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EuqaristÐec

Ja  jela na euqarist sw mèsa apì thn kardi� mou thn k. MaÐrh Ko-
ntiz�, EpÐkourh Kajhg tria tou PanepisthmÐou Ajhn¸n kai kÔria epiblèpousa
thc didaktorik c diatrib c, kai ton k. Baggèlh Kontiz�, EpÐtimo Dieujunt 
Ereun¸n tou EjnikoÔ AsteroskopeÐou Ajhn¸n, gia ìsa èmaja kai majaÐnw
akìma kont� touc, gia th st rix  touc, gia thn �risth ereunhtik  mac suner-
gasÐa kai gia th qar� na eÐmai ènac apì touc apodèktec thc ag�phc touc gia
touc nèouc anjr¸pouc.

Me to Ðdio pneÔma ja  jela na euqarist sw ton k. Anast�sio Dapèrgola,
Dieujunt  Ereun¸n tou EjnikoÔ AsteroskopeÐou Ajhn¸n, kai ton k. Iw�nnh
Mpèlla-BelÐdh, KÔrio Ereunht  tou EjnikoÔ AsteroskopeÐou Ajhn¸n, gia
thn polÔtimh sunergasÐa touc.

Ja  jela epÐshc na euqarist sw jerm� to mèloc thc trimeloÔc
epitrop c parakoloÔjhshc thc didaktorik c diatrib c k. P. Ni�rqo, Ka-
jhght  tou PanepisthmÐou Ajhn¸n, kai ta mèlh thc eptameloÔc epitrop c
exètashc thc didaktorik c diatrib c k. K. TsÐgkano kai k. X. Mous�, Ka-
jhghtèc tou PanepisthmÐou Ajhn¸n, kai k. D. QatzhdhmhtrÐou kai k. A. Mas-
tiqi�dh, Anaplhrwtèc Kajhghtèc tou PanepisthmÐou Ajhn¸n, gia thn �risth
sunergasÐa kai tic eÔstoqec parathr seic touc. Tic idiaÐterec euqaristÐec mou
ja  jela na ekfr�sw sthn k. B. Rocca-Volmerange, Kajhg tria tou Insti-
tut d’Astrophysique de Paris (IAP) kai tou Université de Paris-Sud XI, IAS,
gia thn polÔtimh sunergasÐa kai kajod ghs  thc, kaj¸c kai to IAP gia th
filoxenÐa kat� tic episkèyeic mou to 2008 kai to 2009.

Ja  jela tèloc na euqarist sw thn oikogènei� mou gia thn upost rix 
thc kai touc EudokÐa LibanoÔ, Pètro DrazÐno, Gi¸rgo Basilìpoulo, S�sa
Ts�tsh, N�nsu Sal�meq, Maya Belcheva, Grigor Nikolov kai Bib  Tsalmantz�
gia th sunergasÐa touc.

Mèroc thc sugkekrimènhc didaktorik c diatrib c qrhmatodot jhke apì ta
ereunhtik� progr�mmata {KapodÐstriac} tou EidikoÔ LogariasmoÔ KondulÐ-
wn 'Ereunac (70/4/5799 kai 70/4/11112) kai to ereunhtikì prìgramma ”ESA
PRODEX” tou EurwpaðkoÔ OrganismoÔ Diast matoc (70/3/11556).
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PerÐlhyh

O dorufìroc Gaia ja ektoxeuteÐ to 2013 kai ja parathr sei ton ouranì
epÐ pènte èth. Sto tèloc thc apostol c tou ja èqei prosfèrei sthn episth-
monik  koinìthta mÐa ter�stia b�sh dedomènwn astrometrÐac, fwtometrÐac kai
fasmatoskopÐac enìc disekatommurÐou astèrwn tou GalaxÐa mac kai geitonik¸n
galaxi¸n tou TopikoÔ Sm nouc, galaxi¸n, kb�zarc, exwplanht¸n, uperkaino-
fan¸n kai antikeimènwn tou HliakoÔ mac Sust matoc. H paroÔsa didaktorik 
diatrib  pragmatopoi jhke sta plaÐsia thc proetoimasÐac thc Eurwpaðk c
diasthmik c apostol c Gaia kai pio sugkekrimèna gia tic an�gkec tou sust -
matoc Unresolved Galaxy Classifier (UGC), to opoÐo prìkeitai na taxinom sei
kai na parametropoi sei ta ekatommÔria twn fasm�twn galaxi¸n pou prìkeitai
na parathrhjoÔn (Bellas-Velidis et al., 2010, 2012; Kontizas et al., 2011).

Sto plaÐsio autì eÐnai aparaÐthth h dhmiourgÐa sunjetik¸n fasm�twn
galaxi¸n. Ta jewrhtik� f�smata pou kataskeu�zontai me b�sh ton k¸di-
ka PÉGASE (se sunergasÐa me to IAP, France) apaitoÔn mÐa leptomer 
diereÔnhsh gia thn telik  dhmiourgÐa mÐac realistik c biblioj khc fasm�twn
galaxi¸n. Stìqoc aut c thc diatrib c eÐnai h diereÔnhsh thc shmasÐac twn
jewrhtik¸n paramètrwn tou k¸dika kai ta eÔrh twn tim¸n gia ta opoÐa dhmiour-
goÔntai f�smata pou antapokrÐnontai sthn pragmatikìthta. Ta parathroÔme-
na f�smata pou qrhsimopoi jhkan gia aut  thn ergasÐa eÐnai apì th gnwst 
biblioj kh SDSS.

H an�gkh perikop c twn ligìtero realistik¸n fasm�twn thc biblioj khc
sunjetik¸n fasm�twn galaxi¸n twn Tsalmantza, Kontizas et al. 2009 od ghse
sth beltistopoÐhs  thc (Karampelas et al., 2010, 2011, 2012). Ta bèltista
sunjetik� f�smata galaxi¸n katalogopoi jhkan kai anart jhkan sto Kèn-
tro Astronomik¸n Dedomènwn CDS tou StrasboÔrgou (Centre de Données
astronomiques de Strasbourg). O kat�logoc (Karampelas et al., 2011) eÐ-
nai diajèsimoc tìso mèsw thc uphresÐac astronomik¸n katalìgwn VizieR
(http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/538/A38) , ìso kai
mèsw an¸numou ftp (cdsarc.u-strasbg.fr - 130.79.128.5).

Sth sunèqeia dhmiourg jhke mÐa nèa perissìtero realistik  biblioj kh
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sunjetik¸n fasm�twn galaxi¸n gia th fasmatik  perioq  pou kalÔptoun
ta fwtìmetra BP/RP (ll 330 - 1000 nm), sthn kateÔjunsh thc peraitèr-
w beltistopoÐhshc twn bibliojhk¸n jewrhtik¸n fasm�twn. Telik�, etèjhsan
oi b�seic gia th dhmiourgÐa sunjetik¸n fasm�twn epeisodiak c astrogènneshc
kai thc pr¸thc biblioj khc sunjetik¸n fasm�twn galaxi¸n gia th fasmatik 
perioq  pou kalÔptei o fasmatogr�foc RVS (ll 847 - 874 nm) tou dorufìrou
Gaia (Rocca-Volmerange et al., 2011). Sthn parap�nw diereÔnhsh, kai pèran
twn apl¸n statistik¸n analÔsewn, qrhsimopoi jhkan oi statistikèc mèjodoi
teqnht c nohmosÔnhc kai eÔreshc protÔpwn SVM kai PCA.

H dom  thc diatrib c eÐnai h ex c: Sto pr¸to Kef�laio paratÐjentai a-
paraÐthtec eisagwgikèc gn¸seic, en¸ sto deÔtero Kef�laio, pou apoteleÐ
kai to kurÐwc mèroc thc paroÔsac didaktorik c diatrib c, parousi�zontai oi
diadikasÐec an�lushc kai axiolìghshc twn paramètrwn pou qrhsimopoioÔn-
tai sta jewrhtik� montèla, kaj¸c kai h epexergasÐa twn dedomènwn pou
qrhsimopoi jhkan, me ta sqetik� apotelèsmata. To trÐto Kef�laio perilam-
b�nei ta sumper�smata thc diatrib c kai ta mellontik� sqèdia pou aporrèoun
apì aut n, en¸ sto tètarto Kef�laio perièqetai sunodeutikì ulikì, ìpwc h
bibliografÐa kai k�poia parart mata.

Parak�tw perigr�fontai sunoptik� oi diadikasÐec kai ta apotelèsmata pou
perièqontai sthn paroÔsa didaktorik  diatrib , taxinomhmèna an� biblioj kh
fasm�twn galaxi¸n (hmi-empeirik  BP/RP, sunjetik  BP/RP, nèa sunjetik 
BP/RP, f�smata me epeisodiak  astrogènnesh BP/RP kai sunjetik  RVS).

Hmiempeirik  biblioj kh (BP/RP)
Ta hmi-empeirik� f�smata galaxi¸n kataskeu�sthkan sundu�zontac ta sun-
jetik� f�smata galaxi¸n me parathrhjènta f�smata galaxi¸n apì to SDSS,
thn plousiìterh sqetik  b�sh dedomènwn. H sÔgkrish pragmatopoi jhke me
th mèjodo χ2 kai se k�je pragmatikì f�sma prosart jhkan ta akraÐa tm -
mata tou antÐstoiqou sunjetikoÔ f�smatoc. Sto telikì hmi-empeirikì f�sma
apodìjhke o fasmatikìc tÔpoc kai ìlec oi par�metroi tou sunjetikoÔ f�s-
matoc (Tsalmantza, Karampelas et al. 2012).

Ta prosomoiwmèna f�smata galaxi¸n thc hmi-empeirik c biblioj khc taxi-
nom jhkan kai parametropoi jhkan me th statistik  mèjodo SVM. Ta f�sma-
ta aut� èqoun prosomoiwjeÐ gia trÐa megèjh (G = 15, 18 kai 20) kai touc èqei
prostejeÐ jìruboc. Sqetik� me thn taxinìmhsh, to posostì twn orj¸n taxi-
nom sewn brèjhke na eÐnai uyhlìtero gia ta f�smata me lamprìtero mègejoc
G, kai poikÐlei apì 80 % (G = 20) èwc 92.2 % (G = 15). To Ðdio sumpèras-
ma prokÔptei kai apì th melèth thc metabol c tou posostoÔ twn epituq¸n
problèyewn me to mègejoc gia k�je fasmatikì tÔpo xeqwrist�. Parìla aut�,
oi galaxÐec progenèsterou fasmatikoÔ tÔpou kai oi an¸maloi galaxÐec tax-
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inomoÔntai me megalÔterh epituqÐa se sqèsh me touc speiroeideÐc galaxÐec
kai touc QSFG (Quenched Star-Forming Galaxies). EpÐshc, oi esfalmèna
taxinomhmènoi galaxÐec progenèsterou fasmatikoÔ tÔpou taxinomoÔntai kurÐ-
wc wc speiroeideÐc kai to antÐstrofo, en¸ oi esfalmèna taxinomhmènoi an¸-
maloi galaxÐec kai oi QSFG taxinomoÔntai kurÐwc wc speiroeideÐc.

Apì th sÔgkrish me ta antÐstoiqa test sth sunjetik  biblioj kh
(Tsalmantza, Kontizas et al. 2009) prokÔptei ìti oi galaxÐec
progenèsterou fasmatikoÔ tÔpou kai oi an¸maloi galaxÐec taxinomoÔntai or-
jìtera sthn perÐptwsh twn hmi-empeirik¸n fasm�twn, en¸ oi speiroeideÐc
galaxÐec kai oi QSFG taxinomoÔntai orjìtera sthn perÐptwsh twn sunjetik¸n
fasm�twn. To uyhlìtero posostì twn epituq¸n problèyewn tou fasmatikoÔ
tÔpou twn sunjetik¸n fasm�twn endèqetai na ermhneÔetai merik¸c apì to uyh-
lì posostì twn fasm�twn QSFG epÐ tou sunìlou twn sunjetik¸n fasm�twn.

Sto plaÐsio thc parametropoÐhshc pragmatopoi jhke prìbleyh thc eru-
jrometatìpishc, me ta sf�lmata na mei¸nontai kaj¸c to mègejoc gÐnetai
lamprìtero kai na kumaÐnontai apì 3.2 % (G = 15) èwc kai 9.0 %
(G = 20). H Ðdia t�sh parathreÐtai anex�rthta tou fasmatikoÔ tÔpou kai thc
orjìthtac taxinìmhshc tou fasmatikoÔ tÔpou. Parìla aut�, oi galaxÐec pro-
genèsterou fasmatikoÔ tÔpou kai oi speiroeideÐc galaxÐec qarakthrÐzontai apì
qamhlìtera sf�lmata prìbleyhc thc erujrometatìpishc, se sqèsh me touc
an¸malouc galaxÐec kai touc QSFG. Brèjhke epÐshc ìti h
prìbleyh thc erujrometatìpishc twn orj¸c taxinomhmènwn fasm�twn
galaxi¸n eÐnai kat� 1 % èwc 2 % kalÔterh se sqèsh me ta esfalmènwc
taxinomhmèna sf�lmata galaxi¸n, kaj¸c kai ìti ta mèsa apìluta ekatosti-
aÐa sf�lmata twn problèyewn thc erujrometatìpishc eÐnai qamhlìtera gia
galaxÐec me z ≤ 0.2 (kat� 0.1 % gia touc orj¸c taxinomhmènouc galaxÐec,
0.2 % gia to sÔnolo twn galaxi¸n kai 0.8 % gia touc galaxÐec QSFG me
G = 20).

Sunjetik  biblioj kh (BP/RP)
'Egine efarmog  thc statistik c mejìdou PCA ¸ste na diereunhjeÐ an ìla
ta f�smata pou dhmiourgeÐ to jewrhtikì montèlo antistoiqoÔn se pragmatik�
f�smata galaxi¸n. H poikilomorfÐa twn sunjetik¸n fasm�twn lìgw thc
poluplokìthtac tou trìpou kataskeu c touc, ofeÐletai (a) stouc diafore-
tikoÔc sunduasmoÔc paramètrwn tou Ðdiou nìmou astrik c dhmiourgÐac pou
dÔnantai na antistoiqoÔn se parìmoia f�smata, (b) stouc diaforetikoÔc sun-
duasmoÔc paramètrwn diaforetikoÔ nìmou astrik c dhmiourgÐac pou dÔnantai
na antistoiqoÔn se parìmoia f�smata, kai (g) stouc sunduasmoÔc paramètrwn
pou dÔnantai na antistoiqoÔn se f�smata pou den èqoun tupik  morf . Brè-
jhke ìti h biblioj kh twn sunjetik¸n fasm�twn mporeÐ na analujeÐ apote-
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lesmatik� me th qr sh mìno twn dÔo kuriìterwn sunistws¸n-idiodianusm�twn
PC1 kai PC2, me tic opoÐec epitugq�netai èna polÔ qamhlì mèso sf�lma
anakataskeu c (reconstruction error) 2% kai stic opoÐec perièqetai to
99 % thc sunolik c diakÔmanshc, epitrèpontac ètsi th drastik  meÐwsh twn
diast�sewn (dimensionality reduction) qwrÐc shmantik  ap¸leia plhroforÐac.
Melet jhke epÐshc h euaisjhsÐa twn idiodianusm�twn aut¸n me thn epanalam-
banìmenh efarmog  thc mejìdou PCA se epimèrouc deÐgmata fasm�twn, ìpou
kai diapist¸jhke h mh euaisjhsÐa touc, kaj¸c kai h eust�jei� touc se sqèsh
me to fasmatikì tÔpo. Brèjhke pwc to idiodi�nusma PC1 eÐnai diaforetikì
gia k�je fasmatikì tÔpo xeqwrist� kaj¸c autì sqetÐzetai me to megalÔtero
merÐdio thc diakÔmanshc kai, sunep¸c, antikatoptrÐzei tic kuriìterec diaforèc
metaxÔ twn diaforetik¸n fasmatik¸n tÔpwn, en¸ to PC2 paramènei praktik¸c
amet�blhto.

AkoloÔjhse h kataskeu  tou diagr�mmatoc twn dÔo kuriìterwn
sunistws¸n, ¸ste na diereunhjeÐ h Ôparxh allhlepikalÔyewn metaxÔ twn
diaforetik¸n fasmatik¸n tÔpwn kai na melethjoÔn oi sunduasmoÐ twn
paramètrwn tou rujmoÔ astrik c dhmiourgÐac pou prokaloÔn tic
allhlepikalÔyeic autèc. AnakalÔfjhke h Ôparxh ektetamènwn
allhlepikalÔyewn, me touc speiroeideÐc galaxÐec na allhlepikalÔptontai
isqur¸c me touc galaxÐec progenèsterou fasmatikoÔ tÔpou kai touc
QSFG, kai touc teleutaÐouc na allhlepikalÔptontai isqur¸c me touc an¸-
malouc galaxÐec. Sth sunèqeia pragmatopoi jhke mÐa leptomer c par�llhlh
an�lush tou senarÐou tou rujmoÔ astrik c dhmiourgÐac k�je fasmatikoÔ
tÔpou kai twn apotelesm�twn apì thn efarmog  thc mejìdou PCA, ìpou
brèjhkan ta genik� krit ria b�sei twn opoÐwn dÔnantai na perikopoÔn apì
th sunjetik  biblioj kh galaxiak¸n fasm�twn ta mh epijumht� f�smata.
H beltistopoÐhsh pragmatopoi jhke me thn efarmog  twn krithrÐwn aut¸n
(Karampelas et al., 2010, 2012), perikìptontac apì th biblioj kh sunjetik¸n
fasm�twn (a) galaxÐec progenèsterou fasmatikoÔ tÔpou me grammèc
ekpomp c (omoiìthta me speiroeideÐc)   me exairetik� asjen  arqikì rujmì
astrik c dhmiourgÐac, (b) speiroeideÐc galaxÐec me polÔ uyhlèc timèc thc
paramètrou p2 (omoiìthta me an¸malouc galaxÐec kai QSFG), (g) an¸malouc
galaxÐec kai QSFG me exairetik� uyhlèc timèc twn paramètrwn p2 kai tinfall

(ìmoioi metaxÔ touc) kai (d) QSFG qwrÐc grammèc ekpomp c (omoiìthta me
speiroeideÐc). Ta bèltista sunjetik� f�smata galaxi¸n katalogopoi jhkan
kai anart jhkan sto Kèntro Astronomik¸n Dedomènwn CDS tou StrasboÔr-
gou (Centre de Données astronomiques de Strasbourg).

Wc apotèlesma thc beltistopoÐhshc, oi galaxÐec progenèsterou fasmatikoÔ
tÔpou sqhmatÐzoun mÐa pl rwc xeqwrist  om�da sto epÐpedo twn idiodianus-
m�twn PC1 - PC2, h opoÐa plèon den sumplèketai me aut  twn speiroeid¸n
galaxi¸n kai den perièqei galaxÐec me mh epijumhtì rujmì astrik c dhmiourgÐac,



11

en¸ oi allhlepikalÔyeic metaxÔ speiroeid¸n kai anwm�lwn galaxi¸n kai metaxÔ
speiroeid¸n kai QSFG èqoun perioristeÐ se mÐa sqetik� mikr  perioq  tou
q¸rou twn dÔo kuriìterwn sunistws¸n. EpÐshc, h uyhl  sugkèntrwsh ìmoi-
wn metaxÔ touc fasm�twn metagenèsterou fasmatikoÔ tÔpou èqei perioristeÐ
aisjht�. Stic jetikèc sunèpeiec thc beltistopoÐhshc thc biblioj khc twn
sunjetik¸n fasm�twn galaxi¸n perilamb�netai kai o periorismìc twn allh-
lepikalÔyewn sto di�gramma twn dÔo qrwm�twn (g − r) − (r − i), wc apìr-
roia tou antÐstoiqou periorismoÔ sto q¸ro twn dÔo kuriìterwn idiodianus-
m�twn. Pio sugkekrimèna, eÐnai plèon diakrit  h omadopoÐhsh twn galaxi¸n
progenèsterou fasmatikoÔ tÔpou sthn perioq  (g − r) > 0.8, kaj¸c kai h
ex�leiyh thc ektetamènhc allhlepik�luyhc metaxÔ speiroeid¸n kai QSFG
sthn perioq  0.5 < (g − r) < 0.6, en¸ tautìqrona èqei diathrhjeÐ h
ikanopoihtik  k�luyh twn parathr sewn apì to SDSS.

Ta prosomoiwmèna f�smata galaxi¸n tìso thc arqik c sunjetik c biblio-
j khc (Tsalmantza, Kontizas et al. 2009) ìso kai thc bèltisthc sunjetik c
biblioj khc (Karampelas et al., 2012) taxinom jhkan kai parametropoi jhkan
me th statistik  mèjodo SVM (Support Vector Machines). H sugkekrimènh
an�lush pragmatopoi jhke se dÔo diaforetik� deÐgmata: {kajar�} f�sma-
ta qwrÐc jìrubo, aporrìfhsh   erujrometatìpish kai {realistik�} f�sma-
ta megèjouc G = 15. Sqetik� me thn taxinìmhsh, h apìdosh tou UGC
sthn taxinìmhsh twn kajar¸n prosomoiwmènwn fasm�twn anèrqetai sqedìn
sto 100 %. Oi jetikèc sunèpeiec thc beltistopoÐhshc thc sunjetik c biblio-
j khc entopÐsthkan kat� thn epexergasÐa tou deÐgmatoc twn realistik¸n fas-
m�twn, ìpou eidik� sthn perÐptwsh twn fasm�twn progenèsterou fasmatikoÔ
tÔpou h aÔxhsh thc apìdoshc an lje perÐpou sto 25 %. H taxinìmhsh twn
fasm�twn twn speiroeid¸n kai twn anwm�lwn galaxi¸n belti¸jhke
elafr¸c (∼ 3 %), en¸ h apìdosh tou UGC sthn perÐptwsh twn galaxi¸n
QSFG, h opoÐa  tan  dh uyhl , èmeine praktik� amet�blhth. Sqetik� me
thn parametropoÐhsh, oi perissìterec par�metroi upologÐsthkan me mikrìtero
sf�lma sta bèltista prosomoiwmèna f�smata se sqèsh me ta arqik� f�sma-
ta. Den eÐnai ìmwc profan c h axiolìghsh twn tim¸n twn sfalm�twn aut¸n,
lìgw kurÐwc tou gegonìtoc ìti h metabol  twn paramètrwn tou rujmoÔ as-
trik c dhmiourgÐac kat� thn kataskeu  twn sunjetik¸n fasm�twn den epidr�
grammik� sth morf  twn fasm�twn aut¸n.

Apì ta parap�nw proèkuye ìti pr�gmati h beltistopoÐhsh thc biblio-
j khc sunjetik¸n fasm�twn galaxi¸n mèsw thc diereÔnhshc tou istorikoÔ
astrik c dhmiourgÐac twn diafìrwn fasmatik¸n tÔpwn kai thc efarmog c thc
statistik c mejìdou PCA (Karampelas et al., 2012) od ghse sthn kalÔte-
rh katanìhsh tou trìpou me ton opoÐo to montèlo PÉGASE kataskeu�zei
sunjetik� f�smata, kaj¸c kai twn dunatot twn twn statistik¸n mejìdwn
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an�lushc kai epexergasÐac meg�lwn b�sewn dedomènwn.

