwpo epekte�netai gia na sqhmat�-sei mia prìdromh perioq  ionismènou udrogìnou mprost� apì to kÔma sok. Se polÔ meg�letaqÔthte tou kÔmato sok, h ekpomp  th prìdromh perioq  ionismènou udrogìnou mpore�na kuriarq sei sto optik  ekpomp  tou sok, d�nonta ètsi f�sma me grammè ekpomp  tìsoqamhloÔ ìso kai uyhloÔ ionismoÔ.Shmei¸noume ìti kai sta dÔo montèla, o lìgo [N ii](6584)/Hα all�zei shmantik� me thn al-lag  th qhmik  afjon�a se ant�jesh me to lìgo [O iii](5007)/Hβ mia kai to �zwto emfan�zeimegalÔtere diaforè sthn periektikìtht� tou lìgw th deuterogenoÔ noukleosÔnjesh.Upolog�same loipìn tou lìgou log([O iii](5007)/Hβ) kai log([N ii](6584)/Hα) twn fasmati-k� parathrhmènwn U/U tou de�gmatì ma kai ta topojet same sta dÔo diagr�mmata (Sq mata5.24 - 5.25). Gia sÔgkrish, topojet same kai ta fasmatoskopik� U/U twn Matonick & Fe-

sen (1997) gia tou galax�e M81, M101, NGC 5585, kai NGC 6946. Oi orizìntie grammèk�je plègmato dhl¸noun taqÔthte twn kum�twn sok apì 200 èw 1000 km s−1 (apì p�-nw pro ta k�tw gia to plègma me to sok kai apì k�tw pro ta p�nw gia to plègma me tosok+prìdromo) me b ma 50 km s−1. ParathroÔme ìti ta U/U twn �morfwn galaxi¸n toude�gmatì ma (ektì tou NGC 3077) br�skontai metaxÔ twn plegm�twn tou Meg�lou kai touMikroÔ Nèfo tou Maggel�nou. Autì den apotele� èkplhxh mia kai to de�gma twn galaxi¸nma parousi�zei metallikìthte me timè metaxÔ aut¸n tou LMC kai SMC (de P�naka 5.20).Wstìso, prokeimènou na l�bei kane� akribe� taqÔthte sok gia autè ti phgè ja prèpei nakataskeuastoÔn nèa plègmata lamb�nonta upìyh ti metallikìthte tou k�je galax�a. Par'ìla aut�, up�rqoun kai galax�e sto de�gma ma pou parousi�zoun parìmoie metalikìthte
6To mètwpo ionismoÔ tÔpou R èqei uperhqhtik  taqÔthta se sqèsh me to aèrio prin apì to mètwpo tousok 233
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Sq ma 5.24 Diagnwstikì di�gramma [O iii](5007Å)/Hβ - [N ii](6584Å)/Hα gia montèlo sok.E�nai basismèno sta gnwst� diagr�mmata BPT (Baldwin, Phillips & Terlevich 1981) ìpouqrhsimopoioÔntai plègmata pou prokÔptoun apì jewrhtik� montèla kum�twn sok gia diafo-retikè timè th taqÔthta tou sok, twn paramètrwn tou magnhtikoÔ ped�ou kai th periekti-kìthta twn met�llwn. Oi Allen et al. (2008) dhmioÔrghsan plègmata kai gia �lla posost�periektikìthta met�llwn apì aut  tou  liou, ìpw p.q. autè gia ta Nèfh tou Maggel�nou.Oi orizìntie grammè k�je plègmato dhl¸noun taqÔthte twn kum�twn sok apì 200 èw1000 km s−1 (apì p�nw pro ta k�tw) me b ma 50 km s−1.me aut  tou LMC (p.q. NGC 4395 kai NGC 4449). Gia U/U se autoÔ tou galax�e pouke�tontai sto plègma tou LMC (kai ìqi sta ekfulismèna tm mat� tou) ja mporoÔsame nad¸soume arket� asfale� timè twn taqut twn sok twn phg¸n. Gia par�deigma, sto plègmame to sok+prìgono tou LMC , h phg  LBZ2 ston NGC 4449 parousi�zei taqÔthta >500
km s−1   h phg  LBZ 7 ston �dio galax�a parousi�zei taqÔthta ∼300 km s−1.5.4.3 Susqetismì twn U/U se pollapl� m kh kÔmato5.4.3.1 Diagr�mmata VennSto Sq ma 5.26 parousi�zoume thn epik�luyh pou parathre�tai metaxÔ twn optik¸nU/U, radiofwnik¸n U/U kai twn U/U sti akt�ne -Q (bl. §5.3.3), me th morf  diagramm�twn
Venn gia ton NGC 2403 all� kai gia ìlou tou galax�e sto de�gma ma. Sthn per�ptwsh234
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IISq ma 5.25 Diagnwstikì di�gramma [O iii](5007Å)/Hβ - [N ii](6584Å)/Hα gia montèlo sokkai prìdromo me kÔma ionismoÔ (Allen et al. 2008). QrhsimopoioÔntai plègmata pou prokÔ-ptoun apì jewrhtik� montèla kum�twn sok gia diaforetikè timè th taqÔthta tou sok, twnparamètrwn tou magnhtikoÔ ped�ou kai th periektikìthta twn met�llwn (ìpw gia ton  lio  gia ta Nèfh tou Maggel�nou). Oi orizìntie grammè k�je plègmato dhl¸noun taqÔthtetwn kum�twn sok apì 200 èw 1000 km s−1 (apì k�tw pro ta p�nw) me b ma 50 km s−1

235



OPTICAL RADIO

X−RAYS

3

6
1

10

13

17

405

(aþ)
OPTICAL RADIO

2
0

0 1

6

7

X−RAYS

146

(bþ)Sq ma 5.26 Diagr�mmata Venn : a) gia ìlou tou galax�e tou de�gmatì ma kai b) gia ton
NGC 2403.ìlwn twn galaxi¸n, perilamb�nontai ta apotelèsmata tou NGC 5204 parìlo pou den up�r-qoun gnwst�, mèqri stigm , U/U sto radiofwnikì kai sti akt�ne -Q. Oi optikè phgè pouqrhsimopoioÔme se aut  th sÔgkrish e�nai ìla ta gnwst� U/U apì thn paroÔsa melèth all�kai th bibliograf�a. Gia lìgou plhrìthta, sumperilamb�noume to ploÔsio se oxugìno U/Uston NGC 4449 kaj¸ kai gnwst� U/U apì th doulei� twn Matonick et al. (1997) kai Dopita

et al. (2010) (SNR-21, SNR-25, SNR-26, SNR-27, SNR-28, SNR-34, SNR-35 apì th doulei�twn Matonick et al. 1997 kai to SNR-3 apì th doulei� twn Dopita et al. 2010), èstw kai anden èqoun aniqneuje�   e�nai dhlwmène w SNR/HII sthn paroÔsa èreuna. 'Ole oi sugkr�seièginan gia thn �dia perioq  tou k�je galax�a. Gia to lìgo autì, exairèsame to radiofwnikìU/U ston NGC 4395 (Vukotic et al. 2005) kaj¸ e�nai ektì tou ped�ou twn dedomènwn tou
Chandra pou qrhsimopoi jhkan sto Kef�laio 4 (Leonidaki et al. 2010). Apokle�same ep�shkai to upoy fio U/U sti akt�ne -Q LZB10 ston NGC 4395 dedomènou ìti e�nai èxw apì tooptikì ped�o pou qrhsimopoie�tai sthn paroÔsa melèth. Epiplèon, apokle�same ta upoy fiaradiofwnik� U/U α kai β ston NGC 4214 apì th doulei� twn Vukotic et al. (2005) , h fÔshtwn opo�wn e�nai upì suz thsh (Chomiuk & Wilcots 2009). Apì th doulei� twn Chomiuk