Nèa sunjetik  biblioj kh (BP/RP)

Ta nèa krit ria dhmiourgÐac sunjetik¸n fasm�twn galaxi¸n kai h suneq c
an�gkh peraitèrw beltÐwshc tou trìpou dhmiourgÐac nèwn, realistikìterwn
fasm�twn gia tic an�gkec tou sust matoc UGC, od ghsan sth dhmiourgÐa
thc nèac sunjetik c biblioj khc me th qr sh tou k¸dika PÉGASE.2. Ta
nèa sunjetik� f�smata (a) antistoiqoÔn se eÔrh paramètrwn tou rujmoÔ as-
trik c dhmiourgÐac pou eÐnai sunep  me th diadikasÐa beltistopoÐhshc twn sun-
jetik¸n fasm�twn, (b) perièqoun thn eidik  perÐptwsh twn lampr¸n kìkkinwn
galaxi¸n LRG, oi opoÐoi jewr jhkan wc galaxÐec progenèsterou fasmatikoÔ
tÔpou meg�lhc erujrometatìpishc, (g) èqoun kataskeuasteÐ gia di�forec timèc
klÐshc (inclination) tou dÐskou, en¸ (d) èqei lhfjeÐ upìyh to exeliktikì st�-
dio pou antistoiqeÐ sthn erujrometatìpis  touc.

Oi galaxÐec progenèsterou fasmatikoÔ tÔpou dhmiourg jhkan gia tuqaÐec
timèc thc erujrometatìpishc sto eÔroc 0.0 - 0.6, en¸ oi speiroeideÐc galaxÐec,
oi an¸maloi galaxÐec kai oi QSFG dhmiourg jhkan gia tuqaÐec timèc thc eru-
jrometatìpishc sto eÔroc 0.0 - 0.2 kai gia pènte timèc thc gwnÐac klÐshc.
EpÐshc, kataskeu�sthke kai èna deÐgma galaxi¸n progenèsterou fasmatikoÔ
tÔpou me mhdenik  erujrometatìpish, kaj¸c kai apì èna deÐgma speiroeid¸n
galaxi¸n, an¸malwn galaxi¸n kai QSFG me mhdenik  erujrometatìpish kai
mèsh gwnÐa klÐshc. H statistik  an�lush twn fasm�twn thc nèac sunjetik c
biblioj khc eÐnai se exèlixh.

F�smata me epeisodiak  astrogènnesh (BP/RP)

To epìmeno st�dio thc exèlixhc thc biblioj khc eÐnai h eisagwg  nèwn senarÐ-
wn astrik c dhmiourgÐac, ìpwc ta sen�ria epeisodiak c astrogènneshc, ìpou
ta �stra gennioÔntai kat� th di�rkeia ex�rsewn astrik c dhmiourgÐac. Prag-
matopoi jhke diereÔnhsh tètoiwn senarÐwn, ta opoÐa antimetwpÐsthkan wc par-
allag  tou senarÐou twn an¸malwn galaxi¸n, kai orÐsthkan oi kat�llhlec
par�metroi pou elègqoun to rujmì astrik c dhmiourgÐac. Oi sugkekrimènec
par�metroi aforoÔn ton arijmì, th qronik  stigm  ènarxhc, th di�rkeia kai thn
èntash k�je èxarshc astrik c dhmiourgÐac. Sth sunèqeia etèjhsan perioris-
moÐ stic timèc tic opoÐec dÔnantai na l�boun oi par�metroi autèc, odhg¸ntac
telik� sth dhmiourgÐa 240 protÔpwn senarÐwn epeisodiak c astrogènneshc gia
k�je epilegmènh katanalwjeÐsa posìthta aerÐou tou senarÐou twn an¸malwn
galaxi¸n. H dhmiourgÐa twn sunjetik¸n fasm�twn galaxi¸n epeisodiak c
astrogènneshc me to montèlo PÉGASE brÐsketai se exèlixh.
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Sunjetik  biblioj kh (RVS)
H dhmiourgÐa thc pr¸thc biblioj khc sunjetik¸n fasm�twn galaxi¸n uyhl c
diakritik c ikanìthtac gia ton fasmatogr�fo RVS tou dorufìrou Gaia apaiteÐ
thn enswm�twsh mÐac antÐstoiqhc biblioj khc astrik¸n fasm�twn uyhl c di-
akritik c ikanìthtac ston k¸dika PÉGASE.2. Apì tic diajèsimec astrikèc
biblioj kec uyhl c diakritik c ikanìthtac epilèqjhke ekeÐnh twn Munari et al.
(2005), h opoÐa �llwste kataskeu�sthke, metaxÔ �llwn, kai gia ton fas-
matogr�fo RVS. En anamon  thc enswm�tws c thc ston k¸dika PÉGASE.2,
pragmatopoi jhke mÐa seir� apì prokatarktikèc dokimèc me th qr sh thc
up�rqousac sunjetik c biblioj khc astrik¸n fasm�twn qamhl c diakriti-
k c ikanìthtac BaSeL. Dhmiourg jhkan sunjetik� f�smata pou antistoiqoÔn
stouc galaxÐec progenèsterou fasmatikoÔ tÔpou, stouc speiroeideÐc galaxÐec
kai stouc an¸malouc galaxÐec kai melet jhkan ta tm mata twn fasm�twn pou
antistoiqoÔn sthn perioq  mhk¸n kÔmatoc tou org�nou RVS, kai idiaÐtera h
triplèta tou asbestÐou. An kai h exagwg  asfal¸n sumperasm�twn sqetik�
me th sumperifor� thc triplètac tou asbestÐou eÐnai exairetik� dÔskolh lìgw
qamhl c an�lushc, parathr jhkan diaforopoi seic sth qronik  exèlix  thc se
k�je fasmatikì tÔpo. H enswm�twsh thc biblioj khc twn sunjetik¸n fas-
m�twn astèrwn uyhl c diakritik c ikanìthtac twn (Munari et al., 2005) sto
montèlo PÉGASE eÐnai se exèlixh kai anamènontai ta pr¸ta sqetik� apotelès-
mata.
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Abstract

During the five years of the Gaia satellite operations, a huge database of
a billion objects will be obtained, including stars of the Milky Way and the
Local Group, galaxies, quasars, exoplanets, supernova and Solar System ob-
jects. This work was performed in the context of the preparation of the ESA
Gaia mission, specifically for the needs of the Unresolved Galaxy Classifier
(UGC), an algorithm which is going to classify and parametrize the millions
of galaxy spectra Gaia will observe (Bellas-Velidis et al., 2010, 2012; Kontizas
et al., 2011).

In order to develop and operate UGC, libraries of synthetic galaxy spectra
are required. These theoretical templates were created with PÉGASE code
(in cooperation with IAP). The aim of this Thesis is to investigate the range
of the values of some key PÉGASE parameters, for which realistic synthetic
spectra are produced. SDSS observed spectra were also used to validate the
synthetic ones and test the performance of UGC.

The need to truncate the less realistic synthetic spectra from the library of
Tsalmantza, Kontizas et al. 2009, resulted to the optimization of this library
(Karampelas et al., 2010, 2011, 2012). The optimum synthetic galaxy spectra
were catalogued in CDS (Centre de Données astronomiques de Strasbourg).
This catalogue (Karampelas et al., 2011) is available through VizieR (http:
//cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/538/A38) and through
anonymous ftp (cdsarc.u-strasbg.fr - 130.79.128.5).

In the context of the further optimization of the libraries of theoretical
galaxy spectra, a more realistic library was produced for the Gaia BP/RP
photometers wavelength range (330 - 1000 nm). Additionally, an analysis has
been initiated in order to create both synthetic galaxy spectra with episodic
star formation for BP/RP and the first set of high-resolution synthetic galaxy
spectra (Rocca-Volmerange et al., 2011) for the Gaia RVS spectrograph wave-
length range (847 - 874 nm).

To accomplish the above, artificial intelligence and pattern recognition
techniques were used, namely Support Vector Machines (SVM) and Principal
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Components Analysis (PCA).
The structure of the Thesis is the following: The first chapter is intro-

ductory, the second chapter presents the analysis and the evaluation of the
parameters of the theoretical models and the relevant data processing and
results, the third chapter lists the conclusions and the future plans, while the
last chapter contains the references and an Annex.

Data analysis and results included in this Thesis are summarized below,
classified per library of galaxy spectra (BP/RP semi-empirical, synthetic,
new synthetic and spectra with episodic star formation and RVS synthetic).

Semi-empirical library (BP/RP)
Semi-empirical galaxy spectra were created by matching synthetic galaxy
spectra with SDSS galaxy spectra. A χ2 goodness of fit was implemented
to the spectra and the left and right wings of the synthetic spectra were ad-
justed to the corresponding parts of the matching observed spectra, produc-
ing the final semi-empirical spectra. For each of these semi-empirical spec-
tra the spectral type of the corresponding synthetic spectrum was adopted
(Tsalmantza, Karampelas et al. 2012).

The semi-empirical spectra were simulated for the Gaia instrument char-
acteristics for three magnitudes (G = 15, 18 and 20) with the addition of
noise. The simulated spectra were classified and parametrized with the SVM
method. The percentage of the correct classifications was higher for brighter
G-magnitude, ranging from 80 % (G = 20) to 92.2 % (G = 15). The same
trend stands for each spectral type separately. However, Early-type and Ir-
regular galaxies were better classified than Spirals and QSFG. Furthermore,
the erroneously classified Early-type galaxies were classified mainly as Spirals
and vice versa, while the erroneously classified irregular galaxies and QSFG
were classified mainly as spirals.

From the comparison of the above results with the corresponding results
from the library of synthetic galaxy spectra (Tsalmantza, Kontizas et al.
2009) arises that the Early-type and Irregular galaxies were better classified
in the semi-empirical case, while the contrary stands for Spirals and QSFG.
The spectral type classification was in total more successful in the case of syn-
thetic spectra, partially explained by the higher percentage of QSFG galaxies
among them.

The errors of the prediction of the redshift (parametrization) was lower
for brighter G-magnitude, ranging from 3.2 % (G = 15) to 9.0 % (G = 20).
The same trend stands independently of the spectral type and the classi-
fication correctness. However, Early-type and Spiral galaxies were better
parametrized than Irregulars and QSFG. Furthermore, the prediction of the
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redshift of the correctly classified galaxies was better than the prediction of
the erroneously classified ones by 1 % to 2%. Additionally, the mean absolute
percentage errors of the redshift prediction were lower for z ≤ 0.2 galaxies
(by 0.1 % for the correctly classified galaxies, by 0.2 % for all galaxies and
by 0.8 % for QSFG with G = 20).

Synthetic library (BP/RP)

The PCA method was implemented to the synthetic spectra to perform the
investigation of how realistic these theoretical templates are. The diversity
of the synthetic spectra originates from the complexity induced by the the-
oretical assumptions under which they have been created. More specifically,
it is due to (a) the different combinations of parameter values of the same
star-formation law which may correspond to similar spectra, (b) the different
combinations of parameter values of different star-formation laws which may
correspond to similar spectra, and (c) the combinations of parameter values
which may correspond to unrealistic or non-typical spectra.

It was found that the library of synthetic galaxy spectra can be efficiently
analyzed by only using the first two Principal Components - eigenspectra PC1
and PC2, which correspond to a very low mean reconstruction error of 2%
and contain the 99 % of the total variance, thus allowing for a drastic dimen-
sionality reduction without a significant loss of information. The stability of
the most significant Components was confirmed after repeatedly implement-
ing the PCA method to subsamples of synthetic spectra. PC1 was found to
differ among the various spectral types, since it is correlated with the higher
variance fraction, hence reflecting the major differences among these types.
PC2 practically remains unchanged.

Subsequently, the synthetic spectra were projected in the diagram of the
first two Principal Components PC1 and PC2. Extended overlaps were dis-
covered in this diagram, with Spiral galaxies been highly-overlapped with
Early-type galaxies and QSFG, and Irregular galaxies been highly-overlapped
with QSFG. At the same time, the star formation scenarios of each spectral
type were investigated in detail and, together with the results from the PCA
implementation, they led to specific criteria to truncate the non-desirable
synthetic galaxy spectra from the synthetic library. The optimization of
the library was done by applying these criteria to the synthetic spectra
(Karampelas et al., 2010, 2012), truncating (a) Early-type galaxies with
emission lines (similarity with Spirals) or with very weak star formation
rate, (b) Spiral galaxies with high p2 values (similarity with Irregulars and
QSFG), (c) Irregular galaxies and QSFG with extremely high values of p2

and tinfall (similar to each other) and (d) QSFG without emission lines (sim-
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ilarity with Spirals). The optimum synthetic galaxy spectra are available at
the CDS (Centre de Données astronomiques de Strasbourg) via anonymous
ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.u-strasbg.fr/viz-
bin/qcat?J/A+A/538/A38.

As a result of the optimization, the Early-type galaxies form a distinct
group in the PC1 - PC2 diagram, no longer overlapping with Spiral galaxies
and lacking of galaxies with non-desirable weak star formation rates. Ad-
ditionally, Spiral - QSFG overlaps have been significantly limited, together
with the existence of similar to each other late type galaxies. The overlaps
in the (g− r)− (r− i) two-color diagram have also been limited, as a conse-
quence of the optimization. More specifically, the Early-type galaxies form a
distinct group at (g − r) > 0.8, while the extended overlap between Spirals
and QSFG at 0.5 < (g − r) < 0.6 no longer exists, with the satisfactory
coverage of the SDSS observation having been retained.

The simulated galaxy spectra of the synthetic library (Tsalmantza, Konti-
zas et al. 2009) and the optimized synthetic library (Karampelas et al., 2012)
were classified and parametrized by using the SVM method in two different
G = 15 samples: spectra with and without noise, extinction and redshift. In
the first case, UGC performance was approximately 100 %. In the second
case, the optimized Early-type galaxies were better classified by 25 % and
Spirals and Irregulars by 3 %, while the classification performance in QSFG
spectra remained unchanged, being already high. Regarding parametriza-
tion, most of the values of the various parameter were predicted more ac-
curately in the optimized spectra. Nevertheless, the parametrization errors
cannot be easily interpreted, since the different values of the parameters do
not linearly affect the shape of the final spectra.

Conclusively, the optimization of the library of synthetic galaxy spectra
achieved through the investigation of the star formation histories of the var-
ious spectral types and the application of the PCA method (Karampelas
et al., 2012), led to a better understanding of PÉGASE modeling and of
some statistical methods which are able to efficiently analyze and process
huge databases.

New synthetic library (BP/RP)

The existence of criteria to create optimal synthetic galaxy spectra and the
constant need of even more realistic spectra for UGC led to the creation of a
new synthetic library with PÉGASE.2 code. These spectra (a) correspond to
ranges of star formation rate parameters values which take into account the
optimization criteria, (b) include the special case of Luminous Red Galax-
ies (LRG), which have been modeled as high-redshift Early-type galaxies,
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(c) have been constructed for various values of disk inclination, and (d) have
been evolutionary corrected.

Early-type galaxies have been created both for zero redshift values and
for random values in the range 0.0 - 0.6, while Spiral galaxies, Irregulars
and QSFG have been created for zero redshift, for random redshift values in
the range 0.0 - 0.2 and for five different inclination values. The statistical
analysis of these spectra is ongoing.

Spectra with episodic star formation (BP/RP)

In episodic star formation, stars are born during bursts of star formation. An
investigation of such scenarios, being modeled as an alternative version to
scenarios of Irregular galaxies, has been started, with the corresponding star
formation rate parameters having been defined. These parameters control the
number, the starting time, the duration and the intensity of each burst, and
appropriate constraints have been applied to them, resulting in the creation
of 240 scenarios. The creation of the corresponding spectra with PÉGASE
is ongoing.

Synthetic library (RVS)

The creation of the first library of high-resolution synthetic galaxy spectra
for the RVS spectrograph of the Gaia satellite requires the inclusion of an
appropriate library of high-resolution synthetic stellar spectra to PÉGASE
code. The stellar library of Munari et al. (2005), which has been created
specifically for RVS, was selected among the relevant available libraries. A
number of preliminary tests have been implemented using BaSeL, the stellar
library included in PÉGASE.2. Synthetic galaxy spectra of Early-type, Spiral
and Irregular galaxies have been created and the RVS wavelength range has
been investigated, where the dominant spectral characteristic is the calcium
triplet. The inclusion of the library of Munari et al. (2005) to PÉGASE is
ongoing.
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Kef�laio 1

Eisagwg 

To sugkekrimèno kef�laio perièqei tic eisagwgikèc gn¸seic pou eÐnai apa-
raÐthtec gia th melèth kai thn kalÔterh katanìhsh thc paroÔsac didaktorik c
diatrib c. Perilamb�nei thn parousÐash thc Eurwpaðk c diasthmik c apo-
stol c Gaia kai tou sust matoc taxinìmhshc kai parametropoÐhshc gala-
xiak¸n fasm�twn Unresolved Galaxy Classifier (UGC), thn perigraf  tou
montèlou dhmiourgÐac fasm�twn galaxi¸n PÉGASE.2, tic pro thc diatrib c
aut c biblioj kec sunjetik¸n fasm�twn galaxi¸n gia th Gaia, kai tèloc tic
shmantikìterec statistikèc mejìdouc an�lushc dedomènwn tètoiou eÐdouc.
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1.1 Diasthmik  apostol  Gaia

1.1.1 Eisagwg 

Kat� th di�rkeia thc pentaetoÔc apostol c tou EurwpaðkoÔ dorufìrou GaÐa
(Gaia), o opoÐoc ja ektoxeuteÐ to 2013, ja pragmatopoihjeÐ h megalÔterh
èwc t¸ra katagraf  astrofusik¸n antikeimènwn tou GalaxÐa mac, h opoÐa
ja perièqei tic jèseic, thn idÐa kÐnhsh, ta f�smata kai �llec astrofusikèc
paramètrouc 109 astrofusik¸n antikeimènwn. To amudrìtero antikeÐmeno pou
anamènetai na parathrhjeÐ ja eÐnai megèjouc G ∼ 20 (mh filtrarismèno -
leukì fwc), to opoÐo antistoiqeÐ se mègejoc V = 20−25mag, an�loga me ton
fasmatikì tÔpo (Jordi et al., 2006). Apì tic parathr seic autèc ja katasteÐ
dunatì na kataskeuasteÐ ènac akrib c trisdi�statoc q�rthc tou GalaxÐa mac.

Pèran ìmwc twn �strwn tou GalaxÐa mac ja aniqneujoÔn kai �stra gei-
tonik¸n galaxi¸n tou TopikoÔ Sm nouc, kaj¸c kai perÐpou 106 galaxÐec,
5 · 105 kb�zarc, 105 exwplan tec, 105 uperkainofaneÐc kai èwc 106 antikeÐ-
mena tou HliakoÔ mac Sust matoc. MÐa b�sh dedomènwn tètoiou eÐdouc ja
apotelèsei to anagkaÐo ulikì gia nèec episthmonikèc anakalÔyeic kai melètec
pou ja kalÔptoun èna meg�lo mèroc thc sÔgqronhc Astrofusik c. Endeik-
tik� anafèrontai h dhmiourgÐa, to istorikì astrik c dhmiourgÐac, h exèlixh,
h kinhmatik  kai h dunamik  tou GalaxÐa, h taxinìmhsh kai parametropoÐhsh
astèrwn kai galaxi¸n, h katanom  thc skotein c Ôlhc, h sun�rthsh lamprìth-
tac prwtoastèrwn, h dom  kai h exèlixh astèrwn ìlwn twn fasmatik¸n tÔ-
pwn, oi troqièc kai oi m�zec exwplanht¸n, h melèth kafè kai leuk¸n n�nwn, ta
antikeÐmena tou HliakoÔ sust matoc pou kinoÔntai plhsÐon thc Ghc, oi diploÐ
astèrec, ta astrik� sm nh, oi allhlepidr�seic metaxÔ tou GalaxÐa mac kai twn
Nef¸n tou Maggel�nou, oi domèc meg�lhc klÐmakac tou sÔmpantoc mèsw thc
melèthc twn kb�zarc kai oi barutikoÐ fakoÐ. O telikìc kat�logoc anamènetai
trÐa èth Ôstera apì th l xh thc apostol c.

'Ontac kat� b�sh ènac astrometrikìc dorufìroc, h Gaia ja apotelèsei
to megalÔtero èwc t¸ra epÐteugma sthn istorÐa thc astrometrÐac, me akrÐbeia
perÐpou Ðsh me 24marcsec. Se sÔgkrish me ton dorufìro 'Ipparqo (Hipparcos),
ja aniqneÔsei èwc kai 10 000 perissìtera astrofusik� antikeÐmena me akrÐbeia
èwc kai 100 forèc megalÔterh. Sto sq ma 1.1 parousi�zetai h exèlixh sthn
akrÐbeia twn metr sewn twn jèsewn kai twn parall�xewn twn astèrwn apì
thn arqaiìthta èwc s mera, ìpou gÐnetai antilhpt  h anamenìmenh poiìthta
twn parathr sewn tou dorufìrou Gaia.
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Sq ma 1.1: H exèlixh thc akrÐbeiac twn astrometrik¸n metr sewn (se
deuterìlepta tìxou) apì thn arqaiìthta èwc s mera. Copyright: Eric Høg.

1.1.2 Tìpoc kai egkatast�seic ektìxeushc
H ektìxeush tou dorufìrou Gaia anamènetai na pragmatopoihjeÐ to 2013 apì
to diasthmikì kèntro thc gallik c Goui�na (Guiana Space Centre - CSG), me
èna ìqhma ektìxeushc Soyuz. H gallik  Goui�na brÐsketai sto boreioanato-
likì tm ma thc latinik c Amerik c. H topojesÐa ektìxeushc brÐsketai sthn
perioq  KouroÔ (Kourou), h opoÐa eÐnai idanik  gia ektoxeÔseic lìgw thc
eggÔtht�c thc me ton Ishmerinì thc Ghc kai thc sqetik c asf�leiac pou pros-
fèrei.

H gallik  Goui�na eÐnai mÐa idiaÐtera araiokatoikhmènh q¸ra, ìpou to 90
% perÐpou thc èktas c thc kalÔptetai apì tropik� d�sh. Epiplèon, den up�r-
qei kÐndunoc dhmiourgÐac kuklwnik¸n susthm�twn   seismik c drasthriìthtac,
fainìmena ta opoÐa ja mporoÔsan na dusqer�noun thn proetoimasÐa kai th di-
adikasÐa mÐac ektìxeushc   na katapon soun tic egkatast�seic.

H topojesÐa ektìxeushc brÐsketai se gewgrafikì pl�toc 5◦3′, se apìstash
mìlic 500 qiliomètrwn bìreia tou ishmerinoÔ. Oi ektoxeÔseic oi opoÐec prag-
matopoioÔntai apì perioqèc kont� ston ishmerinì èqoun to pleonèkthma na
qrhsimopoioÔn thn uyhl  enèrgeia peristrof c thc Ghc. 'Etsi, oi ektoxeuìmenoi
pÔrauloi pou metafèroun touc dorufìrouc epitaqÔnontai perissìtero kai dÔ-
nantai na metafèroun mikrìterec posìthtec kausÐmwn, mei¸nontac to kìstoc
thc ek�stote diasthmik c apostol c kai epispeÔdontac thn per�tws  thc. To
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fainìmeno autì thc metabol c thc troqi�c kai thc taqÔthtac enìc diasth-
mikoÔ sk�fouc lìgw thc sqetik c kÐnhshc kai thc barÔthtac enìc ouranÐou
antikeimènou onom�zetai eligmìc barutik c enÐsqushc (gravity-assist maneu-
ver)   fainìmeno sfendìnhc (slingshot effect, http://www2.jpl.nasa.gov/
basics/bsf4-1.php).

Oi egkatast�seic apì tic opoÐec ja ektoxeuteÐ o dorufìroc Gaia onom�-
zontai Ensemble de Lancement Soyuz (ELS) kai apoteloÔntai apì treic z¸nec,
(a) thn platfìrma ektìxeushc tou oq matoc ektìxeushc, (b) to ktÐrio orizìn-
tiac enswm�twshc kai dokim¸n tou oq matoc ektìxeushc, kai (g) to kèntro
elègqou.

'Oqhma ektìxeushc

O dorufìroc Gaia eÐnai eidik� sqediasmènoc ¸ste na topojethjeÐ se èna ìqhma
ektìxeushc tÔpou Soyuz-STB/Fregat, to opoÐo ja ton metafèrei sto di�sthma.
To ìqhma apoteleÐtai apì tèssera epÐpeda, ìpou to pr¸to (kat¸tero) epÐpedo
ja qrhsimopoihjeÐ gia thn apogeÐwsh tou oq matoc, to deÔtero kai to trÐto
gia na jèsei to ìqhma se troqi� gÔrw apì th Gh, kai to tètarto (an¸tero)
epÐpedo gia na metafèrei ton dorufìro sto shmeÐo Lagrange L2.

Stic 21 OktwbrÐou 2011 èna ìqhma ektìxeushc Soyuz, èqontac thn Ðdia
di�taxh me aut n pou prìkeitai na qrhsimopoihjeÐ sthn perÐptwsh tou dorufì-
rou Gaia, apogei¸jhke apì to diasthmikì kèntro thc gallik c Goui�na, fè-
rontac touc dÔo pr¸touc dorufìrouc Galileo. H stigm  thc ektìxeushc apo-
tup¸netai sto sq ma 1.2.

1.1.3 Epiqeirhsiak  f�sh tou dorufìrou Gaia

O dorufìroc Gaia ja aniqneÔsei ton ouranì pèrix tou shmeÐou Lagrange L2,
ston �xona Ghc - 'Hliou kai sthn antÐjeth kateÔjunsh apì ekeÐnh tou 'Hliou,
se apìstash perÐpou 1.5 ekatommurÐwn qiliomètrwn apì th Gh. H sugkekrimèn-
h perioq  apoteleÐ th bèltisth epilog  gia th sugkekrimènh apostol  se ìrouc
epikoinwni¸n, qeirismoÔ, kìstouc, perib�llontoc kai prosbasimìthtac. Se
aut n oi jermikèc sunj kec eÐnai idiaitèrwc stajerèc, gegonìc pou apoteleÐ
kajoristikì par�gonta gia thn epituqÐa thc diasthmik c apostol c, me de-
domènh thn euaisjhsÐa twn katìptrwn tou dorufìrou akìma kai se metabolèc
jermokrasÐac tou enìc qiliostoÔ tou bajmoÔ entìc merik¸n wr¸n.

Kat� thn epiqeirhsiak  f�sh tou dorufìrou Gaia se troqi� gÔrw apì
to shmeÐo L2, ja pragmatopoieÐtai okt�wrh kajhmerin  ro  episthmonik¸n
dedomènwn, ebdomadiaÐa ananèwsh tou en qr sh nìmou s�rwshc tou ouranoÔ
(scanning law) kai mhniaÐec ergasÐec sunt rhshc se troqi�.
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Sq ma 1.2: H apogeÐwsh tou oq matoc ektìxeushc Soyuz apì to diasthmikì
kèntro thc gallik c Goui�na stic 21 OktwbrÐou 2011, me fortÐo touc dÔo
pr¸touc dorufìrouc Galileo. Copyright: ESA/CNES/ARIANESPACE - S.
Corvaja, 2011.
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Sq ma 1.3: Sqhmatik  anapar�stash tou nìmou s�rwshc tou ouranoÔ pou
prìkeitai na qrhsimopoi sei o dorufìroc Gaia. Copyright: Jos de Bruijne /
ESA.

Oi parathr seic ja pragmatopoioÔntai apì ta dÔo thleskìpia oi kateujÔn-
seic twn opoÐwn sqhmatÐzoun gwnÐa 106.5◦. O dorufìroc ja peristrèfetai me
rujmì 1◦ an� leptì, k�nontac mÐa pl rh peristrof  se èxi ¸rec. K�je our�nio
s¸ma pou ja aniqneÔetai apì to èna thleskìpio, ja aniqneÔetai kai apì to
deÔtero met� apì 106.5 lept�. O �xonac peristrof c tou dorufìrou ja sqh-
matÐzei gwnÐa 45◦ an� leptì me thn kateÔjunsh tou 'Hliou kai ja pragmatopoieÐ
met�ptwsh me mÐa mèsh perÐodo perÐpou 63 hmer¸n. O anwtèrw nìmoc s�rwshc
tou ouranoÔ anaparÐstatai sqhmatik� sto sq ma 1.3.

1.1.4 Diasthmikì sk�foc
O dorufìroc GaÐa apoteleÐtai apì treic kÔriec leitourgikèc mon�dec: Th mon�-
da wfèlimou fortÐou (payload module), th mhqanologik  mon�da (mechanical
service module) kai thn hlektrologik  mon�da (electrical service module). H
perigraf  twn mon�dwn aut¸n brÐsketai sta parak�tw:

Mon�da wfèlimou fortÐou

H mon�da wfèlimou fortÐou perièqei to optikì ìrgano kai ìlec tic hlek-
tronikèc suskeuèc pou apaitoÔntai gia th diaqeÐrish thc leitourgÐac tou kai
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thn epexergasÐa twn prwtogen¸n dedomènwn (raw data) pou ja sullèxei o
dorufìroc Gaia. H sugkekrimènh mon�da apoteleÐtai apì èna oloklhrwmèno
ìrgano to opoÐo ekteleÐ treic basikèc leitourgÐec, thn Astrometrik  lei-
tourgÐa, th Fwtometrik  leitourgÐa kai th Fasmatoskopik  leitourgÐa.

Pio analutik�, h mon�da wfèlimou fortÐou apoteleÐtai apì ta parak�tw
stoiqeÐa:

(a) Toroeid c di�rjrwsh / èdra optik¸n (Torus structure / optical bench)
(b) DÔo thleskìpia twn tri¸n katìptrwn to kajèna
(g) Ptussìmena optik� (sÔnolo tess�rwn katìptrwn)
(d) Opto-mhqanik  sundesmologÐa fasmatogr�fou aktinik¸n taqut twn

(Radial Velocity Spectrometer - RVS)
(e) PrÐsma mple fwtomètrou (Blue Photometer - BP)
(st) PrÐsma kìkkinou fwtomètrou (Red Photometer - RP)
(z) SundesmologÐa estiakoÔ epipèdou kai sunaf c hlektronikìc exoplis-

mìc
(h) Suskeuèc epexergasÐac bÐnteo
(j) Suskeu  qeirismoÔ mon�dac wfèlimou fortÐou kai kai sunafèc logi-

smikì
(i) DÐpoda kai mhqanismoÐ apodèsmeushc
(ia) MhqanismoÐ kÐnhshc deutereÔontoc katìptrou kai sunaf c hlektro-

nikìc exoplismìc
(ib) Opto-mhqanikèc sundesmologÐec elègqou basik c gwnÐac (Basic Angle

Monitoring - BAM) twn dÔo thleskopÐwn
(ig) Opto-mhqanikèc sundesmologÐec aisjht ra met¸pou kÔmatoc (Wave

Front Sensor - WFS)
(id) Optikèc phgèc kai hlektronik� gia tic suskeuèc BAM kai WFS

(ie) Wrologiakìc mhqanismìc sugqronismoÔ (Clock Distribution Unit)

O dorufìroc Gaia perièqei dÔo panomoiìtupa thleskìpia ìpou to kajèna
perilamb�nei èxi k�toptra (M1-M6), ek twn opoÐwn ta dÔo eÐnai koin� (M5 kai
M6). Ta thleskìpia èqoun estiakì m koc 35 mètrwn kai oi kateujÔnseic touc
ja sqhmatÐzoun gwnÐa 106.5◦ (basik  gwnÐa). To prwteÔon k�toptro k�je
thleskopÐou (M1) eÐnai mÐa koÐlh epif�neia diast�sewn 1.49m × 0.54m. H
èdra twn optik¸n kai to sÔsthma twn katìptrwn anaparÐstantai sto sq ma
1.4.

To estiakì epÐpedo tou dorufìrou Gaia (eikìnec 1.5 kai 1.6), to opoÐo eÐnai
koinì kai gia ta dÔo thleskìpia, ja eÐnai to megalÔtero pou èqei kataskeuasteÐ
potè gia diasthmik  qr sh, me to sÔnolo twn pixels tou na aggÐzei to èna
disekatommÔrio. To estiakì epÐpedo apoteleÐtai apì ta parak�tw pènte tm -
mata:
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Sq ma 1.4: Sqhmatik  anapar�stash thc èdrac twn optik¸n, tou sust matoc
twn katìptrwn (M1/M'1-M6) kai tou estiakoÔ epipèdou (k�tw dexi�). Copy-
right: EADS Astrium.
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(a) Aisjht rac met¸pou kÔmatoc (WFS) kai elegkt c basik c gwnÐac
(BAM). Ta dÔo CCDs tou aisjht ra WFS ja qrhsimopoihjoÔn sth mètrhsh
thc poiìthtac twn optik¸n tou k�je thleskopÐou, en¸ ta dÔo CCDs tou
elegkt  BAM ja qrhsimopoihjoÔn sthn parakoloÔjhsh twn diakum�nsewn
thc basik c gwnÐac.

(b) Aniqneut c Sky Mapper (ASM). O aniqneut c Sky Mapper twn 14
CCDs ja par�sqei plhroforÐec sqetikèc me tic dieleÔseic twn antikeimènwn
pou ja aniqneÔei o dorufìroc Gaia sta CCDs.

(g) Astrometrikì pedÐo (Astrometric Field). To sugkekrimèno tm ma twn
62 CCDs ja pragmatopoi sei tic astrometrikèc parathr seic.

(d) Mple (BP) kai kìkkino (RP) fwtìmetro. Ta dÔo fwtìmetra twn 14
CCDs ja pragmatopoi soun tic fwtometrikèc parathr seic qamhl c an�lushc
twn antikeimènwn pou prìkeitai na aniqneujoÔn apì ton dorufìro Gaia.

(e) Fasmatogr�foc aktinik¸n taqut twn (RVS). O fasmatogr�foc RVS
twn 12 CCDs ja pragmatopoi sei tic fasmatoskopikèc parathr seic twn lam-
pr¸n antikeimènwn pou prìkeitai na aniqneujoÔn apì ton dorufìro Gaia.

'Etsi, h sustoiqÐa twn CCDs tou estiakoÔ epipèdou tou dorufìrou Gaia
ja perilamb�nei 1×3 CCDs twn dÔo elegkt¸n BAM kai tou aisjht ra WFS,
2×7 CCDs tou aniqneut  Sky Mapper, 8×7 kai 1×6 CCDs tou astrometrikoÔ
pedÐou AF, 1 CCD tou aisjht ra WFS, 1×7 CCDs tou fwtomètrou BP, 1×7
CCDs tou fwtomètrou RP kai 3× 4 CCDs tou fasmatogr�fou RVS.

Mhqanologik  kai hlektrologik  mon�da

H mhqanologik  mon�da (sq ma 1.7) eÐnai sqediasmènh ¸ste na exasfalÐsei
th stajerìthta thc basik c gwnÐac, k�ti pou eÐnai aparaÐthto ¸ste h di-
asthmik  apostol  Gaia na ekplhr¸sei touc episthmonikoÔc thc stìqouc.
Perilamb�nei ìla ta mhqanik�, domik� kai jermik� stoiqeÐa pou uposthrÐ-
zoun ta optik� ìrgana kai ta hlektronik� tou diasthmikoÔ sk�fouc. Se
aut� perilamb�nontai to alex lio (Deployable sunshield), pou prostateÔei
to sk�foc apì thn hliak  aktinobolÐa, h jermik  skhn  (thermal tent), h
opoÐa parèqei epiprìsjeth prostasÐa twn episthmonik¸n org�nwn, oi prow-
stikoÐ kinht rec (thrusters) tou sust matoc qhmik c prìwshc, to sÔsthma
mikro-prìwshc (micro-propulsion system), oi hliakèc sustoiqÐec kai h ex�r-
tush (harness).

To alex lio faÐnetai se pl rh an�ptuxh sto sq ma 1.7. Kaj¸c eÐnai sqe-
diasmèno na leitourgeÐ se sunj kec mikrobarÔthtac, eÐnai adÔnaton na sug-
krat sei to b�roc tou sthn epif�neia thc Ghc. Gia thn apotrop  loipìn
k�poiac bl�bhc kai gia tic an�gkec twn aparaÐthtwn dokim¸n kai sunarmolog -
sewn, to alex lio sundèetai me èna uposthriktikì sÔsthma apì kal¸dia kai
antÐbara.
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Sq ma 1.5: P�nw: To pl rec sÔnolo twn 106 CCDs pou apartÐzoun to esti-
akì epÐpedo tou dorufìrou Gaia. K�tw: Sqhmatik  anapar�stash tou esti-
akoÔ epipèdou. Copyright: EADS Astrium.
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Sq ma 1.6: Sqhmatik  anapar�stash thc sustoiqÐac twn CCDs tou estiakoÔ
epipèdou tou dorufìrou Gaia. Copyright: Alexander Short - ESA.
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Sq ma 1.7: P�nw: H diarjrwtik  dom  thc mhqanologik c kai thc hlek-
trologik c mon�dac tou dorufìrou Gaia. K�tw: To alex lio tou dorufìrou
Gaia se pl rh an�ptuxh. Copyright: Astrium France
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H hlektrologik  mon�da (sq ma 1.7) uposthrÐzei to wfèlimo fortÐo kai
to diasthmikì sk�foc ston èlegqo kai th dianom  thc hlektrik c enèrgeiac,
sthn kentrik  diaqeÐrish twn dedomènwn, kaj¸c kai sth radioepikoinwnÐa me
touc epÐgeiouc stajmoÔc elègqou tou dorufìrou Gaia, exasfalÐzontac thn
apaitoÔmenh thlemetrÐa uyhloÔ rujmoÔ met�doshc.
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1.1.5 Fwtìmetra BP/RP kai fasmatogr�foc RVS

Kentrik  jèsh sta paradotèa pou o dorufìroc Gaia prìkeitai na paradìsei ja
eÐnai h fwtometrÐa kai h fasmatoskopÐa twn antikeimènwn pou ja aniqneÔsei,
an�loga me to mègejìc touc. H paroÔsa diatrib  ent�ssetai sto genikìtero
plaÐsio thc proetoimasÐac sunjetik¸n kai hmi-empeirik¸n fasm�twn galaxi¸n
gia tic an�gkec taxinìmhshc kai parametropoÐhshc twn fasm�twn galaxi¸n
pou prìkeitai na parathr sei o dorufìroc Gaia. Sth sunèqeia akoloujeÐ h
perigraf  twn fwtomètrwn kai tou fasmatogr�fou tou dorufìrou Gaia.

Fwtìmetra BP/RP

Ta fwtìmetra tou dorufìrou Gaia (eikìnec 1.5, 1.6 kai 1.8) èqoun dÔo kÔriouc
stìqouc: (a) ton upologismì lamprot twn, energ¸n jermokrasi¸n, maz¸n,
hliki¸n, qhmik¸n sunjèsewn kai �llwn paramètrwn astrofusik¸n antikei-
mènwn megèjouc èwc kai G ∼ 20 (oi pio amudroÐ), kai (b) thn epikourÐa sthn
exasf�lish thc akrÐbeiac twn astrometrik¸n metr sewn mèsw twn diorj¸sewn
twn qrwmatik¸n sfalm�twn pou prokaleÐ to optikì sÔsthma. H sugkekrimènh
diìrjwsh eÐnai dunat  mìno mèsw thc melèthc tou fasm�twn twn parathrh-
jèntwn antikeimènwn.

Ta dÔo fwtìmetra, to mple (BP) kai to kìkkino (RP), qrhsimopoioÔn
prÐsma qwrÐc sqism  (slitless prism) kai kalÔptoun mÐa perioq  mhk¸n kÔmatoc
eÔrouc 670 nm, apì ta 330 nm èwc ta 1000 nm (Jordi et al., 2010). Pio
sugkekrimèna, to fwtìmetro BP aniqneÔei sta eÔrh mhk¸n kÔmatwn 330-680
nm, en¸ to fwtìmetro RP sta 640-1000 nm. Ta fwtìmetra qrhsimopoioÔn
14 k�merec CCD (7 to kajèna). H fasmatik  an�lush metab�lletai me to
m koc kÔmatoc, me th diaspor� na eÐnai uyhlìterh sta mikr� m kh kÔmatoc.
Sto fwtìmetro BP h fasmatik  an�lush metab�lletai apì ta 4 èwc ta 32
nm · pixel−1, en¸ sto fwtìmetro RP metab�lletai apì ta 7 èwc ta 15 nm ·
pixel−1.

Fasmatogr�foc RVS

O kÔrioc stìqoc tou fasmatogr�fou aktinik¸n taqut twn tou dorufìrou
Gaia (eikìnec 1.5 kai 1.6) eÐnai h mètrhsh aktinik¸n taqut twn, taqut twn
peristrof c, atmosfairik¸n paramètrwn kai afjoni¸n astrofusik¸n anti-
keimènwn megèjouc èwc kai G ∼ 17 (oi pio amudroÐ). Oi metr seic autèc, se
sunduasmì me ekeÐnec twn upoloÐpwn org�nwn tou dorufìrou Gaia, ja qrhsi-
mopoihjoÔn gia ton prosdiorismì thc dunamik c kat�stashc kai tou istorikoÔ
dhmiourgÐac tou GalaxÐa mac, ìpwc epÐshc kai gia thn hlikÐa, thn eswterik 
dom  kai thn exèlixh �strwn ìlwn twn fasmatik¸n tÔpwn (Wilkinson et al.,
2005).
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Sq ma 1.8: P�nw: Ta prÐsmata tou mple (BP) kai tou kìkkinou (RP) fw-
tomètrou. Copyright: EADS Astrium.

O fasmatogr�foc RVS kalÔptei mÐa perioq  mhk¸n kÔmatoc eÔrouc 27 nm,
apì ta 847 nm èwc ta 874 nm, sth fasmatik  perioq  tou EggÔc UperÔjrou
(Near Infrared). QarakthrÐzetai apì uyhl  onomastik  an�lush R = 11500

kai diaspor� perÐpou Ðsh me 0.75 Å an� pixel. QrhsimopoieÐ 12 k�merec CCD
kai parèqei èna optikì pedÐo perÐpou Ðso me 0.22×0.39 deg2. Kat� thn pentaet 
leitourgÐa tou ja sullèxei perÐpou 40 f�smata gia k�je mÐa phg  pou prìkeitai
na parathr sei.

Ta shmantikìtera qarakthristik� thc fasmatik c perioq c leitourgÐac
tou fasmatogr�fou RVS eÐnai h triplèta tou asbestÐou Ca II (kurÐwc stouc
yuqroÔc astèrec), oi grammèc Paschen P16, P15, P14 kai P13 tou udrogìnou
(kurÐwc stouc jermoÔc astèrec), oi grammèc Fe, Si, Mg, He I, He II kai N I,
kaj¸c kai h di�quth mesoastrik  z¸nh (Diffuse Interstellar Band ) sta 8620
Å, h opoÐa qrhsimopoieÐtai gia ton upologismì thc mesoastrik c aporrìfhshc.
Sthn perÐptwsh qamhl c   mèshc fasmatik c an�lushc, oi grammèc Paschen
P16 (8502.5 Å), P15 (8545.4 Å) kai P13 (8665.0 Å) allhlepikalÔptontai me
tic grammèc thc triplètac asbestÐou Ca1 (8498.02 Å), Ca2 (8542.09 Å) kai
Ca3 (8662.14 Å).
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1.1.6 KoinopraxÐa DPAC

Gia tic an�gkec thc proetoimasÐac thc diasthmik c apostol c Gaia èqei
sugkrothjeÐ h KoinopraxÐa EpexergasÐac kai An�lushc Dedomènwn DPAC
(Data Processing and Analysis Consortium). Prìkeitai gia mÐa koinìthta pou
apoteleÐtai apì perissìterouc apì 400 epist monec kai mhqanikoÔc logismikoÔ
(446 èwc ton Ianou�rio tou 2012). H katanom  twn proanaferjèntwn mel¸n
thc koinopraxÐac DPAC an� kr�toc parousi�zetai sto sq ma 1.9 (http://
www.rssd.esa.int/index.php?project=GAIA&page=DPAC_Membership).

H koinopraxÐa DPAC eÐnai upeÔjunh gia (a) thn proetoimasÐa algorÐjmwn
kat�llhlwn na analÔsoun ta astrometrik�, fwtometrik� kai fasmatoskopik�
dedomèna pou ja sullèxei o dorufìroc Gaia, (b) thn paragwg  prosomoi-
wmènwn dedomènwn pou eÐnai aparaÐthta gia to sqediasmì, thn an�ptuxh kai
ton èlegqo tou sust matoc epexergasÐac twn dedomènwn pou ja anakt sei
o dorufìroc Gaia, (g) ton sqediasmì, thn an�ptuxh, thn prom jeia kai th
leitourgÐa tou ulikologismikoÔ pou eÐnai aparaÐthto gia thn epexergasÐa twn
prosomoiwmènwn dedomènwn, twn dedomènwn pou ja sullèxei o dorufìroc
Gaia kai th dhmiourgÐa tou telikoÔ katalìgou thc diasthmik c apostol c,
kai (d) ton sqediasmì, thn an�ptuxh kai ton qeirismì thc b�shc dedomènwn
tou dorufìrou Gaia.