& Wilcots (2009) qrhsimopoi same ta upoy fia radiofwnik� U/U, en¸ apokle�same apì thsÔgkrish ta sÔnjeta antike�mena tÔpou SNR/Hii (parousi�zoun tètoio radiofwnikì fwtoni-kì de�kth ¸ste h taxinìmhsh twn radiofwnik¸n phg¸n e�te w U/U   w perioqè ionismènouudrogìnou e�nai dÔskolh).Apì ta 427 optik� epilegmèna U/U sto Sq ma 5.26a (basismèna kur�w sthn fwto-236



metr�a mèsw sten¸n f�ltrwn) 19 sump�ptoun qwrik� me U/U sti akt�ne -Q (posostì 4.4%),en¸ 7 apì ta 20 upoy fia radiofwnik� U/U sump�ptoun qwrik� me U/U sti akt�ne -Q (po-sostì 35%). Mikr  epik�luyh fa�netai na up�rqei metaxÔ optik¸n kai radiofwnik¸n U/U(2.1%).Epishma�noume ìti U/U ploÔsia se oxugìno (oxygen-rich)   kuriarqoÔmena apì grammè Bal-

mer (Balmer-dominated), parìlo pou mpore� na èqoun aniqneuje� sti akt�ne -Q, èqoun apo-kleisje� apì to optikì de�gma U/U mia kai h mèjodo an�qneus  tou bas�zetai sti grammèekpomp  [O iii] kai Hα, Hβ ant� ston auxhmèno lìgo tou [S ii]/Hα. Parìla aut�, o a-rijmì tètoiwn tÔpwn U/U anamènetai na e�nai qamhlì kai ephre�zei el�qista ta posost�sta diagr�mmata Venn. Mia �llh per�ptwsh U/U pou pijan� den èqoun aniqneuje� e�nai taU/U parìmoia me to nefèlwma tou Kark�nou (plerionik� U/U - plerions). Ta gnwst� U/Usti akt�ne -Q pou perilamb�nontai sta diagr�mmata Venn èqoun epileqje� me b�sh to mala-kì, jermikì tou f�sma (jermik� U/U akt�nwn-Q). Me autìn ton trìpo, ta plerionik� U/U(pou parousi�zoun sklhrì f�sma) èqoun apokleisje� apì to de�gma twn U/U sti akt�ne -Q,en¸ parousi�zoun wstìso optikè idiìthte sunepe� me autè twn U/U (mpore� dhlad  naèqoun aniqneuje� optik� kai na sumperilamb�nontai sto optikì de�gma twn U/U). Prokeimènouna diereun soume se poio bajmì èqoun pijan¸ 'qaje�' plerionik� U/U apì thn èreun� ma,qrhsimopoi same ton kat�logo CSRC7 (Chandra Supernova Remnant Catalog), o opo�opragmateÔetai me gnwst� U/U akt�nwn-Q pou èqoun aniqneuje� sto dikì ma Galax�a kai staNèfh tou Maggel�nou. Exet�same èna pro èna ta f�smata kai thn proèleush th ekpom-p  ìlwn twn U/U autoÔ tou katalìgou. Phgè me sklhrì f�sma (pou èqei prosarmoste�nìmo dÔnamh) kai/  parousi�zoun sumpag  ekpomp  proerqìmenh apì to kèntro tou U/Ue�nai plerionik� U/U. Arijmhtik� autè oi phgè e�nai: ∼50 apì ti 90 sto Galax�a ma, 3-4apì ti 23 sto Meg�lo Nèfo tou Maggel�nou kai kanèna apì ti 6 sto Mikrì Nèfo touMaggel�nou. Endiafèron parousi�zei to gegonì ìti oi galax�e me megalÔterh metallikì-thta parousi�zoun kai megalÔtero posostì autoÔ tou tÔpou twn U/U (p.q. >50% gia toGalax�a ma, 17% gia to Meg�lo Nèfo tou Maggel�nou kai 0% gia to Mikrì Nèfo touMaggel�nou). Autì upodhl¸nei ìti kai oi galax�e tou de�gmatì ma me auxhmènh metalli-kìthta (NGC 2403 kai NGC 3077, de P�naka 5.20) mpore� na filoxenoÔn perissìtera U/Utètoiou tÔpou apì ìti oi upìloipoi galax�e, katal gonta ètsi se èna auxhmèno all� ìqiousiastik� diaforetikì posostì U/U aniqneumènwn kai sti akt�ne -Q kai sto optikì mèro
7http://hea-www.cfa.harvard.edu/ChandraSNR/237



P�naka 5.20 Periektikìthte se �zwto kai oxugìno stou galax�e tou de�gmatì maGalax�a 12 + log (N/H) 12 + log (O/H)

NGC 2403 7.48a 8.52a

NGC 3077 7.48b 8.64b

NGC 4214 - 8.22c

NGC 4395 7.18a 8.27a

NGC 4449 7.10d 8.30d

NGC 5204 - -

NGC 6946 8.15a 8.70a

NGC 5585 - -
M81 (NGC 3031) 7.96a 8.69a

M 101 (NGC 5457) 8.23a 8.80a

LMC 6.45e 8.35f

SMC - 8.03f

Milky Way - 8.52a

aPilyugin et al. (2004)
bStorchi-Bergmann et al. (1994)
cMartin (1997)

dSabbadin et al. (1984)
eLequeux et al. (1979)

fRicher & MacCall (1995)tou f�smato. Epiprìsjeta, ìpw suzhte�tai sthn §5.4.3.4, up�rqei per�ptwsh èna arijmìkoilot twn pou dhmiourgoÔntai apì astrikoÔ anèmou (“blown wind bubbles”) na èqei ta-xinomhje� esfalmèna w U/U (∼10%). P�rauta, autì to posostì den all�zei dramatik� taposost� twn U/U sta diagr�mmata Venn pou èqoun aniqneuje� se di�fora m kh kÔmato.Apì ta parap�nw blèpoume ìti o arijmì twn optik� epilegmènwn U/U uperba�neikat� polÔ ton arijmì twn U/U sti akt�ne -Q   sto radiofwnikì mèro tou f�smato. Akìmaki an poll� fwtometrik� optik� U/U (w ep� to ple�ston apì thn kathgor�a twn pijan¸nupoy fiwn U/U) den epalhjeutoÔn kai w fasmatoskopik� U/U (bl. §*5.4.1), ta posost�taÔtish U/U se di�fora m kh kÔmato ja exakoloujoÔn na paramènoun se qamhl� ep�peda.Autì parathre�tai kai se �lle èreune U/U se pollapl� m kh kÔmato (p.q. Long et al.

2010 gia ton M33, Pannuti et al. 2007 gia pènte kontinoÔ galax�e) kai ja mporoÔsena e�nai to apotèlesma diafìrwn paragìntwn: To de�gma twn radiofwnik¸n U/U e�nai polÔperiorismèno lìgw th èlleiyh bajèwn ereun¸n sto radiofwnikì mèro tou f�smato me kal epifaneiak  k�luyh, gia to  misu twn galaxi¸n ma (to �dio sumba�nei p.q. ston M33 ìpwanafèroun oi Long et al. 2010). Pèra apì to jèma th plhrìthta tou de�gmato, oi diaforè238



sta parap�nw posost� ja mporoÔsan na prokÔyoun apì fusikè sunèpeie, dedomènou ìti toposostì an�qneush twn U/U se di�fora m kh kÔmato exart�tai se meg�lo bajmì apì tiidiìthte tou mèsou gÔrw apì thn phg . Gia par�deigma, oi Pannuti et al. (2007) epishma�nounìti e�nai pio pijanì na aniqneÔsoun optik� U/U pou br�skontai se perioqè qamhl  di�quthekpomp , en¸ e�nai pio pijanì na aniqneujoÔn radiofwnik�   akt�nwn-Q U/U se perioqè meuyhl  optik  sÔgqush. To �dio epishma�noun kai oi Long et al. 2010, oi opo�oi suzhtoÔn ìtito perib�llon den ephre�zei shmantik� thn aniqneusimìthta sti akt�ne -Q. Epiplèon, h t�shna aniqneÔontai pio eÔkola sto optikì mèro tou f�smato ta ghraiìtera U/U, dhmiourge� thmeg�lh diafor� sto posostì an�mesa sto susqetismì optik¸n U/U kai U/U sti akt�ne -Q. Aut  h t�sh sumba�nei giat� h f�sh ekpomp  akt�nwn-Q e�nai pio sÔntomh apì aut  touoptikoÔ en¸ o qrìno yÔxh tou ulikoÔ pou ekpèmpei sto optikì mèro tou f�smato e�naipolÔ meg�lo.'Ola ta parap�nw ja mporoÔsan na sumb�loun sti diaforè pou parathroÔntai sta posost�susqètish an�mesa sta optik�, radiofwnik� kai akt�nwn-Q U/U en¸ par�llhla ton�zoun ìtie�nai polÔ shmantik  h èreuna se pollapl� m kh kÔmato gia th melèth twn exwgalaxiak¸nplhjusm¸n U/U .5.4.3.2 U/U   Dipl� sust mata akt�nwn-Q ;'Exi upoy fia kai pijan� upoy fia optik� U/U th paroÔsa èreuna (LBZ 6, LBZ 102,