H koinopraxÐa DPAC apoteleÐtai apì èna sÔnolo epimèrouc suntonistik¸n
mon�dwn (Coordination Units - CU), k�je mÐa apì tic opoÐec eÐnai epifor-
tismènh me mÐa basik  ptuq  thc epexergasÐac dedomènwn. Epiplèon, k�-
je suntonistik  mon�da apartÐzetai apì pakèta ergasÐac (Work Packages -
WP), ereunhtikèc om�dec upeÔjunec gia exeidikeumènec dr�seic sta plaÐsia
thc suntonistik c om�dac sthn opoÐa an koun. Oi suntonistikèc mon�dec kata-
gr�fontai ston pÐnaka 1.1. Shmei¸netai ìti h mon�da CU9 ja energopoihjeÐ
sto mèllon. H paroÔsa diatrib  pragmatopoi jhke sta plaÐsia tou pakètou
ergasÐac GWP-S-832 (Unresolved Galaxy Classifier - UGC), to opoÐo ent�s-
setai sth suntonistik  mon�da CU8 (Astrophysical Parameters). H mon�da
CU8 eÐnai epifortismènh me thn taxinìmhsh kai thn ektÐmhsh astrofusik¸n
paramètrwn twn antikeimènwn pou ja aniqneÔsei o dorufìroc Gaia, thn anag-
n¸rish dipl¸n astèrwn kai ton prosdiorismì nèwn/sp�niwn antikeimènwn. H
koinopraxÐa DPAC apoteleÐtai epÐshc apì èxi kèntra epexergasÐac dedomènwn
(Data Processing Centers - DPC), ta opoÐa katagr�fontai ston pÐnaka 1.2.
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Sq ma 1.9: O q�rthc thc katanom c twn anjr¸pinwn pìrwn thc koinopraxÐac
DPAC an� kr�toc (Ianou�rioc 2012).
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PÐnakac 1.1: Oi suntonistikèc mon�dec thc koinopraxÐac DPAC.
Suntonistik  mon�da AntikeÐmeno melèthc

CU1 System Architecture
CU2 Data Simulations
CU3 Core Processing
CU4 Object Processing
CU5 Photometric Processing
CU6 Spectroscopic Processing
CU7 Variability Processing
CU8 Astrophysical Parameters
CU9 Catalogue Access

PÐnakac 1.2: Ta kèntra epexergasÐac dedomènwn thc koinopraxÐac DPAC.
Kèntro TopojesÐa
DPCB Barcelona, Spain
DPCC Toulouse, France
DPCE Madrid, Spain
DPCG Geneva, Switzerland
DPCI Cambridge, England
DPCT Torino, Italy
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1.2 SÔsthma UGC

Sth sunèqeia perigr�fetai to sÔsthma thc taxinìmhshc kai parametropoÐhshc
galaxiak¸n fasm�twn UGC (Unresolved Galaxy Classifier) tìso wc pakèto
ergasÐac sta plaÐsia thc koinopraxÐac DPAC, ìso kai wc paradotèo logismikì
to opoÐo prìkeitai na qrhsimopoihjeÐ kat� thn pentaet  diasthmik  apostol 
tou dorufìrou Gaia.

1.2.1 Pakèto ergasÐac GWP-S-832

To antikeÐmeno tou pakètou ergasÐac GWP-S-832 me tÐtlo Unresolved Galaxy
Classifier eÐnai afenìc h melèth, h an�ptuxh kai o èlegqoc algorÐjmwn, oi
opoÐoi ja eÐnai ikanoÐ na ektim soun me bèltisto trìpo k�poiec astrofusikèc
paramètrouc twn galaxi¸n pou prìkeitai na aniqneÔsei o dorufìroc Gaia,
kai afetèrou na dhmiourg sei kai na parad¸sei ekeÐna ta sunjetik� dedomèna
pou apaitoÔntai gia thn anagn¸rish kai thn taxinìmhsh twn galaxi¸n aut¸n
(Kontizas et al., 2011).

Ta kaj konta pou sqetÐzontai me to antikeÐmeno tou pakètou ergasÐac
UGC eÐnai ta ex c:

1. Biblioj kec fasm�twn galaxi¸n: (a) Biblioj kh sunjetik¸n fas-
m�twn galaxi¸n sthn an�lush twn fwtomètrwn BP/RP, (b) biblioj kh hmi-
empeirik¸n fasm�twn galaxi¸n sthn an�lush twn fwtomètrwn BP/RP, (g)
biblioj kh sunjetik¸n fasm�twn galaxi¸n sthn an�lush tou fasmatogr�fou
RVS, kai (d) diereÔnhsh twn shmantikìterwn astrofusik¸n paramètrwn gia
thn kataskeu  twn proanaferjèntwn fasm�twn galaxi¸n.

2. Kataskeu  sqetikoÔ sust matoc taxinìmhshc kai parametropoÐhshc
(UGC)

3. Taxinìmhsh - parametropoÐhsh: (a) EÔresh bèltistwn deikt¸n qr¸-
matoc kai euruzwnik¸n fasmatik¸n qarakthristik¸n gia tic an�gkec taxinì-
mhshc kai parametropoÐhshc galaxiak¸n fasm�twn, (b) ektetamènec doki-
masÐec kat�llhlwn logismik¸n taxinìmhshc kai sqetikèc statistikèc doki-
masÐec, (g) eÔresh prosdioristèwn basik¸n paramètrwn galaxi¸n, kai (d)
Taxinìmhsh ektetamènwn exwgalaxiak¸n antikeimènwn anaforik� me th qwrik 
sumperifor� twn fasmatik¸n touc qarakthristik¸n

4. Ektetamèna exwgalaxiak� antikeÐmena
5. Epal jeush kai epikÔrwsh twn dedomènwn twn algorÐjmwn tìso sth

f�sh twn dokim¸n, ìso kai kat� thn epiqeirhsiak  f�sh tou dorufìrou Gaia
6. TropopoÐhsh kai beltistopoÐhsh twn algorÐjmwn kat� thn epiqeirhsi-

ak  f�sh tou dorufìrou Gaia, me b�sh ta pragmatik� dedomèna
7. Summetoq  sthn kataskeu  tou telikoÔ katalìgou thc diasthmik c

apostol c Gaia me th qr sh twn apotelesm�twn tou sqetikoÔ logismikoÔ
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Ta paradotèa pou sqetÐzontai me to antikeÐmeno tou pakètou ergasÐac
UGC eÐnai ta ex c:

1. Biblioj kec fasm�twn galaxi¸n sthn an�lush twn fwtomètrwn BP/RP
2. Biblioj kh sunjetik¸n fasm�twn galaxi¸n sthn an�lush tou fas-

matogr�fou RVS
3. DiereÔnhsh twn shmantikìterwn fasmatik¸n qarakthristik¸n sto eÔroc

mhk¸n kÔmatoc tou dorufìrou Gaia gia realistikèc timèc erujrometatìpishc
4. Logismikì taxinìmhshc kai parametropoÐhshc fasm�twn galaxi¸n.

1.2.2 Logismikì UGC

To logismikì me tÐtlo Unresolved Galaxy Classifier anaptÔssetai se gl¸ssa
programmatismoÔ Java kai proorÐzetai na taxinom sei kai na parametropoi -
sei ta f�smata galaxi¸n pou prìkeitai na aniqneÔsoun ta fwtìmetra BP/RP
tou dorufìrou Gaia (Bellas-Velidis et al., 2010, 2012). Pio sugkekrimèna,
to sÔsthma UGC ja klhjeÐ na apodìsei se k�je parathroÔmeno galaxÐa thn
pijanìthta na an kei se k�je fasmatikì tÔpo kai na problèyei tic timèc astro-
fusik¸n paramètrwn se k�je mÐa apì tic parap�nw peript¸seic. Oi ektimhtèec
par�metroi eÐnai ekeÐnec pou sqetÐzontai me ton rujmì astrik c dhmiourgÐac,
kaj¸c kai h erujrometatìpish kai h aporrìfhsh.

Gia na epitÔqei to sÔsthma UGC touc stìqouc tou, ja prèpei pr¸ta na
èqei {ekpaideuteÐ} na taxinomeÐ kai na parametropoieÐ prosomoiwmèna f�s-
mata galaxi¸n sth morf  pou ja ta parathr sei o dorufìroc Gaia. Gia
to skopì autì gÐnetai qr sh twn algorÐjmwn teqnht c nohmosÔnhc Support
Vector Machines (SVM) kai neurwnik¸n diktÔwn (Artificial Neural Networks
- ANN). Oi parap�nw mèjodoi basÐzontai sthn ekpaÐdeush protÔpwn, ìpou
sthn prokeimènh perÐptwsh eÐnai sunjetik� kai hmi-empeirik� f�smata gala-
xi¸n. H paroÔsa didaktorik  diatrib  perièqei kat� kÔrio lìgo tic diadikasÐec
dhmiourgÐac kai beltistopoÐhshc bibliojhk¸n tètoiwn fasm�twn.

To sÔsthma UGC apoteleÐtai apì dÔo kÔria leitourgik� tm mata
taxinìmhshc kai parametropoÐhshc, to UGC Learn kai to UGC Apply, ta
opoÐa perigr�fontai parak�tw:

UGC Learn: Sto sugkekrimèno tm ma tou logismikoÔ (a)to sÔsthma
ekpaideÔetai sthn prìbleyh tou fasmatikoÔ tÔpou kai twn tim¸n twn as-
trofusik¸n paramètrwn prosomoiwmènwn fasm�twn galaxi¸n (deÐgma ekpaÐ-
deushc). Pio sugkekrimèna, h mèjodoc teqnht c nohmosÔnhc SVM (plèon
qrhsimopoioÔntai kai neurwnik� dÐktua) an�gei touc susqetismoÔc metaxÔ twn
prosomoiwmènwn fasm�twn kai twn antÐstoiqwn paramètrwn touc se ènan
q¸ro perissìterwn diast�sewn, ìpou kataskeu�zei èna uperepÐpedo mègis-
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tou diaqwrismoÔ (maximal separating hyperplane) an�mes� touc, to montèlo
- SVM, kai (b) to montèlo - SVM efarmìzetai se �lla prosomoiwmèna f�smata
galaxi¸n (deÐgma dokim¸n kai epal jeushc), problèpontac ton fasmatikì touc
tÔpo kai tic timèc twn astrofusik¸n paramètrwn touc. Oi problepìmenec timèc
sugkrÐnontai me tic pragmatikèc, ¸ste na axiologhjeÐ to ek�stote montèlo kai
telik� na epilegeÐ to apodotikìtero.

UGC Apply: Sto sugkekrimèno tm ma tou logismikoÔ, to opoÐo ja
qrhsimopoihjeÐ kat� thn epiqeirhsiak  f�sh thc diasthmik c apostol c, (a)
k�je parathrhjèn apì ton dorufìro Gaia f�sma galaxÐa axiologeÐtai wc
proc thn poiìtht� tou na analujeÐ peraitèrw, (b) sta kat�llhla f�smata
efarmìzetai to montèlo - SVM sto opoÐo èqei ekpaideuteÐ to sÔsthma, kai
(g) pragmatopoieÐtai prìbleyh tou fasmatikoÔ tÔpou kai twn astrofusik¸n
paramètrwn tou f�smatoc, ta opoÐa apojhkeÔontai sth b�sh dedomènwn tou
dorufìrou Gaia (Gaia Main Database). Prèpei na shmeiwjeÐ ìti sto tm ma
UGC Apply apodÐdetai se k�je upì epexergasÐa f�sma h pijanìthta na an kei
se k�je ènan fasmatikì tÔpo stouc opoÐouc èqei ekpaideuteÐ to sÔsthma, kai
sth sunèqeia ektim¸ntai gia k�je perÐptwsh qwrist� oi antÐstoiqec astro-
fusikèc par�metroi.

Ja prèpei na shmeiwjeÐ ìti kat� th dhmiourgÐa tou montèlou - SVM, ta
f�smata ekpaideÔontai xeqwrist� gia k�je mègejoc G kai gia di�fora eÔrh
tim¸n thc erujrometatìpishc kai thc aporrìfhshc. Autì kajist� pio akrib 
ton upologismì ìlwn twn ektimhtèwn paramètrwn. Sqetik� me ton upologis-
mì thc aporrìfhshc, up�rqoun dÔo enallaktikèc mèjodoi upologismoÔ, (a) h
apìdosh sthn tim  thc aporrìfhshc tou mèsou ìrou thc aporrìfhshc twn
kontinìterwn antikeimènwn ston an� p�sa stigm  aniqneujènta galaxÐa tou
dorufìrou Gaia, kai (b) o upologismìc thc tim c thc aporrìfhshc kat' eu-
jeÐan apì to montèlo - SVM. Oi mèqri t¸ra dokimèc deÐqnoun ìti h aporrìfhsh
upologÐzetai me meg�lh akrÐbeia akìma kai me th deÔterh mèjodo. Se k�je
perÐptwsh, h Ôparxh dÔo mejìdwn upologismoÔ thc tim c thc aporrìfhshc eÐ-
nai idiaÐtera shmantik , kaj¸c ja katasteÐ eukolìterh h axiolìghs  touc kai
to telikì apotèlesma ja eÐnai perissìtero axiìpisto kai me kalÔtera orismèno
perij¸rio sf�lmatoc.
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1.3 To montèlo PÉGASE

O tomèac thc astrofusik c pou sqetÐzetai me th fasmatik  exèlixh galaxi¸n
anaptÔssetai suneq¸c, akolouj¸ntac (a) th dhmiourgÐa oloèna kai plhrèste-
rwn sunjetik¸n kai empeirik¸n bibliojhk¸n astrik¸n fasm�twn, (b) thn oloè-
na kai kalÔterh katanìhsh tou trìpou me ton opoÐo exelÐssontai oi astèrec,
kai (g) th suss¸reush ekatommurÐwn fasm�twn galaxi¸n apì epÐgeia kai di-
asthmik� thleskìpia. Wc apotèlesma, sqedi�zontai kai kataskeu�zontai mon-
tèla fasmatik c exèlixhc galaxi¸n, ta opoÐa qrhsimopoioÔntai ekten¸c se
sqetik� ereunhtik� progr�mmata. MetaxÔ aut¸n xeqwrÐzoun to montèlo Pro-

jet d’Étude des GAlaxies par Synthèse Évolutive - PÉGASE (Fioc and Rocca-
Volmerange, 1997, 1999; Le Borgne and Rocca-Volmerange, 2002; Bruzual A.,
2009)) kai ta montèla twn Bruzual A. and Charlot (1993).

To PÉGASE eÐnai èna montèlo fasmatik c exèlixhc galaxi¸n, grammèno se
gl¸ssa programmatismoÔ FORTRAN kai dhmosÐwc diajèsimo (http://www.
iap.fr/pegase), to opoÐo èqei qrhsimopoihjeÐ se ekatont�dec dhmosieumènec
ergasÐec se diejn  episthmonik� periodik�. To montèlo PÉGASE apoteleÐ mÐa
pl rh kai katanoht  perigraf  thc fasmatik c exèlixhc twn galaxi¸n, ìpou
kalÔptontai ìlec oi f�seic thc astrik c exèlixhc.

Pio sugkekrimèna, to parap�nw logismikì qrhsimopoieÐ ta montèla as-
trik c exèlixhc thc P�ntoba (Bressan et al., 1993), sta opoÐa èqoun sumpe-
rilhfjeÐ oi exeliktikèc f�seic AGB (asymptotic giant branch) kai post-AGB
(Groenewegen and de Jong, 1993), kaj¸c kai th biblioj kh fasm�twn astè-
rwn BaSeL 2.2 (Lejeune et al., 1997, 1998), ¸ste na dhmiourg sei sunjetik�
f�smata galaxi¸n. K�je èna apì ta f�smata aut�, ta opoÐa ekteÐnontai
apì to uperi¸dec èwc to eggÔc upèrujro, antiproswpeÔei kai èna exeliktikì
sen�rio. To sen�rio autì perièqei ton nìmo pou akoloujeÐ o rujmìc astrik c
dhmiourgÐac (Star Formation Rate - SFR) ston sugkekrimèno galaxÐa, thn
arqik  sun�rthsh m�zac (Initial Mass Function - IMF) me thn el�qisth kai
th mègisth dunat  astrik  m�za, th metallikìthta tou mesoastrikoÔ ulikoÔ
klp. Ston PÐnaka 1.3 katagr�fontai oi k¸dikec programmatismoÔ pou apartÐ-
zoun to montèlo PÉGASE, kaj¸c kai oi leitourgÐec pou epiteloÔn, en¸ sto
sq ma 1.10 parousi�zontai endeiktik� dÔo sunjetik� f�smata galaxi¸n sto
fasmatikì eÔroc 250nm−1050nm ta opoÐa èqoun dhmiourghjeÐ me to montèlo.
To èna ex' aut¸n antistoiqeÐ se speiroeid  galaxÐa, en¸ to �llo se galaxÐa
progenèsterou fasmatikoÔ tÔpou.

'Opwc èqei proanaferjeÐ, h epituq c leitourgÐa tou sust matoc UGC
apaiteÐ thn ekpaÐdeush protÔpwn fasm�twn galaxi¸n me gnwstèc paramètrouc.
H èlleiyh ìmwc bibliojhk¸n taxinomhmènwn kai parametropoihmènwn prag-
matik¸n fasm�twn galaxi¸n, kajist� th qr sh sunjetik¸n fasm�twn
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Sq ma 1.10: DÔo endeiktik� sunjetik� f�smata galaxi¸n tou k¸dika
PÉGASE, ek twn opoÐwn to èna antistoiqeÐ se speiroeid  galaxÐa (p�nw)
kai to �llo se galaxÐa progenèsterou fasmatikoÔ tÔpou (k�tw).

PÐnakac 1.3: Oi k¸dikec programmatismoÔ pou apartÐzoun to montèlo
PÉGASE kai oi leitourgÐec pou epiteloÔn.
OnomasÐa k¸dika LeitourgÐa
SSPs.f Upologismìc idiot twn apl¸n astrik¸n plhjusm¸n

(Simple Stellar Populations - SSPs)
scenarios.f DhmiourgÐa arqeÐou me ta sen�ria astrik c dhmiourgÐac

gia qr sh ston k¸dika spectra.f
spectra.f DhmiourgÐa sunjetik¸n fasm�twn galaxi¸n kai

sqetik¸n posot twn
calib.f Bajmonìmhsh qrwmatik¸n fÐltrwn
colors.f Upologismìc qrwm�twn kai �llwn posot twn
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aparaÐthth. To montèlo PÉGASE.2 parèqei aut  th dunatìthta dhmiourgÐac
taxinomhmènwn kai parametropoihmènwn sunjetik¸n fasm�twn galaxi¸n.
Sthn paroÔsa diatrib  èqoun tÔqei an�lushc kai epexergasÐac biblioj kec
fasm�twn galaxi¸n, oi opoÐec èqoun dhmiourghjeÐ me th qr sh thc teleutaÐac
èkdoshc PÉGASE.2.
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1.4 Biblioj kec galaxiak¸n fasm�twn gi-
a th Gaia

AparaÐthth proôpìjesh gia thn epituq  ekpaÐdeush twn montèlwn tou sust -
matoc UGC eÐnai h Ôparxh realistik¸n bibliojhk¸n fasm�twn galaxi¸n. Sth
sunèqeia perigr�fontai h biblioj kh sunjetik¸n (Tsalmantza et al., 2009)
kai h biblioj kh hmi-empeirik¸n (Tsalmantza et al., 2012) fasm�twn gala-
xi¸n. Sthn paroÔsa diatrib , h pr¸th beltistopoi jhke, en¸ kai stic dÔo
pragmatopoi jhkan dokimasÐec taxinìmhshc kai parametropoÐhshc.

1.4.1 Sunjetik  biblioj kh
H apaÐthsh Ôparxhc realistik¸n fasm�twn gia thn {ekpaÐdeush} tou sust -
matoc UGC od ghse sth dhmiourgÐa thc biblioj khc sunjetik¸n fasm�twn
galaxi¸n (Tsalmantza et al., 2007, 2009). H sugkekrimènh biblioj kh
(Tsalmantza et al., 2009) kataskeu�sthke me to montèlo PÉGASE.2 kai pe-
rièqei f�smata pou antistoiqoÔn se tèssereic fasmatikoÔc tÔpouc: galaxÐec
progenèsterou fasmatikoÔ tÔpou (Early-type galaxies), speiroeideÐc galaxÐec,
an¸maloi galaxÐec kai QSFG (Quenched Star Forming Galaxies). Ta f�smata
k�je fasmatikoÔ tÔpou kataskeu�sthkan gia sugkekrimènec timèc kai ìria twn
paramètrwn eisìdou tou montèlou PÉGASE.2. Sto di�gramma dÔo qrwm�twn
(g− r)− (r− i), ta qr¸mata twn parap�nw fasm�twn kalÔptoun epituq¸c ta
antÐstoiqa qr¸mata galaxi¸n parathroÔmenwn apì to SDSS(2.40).

Ston pÐnaka 1.4 katagr�fontai o rujmìc astrik c dhmiourgÐac kai to
eÔroc twn paramètrwn tou pou antistoiqoÔn sta sunjetik� f�smata galaxi¸n
(Tsalmantza et al., 2009), kai ta opoÐa diamorf¸noun kajoristik� ta f�sma-
ta. Sto deÔtero Kef�laio thc paroÔsac diatrib c gÐnetai mÐa ekten c an�lush
tou trìpou me ton opoÐo oi par�metroi autèc ephre�zoun th morf  tou telikoÔ
f�smatoc, h opoÐa qrhsimopoi jhke gia th beltistopoÐhsh thc sugkekrimènhc
sunjetik c biblioj khc.

Arqik� kataskeu�sthkan 28 885 sunjetik� f�smata me mhdenik  tim  thc
erujrometatìpishc z (redshift) kai aporrìfhsh (AV ) apì ton GalaxÐa mac. O
arijmìc twn fasm�twn gia k�je fasmatikì tÔpo paratÐjetai ston PÐnaka 2.9.
Me b�sh ta f�smata aut� dhmiourg jhkan nèa me tuqaÐwc epilegmènec timèc
thc erujrometatìpishc sto di�sthma 0.0 - 0.2, se ekeÐno to eÔroc dhlad 
pou o dorufìroc Gaia ja parathr sei touc tupikoÔc fasmatikoÔc tÔpouc
galaxi¸n. Pio sugkekrimèna, dhmiourg jhkan tèssera set fasm�twn me timèc
erujrometatìpishc sta diast mata 0.00-0.05, 0.05-0.10, 0.10-0.15 kai 0.15-
0.20. H telik  biblioj kh sunjetik¸n fasm�twn galaxi¸n perilamb�nei 144
425 f�smata, ta opoÐa prosomoi¸jhkan gia ta fwtìmetra BP/RP thc apos-
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PÐnakac 1.4: O rujmìc astrik c dhmiourgÐac kai to eÔroc twn paramètrwn tou
gia k�je fasmatikì tÔpo galaxi¸n thc sunjetik c biblioj khc. Oi par�metroi
p1 kai p2 antistoiqoÔn stouc ek�stote nìmouc astrik c dhmiourgÐac.
GalaxÐec Progenèsterou fasmatikoÔ tÔpou
SFR (M¯/Myr) p2

p1
e−t/p1

age (Gyr) 13
p1 (Myr) 10 - 30 000
p2 (M¯) 0.2 - 1.5
SpeiroeideÐc galaxÐec
SFR (M¯/Myr) 1

p2
[Mgas(t)]

p1

age (Gyr) 13
p1 0.3 - 2.4
p2 (Myr/M¯) 5 - 30 000
tinfall (Myr) 5 - 16 000
An¸maloi galaxÐec
SFR (M¯/Myr) 1

p2
[Mgas(t)]

p1

age (Gyr) 9
p1 0.6 - 3.9
p2 (Myr/M¯) 4 000 - 70 000
tinfall (Myr) 5 000 - 30 000
QSFG
SFR (M¯/Myr) 1

p2
[Mgas(t)]

p1 , t < 9-1000p3 Gyr

0, t > 9-1000p3 Gyr
age (Gyr) 9
p1 0.6 - 3.9
p2 (Myr/M¯) 4 000 - 70 000
p3 (Myr) 1 - 250
tinfall (Myr) 5 000 - 30 000
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tol c Gaia ¸ste na mporoÔn na qrhsimopoihjoÔn apì to sÔsthma UGC, all�
kai apì to DPAC genikìtera. H prosomoÐwsh ègine se trÐa megèjh (G = 15,
G = 18.5, and G = 20), me thn prosj kh aporrìfhshc sto eÔroc
0.0-10.0 sÔmfwna me ton nìmo aporrìfhshc tou Fitzpatrick (1999), kaj¸c
kai me thn prosj kh jorÔbou. AkoloÔjwc, pragmatopoi jhke mÐa seir� apì
episthmonikèc dokimasÐec prìbleyhc tou fasmatikoÔ tÔpou, twn astrofusik¸n
paramètrwn tou rujmoÔ astrik c dhmiourgÐac, thc erujrometatìpishc kai thc
aporrìfhshc, me th qr sh tou algìrijmou SVM (Tsalmantza et al., 2009).

1.4.2 Hmi-empeirik  biblioj kh
H an�gkh gia axiolìghsh thc biblioj khc twn sunjetik¸n fasm�twn galaxi¸n
(Tsalmantza et al., 2009) mèsw thc sÔgkrishc me pragmatik� f�smata ga-
laxi¸n, kaj¸c kai h apaÐthsh gia th dienèrgeia episthmonik¸n dokim¸n me
ìso to dunatì realistikìtera prosomoiwmèna f�smata galaxi¸n, od ghse sth
dhmiourgÐa thc biblioj khc hmi-empeirik¸n fasm�twn galaxi¸n (Tsalmantza
et al., 2012).

Ta hmi-empeirik� f�smata galaxi¸n kataskeu�sthkan sundu�zontac ta
sunjetik� f�smata galaxi¸n me parathrhjènta f�smata galaxi¸n tou pèmp-
tou katalìgou dedomènwn (Fifth Data Release - DR5) tou SDSS (Adelman-
McCarthy et al., 2007). Sta �kra twn qrhsimopoihjèntwn fasm�twn tou
SDSS prostèjhkan ta antÐstoiqa tm mata apì ekeÐna ta sunjetik� f�smata,
ta opoÐa brèjhkan na omoi�zoun perissìtero me ta pr¸ta mèsw mÐac sÔgkrishc
χ2. Autì katèsth dunatì lìgw tou ìti to eÔroc mhk¸n kÔmatoc sto opoÐo
ja sullèxei f�smata o dorufìroc Gaia perièqei to eÔroc mhk¸n kÔmatoc tou
SDSS.

Parak�tw perigr�fetai perissìtero analutik� h dhmiourgÐa twn fasm�twn
aut¸n.

DhmiourgÐa biblioj khc

H diadikasÐa pou akolouj jhke gia th dhmiourgÐa twn fasm�twn thc hmi-
empeirik c biblioj khc perilamb�nei ta parak�tw st�dia (Tsalmantza et al.,
2012):

(1) Epilog  twn kat�llhlwn fasm�twn apì ton kat�logo
tou SDSS: Epelèghsan f�smata ìso to dunatìn kalÔterhc poiìthtac, me
mikr� sf�lmata kai me lìgo s matoc proc jìrubo megalÔtero tou 16, kaj¸c
kai ìsa f�smata antistoiqoÔn se galaxÐec pou den eÐnai idiaitèrwc ektetamènoi.

(2) Exasf�lish sumbatìthtac metaxÔ parathrhjèntwn kai
sunjetik¸n fasm�twn: Afairèjhke h epÐdrash thc erujrometatìpishc
sta f�smata tou SDSS metatopÐzont�c ta kat�llhla sta m kh kÔmatoc kai
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diathr¸ntac th sunolik  ro  analloÐwth (k-correction), exis¸jhke h an�lus 
touc me ekeÐnh twn sunjetik¸n fasm�twn (rebinning) kai kanonikopoi jhkan
ìla ta f�smata sth mèsh ro  thc fasmatik c perioq c metaxÔ twn 549 nm kai
twn 551 nm (normalization).

(3) SÔgkrish metaxÔ parathrhjèntwn kai sunjetik¸n fas-
m�twn: Pragmatopoi jhke sÔgkrish metaxÔ k�je f�smatoc tou katalì-
gou SDSS me ìla ta sunjetik� f�smata, me th qr sh thc prosarmog c χ2

(χ2-fitting). Apì th sÔgkrish exairèjhkan ta �kra twn sunjetik¸n fas-
m�twn, kaj¸c kai oi fasmatikèc perioqèc 3700 - 3800 Å, 4800 - 5100 Å kai
6500 - 6800 Å, stic opoÐec brÐskontai oi isqurìterec grammèc ekpomp c. 'Etsi,
gia k�je f�sma tou katalìgou SDSS brèjhke to sunjetikì f�sma pou tou
omoi�zei perissìtero.

(4) Fasmatik  epèktash twn fasm�twn tou katalìgou
SDSS: Sta �kra k�je arqikoÔ f�smatoc tou SDSS, dhlad  sta erujrometa-
topismèna, mh kanonikopoihmèna parathrhjènta f�smata, prostèjhkan ta an-
tÐstoiqa �kra tou perissìtero ìmoiou sunjetikoÔ f�smatoc, ìpwc proèkuye
apì th sÔgkrish χ2. Sta sunjetik� f�smata prostèjhke erujrometatìpish
kai prosarmìsthke katall lwc h an�lush kai h ro  touc. Ta telik� f�smata
galaxi¸n eÐnai ta hmi-empeirik� f�smata galaxi¸n.

Apì ta 552 156 f�smata galaxi¸n tou katalìgou DR5 tou SDSS, epelègh-
san sÔmfwna me ta parap�nw 33 670 f�smata, h kat�llhlh epexergasÐa twn
opoÐwn kai h sÔgkris  touc me ta 28 885 sunjetik� f�smata galaxi¸n, od gh-
san sth dhmiourgÐa 33 670 hmi-empeirik¸n fasm�twn galaxi¸n, to kentrikì
tm ma twn opoÐwn antistoiqeÐ se pragmatik� f�smata tou SDSS, en¸ ta akraÐ-
a tm mata se sunjetik� f�smata. Se k�je f�sma galaxÐa thc hmi-empeirik c
biblioj khc apodìjhke o fasmatikìc tÔpoc kai ìloi oi par�metroi tou antÐs-
toiqou sunjetikoÔ f�smatoc.

Ta f�smata thc hmi-empeirik c biblioj khc eÐnai erujrometatopismèna kai
erujrwmèna kai perièqoun jìrubo, an kai o teleutaÐoc par�gontac abebaiìth-
tac èqei sqedìn exaleifjeÐ epilègontac f�smata tou katalìgou SDSS me polÔ
qamhlì lìgo s matoc proc jìrubo (signal to noise ratio - SNR). H Ôparxh
ìmwc twn parap�nw paragìntwn abebaiìthtac mac epitrèpei na dokim�soume
to logismikì taxinìmhshc kai parametropoÐhshc twn fasm�twn galaxi¸n se
pio realistikèc kai apaithtikèc katast�seic.
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1.5 Exìruxh dedomènwn kai mhqanik  m�-
jhsh

1.5.1 Exìruxh dedomènwn

H Ôparxh terastÐwn b�sewn dedomènwn sqetik� me tic epist mec, thn oikono-
mÐa, tic dioikhtikèc an�gkec krat¸n kai epiqeir sewn klp., kai h meg�lh aÔxhsh
sthn upologistik  isqÔ, od ghsan sth dhmiourgÐa tou tomèa thc exìruxhc de-
domènwn (data mining). H exìruxh dedomènwn kathgoriopoieÐtai eÐte wc peri-
grafik  (descriptive), eÐte wc prognwstik  (predictive). Sthn perÐptwsh thc
perigrafik c exìruxhc dedomènwn, anazht¸ntai sta dedomèna mh anamenìmenec
domèc   sqèseic, prìtupa (patterns), t�seic (trends), sust�dec (clusters) kai
akraÐec peript¸seic (outliers). Sthn perÐptwsh thc prognwstik c exìruxhc
dedomènwn, kataskeu�zontai montèla palindrìmhshc/parametropoÐhshc (re-
gression), taxinìmhshc (classification), anagn¸rishc protÔpwn (pattern recog-
nition) kai diadikasi¸n mhqanik c m�jhshc (machine learning), kai ta montèla
aut� efarmìzontai se nèa dedomèna kai axiologoÔntai. EndeiktikoÐ tomeÐc
qr shc mejìdwn exìruxhc dedomènwn eÐnai h AstronomÐa, h moriak  Biolo-
gÐa, h ugeionomik  perÐjalyh, h pro¸jhsh agaj¸n (marketing), o tomèac twn
trapez¸n, oi qrhmatooikonomikèc agorèc kai o ajlhtismìc (Izenman, 2008).

1.5.2 Mhqanik  m�jhsh

H mhqanik  m�jhsh (machine learning) anaptÔqjhke sta plaÐsia tou tomèa
thc teqnht c nohmosÔnhc (artificial intelligence - AI). H teqnht  nohmosÔnh
afor� kurÐwc diadikasÐec pou èqoun skopì na kataskeu�soun eufueÐc mhqanèc,
ikanèc na skèftontai (kat� prosèggish) {logik�} ìpwc oi �njrwpoi kai na
lÔnoun probl mata. Apì thn �llh meri�, h mhqanik  m�jhsh afor� kurÐwc
th dhmiourgÐa upologistik¸n susthm�twn kai algorÐjmwn pou kajistoÔn tic
mhqanèc ikanèc na {majaÐnoun} apì tic {empeirÐec} touc. Lìgw tou ìti h eufuÐa
den mporeÐ na epiteuqjeÐ qwrÐc thn ikanìthta thc m�jhshc, h mhqanik  m�jhsh
eÐnai kentrik c shmasÐac gia thn teqnht  nohmosÔnh (Izenman, 2008).

H mhqanik  m�jhsh kathgoriopoieÐtai (a) sth m�jhsh me epÐbleyh (super-
vised learning) kai (b) sth m�jhsh qwrÐc epÐbleyh (unsupervised learning):

(a) H m�jhsh me epÐbleyh perilamb�nei algorÐjmouc pou prospajoÔn na
prosdiorÐsoun mÐa sun�rthsh metaxÔ twn metablht¸n {eisìdou} kai twn
gnwst¸n kai orj¸n metablht¸n {exìdou} enìc sust matoc, prìkeitai dhlad 
gia mÐa melèth twn sqèsewn metaxÔ twn metablht¸n eisìdou kai exìdou. To
sÔsthma loipìn {ekpaideÔetai} na problèpei metablhtèc exìdou, dedomènwn
k�poiwn metablht¸n eisìdou. 'Otan oi metablhtèc exìdou eÐnai suneqeÐc, h
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parap�nw diadikasÐa eÐnai ousiastik� mÐa parametropoÐhsh, en¸ ìtan oi meta-
blhtèc exìdou eÐnai diakritèc, prìkeitai gia taxinìmhsh. H m�jhsh me epÐbleyh
antistoiqeÐ sthn prognwstik  exìruxh dedomènwn (Izenman, 2008).

(b) H m�jhsh qwrÐc epÐbleyh perilamb�nei probl mata sta opoÐa den
up�rqei diajèsimh plhroforÐa,   eÐnai epijumht  h epibebaÐws  thc, �ra den m-
poreÐ na up�rxei kai ekpaÐdeush k�poiou sust matoc/algorÐjmou. Antijètwc,
exereun¸ntai kai melet¸ntai ta qarakthristik� twn metablht¸n eisìdou gia
thn apeikìnish dedomènwn, prokeimènou sun jwc na anagnwristoÔn omadopoi -
seic/sust�dec (clustering) kai qarakthristik� prìtupa kai na taxinomhjoÔn
ta upì diereÔnhsh dedomèna. Oi mèjodoi qwrÐc epÐbleyh kathgoriopoioÔntai
se (i) mejìdouc probol c (projection methods), ìpou ta dedomèna ufÐsta-
ntai ènan grammikì kai orjog¸nio metasqhmatismì se mÐa nèa b�sh me tètoio
trìpo, ¸ste na dÐnetai èmfash se èna epijumhtì qarakthristikì, ìpwc eÐnai
gia par�deigma h diakÔmansh twn dedomènwn (isodÔnama, o q¸roc twn arqik¸n
dedomènwn me m diast�seic peristrèfetai sto Rm kai anakt¸ntai merikèc mìno
diast�seic), (ii) mejìdouc klim�kwshc poll¸n diast�sewn (multidimensional
scaling), ìpou melet¸ntai oi {apost�seic} (qrhsimopoieÐtai o genikìteroc ìroc
{anomoiìthtec} - dissimilarities) metaxÔ zeug¸n dedomènwn, (iii) algorÐjmouc
sustadopoÐhshc (clustering algorithms), ìpou ta dedomèna kathgoriopoioÔntai
se om�dec ¸ste ìsa an koun sthn Ðdia om�da na moi�zoun perissìtero metaxÔ
touc apì ìti moi�zoun me ìsa an koun se �llec om�dec, kai (iv) q�rtec auto-
org�nwshc (self-organizing maps - SOM)), ìpou kataskeu�zetai èna plègma
sust�dwn ìpou oi parìmoiec sust�dec topojetoÔntai se geitonikèc jèseic
(Ripley, 1996). H m�jhsh me epÐbleyh antistoiqeÐ sthn perigrafik  exìruxh
dedomènwn (Izenman, 2008).

Up�rqoun kai peript¸seic ìpou mÐa statistik  mèjodoc den mporeÐ na
apodojeÐ mìno se mÐa apì tic dÔo kathgorÐec thc mhqanik c m�jhshc. Gia
par�deigma, h an�lush kurÐwn sunistws¸n PCA (Principal Components Ana-
lysis) den qarakthrÐzetai apì thn Ôparxh sugkekrimènwn metablht¸n exìdou,
ìpwc sumbaÐnei sthn perÐptwsh thc m�jhshc qwrÐc epÐbleyh. MporeÐ ìmwc na
qrhsimopoihjeÐ kai wc mèjodoc parametropoÐhshc, ìpou oi metablhtèc eisìdou
qrhsimopoioÔntai kai wc metablhtèc exìdou, ìpwc sumbaÐnei sthn perÐptwsh
thc m�jhshc me epÐbleyh (Izenman, 2008)
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1.6 An�lush KurÐwn Sunistws¸n (PCA)

1.6.1 Eisagwg 
H statistik  mèjodoc An�lush KurÐwn Sunistws¸n (Principal Components
Analysis - PCA, Pearson 1901) an kei, ìpwc èqei proanaferjeÐ, tìso stic
mejìdouc m�jhshc qwrÐc epÐbleyh, ìso kai stic mejìdouc m�jhshc me
epÐbleyh. QrhsimopoieÐtai ìmwc kurÐwc wc mèjodoc m�jhshc qwrÐc epÐbleyh,
kai sugkekrimèna an kei sthn upokathgorÐa twn mejìdwn probol c. Suqn�
anafèretai me diaforetik� onìmata, ìpwc metasqhmatimìc Karhounen-Loeve
sthn hlektrologÐa-mhqanologÐa kai an�lush idiotim¸n-idiodianusm�twn
(eigenvalue-eigenvector decomposition) sth statistik  (Nisbet et al., 2009).
H mèjodoc PCA qrhsimopoieÐ tic susqetÐseic metaxÔ twn metablht¸n enìc
sunìlou dedomènwn ¸ste na kataskeu�sei èna mikrì sÔnolo sunistws¸n pou
sunoyÐzoun tic susqetÐseic autèc (Tabachnick and Fidell, 2006). Kat� thn
efarmog  thc ulopoieÐtai ènac grammikìc orjog¸nioc metasqhmatismìc enìc
sunìlou dedomènwn (p.q. f�smata galaxi¸n) se mÐa nèa b�sh, ¸ste na anadei-
knÔetai h diakÔmansh twn arqik¸n dedomènwn. Oi nèoi �xonec p�nw stouc
opoÐouc prob�llontai ta nèa dedomèna onom�zontai KÔriec Sunist¸sec (Prin-
cipal Components - PCs). Oi kÔriec sunist¸sec mporoÔn na perigrafoÔn
kai wc grammikoÐ sunduasmoÐ ekeÐnwn twn qarakthristik¸n twn dedomènwn ta
opoÐa parousi�zoun uyhl  diakÔmansh (Ripley, 1996; Hastie et al., 2001; Tso
and Mather, 2001; Wall and Jenkins, 2001).

Ta epimèrouc st�dia efarmog c pou sunistoÔn th mèjodo PCA analÔontai
sthn epìmenh par�grafo, ìpou qwrÐc bl�bh thc genikìthtac jewreÐtai wc
par�deigma dedomènwn èna sÔnolo fasm�twn galaxi¸n.

1.6.2 Perigraf 
Sthn perÐptwsh enìc sunìlou n fasm�twn galaxi¸n ~si, ìpou to kajèna
apoteleÐtai apì m timèc ro c se antÐstoiqo arijmì mhk¸n kÔmatoc, h mèjodoc
PCA efarmìzetai wc ex c:

a) UpologÐzetai eÐte o pÐnakac susqètishc (correlation matrix) eÐte o pÐ-
nakac diaspor¸n-sundiaspor¸n (variance-covariance matrix). Sthn pr¸th
perÐptwsh anaferìmaste sthn kanonikopoihmènh PCA (standardized PCA),
en¸ sth deÔterh sth mh kanonikopoihmènh PCA (unstandardized PCA).

(b) UpologÐzontai oi idiotimèc λ kai ta idiodianÔsmata ~u eÐte tou pÐnaka
susqètishc eÐte tou pÐnaka diaspor¸n-sundiaspor¸n, analìgwc thc epilog c
sto st�dio (a). Ta idiodianÔsmata eÐnai oi nèoi �xonec kai apoteloÔn tic KÔriec
Sunist¸sec. An n ≥ m tìte upologÐzontai m idiotimèc kai ta antÐstoiqa m
idiodianÔsmata. Sthn perÐptwsh fasm�twn ta idiodianÔsmata anafèrontai polÔ
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suqn� kai wc idiof�smata (eigenspectra).
(g) Oi idiotimèc taxinomoÔntai se fjÐnousa seir�. H pr¸th apì tic KÔriec

Sunist¸sec ~u1 (PC1) antistoiqeÐ sth megalÔterh idiotim  λ1 kai antiprosw-
peÔei to megalÔtero posostì thc diakÔmanshc twn fasm�twn. H deÔterh
KÔria Sunist¸sa ~u2 (PC2) antistoiqeÐ sth deÔterh megalÔterh idiotim  λ2

kai antiproswpeÔei to megalÔtero posostì thc diakÔmanshc twn fasm�twn,
e�n paraleifjeÐ h diakÔmansh pou ofeÐletai sthn pr¸th KÔria Sunist¸sa.
Me ton Ðdio trìpo orÐzontai kai oi upìloipec Sunist¸sec PC3, PC4,...,PCm.

K�je èna apì ta arqik� sunjetik� f�smata ~si analÔetai stouc nèouc
�xonec, dhlad  sta idiodianÔsmata ~u (stic Sunist¸sec PC), wc ex c:

~si =
m∑

k=1

ak,i ~uk (1.6.1)

ìpou ak,i oi suntelestèc prìsmeixhc (admixture coefficients). Oi su-
ntelestèc autoÐ apoteloÔn thn probol  tou ith f�smatoc sthn kth KÔria
Sunist¸sa. Oi kÔriec sunist¸sec eÐnai orjog¸niec epeid  eÐnai idiodianÔsmata
summetrik¸n pin�kwn, gegonìc pou kajist� ton ìlo metasqhmatismì grammikì
(Bailer-Jones et al., 1998).

Se pollèc peript¸seic oi kuriìterec twn sunistws¸n antiproswpeÔoun
praktik� th sunolik  diakÔmansh pou qarakthrÐzei ta f�smata. 'Etsi, mporoÔn
na qrhsimopoihjoÔn gia thn anakataskeu  (reconstruction) twn arqik¸n fas-
m�twn me uyhl  akrÐbeia, sumpièzontac shmantik� kai apotelesmatik� ton ìgko
twn dedomènwn. An to f�sma ~s(r)i apoteleÐ thn anakataskeu  tou arqikoÔ
f�smatoc ~si me th qr sh twn pr¸twn r PCs, tìte ja eÐnai:

−−→
s(r)i =

r∑

k=1

ak,i ~uk (1.6.2)

1.6.3 Qarakthristik�
Kat� thn efarmog  thc mejìdou PCA, ta dedomèna dÔnantai sun jwc na
anakataskeuastoÔn ikanopoihtik� me th qr sh èwc kai tri¸n idiodianusm�twn
(èwc kai to PC3), opìte mporoÔn kai na apeikonistoÔn se diagr�mmata, ka-
jist¸ntac thn epopteÐa touc kai thn peraitèrw an�lus  touc eukolìterh
kai apotelesmatikìterh. Apì to gegonìc autì aporrèoun ta shmantikìtera
pleonekt mata thc mejìdou PCA, ta opoÐa eÐnai h sumpÐesh dedomènwn (data
compression) kai h meÐwsh tou arijmoÔ twn diast�sewn (dimensionality reduc-
tion). Epiplèon, h anakataskeu  mporeÐ na qrhsimopoihjeÐ gia thn exagwg 
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jorÔbou apì ta dedomèna kai ton prosdiorismì twn asun jistwn ex' aut¸n.
Gia ton lìgo autì h mèjodoc PCA mporeÐ na qrhsimopoihjeÐ sthn proergasÐa
kai proetoimasÐa dedomènwn ta opoÐa prìkeitai sth sunèqeia na analujoÔn
apì ènan taxinomht . H exagwg  jorÔbou pragmatopoieÐtai epeid  o jìruboc,
ex' orismoÔ, den susqetÐzetai me kanèna qarakthristikì twn dedomènwn, kai
�ra den ja perièqetai se kamÐa perÐptwsh stic kuriìterec sunist¸sec. 'Etsi,
h mèjodoc PCA sumpièzei ta dedomèna me tètoion trìpo, ¸ste na afairoÔ-
ntai kat� protÐmhsh qarakthristik� ìpwc o jìruboc. Sthn perÐptwsh twn
fasm�twn galaxi¸n (  astèrwn), sta sp�nia   tuqaÐwc katanemhmèna qara-
kthristik� pou filtr�rontai apì th mèjodo, perilamb�nontai kai ta qalasmèna
pixels (scratches) kai oi kosmikèc aktÐnec (Bailer-Jones et al., 1998).