LBZ 108, LBZ 127 ston NGC 2403; LBZ 80 ston NGC 4214 kai LBZ 60 ston NGC 4449) sun-dèontai me dipl� sust mata astèrwn sti akt�ne -Q (XRBs, de P�nake 5.14, 5.16. 5.18) meb�sh to sklhrì f�sma tou kai thn uyhl  tou fwteinìthta sti akt�ne -Q (Leonidaki et

al. 2010). Parìlo pou autè oi phgè ja mporoÔsan na qarakthrisjoÔn w plerionik� U/U(lìgw tou sklhroÔ f�smato pou parousi�zoun kai tou auxhmènou lìgou [S ii]/Hα), oi uyh-lè fwteinìthtè tou sti akt�ne -Q (1038 erg sec−1) kai h metablhtìthta pou parousi�zoun(>15% diafor� sti roè aktinobol�a metaxÔ parathr sewn, de Leonidaki et al. 2010), tatopojete� sto kajest¸ twn dipl¸n susthm�twn astèrwn me èntonh ekpomp  sti akt�ne -Qant� se autì twn plerionik¸n U/U (ta plerionik� U/U parousi�zoun tupikè lamprìthte
LX∼1035 erg sec−1, Gaensler & Slane 2006). Gia autì, mia pijan  ermhne�a e�nai enì diploÔsust mato astèrwn me èntonh ekpomp  sti akt�ne -Q to opo�o sump�ptei me èna U/U, pouendeqomènw sundèetai me ton uperkainofan  pou par gage to sumpagè antike�meno sto di-plì sÔsthma. Se aut  thn per�ptwsh, to U/U e�nai upeÔjuno gia thn parathroÔmenh optik 239



kai radiofwnik  aktinobol�a, en¸ to diplì sÔsthma par�gei thn ekpomp  sti akt�ne -Q. Hfwteinìthta sti akt�ne -Q twn energ¸n XRBs (1037erg s−1) e�nai uyhlìterh apì eke�nh twnU/U (sun jw 10 35 - 10 37 erg s −1, Mathewson et al. 1983) kai w ek toÔtou mporoÔnna episki�soun ta U/U. Upìdeigma autoÔ tou tÔpou twn antikeimènwn e�nai to sÔsthma SS

433/W50 (p.q. Boumis et al. 2007, Safi-Harb & Petre 1999), en¸ tètoia antike�mena èqounentopiste� kai se �llou galax�e, b�sei phg¸n me sklhr  kai/  metablht  ekpomp  stiakt�ne -Q pou sqet�zontai me optik�   radiìfwnik� U/U (Pannuti et al. 2007).5.4.3.3 Near� upole�mmata uperkainofan¸n   upole�mmata uperkainofa-n¸n bujismèna se perioqè ionismènou udrogìnou;H fwtometrik  èreuna twn aniqneuìmenwn phg¸n sto de�gma twn galaxi¸n ma apo-k�luye 20 phgè qamhl  diègersh (([S ii]/Hα) phot < 0.3 ) kai den e�nai gnwst� optik� U/Uapì �lle melète en¸ sqet�zontai me gnwst� radiìfwnik�   akt�nwn-Q U/U (bl. P�nake5.14 - 5.19). Up�rqoun dÔo pijanè ermhne�e gia th fÔsh aut¸n twn phg¸n: a) to U/Ubr�sketai sto pr¸to exeliktikì tou st�dio ìpou h optik  ekpomp  e�nai polÔ pio amudr  apìthn radiofwnik  ekpomp    thn ekpomp  akt�nwn-Q. Se aut n thn per�ptwsh e�nai ep�sh du-natìn to dieurumèno mètwpo tou kÔmato sok na sqhmat�zei mia prìdromh perioq  ionismènouudrogìnou (Allen et al. 2008) h opo�a d�nei thn parathroÔmenh optik  ekpomp  en¸ ta U/Upar�goun ti akt�ne -Q   th radiìfwnik  ekpomp . b) ParathroÔme U/U enswmatwmèna seperioqè ionismènou udrogìnou. Sthn per�ptwsh aut , h aktinobol�a Hα proèrqetai apì thnperioq  ionismènou udrogìnou kai e�nai pio enisqumènh se sqèsh me aut  pou aktinobole�taiapì to U/U. Autì èqei w apotèlesma autè oi phgè na d�noun lìgou [S ii]/Hα k�tw apì0.3 (ìrio pou èqoume b�lei gia thn an�qneush U/U) en¸ wstìso ekpèmpoun sti akt�ne -Q  sth radiofwnik  perioq  tou f�smato. Fasmatoskopikè parathr sei e�nai anagka�e giath dieukr�nish th fÔsh twn phg¸n aut¸n. Autè oi phgè dhl¸nontai w SNR/H ii sthnparoÔsa melèth.5.4.3.4 Upole�mmata uperkainofan¸n   “wind blown bubbles”;H Ôparxh pollapl¸n uperkainofan¸n  /kai oi astriko� �nemoi astèrwn meg�lh m�-za pou br�skontai mèsa se sumplègmata astèrwn OB mporoÔn na dhmiourg soun koilìthtejermoÔ aer�ou sto mesoastrikì mèso, gnwstè w “wind blown bubbles” (bubbles   su-

perbubbles). O sqhmatismì kroustik¸n kum�twn lìgw twn suqn� uperhqhtik¸n astrik¸n240



anèmwn mpore� na prosd¸sei se autè ti phgè lìgou [S ii]/Hα me mètrie timè (> 0.45;
Chen et al. 2000, Lasker 1977) all� ìqi polÔ uyhlè mia kai oi taqÔthte diastol  (ex-

pansion velocities) twn ekpempìmenwn kum�twn sok e�nai polÔ mikrè (<100 km sec−1) giana par�goun auxhmènou lìgou [S ii]/Hα (p.q. Long et al. 2010). Mia kai h taxinìmhshtwn optik¸n U/U bas�zetai kur�w sto krit rio [S ii]/Hα, k�poio ja anarwtiìtan an up�rqeitrìpo di�krish aut¸n twn phg¸n me ta upole�mmata uperkainofan¸n. H ap�nthsh e�nai je-tik  mia kai oi koilìthte pou dhmiourgoÔntai apì isquroÔ astrikoÔ anèmou parousi�zounqarakthristik� pou mporoÔn na qrhsimopoihjoÔn gia na ta diaqwr�soun apì ta upole�mmatauperkainofan¸n: br�skontai kont� se sumplègmata OB astèrwn pou e�nai emfan  se eikìneuyhl  an�lush, e�nai meg�lwn diast�sewn (>100 pc) k�ti to opo�o e�nai sp�nio sta U/U(Williams et al. 1999), parousi�zoun mikrìtere taqÔthte diastol  apì autè twn upoleim-m�twn uperkainofan¸n (<100 km/sec, Franchetti et al. 2012) kai tèlo, h qamhl  puknìthtasto perib�llon tou e�nai upeÔjunh gia amudr  ekpomp  sti akt�ne -Q aut¸n twn phg¸n(mikrìterh apì aut  twn U/U). Bèbaia, up�rqoun kai peript¸sei phg¸n pou sundu�zoun thnÔparxh twn upoleimm�twn uperkainofan¸n me ti koilìthte pou dhmiourgoÔntai lìgw isqu-r¸n astrik¸n anèmwn. Autè oi peript¸sei parousi�zoun arket� apì ta proanaferjèntaqarakthristik�, all� h ekpomp  tou sti akt�ne -Q e�nai èntonh kai/  taqÔthta epèktashtou kÔmato sok sto Hα e�nai uyhl  (Chu & Mac Low 1990).Basizìmenoi sta parap�nw, ereun same e�n ta aniqneumèna U/U th paroÔsa èreuna qrei�-zetai na epanaprosdiorisjoÔn w pijanè koilìthte pou dhmiourgoÔntai lìgw astrik¸n anè-mwn. Mia kai oi eikìne pou èqoume sth di�jes  ma gia tou galax�e tou de�gmato e�naiqamhl  an�lush, den ma epitrèpoun na y�xoume me axiopist�a sumplègmata OB astèrwn.Metr sei th taqÔthta diastol  th gramm  ekpomp  Hα aut¸n twn antikeimènwn dene�nai akìma diajèsime. Gia autì basist kame apokleistik� sthn eÔresh kai melèth U/U medi�metro >70 pc (kat¸tato ìrio pou jèsame gia to mègejo twn koilot twn lìgw astrik¸nanèmwn. O trìpo ekt�mhsh twn diast�sewn twn U/U ègine me b�sh ta diafr�gmata pouqrhsimopoi jhkan sth fwtometr�a twn phg¸n (St lh 4 twn Pin�kwn 5.2 - 5.7), ta opo�a peri-kle�oun ìlo to fw k�je phg . Epomènw, to mègejo twn qrhsimopoioÔmenwn diafragm�twne�nai èndeixh tou megèjou k�je phg . Lamb�nonta upìyin ti sunj ke tou “seeing” kat�th di�rkeia twn nuqt¸n parat rhsh (1.3′′ - 2.5′′), epilèxame ti phgè me di�metro diafr�g-mato (se eikonostoiqe�a) pou antistoiqe� se fusik  kl�maka megalÔterh apì ∼70-80 pc (deP�naka 5.21). O upologismì twn megej¸n ègine me th mèjodo th sunèlixh (convolution)qrhsimopoi¸nta thn proseggistik  sqèsh: √