H pr¸th kÔria sunist¸sa PC1, lìgw tou ìti perièqei th megalÔterh
posìthta diakÔmanshc twn dedomènwn, anamènetai na antistoiqeÐ se plhro-
forÐa thn opoÐa moir�zontai to sÔnolo   h meg�lh pleioyhfÐa aut¸n (Tso
and Mather, 2001). Sthn perÐptwsh twn fasm�twn galaxi¸n gia par�deigma,
anamènetai na susqetÐzetai me th lamprìthta (Karampelas et al., 2012). Apì
thn �llh meri�, h deÔterh kÔria sunist¸sa PC2 anamènetai na antistoiqeÐ se
plhroforÐa mikrìterhc shmasÐac se ìrouc diakÔmanshc, h opoÐa apì kata-
skeu c den susqetÐzetai kajìlou me thn pr¸th sunist¸sa. Sthn perÐptwsh
twn fasm�twn h an�lush PCA den mporeÐ na apomon¸sei pl rwc ta fas-
matik� qarakthristik� stic kÔriec sunist¸sec, epeid  to f�sma eÐnai ènac mh
grammikìc sunduasmìc twn qarakthristik¸n aut¸n, en¸ h mèjodoc metasqh-
matismoÔ eÐnai grammik  (Bailer-Jones et al., 1998).

An kai to ek�stote sÔnolo dedomènwn mporeÐ na perigrafeÐ me polÔ meg�lh
akrÐbeia qrhsimopoi¸ntac tic pr¸tec/shmantikìterec sunist¸sec, ja prèpei na
shmeiwjeÐ h epifÔlaxh tou kat� pìson den perièqetai metr simh plhroforÐa
stic upìloipec ex' aut¸n (Tso and Mather, 2001), idiaÐtera ìtan anazht¸ntai
entìc enìc sunìlou dedomènwn ekeÐnec oi eggrafèc oi opoÐec parousi�zoun
qarakthristik� pou eÐte emfanÐzontai se èna mikrì kl�sma twn dedomènwn eÐte
eÐnai polÔ asjen  (Bailer-Jones et al., 1998). EpÐshc, h mèjodoc eÐnai pl rwc
exarthmènh apì ta dedomèna. 'Etsi, an k�je eggraf  tou sunìlou dedomè-
nwn perièqei diaforetikoÔ eÐdouc qarakthristik�, ja prèpei na prohghjeÐ thc
efarmog c thc mejìdou k�poia kat�llhlh kanonikopoÐhsh.

1.6.4 Ereunhtikèc efarmogèc
MetaxÔ twn polu�rijmwn sqetik¸n anakoin¸sewn sqetik� me th qr sh thc
mejìdou PCA sthn AstronomÐa, anafèrontai endeiktik� oi sqetikèc efarmogèc
se f�smata astèrwn tou Michigan Spectral Survey (Bailer-Jones et al., 1998)
kai tou SDSS/SEGUE project (Re Fiorentin et al., 2007), se f�smata gala-
xi¸n twn SDSS (Yip et al., 2004), DEEP2 Redshift Survey (Madgwick et al.,
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2003), 2dF Galaxy Redshift Survey (Folkes et al., 1999) kai Spitzer Infrared
Spectrograph (Wang et al., 2011), kaj¸c kai se parathr seic fasmatik c
apeikìnishc (spectroscopic imaging observations), ìpou eÐnai diajèsimec kai
qwrikèc plhroforÐec (Heyer and Schloerb, 1997; Steiner et al., 2009). Idi-
aÐtera sth melèth twn Steiner et al. (2009) parousi�zetai h anak�luyh enìc
energoÔ pur na (active nucleus) ston galaxÐa asjenoÔc lamprìthtac NGC
4736, me th bo jeia thc mejìdou PCA. Epiprosjètwc, h mèjodoc aut  qrhsi-
mopoi jhke sthn an�lush sunjetik¸n fasm�twn galaxi¸n diaforetik¸n hli-
ki¸n, istorik¸n astrik c dhmiourgÐac kai metallikot twn pou dhmiourg jhkan
me to montèlo PÉGASE (Ronen et al., 1999), kaj¸c kai sthn apeikìnish sun-
jetik¸n fasm�twn galaxi¸n tou montèlou PÉGASE pou antistoiqoÔn stouc
morfologikoÔc tÔpouc tou Hubble (Tsalmantza et al., 2007).

H ikanìthta ìmwc thc statistik c mejìdou PCA na sumpièzei ta dedomèna
kai na mei¸nei ton arijmì twn diast�se¸n touc, thn kajist� shmantik  se
ìla ta ereunhtik� pedÐa. Endeiktik� anafèretai h efarmog  thc sth grafolo-
gÐa (Hastie et al., 2001), sthn anagn¸rish pros¸pwn (Turk and Pentland,
1991a,b) kai apotupwm�twn (Yongxu et al., 2006), sth mhqanologÐa (San-
guansat, 2012) kai sthn an�lush thc gonidiak c allhlouqÐac (Gorban and
Zinovyev, 2005).
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1.7 Support Vector Machines (SVM)

H mèjodoc Support Vector Machines (Vapnik, 1995) an kei sthn kathgorÐa
twn mejìdwn m�jhshc me epÐbleyh. DÔnatai na efarmosteÐ gia thn taxinìmhsh
dedomènwn mèsw tou prosdiorismoÔ enìc bèltistou uperepipèdou to opoÐo
diaqwrÐzei ta mèlh thc k�je kl�shc pou qarakthrÐzoun ta dedomèna. Gia thn
eÔresh enìc tètoiou uperepipèdou apaiteÐtai èna sÔnolo metablht¸n eisìdou
pou antistoiqoÔn se gnwstèc kl�seic (metablhtèc exìdou), kai sto opoÐo h
mèjodoc SVM {ekpaideÔetai} na tic anagnwrÐzei. 'Etsi, kajÐstatai ikan  na
problèpei tic antÐstoiqec kl�seic pou qarakthrÐzoun �lla sÔnola dedomènwn,
gia ta opoÐa h sqetik  plhroforÐa den eÐnai diajèsimh.

Pèran thc taxinìmhshc dedomènwn, h Ðdia mèjodoc mporeÐ na qrhsimopoi-
hjeÐ kai gia thn parametropoÐhsh dedomènwn. 'Opwc kai sthn perÐptwsh thc
taxinìmhshc, apaiteÐtai èna sÔnolo metablht¸n eisìdou me gnwstèc tic timèc
twn upì melèth paramètrwn (metablhtèc exìdou), sto opoÐo h mèjodoc SVM
{ekpaideÔetai} na tic upologÐzei. 'Etsi, kajÐstatai ikan  na problèpei tic timèc
twn antÐstoiqwn paramètrwn pou qarakthrÐzoun �lla sÔnola dedomènwn, gia
ta opoÐa h sqetik  plhroforÐa den eÐnai diajèsimh. TonÐzetai ìti h mèjodoc
SVM {ekpaideÔetai} k�je for� se mÐa par�metro.

MetaxÔ twn sqetik¸n anakoin¸sewn sqetik� me th qr sh thc mejìdou
SVM sthn AstronomÐa, anafèrontai endeiktik� oi sqetikèc efarmogèc se
f�smata galaxi¸n (Wadadekar, 2005; Tsalmantza et al., 2007, 2009, 2012;
Huertas-Company et al., 2008; Bellas-Velidis et al., 2010, 2012; Karampelas
et al., 2012), sthn hliak  fusik  (Tiwari et al., 2009), stouc erujroÔc meta-
blhtoÔc astèrec (Woźniak et al., 2004) klp. Pèran thc AstronomÐac, h mèjo-
doc aut  èqei qrhsimopoihjeÐ, metaxÔ �llwn, kai se probl mata anagn¸rishc
qeirìgrafwn yhfÐwn, kathgoriopoÐhshc keimènou kai taxinìmhshc nef¸n (Izen-
man, 2008).
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Kef�laio 2

An�lush kai epexergasÐa
dedomènwn

Sto parìn kef�laio perigr�fetai h pl rhc diadikasÐa an�lushc kai epe-
xergasÐac dedomènwn kai ta sqetik� apotelèsmata, sÔmfwna me touc stì-
qouc thc sugkekrimènhc didaktorik c diatrib c. H diadikasÐa aut  afor�
thn an�lush kai epexergasÐa thc hmi-empeirik c biblioj khc fasm�twn gala-
xi¸n, th beltistopoÐhsh thc pro thc paroÔsac diatrib c sunjetik c biblio-
j khc fasm�twn galaxi¸n, th dhmiourgÐa thc nèac sunjetik c biblioj khc,
th dhmiourgÐa sunjetik¸n fasm�twn me epeisodiak  astrogènnesh, kaj¸c kai
ta pepragmèna sqetik� me th sunjetik  biblioj kh uyhl c diakritik c ikanìth-
tac.
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PÐnakac 2.1: O arijmìc twn galaxi¸n tou SDSS pou tautopoi jhkan se k�je
fasmatikì tÔpo thc biblioj khc twn sunjetik¸n fasm�twn galaxi¸n.

Fasmatikìc tÔpoc Arijmìc galaxi¸n SDSS
GalaxÐec Progenèsterou
fasmatikoÔ tÔpou 17 995
SpeiroeideÐc galaxÐec 11 122
An¸maloi galaxÐec 2 761
QSFG 1 792

2.1 Biblioj kh hmi-empeirik¸n fasm�twn

2.1.1 Tupik� f�smata
H diereÔnhsh thc sÔgkrishc metaxÔ twn fasm�twn galaxi¸n thc sunjetik c
biblioj khc kai twn parathrhjèntwn fasm�twn galaxi¸n apì to SDSS, mporeÐ
na apofèrei merik� polÔ endiafèronta kai qr sima apotelèsmata. Ston pÐnaka
2.1 dÐnetai o arijmìc twn galaxi¸n tou SDSS pou tautopoi jhkan se k�je fas-
matikì tÔpo thc biblioj khc twn sunjetik¸n fasm�twn galaxi¸n. Sto sq ma
2.1 parousi�zetai h suqnìthta taÔtishc k�je sunjetikoÔ f�smatoc galaxÐa me
k�poio apì ta f�smata galaxi¸n tou SDSS, gia k�je fasmatikì tÔpo. Apì th
melèth tou sq matoc autoÔ gÐnetai fanerì pwc up�rqoun sugkekrimèna sun-
jetik� f�smata, to suneqèc twn opoÐwn tautÐzetai epaneilhmènwc me suneq 
pragmatik¸n fasm�twn. To gegonìc autì upodeiknÔei ìti ta parap�nw sun-
jetik� f�smata endèqetai na eÐnai perissìtero tupik� kai realistik� apì ta
upìloipa. To sumpèrasma autì apotèlese mÐa akìma èndeixh gia thn an�gkh
beltistopoÐhshc thc biblioj khc sunjetik¸n fasm�twn galaxi¸n.

2.1.2 Taxinìmhsh kai parametropoÐhsh
Gia th dhmiourgÐa statistik¸n montèlwn pou epitrèpoun thn prìbleyh tou
fasmatikoÔ tÔpou kai twn astrofusik¸n paramètrwn twn fasm�twn galaxi¸n,
ègine efarmog  tou algìrijmou SVM sta prosomoiwmèna f�smata galaxi¸n
thc hmi-empeirik c biblioj khc (Tsalmantza et al., 2012) tou tètartou kÔk-
lou prosomoi¸sewn thc koinopraxÐac DPAC (biblioj kh Lib4). Sta f�smata
aut�, ta opoÐa èqoun prosomoiwjeÐ gia trÐa megèjh (G = 15, 18 kai 20), èqei
prostejeÐ jìruboc.

H epituq c efarmog  thc mejìdou SVM proôpojètei to diaqwrismì tou
deÐgmatoc se dÔo sÔnola: sto pr¸to sÔnolo ent�ssontai ta f�smata pou
qrhsimopoioÔntai gia thn {ekpaÐdeush} tou k¸dika prìbleyhc twn paramètrwn
kai th dhmiourgÐa twn antÐstoiqwn statistik¸n montèlwn (deÐgma ekpaÐdeushc
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Sq ma 2.1: H suqnìthta taÔtishc twn sunjetik¸n fasm�twn galaxi¸n me
ta f�smata galaxi¸n tou SDSS, gia k�je fasmatikì tÔpo. K�je galaxÐac
antiproswpeÔetai apì ton aÔxonta arijmì tou.
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- training set), en¸ sto deÔtero sÔnolo ent�ssontai ta f�smata sta opoÐa
gÐnetai o èlegqoc thc poiìthtac twn montèlwn aut¸n (deÐgma dokim¸n - testing
set).

Gia k�je èna apì ta trÐa megèjh (G = 15, 18 kai 20) ègine tuqaÐa epilog 
kai topojèthsh sto deÐgma ekpaÐdeushc tou enìc èktou epÐ tou sunìlou twn
prosomoiwmènwn fasm�twn thc hmi-empeirik c biblioj khc. Ta upìloipa f�s-
mata topojet jhkan sto deÐgma dokim¸n. Tìso sto deÐgma ekpaÐdeushc, ìso
kai sto deÐgma dokim¸n, ta f�smata kanonikopoi jhkan ¸ste se k�je pixel h
mèsh tim  na eÐnai Ðsh me mhdèn kai h diakÔmansh na eÐnai Ðsh me th mon�da.

Prìbleyh tou fasmatikoÔ tÔpou

TrÐa montèla SVMs gia ta megèjh G = 15, 18 kai 20 {ekpaideÔthkan} sto
deÐgma ekpaÐdeushc wc proc thn prìbleyh tou fasmatikoÔ tÔpou twn proso-
moiwmènwn hmi-empeirik¸n fasm�twn galaxi¸n, kai h efarmog  touc ègine sto
deÐgma dokim¸n. Ston pÐnaka 2.2 paratÐjentai ta apotelèsmata gia to deÐgma
ekpaÐdeushc. 'Enac tètoioc pÐnakac onom�zetai pÐnakac sÔgqushc (confusion
matrix), kaj¸c apoteleÐ èna mètro tou bajmoÔ sf�lmatoc tou statistikoÔ
montèlou taxinìmhshc. Sthn prokeimènh perÐptwsh, apodÐdei to kat� pìso
sugqèontai oi di�foroi fasmatikoÐ tÔpoi metaxÔ touc. Ta apotelèsmata aut�
parousi�zontai me epoptikì trìpo sto sq ma 2.2.

O pÐnakac 2.3 eÐnai o pÐnakac sÔgqushc tou deÐgmatoc dokim¸n gia ta
megèjh G = 15, 18 kai 20. Ta apotelèsmata aut� parousi�zontai me epo-
ptikì trìpo sto sq ma 2.3. To sq ma 2.4 deÐqnei ton trìpo me ton opoÐo
metab�lletai to posostì twn epituq¸n problèyewn tou fasmatikoÔ tÔpou
twn fasm�twn tou deÐgmatoc dokim¸n me to mègejoc G, tìso gia to sÔnolo
twn fasm�twn aut¸n, ìso kai gia k�je fasmatikì tÔpo xeqwrist�. O PÐnakac
2.4 perièqei ta apotelèsmata thc taxinìmhshc stouc di�forouc fasmatikoÔc
tÔpouc sthn perÐptwsh twn sunjetik¸n fasm�twn galaxi¸n megèjouc
G = 18.5 (Tsalmantza et al., 2009), kai paratÐjetai gia sÔgkrish. Ta f�smata
tou deÐgmatoc autoÔ parousi�zoun erujrometatìpish all� ìqi aporrìfhsh.

Apì th sÔgkrish metaxÔ tou pÐnaka 2.2 kai tou sq matoc 2.2 me ton pÐnaka
2.3 kai to sq ma 2.3, gÐnetai safèc pwc ta posost� epituqoÔc taxinìmhshc tou
deÐgmatoc ekpaÐdeushc eÐnai megalÔtera apì ta antÐstoiqa posost� tou deÐg-
matoc dokim¸n, ìpou ta statistik� montèla taxinìmhshc brÐskoun efarmog 
se {�gnwsta} f�smata. Sth sunèqeia ja anaferìmaste mìno sta apotelès-
mata wc proc to deÐgma dokim¸n, giatÐ autì prosdiorÐzei thn apìdosh tou
sust matoc UGC.

EÐnai fanerì ìti to posostì twn orj¸n taxinom sewn sto sÔnolo twn fas-
m�twn tou deÐgmatoc dokim¸n eÐnai uyhlìtero gia ta f�smata me lamprìtero
mègejoc G, ìpwc �llwste eÐnai anamenìmeno. To posostì autì poikÐlei apì
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PÐnakac 2.2: O pÐnakac sÔgqushc (confusion matrix) twn prosomoiwmènwn
fasm�twn galaxi¸n thc hmi-empeirik c biblioj khc tou deÐgmatoc ekpaÐdeushc
gia ta megèjh G = 15, 18 kai 20. Se k�je mÐa kathgorÐa tou megèjouc G , oi
st lec antiproswpeÔoun touc alhjeÐc fasmatikoÔc tÔpouc kai oi seirèc touc
problefjèntec. Ta sÔmbola E, S, I kai QSFG antistoiqoÔn se galaxÐec pro-
genèsterou fasmatikoÔ tÔpou, speiroeideÐc, an¸malouc kai QSFG, antÐstoiqa.
Oi timèc eÐnai posost� epÐ toic ekatì.

G = 15
TÔpoc E S I QSFG
E 98.5 1.5 0.0 0.0
S 2.8 97.1 0.1 0.0
I 0.0 0.0 100.0 0.0
QSFG 0.0 0.0 0.0 100.0 SÔnolo

98.3

G = 18
TÔpoc E S I QSFG
E 95.6 4.3 0.0 0.0
S 4.6 93.7 1.7 0.0
I 0.0 1.7 98.3 0.0
QSFG 0.9 7.0 0.9 91.1 SÔnolo

95.0

G = 20
TÔpoc E S I QSFG
E 91.1 8.0 0.0 0.8
S 15.9 81.7 2.0 0.4
I 0.0 1.9 98.1 0.0
QSFG 7.6 17.1 2.8 72.5 SÔnolo

87.6
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Sq ma 2.2: Sqhmatik  anapar�stash tou pÐnaka sÔgqushc (confusion matrix)
twn prosomoiwmènwn fasm�twn twn galaxi¸n thc hmi-empeirik c biblioj khc
tou deÐgmatoc ekpaÐdeushc megèjouc G = 15 (p�nw arister�), 18 (p�nw dexi�)
kai 20 (k�tw), antÐstoiqa.



2.1 Biblioj kh hmi-empeirik¸n fasm�twn 65

PÐnakac 2.3: O pÐnakac sÔgqushc (confusion matrix) twn prosomoiwmènwn
fasm�twn galaxi¸n thc hmi-empeirik c biblioj khc tou deÐgmatoc dokim¸n gia
ta megèjh G = 15, 18 kai 20. Se k�je mÐa kathgorÐa tou megèjouc G , oi
st lec antiproswpeÔoun touc alhjeÐc fasmatikoÔc tÔpouc kai oi seirèc touc
problefjèntec. Ta sÔmbola E, S, I kai QSFG antistoiqoÔn se galaxÐec pro-
genèsterou fasmatikoÔ tÔpou, speiroeideÐc, an¸malouc kai QSFG, antÐstoiqa.
Oi timèc eÐnai posost� epÐ toic ekatì.

G = 15
TÔpoc E S I QSFG
E 94.1 5.7 0.1 0.1
S 6.3 90.0 3.5 0.1
I 0.1 7.1 92.8 0.0
QSFG 2.4 9.3 2.6 85.6 SÔnolo

92.2

G = 18
TÔpoc E S I QSFG
E 91.9 7.6 0.2 0.4
S 12.1 83.0 3.9 1.0
I 0.1 7.9 91.3 0.7
QSFG 4.4 13.2 5.0 77.4 SÔnolo

88.1

G = 20
TÔpoc E S I QSFG
E 87.4 10.8 0.1 1.7
S 24.4 69.6 4.6 1.4
I 0.4 10.4 88.4 0.8
QSFG 10.6 26.5 5.2 57.7 SÔnolo

80.0
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Sq ma 2.3: Sqhmatik  anapar�stash tou pÐnaka sÔgqushc (confusion matrix)
twn prosomoiwmènwn fasm�twn twn galaxi¸n thc hmi-empeirik c biblioj khc
tou deÐgmatoc dokim¸n megèjouc G = 15 (p�nw arister�), 18 (p�nw dexi�) kai
20 (k�tw), antÐstoiqa.
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PÐnakac 2.4: O pÐnakac sÔgqushc (confusion matrix) twn prosomoiwmènwn
fasm�twn twn galaxi¸n thc sunjetik c biblioj khc tou deÐgmatoc dokim¸n
megèjouc G = 18.5 (Tsalmantza et al., 2009). Oi st lec antiproswpeÔoun
touc alhjeÐc fasmatikoÔc tÔpouc kai oi seirèc touc probleujèntec. Ta sÔm-
bola E, S, I kai QSFG antistoiqoÔn se galaxÐec progenèsterou fasmatikoÔ
tÔpou, speiroeideÐc, an¸malouc kai QSFG, antÐstoiqa. Oi timèc eÐnai posost�
epÐ toic ekatì.

G = 18.5
TÔpoc E S I QSFG
E 73.7 26.2 0.0 0.1
S 1.4 97.3 1.0 0.3
I 0.0 15.2 81.9 2.9
QSFG 0.0 1.3 0.3 98.4 SÔnolo

94.8

Sq ma 2.4: To posostì twn epituq¸n taxinom sewn twn prosomoiwmènwn
fasm�twn twn galaxi¸n thc hmi-empeirik c biblioj khc tou deÐgmatoc dokim¸n
sunart sei tou megèjouc G gia to sÔnolo twn fasm�twn aut¸n kai gia k�je
fasmatikì tÔpo xeqwrist�.
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80 % (G = 20) se 92.2 % (G = 15). To Ðdio sumpèrasma prokÔptei kai apì
th melèth thc metabol c tou posostoÔ twn epituq¸n problèyewn me to mège-
joc gia k�je fasmatikì tÔpo xeqwrist�. Parìla aut� up�rqoun diaforèc
metaxÔ twn fasmatik¸n tÔpwn wc proc thn ikanìthta orj c taxinìmhshc:
Oi galaxÐec progenèsterou fasmatikoÔ tÔpou kai oi an¸maloi galaxÐec taxi-
nomoÔntai me megalÔterh epituqÐa se sqèsh me touc speiroeideÐc galaxÐec kai
touc QSFG. EpÐshc, oi esfalmèna taxinomhmènoi galaxÐec progenèsterou fas-
matikoÔ tÔpou taxinomoÔntai kurÐwc wc speiroeideÐc kai to antÐstrofo, en¸ oi
esfalmèna taxinomhmènoi an¸maloi galaxÐec kai oi QSFG taxinomoÔntai kurÐwc
wc speiroeideÐc.

EÐnai idiaÐtera shmantikì na gÐnei sÔgkrish metaxÔ thc ikanìthtac ta-
xinìmhshc stouc fasmatikoÔc tÔpouc thc hmi-empeirik c biblioj khc kai thc
antÐstoiqhc ikanìthtac thc sunjetik c biblioj khc. H sÔgkrish aut  mporeÐ
na pragmatopoihjeÐ me th sÔgkrish tou tm matoc tou PÐnaka 2.3, pou anafère-
tai sto mègejoc G = 18 twn prosomoiwmènwn fasm�twn thc hmi-empeirik c
biblioj khc, kai tou PÐnaka 2.4, pou anafèretai sto mègejoc G = 18.5 twn
prosomoiwmènwn fasm�twn thc sunjetik c biblioj khc (Tsalmantza et al.,
2009). Ta hmi-empeirik� f�smata anamènetai na eÐnai realistikìtera twn sun-
jetik¸n, perièqoun ìmwc twn epÐdrash thc aporrìfhshc gia thn opoÐa den
up�rqei plhroforÐa. Tìso to pr¸to sÔnolo fasm�twn, ìso kai to deÔtero,
qarakthrÐzontai apì èna eÔroc tim¸n thc erujrometatìpishc z.

Apì thn parap�nw sÔgkrish prokÔptei pwc oi galaxÐec progenèsterou
fasmatikoÔ tÔpou kaj¸c kai oi an¸maloi galaxÐec taxinomoÔntai orjìtera
sthn perÐptwsh twn hmi-empeirik¸n fasm�twn, en¸ oi speiroeideÐc galaxÐec kai
oi QSFG taxinomoÔntai orjìtera sthn perÐptwsh twn sunjetik¸n fasm�twn.
To uyhlìtero posostì twn epituq¸n problèyewn tou fasmatikoÔ tÔpou twn
sunjetik¸n fasm�twn endèqetai na ermhneÔetai merik¸c apì to uyhlì posostì
twn fasm�twn QSFG epÐ tou sunìlou twn sunjetik¸n fasm�twn.

Sto sq ma 2.5 parousi�zetai h katanom  twn orj� taxinomhmènwn kai twn
esfalmèna taxinomhmènwn prosomoiwmènwn fasm�twn thc hmi-empeirik c bib-
lioj khc sto eÔroc thc erujrometatìpishc z, gia ta di�fora megèjh G. Apì
th melèth tou sq matoc autoÔ den prokÔptei k�poia susqètish metaxÔ thc
ikanìthtac taxinìmhshc kai thc erujrometatìpishc. Tìso ta f�smata twn
opoÐwn o fasmatikìc tÔpoc èqei problefjeÐ epituq¸c, ìso kai ta f�smata
twn opoÐwn o fasmatikìc tÔpoc èqei problefjeÐ anepituq¸c, katanèmontai me
ton Ðdio trìpo sto pl rec eÔroc twn tim¸n thc erujrometatìpishc.

Prìbleyh thc erujrometatìpishc

TrÐa montèla SVMs gia ta megèjh G = 15, 18 kai 20 {ekpaideÔthkan} sto
deÐgma ekpaÐdeushc wc proc thn prìbleyh thc erujrometatìpishc twn proso-
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Sq ma 2.5: H katanom  twn orj� taxinomhmènwn (gkri) kai twn esfalmèna
taxinomhmènwn (maÔro) prosomoiwmènwn fasm�twn thc hmi-empeirik c biblio-
j khc tou deÐgmatoc dokim¸n sto eÔroc thc erujrometatìpishc z, gia ta megè-
jh G = 15 (p�nw arister�), 18 (p�nw dexi�) kai 20 (k�tw), antÐstoiqa.
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PÐnakac 2.5: To mèso apìluto sf�lma twn problèyewn thc erujrometatìpishc
gia ta di�fora megèjh G. Stic parenjèseic paratÐjentai oi timèc twn mèswn
apìlutwn ekatostiaÐwn sfalm�twn twn galaxi¸n me z ≤ 0.2.

G = 15 G = 18 G = 20
SÔnolo galaxi¸n deÐgmatoc dokim¸n 3.2 (3.1) 4.9 (4.8) 9.0 (8.8)
Orj¸c taxinomhmènoi galaxÐec 3.1 (3.0) 4.7 (4.7) 8.6 (8.5)
Esfalmènwc taxinomhmènoi galaxÐec 4.1 (3.8) 6.2 (5.8) 10.6 (10.2)
GalaxÐec progenèsterou fasmatikoÔ tÔpou 2.9 (2.9) 4.5 (4.4) 8.6 (8.6)
SpeiroeideÐc galaxÐec 2.7 (2.7) 4.8 (4.7) 8.8 (8.6)
An¸maloi galaxÐec 5.7 (5.5) 7.4 (7.2) 11.1 (10.6)
QSFG 4.3 (4.1) 6.0 (5.7) 10.2 (9.4)

moiwmènwn hmi-empeirik¸n fasm�twn galaxi¸n, kai h efarmog  touc ègine sto
deÐgma dokim¸n. Ston PÐnaka 2.5 parousi�zontai ta mèsa apìluta ekatostiaÐa
sf�lmata thc prìbleyhc thc erujrometatìpishc 1

N

∑
i
|(zreal)i−(zpredicted)i|

(zreal)i
, ìpou

zreal eÐnai h pragmatik  tim  thc erujrometatìpishc, zpredicted h problefjeÐsa
kai N o arijmìc twn galaxi¸n tou deÐgmatoc dokim¸n gia k�je perÐptwsh,
me 1 ≤ i ≤ N . Stic parenjèseic paratÐjentai oi timèc twn mèswn apì-
lutwn ekatostiaÐwn sfalm�twn twn galaxi¸n me z ≤ 0.2. Se autì to eÔroc
twn erujrometatopÐsewn anamènetai na perilamb�nontai oi perissìteroi apì
touc galaxÐec pou prìkeitai na parathr sei o dorufìroc Gaia. Stic eikìnec
2.6 - 2.11 parousi�zontai ta sqetik� apotelèsmata gia ta di�fora megèjh G.
Stic eikìnec autèc pragmatopoieÐtai sÔgkrish twn pragmatik¸n tim¸n thc eru-
jrometatìpishc me tic problefjeÐsec timèc mèsw twn SVMs. Epiprosjètwc,
parousi�zontai oi grammikèc prosarmogèc pou qarakthrÐzoun ta apotelèsmata
tou deÐgmatoc dokim¸n, ¸ste na gÐnei sÔgkrish me thn idanik  perÐptwsh thc
orj c prìbleyhc tou sunìlou twn tim¸n twn erujrometatopÐsewn, dhlad  me
thn eujeÐa y = x. Autì sumbaÐnei tìso gia k�je fasmatikì tÔpo galaxi¸n xe-
qwrist�, ìso kai wc proc thn orjìthta thc taxinìmhshc ston k�je fasmatikì
tÔpo.
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Sq ma 2.6: Oi problefjeÐsec timèc thc erujrometatìpishc z twn prosomoi-
wmènwn fasm�twn thc hmi-empeirik c biblioj khc sunart sei twn antÐstoiqwn
pragmatik¸n tim¸n gia to mègejoc G = 15 kai gia k�je fasmatikì tÔpo. H
kìkkinh gramm  upodeiknÔei thn idanik  perÐptwsh thc orj c prìbleyhc thc
erujrometatìpishc, en¸ h mple gramm  apoteleÐ th grammik  prosarmog  pou
qarakthrÐzei ta apotelèsmata tou deÐgmatoc dokim¸n.
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Sq ma 2.7: Oi problefjeÐsec timèc thc erujrometatìpishc z twn prosomoi-
wmènwn fasm�twn thc hmi-empeirik c biblioj khc sunart sei twn antÐstoiqwn
pragmatik¸n tim¸n twn orj� taxinomhmènwn (mple asterÐskoi) kai twn e-
sfalmèna taxinomhmènwn (kìkkinoi asterÐskoi) fasm�twn mègejouc G = 15.
H maÔrh gramm  upodeiknÔei thn idanik  perÐptwsh thc orj c prìbleyhc thc
erujrometatìpishc, en¸ h mple kai h kìkkinh gramm  apoteloÔn tic grammikèc
prosarmogèc pou qarakthrÐzoun touc orj� kai touc esfalmèna taxinomhmè-
nouc galaxÐec tou deÐgmatoc dokim¸n.
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Sq ma 2.8: Oi problefjeÐsec timèc thc erujrometatìpishc z twn prosomoi-
wmènwn fasm�twn thc hmi-empeirik c biblioj khc sunart sei twn antÐstoiqwn
pragmatik¸n tim¸n gia to mègejoc G = 18 kai gia k�je fasmatikì tÔpo. H
kìkkinh gramm  upodeiknÔei thn idanik  perÐptwsh thc orj c prìbleyhc thc
erujrometatìpishc, en¸ h mple gramm  apoteleÐ th grammik  prosarmog  pou
qarakthrÐzei ta apotelèsmata tou deÐgmatoc dokim¸n.
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Sq ma 2.9: Oi problefjeÐsec timèc thc erujrometatìpishc z twn prosomoi-
wmènwn fasm�twn thc hmi-empeirik c biblioj khc sunart sei twn antÐstoiqwn
pragmatik¸n tim¸n twn orj� taxinomhmènwn (mple asterÐskoi) kai twn e-
sfalmèna taxinomhmènwn (kìkkinoi asterÐskoi) fasm�twn mègejouc G = 18.
H maÔrh gramm  upodeiknÔei thn idanik  perÐptwsh thc orj c prìbleyhc thc
erujrometatìpishc, en¸ h mple kai h kìkkinh gramm  apoteloÔn tic grammikèc
prosarmogèc pou qarakthrÐzoun touc orj� kai touc esfalmèna taxinomhmè-
nouc galaxÐec tou deÐgmatoc dokim¸n.
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Sq ma 2.10: Oi problefjeÐsec timèc thc erujrometatìpishc z twn prosomoi-
wmènwn fasm�twn thc hmi-empeirik c biblioj khc sunart sei twn antÐstoiqwn
pragmatik¸n tim¸n gia to mègejoc G = 20 kai gia k�je fasmatikì tÔpo. H
kìkkinh gramm  upodeiknÔei thn idanik  perÐptwsh thc orj c prìbleyhc thc
erujrometatìpishc, en¸ h mple gramm  apoteleÐ th grammik  prosarmog  pou
qarakthrÐzei ta apotelèsmata tou deÐgmatoc dokim¸n.
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Sq ma 2.11: Oi problefjeÐsec timèc thc erujrometatìpishc z twn proso-
moiwmènwn fasm�twn thc hmi-empeirik c biblioj khc sunart sei twn antÐs-
toiqwn pragmatik¸n tim¸n twn orj� taxinomhmènwn (mple asterÐskoi) kai twn
esfalmèna taxinomhmènwn (kìkkinoi asterÐskoi) fasm�twn mègejouc G = 20.
H maÔrh gramm  upodeiknÔei thn idanik  perÐptwsh thc orj c prìbleyhc thc
erujrometatìpishc, en¸ h mple kai h kìkkinh gramm  apoteloÔn tic grammikèc
prosarmogèc pou qarakthrÐzoun touc orj� kai touc esfalmèna taxinomhmè-
nouc galaxÐec tou deÐgmatoc dokim¸n.
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Apì th melèth tou pÐnaka 2.5 kai twn eikìnwn 2.6 - 2.11, prokÔptei ìti
gia to sÔnolo twn prosomoiwmènwn fasm�twn thc hmi-empeirik c biblioj khc
tou deÐgmatoc dokim¸n, ta sf�lmata sthn prìbleyh thc erujrometatìpishc
mei¸nontai kaj¸c to mègejoc gÐnetai lamprìtero, k�ti pou eÐnai anamenìmeno.
Oi timèc twn sfalm�twn aut¸n kumaÐnontai apì 3.2 % (G = 15) èwc kai 9.0
% (G = 20). H Ðdia t�sh parathreÐtai anex�rthta tou fasmatikoÔ tÔpou kai
thc orjìthtac taxinìmhshc tou fasmatikoÔ tÔpou. Parìla aut� up�rqoun
diaforèc metaxÔ twn fasmatik¸n tÔpwn wc proc thn ikanìthta prìbleyhc
thc erujrometatìpishc: Oi galaxÐec progenèsterou fasmatikoÔ tÔpou kai oi
speiroeideÐc galaxÐec qarakthrÐzontai apì qamhlìtera sf�lmata prìbleyhc
thc erujrometatìpishc, se sqèsh me touc an¸malouc galaxÐec kai touc QSFG.

Ston pÐnaka 2.5 faÐnetai epÐshc pwc h prìbleyh thc erujrometatìpishc twn
orj¸c taxinomhmènwn fasm�twn galaxi¸n eÐnai kat� 1 % èwc 2 % kalÔterh se
sqèsh me ta esfalmènwc taxinomhmèna sf�lmata galaxi¸n. EpÐshc, ta mèsa
apìluta ekatostiaÐa sf�lmata twn problèyewn thc erujrometatìpishc eÐnai
qamhlìtera gia galaxÐec me z ≤ 0.2. Sugkekrimèna, eÐnai qamhlìtera kat�
0.1 % gia touc orj¸c taxinomhmènouc galaxÐec, kat� 0.2 % gia to sÔnolo twn
galaxi¸n kai kat� 0.8 % gia touc galaxÐec QSFG me G = 20.

UpenjumÐzetai ìti h plhroforÐa gia thn aporrìfhsh pou èqei uposteÐ k�je
hmi-empeirikì f�sma galaxÐa den eÐnai diajèsimh. 'Omwc to sÔsthma UGC
eÐnai sqediasmènoc me tètoion trìpo, ¸ste na pragmatopoieÐ thn prìbleyh thc
aporrìfhshc prin apì thn prìbleyh thc erujrometatìpishc, elaqistopoi¸ntac
ètsi ta sqetik� sf�lmata. Sunep¸c, ta mèsa ekatostiaÐa sf�lmata tou pÐnaka
2.5 ja prèpei na jewrhjoÔn wc an¸tata ìria.
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2.2 Biblioj kh sunjetik¸n fasm�twn

2.2.1 DiereÔnhsh paramètrwn sunjetik¸n
fasm�twn

Gia thn kataskeu  twn sunjetik¸n fasm�twn galaxi¸n qrhsimopoi jhkan dÔo
diaforetikoÐ nìmoi astrik c dhmiourgÐac: (a) Sthn perÐptwsh twn sunjetik¸n
galaxi¸n progenèsterou fasmatikoÔ tÔpou o rujmìc astrik c dhmiourgÐac
mei¸netai ekjetik�, en¸ (b) sthn perÐptwsh twn speiroeid¸n galaxi¸n, twn
an¸malwn galaxi¸n kai twn QSFG o rujmìc astrik c dhmiourgÐac eÐnai an�-
logoc me th m�za tou aerÐou. Oi parap�nw nìmoi astrik c dhmiourgÐac mo-
ntelopoi jhkan mèsw thc epilog c diafìrwn sunduasm¸n twn paramètrwn
tou rujmoÔ astrik c dhmiourgÐac kai sugkekrimènwn telik¸n hliki¸n twn fas-
m�twn. Oi par�metroi gia to {ekjetikì}} SFR eÐnai oi p1 kai p2, en¸ gia to
SFR pou eÐnai an�logo me th m�za tou aerÐou eÐnai oi p1, p2, p3 kai tinfall.
Ja prèpei na shmeiwjeÐ pwc oi par�metroi p1 kai p2 tou enìc nìmou astrik c
dhmiourgÐac den antistoiqoÔn stic paramètrouc p1 kai p2 tou �llou nìmou. Tè-
loc, h hlikÐa orÐzetai sta 13 Gyr gia touc galaxÐec progenèsterou fasmatikoÔ
tÔpou kai touc speiroeideÐc, kai sta 9 Gyr gia touc an¸malouc galaxÐec kai
touc QSFG.

To eÔroc twn tim¸n twn paramètrwn p1, p2, p3 kai tinfall epilèqjhke me
tètoio trìpo ¸ste na dhmiourghjoÔn ìso to dunatìn perissìtero realistik�
sunjetik� f�smata galaxi¸n (Tsalmantza et al., 2009). Gia touc skopoÔc
tou sust matoc UGC prèpei ta sunjetik� f�smata na apoteloÔn kat� to
dunatìn tupikèc peript¸seic, paramènontac tautìqrona realistik�. 'Etsi, h
taxinìmhsh kai h parametropoÐhsh twn fasm�twn pou prìkeitai na parathr sei
o dorufìroc Gaia ja mporoÔn na gÐnoun perissìtero apotelesmatik�.

Ta qr¸mata (g−r) kai (r−i) twn sunjetik¸n fasm�twn thc sugkekrimènhc
biblioj khc eÐnai realistik�, kaj¸c kalÔptoun epituq¸c ta antÐstoiqa qr¸-
mata galaxi¸n parathroÔmenwn apì to SDSS(2.40). Gia th dhmiourgÐa twn
fasm�twn aut¸n ìmwc èqoun qrhsimopoihjeÐ ekten  eÔrh tim¸n paramètr-
wn, diaforetikoÐ nìmoi astrik c dhmiourgÐac kai diaforetikèc telikèc hlikÐec.
'Etsi, ta paraqjènta sunjetik� f�smata qarakthrÐzontai apì mÐa meg�lh poi-
kilomorfÐa, me poll� diaforetik� suneq  kai grammèc ekpomp c diafìrwn
ent�sewn. Epiprosjètwc, den eÐnai saf c o trìpoc me ton opoÐo h tautìqronh
metabol  dÔo, tri¸n   akìma kai tess�rwn paramètrwn tou rujmoÔ astrik c
dhmiourgÐac kajorÐzei th morf  tou paraqjèntoc f�smatoc. Oi sunèpeiec thc
parap�nw poluplokìthtac sunoyÐzontai sta ex c:

• DiaforetikoÐ sunduasmoÐ twn paramètrwn tou Ðdiou nìmou astrogèn-
neshc dÔnantai na antistoiqoÔn se parìmoia f�smata
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• DiaforetikoÐ sunduasmoÐ twn paramètrwn diaforetikoÔ nìmou astrogèn-
neshc dÔnantai na antistoiqoÔn se parìmoia f�smata

• SunduasmoÐ paramètrwn dÔnantai na antistoiqoÔn se f�smata pou den
èqoun tupik  morf 

H beltistopoÐhsh thc biblioj khc twn sunjetik¸n fasm�twn galaxi¸n
¸ste aut  na katasteÐ perissìtero realistik  kai na qrhsimopoihjeÐ apì èna
sÔsthma ìpwc to UGC, apaiteÐ thn prìterh gn¸sh tou trìpou me ton opoÐo
h epilog  twn diafìrwn sunduasm¸n twn paramètrwn tou rujmoÔ astrik c
dhmiourgÐac kajorÐzei th morf  tou paraqjèntoc f�smatoc. H plhroforÐ-
a aut  ja mporoÔse na qrhsimopoihjeÐ gia thn eÔresh panomoiìtupwn fas-
m�twn tou Ðdiou fasmatikoÔ tÔpou, panomoiìtupwn fasm�twn diaforetikoÔ
fasmatikoÔ tÔpou kai mh anamenìmenwn - mh tupik¸n fasm�twn. H apaloif 
twn fasm�twn aut¸n ja mporoÔse na belti¸sei thn ikanìthta tou UGC na
taxinomeÐ kai na parametropoieÐ f�smata galaxi¸n. Epiplèon, h sqèsh metaxÔ
twn paramètrwn eisìdou tou k¸dika fasmatik c exèlixhc PÈGASE kai twn
paraqjèntwn fasm�twn ja ginìtan perissìtero katanoht , exasfalÐzontac
kat' autìn ton trìpo mÐa pio paragwgik  mellontik  qr sh tou.

Ja prèpei fusik� na epishmanjeÐ ìti sthn pragmatikìthta anamènontai
tìso fasmatikèc omoiìthtec metaxÔ fasm�twn diaforetikoÔ tÔpou, ìso kai
polÔplokec peript¸seic galaxi¸n, ìpwc gia par�deigma galaxiakèc allhle-
pidr�seic kai sugqwneÔseic. Oi peript¸seic autèc anamènetai na dusqer�-
noun thn taxinìmhsh kai thn parametropoÐhsh twn galaxi¸n pou prìkeitai na
parathr sei o dorufìroc Gaia. 'Ena tìso dÔskolo èrgo ìmwc, ìpwc autì
thc fasmatik c taxinìmhshc kai parametropoÐhshc, ja mporoÔse na antimetw-
pisteÐ kalÔtera an up rqe èna aplì kai realistikì set sunjetik¸n prìtupwn
fasm�twn galaxi¸n.

K�je èna f�sma galaxÐa mporeÐ na jewrhjeÐ wc èna shmeÐo se ènan q¸ro
poll¸n diast�sewn, me tìsouc �xonec ìsouc kai o arijmìc twn mhk¸n kÔmatoc
gia ta opoÐa eÐnai gnwst  h ro  touc, ìsa dhlad  kai ta pixel touc. Se k�je
�xona to f�sma tou k�je galaxÐa lamb�nei thn tim  thc ro c gia to antÐstoiqo
m koc kÔmatoc. Me dedomènh thn adunamÐa na parastajoÔn me grafikì trìpo
ta f�smata galaxi¸n akolouj¸ntac thn parap�nw je¸rhsh, eÐnai emfan c h
an�gkh qrhsimopoÐhshc kat�llhlwn mejìdwn pou ja mporoÔsan na mei¸soun
tic diast�seic se dÔo   treic antiproswpeutikèc diast�seic. 'Etsi, h biblioj kh
twn fasm�twn galaxi¸n ja mporoÔse na apotelèsei antikeÐmeno epopteÐac kai
an�lushc ìlwn twn fasm�twn thc tautìqrona. MÐa tètoia kat�llhlh mèjodoc
eÐnai h an�lush kurÐwn sunistws¸n (principal components analysis - PCA).
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PÐnakac 2.6: To posostì epÐ thc sunolik c diakÔmanshc, to ajroistikì
posostì kai to sf�lma anakataskeu c twn pènte shmantikìterwn idiodianu-
sm�twn twn sunjetik¸n fasm�twn galaxi¸n.