D2 + seeing2 ìpou D h di�metro tou diafr�g-241



P�naka 5.21 QrhsimopoioÔmena megèjh diafragm�twn gia diaqwrismì U/U kai koilo-t twn lìgw astrik¸n anèmwnGalax�a Akt�na diafr�gmato Di�metro diafr�gmato Di�metro phg 
(se eikonostoiqe�a) (se arcsec) (se pc)

NGC 2403 8 4.52 75
NGC 3077 8 4.52 85
NGC 4214 6 3.39 90
NGC 4395 12 6.78 90
NGC 4449 7 3.96 90
NGC 5204 6 3.39 90mato se deuterìlepta tìxou. H metatrop  th diamètrou twn phg¸n apì deuterìlepta tìxouse pc ègine qrhsimopoi¸nta ti apost�sei twn galaxi¸n tou P�naka 3.1. Oi phgè stode�gma twn U/U th paroÔsa èreuna pou mpore� na èqoun esfalmèna taxinomhje� w U/Uant� gia koilìthte pou èqoun dhmiourghje� lìgw isqur¸n astrik¸n anèmwn e�nai 51 (39 ston

NGC 2403, 2 ston NGC 5204 kai 10 ston NGC 4214). Autè e�nai oi phgè pou parousi�zounakt�ne diafr�gmato megalÔtere   �se twn tim¸n tou P�naka 5.21 gia k�je galax�a.Tèsseri apì autè ti phgè e�nai ep�sh taxinomhmène w U/U akt�nwn-Q (b�seitwn sklhr¸n fasm�twn tou kai/  twn qrwm�twn tou sti akt�ne -Q, de P�nake 5.2 - 5.7kai th doulei� twn Leonidaki et al. 2010). To meg�lo mègejo aut¸n twn phg¸n se sundua-smì me ti sqetik� uyhlè fwteinìthtè tou sti akt�ne -Q (tupikè twn U/U) upodhl¸nounthn Ôparxh U/U mèsa se koilìthte pou dhmiourgoÔntai lìgw isqur¸n astrik¸n anèmwn.Trei akìma phgè parousi�zoun akìma megalÔtere fwteinìthte sti akt�ne -Q, pou e�naisunepe� me idiìthte twn dipl¸n susthm�twn astèrwn me èntonh ekpomp  sti akt�ne -Q.Epomènw, e�n afairèsoume autè ti ept� phgè apì to arqikì de�gma twn 51 phg¸n, kata-l goume se 44 phgè pou mpore� na e�nai superbubbles (na èqoun esfalmèna kataqwrhje� stode�gma twn U/U), apotel¸nta to 10.6% tou optikoÔ ma de�gmato twn U/U.Epishma�noume ìti h ekt�mhsh twn megej¸n pou perigr�fthkan parap�nw, bas�sthke sth mor-folog�a twn phg¸n sti eikìne Hα kai ìqi sti eikìne [S ii]. Sti eikìne [S ii] aniqneÔetaikalÔtera (apì autè th gramm  Hα) to mèro tou nefel¸mato pou e�nai kroustik� die-germèno all� h asjenèsterh fwteinìtht� tou odhge� se meiwmèno s ma-pro -jìrubo. Giaautì epilèqjhkan oi eikìne Hα (pou parousi�zoun pio auxhmèno s ma-pro -jìrubo), parìlopou te�noun na uperektimoÔn to mègejo twn U/U   twn koilot twn lìgw astrik¸n anèmwn.'Etsi, ta parap�nw ektim¸mena megèjh e�nai to an¸tato ìrio twn pragmatik¸n megej¸n twn242



koilot twn lìgw astrik¸n anèmwn. Epiprìsjeta, h pleioyhf�a aut¸n twn phg¸n èqei lìgou
[S ii]/Hα me timè >0.5 kai oi fwteinìthtè tou sti akt�ne -Q e�nai polÔ megalÔtere apìti tupikè fwteinìthte twn koilot twn l�gw astrik¸n anèmwn. Basismènoi se aut� ta dÔokrit ria, perimènoume ìti h pleioyhf�a twn 45 proanaferje�swn phg¸n na e�nai U/U kai giaautì to lìgo den ta apokle�same apì thn an�lush. Parìla aut�, ti anafèroume w pijanèkoilìthte lìgw astrik¸n anèmwn stou ant�stoiqou p�nake (5.2-5.7).5.4.4 Susqetismì U/U epilegmènwn sti akt�ne -Q me ti optikètou idiìthteH an�qneush optik¸n U/U entì twn èxi kontin¸n galaxi¸n tou de�gmatì ma a-pok�luye 18 phgè (U/U-upoy fia U/U-pijan� upoy fia U/U) pou sqet�zontai me U/Uakt�nwn-Q epilegmèna apì tou Leonidaki et al. (2110). Prokeimènou na diereunhje� h sqè-sh metaxÔ twn idiot twn th optik  aktinobol�a kai th aktinobol�a akt�nwn-Q se autèti phgè kai na exetaste� kat� pìson oi optikè idiìthte tou U/U e�nai de�kte twn U/Usti akt�ne -Q, upolog�same th fwteinìthta Hα aut¸n twn phg¸n kai th susqet�same meth fwteinìtht� tou sti akt�ne -Q (Leonidaki et al. 2010). Oi fwteinìthte th gramm 
Hα upolog�sthkan b�sei twn mh diorjwmènwn apì aporrìfhsh fwtometrik¸n ro¸n (F(Hα))apì tou p�nake 5.2 - 5.7 kai qrhsimopo¸nta ti apost�sei apì ton p�naka 3.1. Epilèxamena qrhsimopoi soume th fwtometrik  ro  aktinobol�a F(Hα) ant� th fasmatoskopik  miakai den e�qame f�smata kai gia ti 18 phgè. DÔo U/U akt�nwn-Q (upoy fia U/U, blèpe
Leonidaki et al. (2010)) exairèjhkan apì to de�gma, mia kai lìgw tou mikroÔ arijmoÔ twn
counts tou den mporoÔsan na exaqjoÔn f�smata kai epomènw den mporoÔse na g�nei akrib upologismì twn ro¸n aktinobol�a twn phg¸n aut¸n sti akt�ne -Q (h anagn¸ris  tou ba-s�sthke sta qr¸mata tou sti akt�ne -Q). Sto Sq ma. 5.27 de�qnoume thn fwteinìthta stiakt�ne -Q sunart sei th fwteinìthta sth gramm  Hα twn 16 epilegmènwn U/U pou ekpèm-poun tautìqrona sti akt�ne -Q kai sto optikì mèro tou f�smato (ìle oi fwteinìthtepou qrhsimopoi jhkan den  tan diorjwmène gia mesoastrik  aporrìfhsh). Ta diaforetik�qr¸mata sto di�gramma de�qnoun U/U diaforetik¸n galaxi¸n, en¸ h diakekommènh gramm de�qnei thn sqèsh 1:1 metaxÔ twn dÔo fwteinot twn. H pleioyhf�a twn U/U te�noun na èqounuyhlìterh fwteinìthta sto Hα apì ìti sti akt�ne -Q, en¸ ta pio lampr� U/U sti akt�ne -Qparousi�zoun tupik� ti uyhlìtere optikè fwteinìthte. Wstìso, den blèpoume na up�rqeisusqètish metaxÔ twn dÔo fwteinot twn se statistik� shmantikì ep�pedo (grammikì sunte-243



Sq ma 5.27 Fwteinìthta th gramm  Hα sunart sei th fwteinìthta sti akt�ne -Q twn 16optik� epilegmènwn, me ekpomp  sti akt�ne -Q U/U. H diakekommènh gramm  upodeiknÔei thsqèsh 1:1 metaxÔ twn dÔo fwteinot twn.
244



lest  susqètish: -0.12). H diakÔmansh tou lìgou twn fwteinot twn sti akt�ne -Q kai sthgramm  Hα upodhl¸nei thn Ôparxh diaforetik¸n ulik¸n se èna eurÔ f�sma jermokrasi¸n: hekpomp  sti akt�ne -Q proèrqetai apì to zestì ulikì p�sw apì to mètwpo tou sok (jermo-kras�a pl�smato ∼ 10 7 K) kai meg�lo qrìno yÔxh (th t�xh twn merik¸n ekatont�dwnqili�dwn qrìnwn), en¸ h ekpomp  Hα proèrqetai apì ti perioqè yÔxh -epanasÔndesh toupuknoÔ aer�ou gÔrw apì ta ìria tou U/U (me jermokras�e ∼105 K ) kai sÔntomo qrìno yÔ-xh (èw kai merikè ekatont�de qrìnia). Me thn �dia logik  mporoÔme na ermhneÔsoume thnapous�a shmantik  susqètish metaxÔ twn lìgwn [S ii]/Hα twn 16 epilegmènwn U/U kai thfwteinìtht� tou sti akt�ne -Q (Sq ma 5.28). Ja per�mene kane� ìti ta isqurìtera krou-stik� kÔmata (uyhlìteroi lìgoi [S ii]/Hα) ja susqet�zontan me uyhlìtere fwteinìthte stiakt�ne -Q. Wstìso, lìgw tou meg�lou qrìnou yÔxh tou ulikoÔ apì to opo�o proèrqontai oiakt�ne -Q, h taqÔthta pou metr�me apì ti optikè grammè ekpomp  den antistoiqe� anagka-stik� sto kroustikì kÔma pou prokale� to megalÔtero mèro th ekpomp  twn akt�nwn-Q.5.4.5 U/U kai Rujmì AstrogèneshMe skopì na diereun soume ti optikè idiìthte twn U/U se diaforetik� perib�l-lonta sqhmatismoÔ astèrwn kai na ex�goume asfal  sumper�smata gia th sÔndes  tou meto rujmì astrogènesh, ja prèpei prwt�stw na exet�soume se poio ìrio fwteinìthta tode�gma twn U/U e�nai pl re. Gia to lìgo autì sqedi�same ti katanomè fwteinìthta twnfwtometrik¸n U/U se k�je galax�a (Sq ma 5.29). ProhgoÔmene melète exwgalaxiak¸nU/U èdeixan ìti oi plhjusmo� auto� katanèmontai upì th morf  nìmwn dÔnamh (p.q. Ghava-

mian et al. 2005) . Oi korufè sta istogr�mmata twn fwteinot twn Hα de�qnoun apì poiaoriak  fwteinìthta kai met� oi plhjusmo� twn U/U e�nai pl rei. Trei galax�e sto de�gmama (NGC 3077, NGC 4214 kai NGC 5204) parousi�zoun el�qisth fwteinìthta sta 1.6×1037

erg sec−1, en¸ gia ton NGC 2403 e�nai 3.2×1037 ergsec−1, gia ton NGC 4395 e�nai 4×1036

erg sec−1 kai gia ton NGC 4449 e�nai 2×1037 erg sec−1. 'Oloi oi galax�e tou de�gmatì maèqoun akribe� metr sei th sunolik  tou fwteinìthta sth gramm  Hα (Kennicutt et al.

2008), gi' autì kai epilèxame na qrhsimopoi soume aut  th fwteinìthta w de�kth tou rujmoÔastrogènesh. Gia lìgou sunèpeia, epanaprosdior�same ti fwteinìthte twn galaxi¸n apìth doulei� twn Kennicutt et al. (2008) qrhsimopoi¸nta ti apost�sei apì ton P�naka 3.1.Epishma�noume ìti se autè ti fwteinìthte den èqei efarmoste� diìrjwsh gia thn mesoastri-245



Sq ma 5.28 Fwteinìthta sti akt�ne - Q sunart sei tou lìgou [S ii]/Hα twn 16 optik�epilegmènwn U/U pou ekpèmpoun kai sti akt�ne - Q.
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Sq ma 5.29 Istìgramma fwteinot twn th gramm  Hα se k�je galax�a tou de�gmatì ma. Tamègista se k�je istìgramma de�qnoun to ìrio plhrìthta (completeness limit) k�je galax�a.
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k  aporrìfhsh sto eswterikì twn galaxi¸n (internal extinction).Mia kai oi uperkainofane� pou proèrqontai apì thn kat�rreush tou pur na tou kai ìqi apìdipl� sust mata astèrwn e�nai ta telik� st�dia th exèlixh twn pio meg�lwn astèrwn, taU/U tou e�nai kalo� de�kte tou trèqonto rujmoÔ astrogènesh. H paroÔsa èreuna sundu�-zei de�gmata U/U se pollapl� m kh kÔmato, pou suqn� den epikalÔptontai, prosfèrontaètsi mia exairetik  apograf  twn plhjusm¸n U/U se diaforetikoÔ galax�e. W ek toÔtou,ja perimèname mia grammik  sqèsh metaxÔ tou arijmoÔ twn optik� epilegmènwn U/U kai tou
SFR (p.q. Condon & Yin 1990). Gia na exakrib¸soume an epalhjeÔetai aut  h sqèsh, sun-du�same ton arijmì twn fwtometrik¸n U/U (P�nake 5.2 - 5.7) pou èqoun fwteinìthte p�nwapì to el�qisto ìrio tou k�je galax�a sto de�gma ma (Sq ma 5.29) sunart sei th sunolik fwteinìthta sto Hα k�je galax�a (p�nw Sq ma 5.30). Fa�netai ìti up�rqei grammik  sqèshmetaxÔ tou all� o mikrì arijmì twn antikeimènwn den ma epitrèpei na posotikopoi soumeth sqèsh aut . Wstìso, o grammikì suntelest  susqètish gia aut� ta fwtometrik� U/Ue�nai 0.87 de�qnonta ìti ìntw up�rqei shmantik  susqètish.H mh-jermik  radiofwnik  ekpomp  e�nai èna �llo de�kth tou posostoÔ twn uperkainofan¸nkai epomènw de�kth tou sqhmatismoÔ astèrwn meg�lh m�za (p.q. Condon & Yin 1990),mia kai proèrqetai apì hlektrìnia pou par�gontai kai epitaqÔnontai sto magnhtikì ped�o twnU/U. W ek toÔtou, h ekpomp  sto radiofwnikì prèpei na susqet�zetai me ton arijmì twnU/U kai to rujmì astrogènesh. Gi' autì diereun same th sqèsh metaxÔ th radiofwnik ekpomp  sta 1.4 GHz twn galaxi¸n tou de�gmatì ma me ton arijmì twn aniqneumènwn fwto-metrik¸n U/U (k�tw Sq ma 5.30). Qrhsimopoi same ti sunolikè radiofwnikè roè apì thdoulei� tou Condon (1987) kai br kame ìti o grammikì suntelest  susqètish e�nai 0.59.An apokle�soume apì ton upologismì ton NGC 4449, o opo�o fa�netai na qal�ei th grammikì-thta tou de�gmato, o grammikì suntelest  susqètish g�netai 0.86. H asjenèsterh sqèshmetaxÔ tou arijmoÔ twn U/U kai th radiofwnik  fwteinìthta sta 1.4 GHz (se sqèsh methn fwteinìthta Hα) ja mporoÔse na ofe�letai sto ìti mpore� na up�rqei shmantik  sumbol th jermik  radiofwnik  ekpomp  sthn radiofwnik  fwteinìthta sta 1.4 GHz .
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Sq ma 5.30 P�nw: Arijmì fwtometrik¸n U/U p�nw apì to ìrio plhrìthta (completeness

limit) tou de�gmato k�je galax�a sunart sei th sunolik  fwteinìthta sth gramm  Hαtou k�je galax�a. K�tw: Arijmì fwtometrik¸n U/U p�nw apì to ìrio plhrìthta k�jegalax�a sunart sei th radiofwnik  fwteinìthta k�je galax�a.
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5.4.6 SUMPERASMATA1. Sto kef�laio autì parousi�same mia susthmatik  fasmato-fwtometrik  melè-th optik� epilegmènwn U/U se èna de�gma èxi kontin¸n galaxi¸n. Ta U/U arqik� epilè-qjhkan b�sei twn lìgwn ([S ii]/Hα)phot > 0.4, apokalÔptonta èna sunolikì arijmì ∼ 400fwtometrik¸n U/U (sumperilambanomènwn twn phg¸n me 0.3<([S ii]/Hα)phot <0.4). Me fa-smatoskopikè parathr sei epibebai¸jhke h fÔsh 67 U/U. Apì ta 400 U/U, ta 23 èqounpistopoihje� w U/U kai se �lla m kh kÔmato. Apì thn an�lush tou de�gmato br kame ìti
∼4% kai ∼2% twn optik� epilegmènwn U/U sump�ptoun qwrik� me U/U sti akt�ne -Q kaisto radiofwnikì mèro tou f�smato ant�stoiqa. H epik�luyh metaxÔ twn taxinomhjèntwnU/U sti akt�ne -Q kai twn radiofwnik¸n U/U e�nai 35%. Aut  h mikr  epik�luyh metaxÔtwn posost¸n an�qneush se diaforetik� m kh kÔmato ofe�letai e�te se periballontikè e-pidr�sei (p.q. lìgw twn idiot twn tou perib�llonto mesoastrikoÔ ulikoÔ pou ephre�zounshmantik� ta posost� an�qneush)   lìgw twn krithr�wn epilog  (ìpw h qamhl  euaisjh-s�a sti up�rqouse radiofwnikè èreune kai/  h qamhl  euaisjhs�a twn optik¸n ereun¸nse perioqè me èntono sqhmatismì astèrwn kai w ek toÔtou shmantik  ekpomp  Hα)   lìgwtwn diafìrwn exeliktik¸n stad�wn sth zw  enì U/U.2. 'Exi phgè pou aniqneÔjhkan w optik� U/U se aut  thn èreuna parousi�zoun idiìthtesti akt�ne -Q pou e�nai pio sunepe� me th fÔsh twn dipl¸n susthm�twn me èntonh ekpomp sti akt�neQ par� twn U/U. Prote�noume ìti oi phgè autè e�nai dipl� sust mata astèrwnme èntonh ekpomp  sti akt�ne -Q pou sump�ptoun me U/U.3. H paroÔsa melèth apok�luye 20 phgè tÔpou SNR/H ii pou sqet�zontai me gnwst� U/Uakt�nwn-Q   radiofwnik� U/U. DÔo pijanè ermhne�e e�nai oi ex : nearè phgè pou denèqoun eisèljei sth f�sh th optik  aktinobol�a tou   phgè enswmatwmène se perioqèionismènou udrogìnou ìpou to U/U par�gei thn ekpomp  sto radiofwnikì/akt�ne -Q en¸ hperioq  ionismènou udrogìnou uposki�zei to diegermèno optikì aèrio tou kÔmato sok na ani-qneuje�.4. Up�rqei t�sh ta U/U twn �morfwn galaxi¸n na parousi�zoun qamhlìterou lìgou
[Nii/Hα]. Autì ofe�letai sti qamhlìtere periektikìthte se mètalla (metallikìthta) au-t¸n twn galaxi¸n mia kai o lìgo [Nii/Hα] e�nai èna polÔ eua�sjhto de�kth metallikìthta,perissìtero apì to lìgo [S ii]/Hα), kur�w lìgw th deuterogenoÔ purhnosÔnjesh tou a-z¸tou.5. 'Oson afor� ta optik¸ eplegmèna U/U pou sump�ptoun qwrik� me U/U sti akt�ne -Q,250



den parathroÔme susqètish metaxÔ th fwteinìthta Hα kai th fwteinìthta sti akt�ne -Qkai autì m�llon ofe�letai sthn parous�a Ôlh se èna eurÔ f�sma jermokrasi¸n. Epiplèon,den br�skoume kam�a susqètish an�mesa sthn fwteinìthta twn U/U sti akt�ne -Q kai stoulìgou [S ii]/Hα twn U/U.6. Br�skoume ende�xei gia grammik  sqèsh metaxÔ tou arijmoÔ twn lampr¸n optik¸n U/U(∼1037 erg sec −1) kai tou rujmoÔ astrogènesh sto de�gma twn galaxi¸n ma.

251



Kef�laio 6
TELIKA APOTELESMATAKAI MELLONTIKH EREUNASth diatrib  aut  parousi�sthke h susthmatik  èreuna an�qneush kai melèth U/Use èxi kontinoÔ galax�e, sti akt�ne -Q kai sto optikì mèro tou f�smato. H melèth aut diex qjhke autìnoma k�je for� kai sthr�qjhke sti idiìthte pou parousi�zoun ta U/U sek�je energeiak  perioq . Ta optik� U/U epilèqjhkan b�sei tou krithr�ou [S ii](λλ 6716,

6731)/Hα > 0.4 qrhsimopoi¸nta fasmato-fwtometrikè parathr sei. Ta U/U sti akt�-ne -Q epilèqjhkan b�sei tou malakoÔ jermikoÔ tou f�smato (me jermokras�e kT<3 keV)  twn qrwm�twn tou sti akt�ne -Q.Ta epimèrou sumper�smata twn dÔo xeqwrist¸n ereun¸n parousi�zontai se k�je ant�stoiqokef�laio (4 kai 5). Ed¸ sundu�zoume aut� ta apotelèsmata gia mia oloklhrwmènh eikìna twnplhjusm¸n U/U sti diaforetikè energeiakè perioqè, ìpou e�nai dunatìn.
• AniqneÔjhkan 37 U/U epilegmèna sti akt�ne -Q, 30 ek twn opo�wn e�nai nèe anaka-lÔyei. Sto optikì mèro tou f�smato aniqneÔjhkan ∼400 fwtometrik� U/U (∼350apì ta opo�a e�nai nèe aniqneÔsei), 67 apì ta opo�a epibebai¸jhkan fasmatoskopik�.To parìn de�gma e�nai to megalÔtero diajèsimo sth bibliograf�a mèqri t¸ra gia fasma-toskopik¸ qarakthrismèna, exwgalaxiak� U/U se diaforetikoÔ tÔpou galaxi¸n.
• Poll� apì ta parap�nw U/U sump�ptoun qwrik� me U/U se �lla m kh kÔmato. Memia sugkentrwtik  mati� kai qrhsimopoi¸ta ìla ta gnwst� U/U sto de�gma twn upìmelèth galaxi¸n, to 4% twn optik� epilegmènwn U/U sump�ptoun qwrik� me U/U sti252



akt�ne -Q, en¸ mìno to 2% sump�ptoun qwrik� me U/U sto radiofwnikì mèro tou f�-smato. H epik�luyh metaxÔ twn U/U sti akt�ne -Q kai sto radiofwnikì e�nai 35%.H mikr  epik�luyh twn posost¸n an�qneush se diaforetik� m kh kÔmato ofe�letaie�te se periballontikè epidr�sei (p.q. to puknì perib�llon mèso ephre�zei ta poso-st� an�qneush se diaforetik� m kh kÔmato)   se fainìmena epilog  (ìpw p.q. hqamhl  euaisjhs�a sti up�rqouse radiofwnikè èreune, h mh oloklhrwmènh èreunaU/U sti akt�ne -Q kai sto radiofwnikì, h qamhl  euaisjhs�a twn optik¸n ereun¸nsthn an�qneush U/U se perioqè me èntonh di�quth aktinobol�a)   sthn ex�rthsh thaktinobol�a twn U/U sta di�fora m kh kÔmato apì to exeliktikì st�dio th zw tou.
• 'Exi optik� U/U parousi�zoun idiìthte sti akt�ne -Q an�loge me th fÔsh dipl¸nsusthm�twn astèrwn me èntonh ekpomp  sti akt�ne -Q (XRBs). Proteinìmenh ermhne�agia autè ti phgè e�nai ìti e�nai XRBs pou sump�ptoun me U/U.
• 20 phgè pou èqoun taxinomhje� apì thn optik  èreuna w tÔpou SNR/H ii, sqet�zontaime gnwst� U/U sti akt�ne -Q   radiofwnik� U/U. Autè oi phgè e�te e�nai U/Upou den èqoun eisèljei sth f�sh th optik  tou aktinobol�a (e�nai near�)   ta U/Ubr�skontai entì perioq¸n ionismènou udrogìnou, ìpou to U/U par�gei th radiofwnik aktinobol�a/akt�ne -Q en¸ h perioq  ionismènou udrogìnou ephre�zei tou metroÔmenoulìgou twn diagnwstik¸n gramm¸n [S ii]/Hα.
• Sthn per�ptwsh twn U/U epilegmènwn sti akt�ne -Q, den fa�netai na up�rqei isqur sÔndesh metaxÔ th fwteinìtht� tou (LX) kai th puknìthta st lh Hi   th jermo-kras�a tou. Ant�stoiqa gia ta optik� epilegmèna U/U pou èqoun omìloga U/U stiakt�ne -Q, den parathre�tai susqètish metaxÔ twn fwteinot twn tou (LHα - LX), ge-gonì pou pijanìtata upodeiknÔei thn parous�a Ôlh se èna eurÔ f�sma jermokrasi¸n.Epiplèon, gia autè ti phgè den fa�netai na up�rqei susqètish tou optikoÔ lìgou tou

[Sii/Hα] kai th fwteinìthta twn omolìgwn tou sti akt�ne -Q (LX).
• Br�skoume isqurè ende�xei gia grammik  sqèsh tìso metaxÔ tou arijmoÔ twn lampr¸nU/U sti akt�ne -Q (LX >1037 erg sec−1) ìso kai tou arijmoÔ twn lampr¸n optik¸nU/U (LHα ∼1037 erg sec−1) me to rujmì astrogènesh sto de�gma twn galaxi¸n ma.
• Br�skoume ìti ta U/U akt�nwn-Q stou �morfou galax�e e�nai pio lampr� apì aut�stou speiroeide�. Apod�doume autì to apotèlesma e�te sth qamhlìterh metallikìthta253



twn �morfwn galaxi¸n (h opo�a katal gei se prìgonou astère megalÔterh m�za poume th seir� tou ektin�ssoun perissìtero ulikì ekpèmponta entonìtera sti akt�ne -Q)  sth diaforetik  puknìthta tou mesoastrikoÔ mèsou.
• 'Ena epiplèon apotèlesma, pou enisqÔei thn �poyh ìti h diaforetik  metallikìthta twngalaxi¸n prokale� diaforè stou plhjusmoÔ U/U metaxÔ diaforetik¸n tÔpwn ga-laxi¸n, proèrqetai apì ta optik� epilegmèna U/U. Diakr�netai t�sh ta U/U stou�morfou galax�e na parousi�zoun qamhlìterou lìgou [N ii](λ 6584)/Hα apì au-t� stou speiroeide�. Autì ofe�letai sti qamhlìtere periektikìthte se mètalla(metallikìthta) twn �morfwn galaxi¸n, mia kai o lìgo [N ii]/Hα e�nai èna polÔ eua�-sjhto de�kth metallikìthta (perissìtero apì to lìgo [S ii]/Hα), kur�w lìgw thdeuterogenoÔ purhnosÔnjesh tou az¸tou.
• Up�rqei èndeixh gia diaforetikè katanomè fwteinìthta stou plhjusmoÔ U/U akt�nwn-Q metaxÔ �morfwn kai speiroeid¸n galaxi¸n. Autì prokÔptei b�sei th sÔgkrish twnparathroÔmenwn U/U sti akt�ne -Q kai aut¸n pou anamènontai an anaprosarmìsoumeti katanomè fwteinìthta twn U/U sta Nèfh tou Maggel�nou.
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MELLONTIKH EREUNA'Opw anafèrjhke kai sthn eisagwg  th paroÔsa diatrib , ta U/U mporoÔn na qrhsimo-poihjoÔn gia th melèth pl jou �llwn tomèwn th astrofusik , me kuriìtero autìn toumesoastrikoÔ perib�llonto. Ta U/U e�nai oi katalÔte th energopo�hsh kai tou metasqh-matismoÔ tou mesoastrikoÔ ulikoÔ. H qr sh twn apotelesm�twn th paroÔsa diatrib  (sesunduasmì me thn peraitèrw dieÔrunsh tou de�gmato twn plhjusm¸n U/U se �llou gala-x�e) mpore� na dieleuk�nei thn allhlep�dras  tou me to mesoastrikì ulikì kai ton trìpo meton opo�o to teleuta�o jerma�netai, emplout�zetai me stoiqe�a kai diamorf¸netai, plhrofor�epou mèqri t¸ra den e�nai pl rw katanohtè.Gia par�deigma, ta U/U pou ekpèmpoun akt�ne -Q dioqeteÔoun to megalÔtero posostì thmhqanik  enèrgeia sto mesoastrikì perib�llon. Oi katanomè fwteinìthta aut¸n twn an-tikeimènwn mporoÔn na d¸soun mia eikìna aut  th enèrgeia pou jerma�nei to mesoastrikìulikì. Epomènw upolog�zonta ti katanomè fwteinìthta gia plhjusmoÔ U/U sti akt�-ne -Q diaforetik¸n tÔpwn galaxi¸n kai epomènw diaforetik¸n perib�llontwn, mporoÔme nametr soume th mhqanik  enèrgeia pou dioqeteÔetai sth mesoastrik  Ôlh an� per�ptwsh kai nath sugkr�noume me problèyei apì montèla astrogènesh (p.q. Leitherer et al. 1999). Autìèqei shmantikì ant�ktupo sthn anatrofodìthsh tou mesoastrikoÔ mèsou all� kai sthn exè-lixh twn galaxi¸n, mèsw tou sqhmatismoÔ galaxiak  kl�maka uperanèmwn (p.q. Strickland

& Heckman 2009).H jèrmansh tou mesoastrikoÔ mèsou kai to posostì th mhqanik  enèrgeia pou dioqeteÔetaise autì mpore� ep�sh na ektimhje� apì to rujmì twn uperkainofan¸n (SN rate)   apì metr -sei tou rujmoÔ astrogènesh me th bo jeia parathr sewn apì to uperi¸de mèqri to makrinìupèrujro (p.q. Calzetti et al. 2005). Autì ja d¸sei th mhqanik  enèrgeia pou eklÔetai stomesoastrikì mèso an� uperkainofan    an� mon�da rujmoÔ astrogènesh ant�stoiqa.Sto �dio pla�sio, h sÔgkrish th qwrik  katanom  twn U/U me diajèsimou q�rte touyuqroÔ aer�ou (aèrio atomikoÔ udrogìnou Hi kai skình)   tou sqetik� jermoÔ (warm) aer�ou(ekpomp  Hα), mpore� na d¸sei plhrofor�e gia to p¸ ta U/U diamorf¸noun to mesoastrikìperib�llon se upogalaxiakè kl�make. Gia par�deigma, h sÔgkrish tou lìgou [S ii]/Hα twnU/U me up�rqouse koilìthte sto yuqrì mesoastrikì mèso   tou megèjou twn U/U meth fwteinìthta kai th jermokras�a tou, upodhl¸nei to bajmì diègersh tou mesoastrikoÔmèsou.Epiprìsjeta, h ekpomp  se di�fora m kh kÔmato twn U/U mpore� na qrhsimopoihje� gia na255



diereunhjoÔn endeleq¸ ta exeliktik� st�dia th zw  twn U/U mia kai ta diaforetik� m khkÔmato apeikon�zoun ti diaforetikè f�sei sth zw  enì U/U. Gia par�deigma, oi lÔseiomoiìthta Sedov-Taylor apoteloÔn èna basikì pla�sio gia thn katanìhsh th exèlixh twnU/U. An loipìn qrhsimopoihjoÔn oi idiìthte twn aniqneumènwn U/U sta di�fora m kh kÔ-mato (taqÔthte kum�twn sok, jermokras�a) an�loga me thn hlik�a kai thn puknìtht� tou,mpore� na exetaste� h sumperifor� twn U/U kat� th di�rkeia th zw  tou. Me autì tontrìpo mpore� na ereunhje� statistik� ti mporoÔme na anamènoume gia di�forou de�kte (p.q.
LX/Lα, LX/LUV ) san sun�rthsh twn paramètrwn twn U/U kai th hlik�a tou. Epiplèon,tètoie sugkr�sei ja e�nai meg�lh spoudaiìthta mia kai ja mporèsoun pijan� na ermh-neÔsoun ti diaforè pou parathroÔntai sta posost� an�qneush U/U metaxÔ diaforetik¸nmhk¸n kÔmato. Tèlo gia ton �dio skopì, ja  tan exairetik� qr simh h qrhsimopoi sh toumeg�lou arijmoÔ twn gnwst¸n galaxiak¸n U/U se di�fora m kh kÔmato (Green 2009). Hkataskeu  p.q. fasmatoskopik¸n energeiak¸n katanom¸n (Spectral Energy Distributions -

SEDs) aut¸n twn phg¸n se di�fore energeiakè perioqè ja bohj sei sthn katanìhsh kaiermhne�a th sumperifor� twn exwgalaxiak¸n U/U, se èna eurÔ f�sma perib�llontwn.'Ole autè e�nai peraitèrw ereunhtikè kateujÔnsei pou mporoÔn na diereunhjoÔnaxiopoi¸nta kai epekte�nonta ta dedomèna  /kai ti mejìdou pou parousi�sthkan se aut th diatrib .
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EURETHRIO
abundance = periektikìthta se mètalla
accretion disk = d�sko epaÔxhsh
airmass = aèria m�za
aperture = di�fragma
arcsec = deuterìlepto tìxou
Asymptotic Giant Branch (AGB) = Asumptwtikì Kl�do Gig�ntwn
background = upìbajro
calibration = bajmonìmhsh
Charge Coupled Device (CCD) = suskeu  suzeugmènou fort�ou
color excess = diafor� qr¸mato
column density = puknìthta st lh
compact object = sumpagè antike�meno
confidence limit/level = ìrio/ep�pedo plhrìthta
contact discontinuity = asunèqeia epaf 
convolution = sunèlixh core-collapse = purhnik  kat�rreush
cross section = energì diatom 
diffuse emission = di�quth ekpomp 
dissipation = exasjènish
effective area = energì perioq 
emission measure = mètro aktinobol�a
excitation = kat�stash ionismoÔ
expansion velocity = taqÔthta diastol 
exposure map = q�rth èkjesh
exposure variation = diakÔmansh èkjesh
extinction curve = kampÔlh aporrìfhsh/exasjènish/apìsbesh
fluoresence yield = apìdosh fjorismoÔ
flux = ro  aktinobol�a
forbidden lines = apagoreumène grammè
free-bound emission = ekpomp  suneqoÔ -st�jmh
free-free emission = ekpomp  suneqoÔ -suneqoÔ
free expansion = eleÔjerh ektìnwsh 267



goodness-of-fit = poiìthta prosarmog 
hardness ratio = de�kth sklhrìthta
Hii region = perioq  ionismènou udrogìnou
Horizontal Branch (HB) = Orizìntio kl�do
imaging = apeikìnish
Initial Mass Function = arqik  sun�rthsh m�za Interstellar Medium (ISM) = mesoastrikìmèso
ionization age = qrìno ionismoÔ
linear correlation coefficient = suntelest  grammik  susqètish
luminosity = fwteinìthta
luminosity function/distribution = sun�rthsh/katanom  fwteinìthta
median = endi�meso
metalicity = metallikìthta
pixel = eikonostoiqe�o
plateau = pl�twma
plerion =sumpagè, �plerionikì�
Point Spread Function (PSF) = sun�rthsh shmeiak  di�qush
power law = nìmo dÔnamh
pulsar = peristrefìmeno astèra netron�wn
quantum efficiency = kbantik  apìkrish
raw = akatèrgasto
Red Giant Branch (RGB) = Kl�do Erujr¸n Gig�ntwn
rescale = epanakanonikopo�hsh reverse shock = an�strofo kÔma sok
sensitivity function = sun�rthsh euaisjhs�a
selection effect = fainìmeno epilog 
self-similar solution = lÔsh auto-omoiìthta
significance threshold = ìrio shmas�a
Spectral Energy Distribution (SED) = fasmatik  energeiak  katanom 
spectral index = fwtonikì/fasmatikì de�kth
Star Formation Rate (SFR) = rujmì astrogènesh
statistical weight = statistikì b�ro supernova (SN) = uperkainofan 
Supernova Remnant (SNR) = upìleimma uperkainofanoÔ threshold value = oriak  tim 
transmission grating = fr�gma di�dosh 268



transmittance = diaperatìthta
X-ray Binary System (XRB) = diplì sÔsthma astèrwn me èntonh ekpomp  sti akt�ne -Q

269



Par�rthma Aþ
Fwtometrik  bajmonìmhsheikìnwnH aktinobol�a m kou kÔmato l pou lamb�noume ìtan parathroÔme antike�mena stonouranì apì ep�geia thleskìpia upìkeitai exasjènhsh (kλ) lìgw skèdash   aporrìfhs  thapì thn skình kai ta mìria th atmìsfaira th Gh. To posostì th exasjènhsh thaktinobol�a exart�tai tìso apì to m ko kÔmato th aktinobol�a ìso kai apì thn aèriam�za tou antikeimènou. Antike�mena pou br�skontai sto zen�j upìkeintai mikrìterh exasjènhshaktinobol�a apì aut� pou e�nai upì gwn�a f se se sqèsh me to zen�j, mia kai h aktinobol�aèqei na dianÔsei mikrìterh apìstash mèsa sthn atmìsfaira th Gh, epomènw ja parousi�seimikrìterh exasjènhsh.Kaj¸ h aktinobol�a dianÔei apìstash ds mèsa sthn atmìsfaira th Gh, h èntas th elatt¸netai kat� :

dIλ = −Iλ kλ ds (Aþ.1)An to antike�meno br�sketai upì gwn�a f apì to zen�j kai apèqei katakìrufh apìstash H apìton parathrht , tìte isqÔei:
ds =

dH

cosφ
(Aþ.2)
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P�naka Aþ.1 Fainìmena megèjh kai aporrìfhsh twn galaxi¸nGalax�a Fainìmeno mègejo Aporrìfhsh Fainìmeno mègejo Aporrìfhsh(Ha) (Ha) ([S ii]) ([S ii])

NGC 2403 - Frame-1 12.25 0.08 12.19 0.13
NGC 2403 - Frame-2 12.03 0.13 12.04 0.09
NGC 2403 - Frame-3 12.03 0.13 12.04, 12.08 0.09, 0.06
NGC 2403 - Frame-4 12.04 0.12 12.08 0.06

NGC 3077 12.14 0.12 11.88 0.08
NGC 4214 11.93 0.10 11.88, 12.03 0.08, 0.10
NGC 4395 11.84 0.15 11.88 0.11
NGC 4449 11.95 0.13 11.87 0.12
NGC 5204 11.95 0.13 11.81 0.16Oi diplè timè sto mègejo kai thn aporrìfhsh tou [S ii] e�nai gia diaforetikè nÔqte parat rhsh.To Frame-4 tou NGC2403 den qrhsimopoi jhke lìgw mh fwtometrik  nÔqtaSundu�zonta ti exis¸sei A.1 kai A.2 pa�rnoume:

dIλ = −Iλ kλ ds = −Iλ kλ
dH

cosφ
⇒

dIλ

Iλ
= −kλ

dH

cosφ
⇒

∫

dIλ

Iλ
=

∫

−kλ
dH

cosφ

lnIλ = −
∫

kλdH secφ ⇒ Iλ = I0 e−secz
R

−kλ
dH

cosφ ⇒

−2.5 logIλ = −2.5 logI0 + 2.5 secφ loge

∫

−kλ
dH

cosφ

(Aþ.3)
Katal goume sth grammik  sqèsh pou sundèei to fainìmeno mègejo enì antikeimènou me thnaèria m�za secφ th stigm  th parat rhsh:

mλ = m0 + secφ kλ (Aþ.4)ìpou mλ e�nai to fainìmeno mègejo tou antikeimènou kai m0 e�nai to fainìmeno mègejo touantikeimènou ektì atmìsfaira (qwr� aporrìfhsh).Parathr¸nta loipìn astèria anafor� se di�fore aèrie m�ze, twn opo�wn ta fainìmenamegèjh èqoun metrhje� me meg�lh akr�beia (p.q. Hamuy et al. 1992), mporoÔme na kata-skeu�soume èna di�gramma kai na upolog�soume thn exasjènhsh th aktinobol�a kλ apì thnatmìsfaira (kl�sh th sqèsh A.4) kaj¸ kai to fainìmeno mègejo sthn koruf  th atmì-sfaira (apì th diatom  th sqèsh A.4).H aporrìfhsh kai ta fainìmena megèjh twn parathroÔmenwn galaxi¸n me b�sh ta astèria271



anafor� sta pla�sia th paroÔsa diatrib , gia k�je f�ltro parat rhsh (Ha kai [S ii])parat�jentai ston P�naka A.1. Oi diaforopoi sei sthn aporrìfhsh ofe�lontai kur�w stikairikè sunj ke th nÔqta parat rhsh (fwtometrik , mh-fwtometrik  nÔqta).Sti eikìne, o arijmì hlektron�wn Fe pou aniqneÔetai apì thn k�mera CCD kat�thn parat rhsh mia astronomik  phg  d�netai apì thn sqèsh:
Fe =

∫

f(λ) TA TT QE(λ) TF (λ) S texp δ2 dλ (Aþ.5)ìpou
• f(λ) e�nai h ro  twn fwton�wn pou ekpèmpei h astronomik  phg  se èna sugkekrimènom ko kÔmato l an� deuterìlepto tìxou (pou pern� apì to an�logo f�ltro)
• TA e�nai h diaperatìthta th atmìsfaira
• TT e�nai h diaperatìthta tou thleskop�ou
• TF (λ) e�nai h diaperatìthta tou qrhsimopoioÔmenou f�ltrou
• QE(λ) e�nai h kbantik  apìkrish (quantum efficiency) th k�mera sto m ko kÔmatopou g�netai h parat rhsh
• S e�nai h sullektik  epif�neia tou thleskop�ou
• δ e�nai h kl�maka tou eikonostoiqe�ou (se arcsec/pixel)

• texp e�nai o qrìno èkjeshH posìthta TT QE(λ) S jewre�tai stajer  kai exart�tai mìno apì ta qrhsimopoioÔmenaìrgana parat rhsh.H fwtometrik  bajmonìmhsh twn eikìnwn apeikìnish ègine me to pollaplasiasmìtwn teleuta�wn me arijmhtikoÔ par�gonte pou prokÔptoun apì thn parak�tw sqèsh (h opo�aprokÔptei apì th Sqèsh A.5):
f(λ) = Fe

h×c
λ × 100.4(kλ×secφ+m0)

TF (λ) texp δ2
(Aþ.6)ìpou

• f(λ): h ro  twn fwton�wn pou ekpèmpei h astronomik  phg  se mon�de: erg sec−1cm−2arcsec−1

Å−1) 272



• Fe: h ro  hlektron�wn Fe pou aniqneÔetai apì ton CCD aniqneut . Ousiastik� e�nai oiparathroÔmene eikìne.
• hc/λ: par�gonta pou metatrèpei ta counts se hlektrìnia, enèrgeia (se erg) an�loghme to m ko kÔmato pou parathroÔme me k�je qrhsimopoioÔmeno f�ltro: Hα + [N ii]

= 6570 Å, [S ii]=6720 Å.

• TF (λ): h diaperatìthta tou qrhsimopoioÔmenou f�ltrou. Gia to Hα + [N ii] e�nai 0.76en¸ gia to [S ii] e�nai 0.55.
• d=0.28 arcsec/pixel (gia thn k�mera pou qrhsimopoi jhke sthn parat rhsh twn eikì-nwn)
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