Ajroistik  Sf�lma
DiakÔmansh diakÔmansh anakataskeu c

Idiodi�nusma (% epÐ tou sunìlou) (% epÐ tou sunìlou) (%)
~u1 94.61 94.61 6.86
~u2 4.25 98.85 1.87
~u3 1.05 99.90 0.32
~u4 0.07 99.98 0.12
~u5 0.02 99.99 0.07

Efarmog  sta sunjetik� f�smata

H epexergasÐa twn 28 885 sunjetik¸n fasm�twn galaxi¸n pragmatopoi jhke
me thn efarmog  thc mejìdou PCA. Lìgw thc an�gkhc diat rhshc thc sqeti-
k c èntashc twn fasmatik¸n qarakthristik¸n, ègine qr sh thc mh tupopoih-
mènhc PCA (Steiner et al., 2009). Sunep¸c pragmatopoi jhke h kataskeu 
tou pÐnaka diaspor¸n-sundiaspor¸n, ston opoÐo ta diag¸nia stoiqeÐa an-
tiproswpeÔoun th diaspor� k�je pixel thc kanonikopoihmènhc ro c kai ta
mh diag¸nia stoiqeÐa antiproswpeÔoun th sundiaspor� metaxÔ aut¸n. Shmei¸-
netai ìti h sundiaspor� apoteleÐ èna mètro grammikoÔ susqetismoÔ metaxÔ dÔo
metablht¸n. 'Oso megalÔterh eÐnai h tim  thc, tìso isqurìterh eÐnai h allh-
loex�rthsh metaxÔ twn metablht¸n aut¸n.

Ston PÐnaka 2.6 eÐnai katagegrammèna ta posost� thc sunolik c diakÔ-
manshc pou antiproswpeÔoun ta pènte pr¸ta PC, kaj¸c kai ta antÐstoiqa
posost� thc ajroistik c diakÔmanshc (cumulative variance). To sq ma 2.12
deÐqnei ta trÐa kuriìtera idiodianÔsmata (PC1, PC2 kai PC3) twn sunjetik¸n
galaxiak¸n fasm�twn. To pr¸to idiodi�nusma eÐnai èna {erujrì} f�sma me
grammèc ekpomp c, to opoÐo pijanìtata sqetÐzetai me th lamprìthta twn sun-
jetik¸n fasm�twn. O grammikìc suntelest c susqètishc tou Pearson (linear
Pearson correlation coefficient) metaxÔ twn olik¸n ro¸n twn fasm�twn kai twn
suntelest¸n prìsmeixhc tou PC1 brÐsketai na eÐnai Ðsoc me 0.998. To deÔtero
kai to trÐto idiodi�nusma eÐnai perissìtero {kuan�} me sqetik� isqurìterec
grammèc ekpomp c. Oi shmantikìterec apì autèc eÐnai oi OII (372.7 nm), OIII
(500.7 nm), Hα (656.2 nm) kai SIII (906.9 nm).

Ston PÐnaka 2.6 katagr�fontai epÐshc ta sf�lmata anakataskeu c pou
antistoiqoÔn sth qr sh èwc kai tou pèmptou idiodianÔsmatoc. Ta parap�nw
eÐnai oi apìlutec timèc twn mèswn ekatostiaÐwn sfalm�twn sth sunolik  kano-
nikopoihmènh ro . Sto sq ma 2.13 parousi�zetai to di�gramma twn sfalm�twn
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Sq ma 2.12: To pr¸to (ep�nw), to deÔtero (kèntro) kai to trÐto (k�tw)
idiodi�nusma thc biblioj khc sunjetik¸n fasm�twn galaxi¸n, ìpwc aut�
proèkuyan apì thn efarmog  thc mejìdou PCA.
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anakataskeu c pou antistoiqoÔn sth qr sh twn kuriìterwn
sunistws¸n, gia k�je fasmatikì tÔpo. To idiodi�nusma PC1 faÐnetai na
anakataskeu�zei apotelesmatikìtera touc galaxÐec progenèsterou fasmati-
koÔ tÔpou kai touc speiroeideÐc galaxÐec. Antijètwc, o sunupologismìc twn
idiodianusm�twn PC2 kai PC3, sta opoÐa oi grammèc ekpomp c eÐnai peris-
sìtero kurÐarqec (sq ma 2.12), faÐnetai na epifèrei tic megalÔterec diorj¸seic
stouc an¸malouc galaxÐec kai stouc QSGG. Sto Ðdio sq ma dÐnetai kai èna
par�deigma anakataskeu c enìc sunjetikoÔ f�smatoc galaxÐa, afenìc me th
qr sh thc pr¸thc kÔriac sunist¸sac, afetèrou me th qr sh twn dÔo pr¸twn
kÔriwn sunistws¸n.

Apì thn parap�nw an�lush prokÔptei ìti eÐnai dunatì na analÔsoume
me akrÐbeia to sÔnolo thc biblioj khc twn sunjetik¸n fasm�twn galaxi¸n
qrhsimopoi¸ntac tic dÔo kuriìterec sunist¸sec PC1 kai PC2. Me ta sug-
kekrimèna idiodianÔsmata epitugq�netai èna polÔ qamhlì mèso sf�lma anaka-
taskeu c (2%), en¸ tautìqrona antiproswpeÔetai apì aut� to 99 % thc suno-
lik c diakÔmanshc. 'Etsi, o arijmìc twn diast�sewn mei¸netai drastik�, qwrÐc
to gegonìc autì na sunodeÔetai apì shmantik  ap¸leia plhroforÐac.

Prokeimènou na diereunhjeÐ h euaisjhsÐa twn idiodianusm�twn PC1 kai
PC2 se sqèsh me ta dedomèna kai na exaqjoÔn sumper�smata gia thn eust�-
jei� touc, dienerg jhke h parak�tw dokimasÐa: H biblioj kh twn sunjetik¸n
fasm�twn galaxi¸n melet jhke se tuqaÐwc epilegmèna epimèrouc deÐgmat�
thc, ta opoÐa antistoiqoÔsan sto  misu, sto èna tètarto, sto èna ìgdoo
kai sto èna dèkato èkto tou sunìlou twn diajèsimwn fasm�twn. Gia k�-
je mÐa apì tic parap�nw kathgorÐec deigmatolhyÐac h tuqaÐa epilog  fas-
m�twn pragmatopoi jhke dèka forèc kai efarmìsthke h mèjodoc PCA. Tè-
loc, upologÐsthke to merÐdio twn exaqjèntwn idiodianusm�twn PC1 kai PC2
sth sunolik  diakÔmansh tou k�je deÐgmatoc fasm�twn, me apotèlesma na
prokÔyoun h sqetikèc mèsec timèc kai tupikèc apoklÐseic gia k�je mÐa apì
tic tèssereic kathgorÐec deigmatolhyÐac. Ta apotelèsmata parousi�zontai
ston PÐnaka 2.7. 'Opwc gÐnetai fanerì, ta dÔo shmantikìtera idiodianÔsmata
paramènoun praktik¸c amet�blhta.

Sth sunèqeia diereun jhke h eust�jeia twn dÔo kuriìterwn idiodianu-
sm�twn se sqèsh me to fasmatikì tÔpo. H mèjodoc PCA efarmìsthke sta
sunjetik� f�smata k�je tÔpou xeqwrist� kai ta apotelèsmata parousi�zontai
sto sq ma 2.14. To PC1 eÐnai diaforetikì gia k�je perÐptwsh. To gegonìc
autì eÐnai anamenìmeno, epeid  to PC1, susqetizìmeno me to megalÔtero
merÐdio thc diakÔmanshc, antikatoptrÐzei tic kuriìterec diaforèc metaxÔ twn
fasm�twn twn diaforetik¸n fasmatik¸n tÔpwn (Ronen et al., 1999). To PC2
paramènei praktik¸c amet�blhto.

Ja prèpei na shmeiwjeÐ pwc h Ôparxh èntonwn gramm¸n aporrìfhshc sto
PC1 twn speiroeid¸n galaxi¸n den upodhl¸nei aparaÐthta k�ti to diaforetikì
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Sq ma 2.13: Ep�nw: To sf�lma anakataskeu c gia to sÔnolo kai touc epimè-
rouc fasmatikoÔc tÔpouc twn sunjetik¸n fasm�twn galaxi¸n. To di�gramma
parousi�zei th suneisfor� èwc kai tou tètartou idiodianÔsmatoc, ston opoÐo
to sf�lma anakataskeu c praktik� mhdenÐzetai gia ìlouc touc fasmatikoÔc
tÔpouc. K�tw: 'Ena par�deigma anakataskeu c enìc sunjetikoÔ f�smatoc
galaxÐa (maÔro), me th qr sh tou pr¸tou (mple) kai twn dÔo pr¸twn (pr�sino)
kurÐwn sunistws¸n.
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PÐnakac 2.7: To posostì epÐ thc sunolik c diakÔmanshc twn dÔo shman-
tikìterwn idiodianusm�twn gia tuqaÐwc epilegmèna epimèrouc deÐgmata thc
fasmatik c biblioj khc. H efarmog  thc mejìdou PCA èlabe q¸ra dèka
forèc gia k�je epmèrouc deÐgma.
Epimèrouc DiakÔmansh tou ~u1 DiakÔmansh tou ~u2

deÐgma (% epÐ tou sunìlou) (% epÐ tou sunìlou)
Mèsh tim  / tupik  apìklish Mèsh tim  / tupik  apìklish

1/2 94.62 / 0.03 4.24 / 0.04
1/4 94.62 / 0.07 4.25 / 0.07
1/8 94.66 / 0.11 4.20 / 0.09
1/16 94.65 / 0.16 4.22 / 0.13

se sqèsh me tic grammèc ekpomp c pou emfanÐzontai sta PC1 twn upoloÐpwn
fasmatik¸n tÔpwn, epeid  to prìshmo eÐnai aujaÐreto. Antijètwc, oi tèsseric
fasmatikoÐ tÔpoi eÐnai ìmoioi metaxÔ touc se sqèsh me thn Ôparxh gramm¸n
ekpomp c/aporrìfhshc, epeid  parousi�zoun to Ðdio sqetikì prìshmo.

Probol  twn fasm�twn stouc PCs

H probol  twn sunjetik¸n fasm�twn galaxi¸n stic dÔo kuriìterec sunist¸-
sec PC1 kai PC2 faÐnetai sto sq ma 2.15 (Karampelas et al., 2012), kaj¸c
kai sto sq ma 2.16 gia k�je fasmatikì tÔpo xeqwrist�. H trisdi�stath
probol  twn sunjetik¸n fasm�twn galaxi¸n stic sunist¸sec PC1, PC2 kai
PC3, parousi�zetai sto Par�rthma G. H anapar�stash twn fasm�twn stic
sunist¸sec autèc epitrèpei th diereÔnhsh a) thc Ôparxhc allhlepikalÔyewn
metaxÔ twn diaforetik¸n fasmatik¸n tÔpwn, kai b) twn paramètrwn tou ruj-
moÔ astrik c dhmiourgÐac pou prokaloÔn tic allhlepikalÔyeic autèc.

H parap�nw diereÔnhsh eÐnai idiaitèrwc qr simh gia th beltistopoÐhsh
thc biblioj khc twn sunjetik¸n fasm�twn galaxi¸n. H beltistopoÐhsh aut 
ja mporoÔse na pragmatopoihjeÐ diamèsou mÐac kat�llhlhc prosarmog c tou
eÔrouc twn tim¸n twn paramètrwn, h opoÐa ja mporoÔse na sumb�lei sthn
kalÔterh katanìhsh thc montelopoÐhshc tou k¸dika PÉGASE.2 kai sunep¸c
na kajorÐsei to plaÐsio thc mellontik c qr shc tou. Parìla aut�, upen-
jumÐzetai pwc h beltistopoÐhsh thc biblioj khc twn sunjetik¸n fasm�twn
me th bo jeia thc mejìdou PCA ja prèpei na gÐnei me tètoion trìpo ¸ste
ta telik� bèltista f�smata galaxi¸n na eÐnai tautìqrona kai ìso to dunatìn
perissìtero realistik�.

'Opwc faÐnetai stic eikìnec 2.15 kai 2.16, oi galaxÐec progenèsterou fas-
matikoÔ tÔpou brÐskontai sto kat¸tero tm ma tou diagr�mmatoc, ìpou h
sunist¸sa PC2, to qarakthristikì thc opoÐac eÐnai oi èntonec grammèc ekpo-
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Sq ma 2.14: Ta dÔo shmantikìtera idiodianÔsmata, ìtan h mèjodoc PCA e-
farmìzetai sta sunjetik� f�smata k�je fasmatikoÔ tÔpou xeqwrist�.
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Sq ma 2.15: Probol  twn sunjetik¸n fasm�twn galaxi¸n (Tsalmantza et al.,
2009) stic dÔo kuriìterec sunist¸sec PC1 kai PC2 ìlwn twn fasmatik¸n
tÔpwn tautìqrona.
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Sq ma 2.16: Probol  twn sunjetik¸n fasm�twn galaxi¸n (Tsalmantza et al.,
2009) stic dÔo kuriìterec sunist¸sec PC1 kai PC2 gia k�je fasmatikì tÔpo.



88 An�lush kai epexergasÐa dedomènwn

mp c, eÐnai ligìtero isqur . H pleioyhfÐa twn galaxi¸n aut¸n qarakthrÐze-
tai apì arnhtikèc timèc thc sunist¸sac PC2, gegonìc to opoÐo dhl¸nei pwc h
suneisfor� thc sunist¸sac aut c eÐnai kurÐwc na exasjeneÐ th suneisfor� thc
sunist¸sac PC1 se ì,ti afor� thn èntash twn gramm¸n ekpomp c. Antijètwc,
oi an¸maloi galaxÐec kai oi QSFG teÐnoun na katanèmontai sto �nw arister�
tm ma tou diagr�mmatoc, ìpou h sunist¸sa PC2 eÐnai pio shmantik  apì ìti
sthn perÐptwsh twn galaxi¸n progenèsterou fasmatikoÔ tÔpou. Tèloc, oi
speiroeideÐc galaxÐec parousi�zoun mÐa eurÔterh poikilÐa stouc sunduasmoÔc
twn sunistws¸n PC1 kai PC2.

O parap�nw diaqwrismìc twn diafìrwn fasmatik¸n tÔpwn, kaj¸c kai
h Ôparxh allhlepikalÔyewn metaxÔ touc, eÐnai èwc èna bajmì anamenìme-
na. Apì th melèth ìmwc twn eikìnwn 2.15 kai 2.16 gÐnetai fanerì pwc oi
allhlepikalÔyeic autèc arket� ektetamènec. Oi speiroeideÐc galaxÐec allh-
lepikalÔptontai isqur¸c me touc galaxÐec progenèsterou fasmatikoÔ tÔpou
kai touc QSFG , en¸ oi teleutaÐoi allhlepikalÔptontai isqur¸c me touc an¸-
malouc galaxÐec. Ligìtero ekteneÐc allhlepikalÔyeic diapist¸nontai metaxÔ
speiroeid¸n kai an¸malwn galaxi¸n, kaj¸c kai metaxÔ galaxi¸n progenès-
terou fasmatikoÔ tÔpou kai QSFG. Apì thn �llh meri�, den up�rqei allh-
lepik�luyh metaxÔ galaxi¸n progenèsterou fasmatikoÔ tÔpou kai an¸malwn.

2.2.2 Epimèrouc diereÔnhsh twn fasmatik¸n
tÔpwn

Ta parap�nw eur mata ja mporoÔsan pijanìthta na ermhneÔsoun thn apì-
dosh taxinìmhshc tou sust matoc UGC, ìpwc aut  upologÐzetai apì tic doki-
masÐec stic opoÐec upob�lletai o algìrijmoc me th qr sh twn prosomoiwmèn-
wn sunjetik¸n fasm�twn. Gia par�deigma, ta perissìtera apì ta f�smata
galaxi¸n progenèsterou fasmatikoÔ tÔpou gia ta opoÐa h taxinìmhsh eÐnai
lanjasmènh, taxinomoÔntai wc f�smata speiroeid¸n galaxi¸n. EpÐshc, kanè-
nac galaxÐac progenèsterou fasmatikoÔ tÔpou den taxinomeÐtai lanjasmèna
wc an¸maloc galaxÐac. EÐnai loipìn fanerì pwc mÐa beltistopoihmènh ekdo-
q  thc biblioj khc twn sunjetik¸n fasm�twn galaxi¸n, h opoÐa ja qarak-
thrizìtan apì ligìterec allhlepikalÔyeic metaxÔ twn diafìrwn fasmatik¸n
tÔpwn, ja mporoÔse na belti¸sei thn ikanìthta tou UGC na taxinomeÐ kai na
parametropoieÐ f�smata galaxi¸n.

Stic epìmenec paragr�fouc parousi�zontai ta apotelèsmata thc efar-
mog c thc mejìdou PCA sta sunjetik� f�smata k�je fasmatikoÔ tÔpou kai
h sunepakìloujh an�lus  touc.
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GalaxÐec progenèsterou fasmatikoÔ tÔpou

Gia th dhmiourgÐa twn sunjetik¸n fasm�twn twn galaxi¸n progenèsterou
fasmatikoÔ tÔpou èqei gÐnei qr sh enìc {ekjetikoÔ} nìmou astrik c dhmiour-
gÐac (Star Formation Law - SFL) me rujmì astrik c dhmiourgÐac (Star For-
mation Rate - SFR)

SFR(t) =
p2

p1

· e
−

t

p1 (2.2.1)

ìpou p1 kai p2 oi par�metroi tou rujmoÔ astrik c dhmiourgÐac (SFR para-
meters) kai hlikÐa twn sunjetik¸n galaxi¸n Ðsh me 13 Gyr. H kanonikopoih-
mènh diajèsimh m�za gia th dhmiourgÐa astèrwn eÐnai Ðsh me mÐa hliak  m�za
(1 M¯).

O sugkekrimènoc nìmoc thc astrik c dhmiourgÐac qrhsimopoi jhke gia th
dhmiourgÐa sunjetik¸n fasm�twn galaxi¸n oi opoÐoi eÐqan mÐa polÔ èntonh
drasthriìthta astrogènneshc kat� thn pr¸imh exeliktik  touc f�sh, en¸ epÐ
tou parìntoc, sthn hlikÐa twn 13 Gyr, h astrik  dhmiourgÐa ja prèpei praktik�
na èqei stamat sei. Ja  tan loipìn epijumhtì gia thn astrik  dhmiourgÐa
twn sugkekrimènwn galaxi¸n na eÐnai èntonh arqik� kai taqèwc fjÐnousa sth
sunèqeia.

Ja prèpei na epishmanjeÐ ìti o skopìc  tan na dhmiourghjoÔn f�smata
tupik¸n erujr¸n galaxi¸n kai ìqi f�smata elleiptik¸n galaxi¸n oi opoÐoi
suneqÐzoun sto parìn na dhmiourgoÔn nèa �stra me qamhlì rujmì,   ellei-
ptik¸n pou allhlepidroÔn me �llouc galaxÐec kai emploutÐzontai me aèrio,
prokal¸ntac nèec astrogennèseic.

Apì th melèth twn paramètrwn p1 kai p2 twn galaxi¸n progenèsterou
fasmatikoÔ tÔpou prokÔptei pwc k�poioi sunduasmoÐ tim¸n twn paramètrwn
aut¸n antistoiqoÔn se

• astrogènnesh makr�c diarkeÐac (uyhlèc timèc thc paramètrou p1)

• exairetik� asjen  rujmì astrogènneshc apì thn pr¸imh akìma exelik-
tik  f�sh tou galaxÐa (qamhlèc timèc tou lìgou p2/p1).

Sthn pr¸th perÐptwsh, h prìsfath astrogènnesh eÐnai sqetik� uyhl  lìg-
w thc bradeÐac meÐwshc tou ekjetik� fjÐnonta rujmoÔ astrik c dhmiourgÐac.
To gegonìc autì èqei wc apotèlesma thn emf�nish gramm¸n ekpomp c sta
antÐstoiqa f�smata (Karampelas et al., 2010). Sth deÔterh perÐptwsh lam-
b�nei q¸ra èna exairetik� apÐjano sen�rio astrogènneshc, me to rujmì as-
trik c dhmiourgÐac na eÐnai exarq c polÔ qamhlìc kai na mei¸netai taqèwc.
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Sq ma 2.17: H katanom  twn sunduasm¸n twn paramètrwn tou rujmoÔ as-
trik c dhmourgÐac p1 kai p2 twn galaxi¸n progenèsterou fasmatikoÔ tÔpou,
se sqèsh me thn kanonikopoihmènh posìthta aerÐou pou diajètoun. Sta ari-
ster� thc èntonhc maÔrhc gramm c brÐskontai ta f�smata pou den èqoun gram-
mèc ekpomp c.

To gegonìc autì gÐnetai fanerì kai sto sq ma 2.17, ìpou parousi�zetai h
katanom  twn sunduasm¸n twn paramètrwn tou rujmoÔ astrik c dhmourgÐac
p1 kai p2 twn galaxi¸n progenèsterou fasmatikoÔ tÔpou, se sqèsh me thn
kanonikopoihmènh posìthta aerÐou pou diajètoun.

Sto sq ma 2.18 faÐnetai h epÐdrash thc epilog c twn diafìrwn sunduas-
m¸n twn paramètrwn p1 kai p2 sto rujmì astrik c dhmiourgÐac, sth morf 
twn fasm�twn kai sta antÐstoiqa qr¸mat� touc. Oi galaxÐec progenèsterou
fasmatikoÔ tÔpou qwrÐzontai se treic kathgorÐec, sÔmfwna me ta proanafer-
jènta eur mata. Oi kathgorÐec autèc eÐnai oi ex c: 1) f�smata qwrÐc grammèc
ekpomp c, 2) f�smata qwrÐc grammèc ekpomp c me qamhlì rujmì astrik c
dhmiourgÐac, kai 3) f�smata me grammèc ekpomp c.

Ta f�smata thc pr¸thc kathgorÐac orÐzontai apì tic sunj kec
p1 < 2000 Myr kai p2 > 0.5 M¯ kai parousi�zontai sthn pr¸th st lh
tou sq matoc 2.18. Prìkeitai gia ta f�smata progenèsterou fasmatikoÔ
tÔpou me tic epijumhtèc idiìthtec se sqèsh me to rujmì thc astrik c touc
dhmiourgÐac kai th morf  touc. Epiplèon, ta qr¸mat� touc den allhlepikalÔp-
tontai sqedìn kajìlou me ta qr¸mata twn speiroeid¸n sunjetik¸n galaxi¸n.
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Ta f�smata thc deÔterhc kathgorÐac orÐzontai apì tic sunj kec
p1 < 2000 Myr kai p2 < 0.5 M¯ kai parousi�zontai sth deÔterh st lh
tou sq matoc 2.18). Ta f�smata aut� qarakthrÐzontai, ìpwc proanafèrjhke,
apì exairetik� asjen  astrogènnesh, en¸ ta qr¸mat� touc parousi�zoun mÐa
axioshmeÐwth allhlepik�luyh me ta qr¸mata twn speiroeid¸n sunjetik¸n
galaxi¸n.

Ta f�smata thc trÐthc kathgorÐac orÐzontai apì th sunj kh p1 > 2000 Myr
kai parousi�zontai sthn trÐth st lh tou sq matoc 2.18). Ta f�smata aut�
antistoiqoÔn, ìpwc proanafèrjhke, se èntonh kai diark  astrogènnesh kai
qarakthrÐzontai apì thn Ôparxh èntonwn gramm¸n ekpomp c. Ta qr¸mat�
touc m�lista allhlepikalÔptontai isqur� me aut� twn speiroeid¸n sunjetik¸n
galaxi¸n.

Oi parap�nw sunj kec gia tic timèc twn paramètrwn p1 kai p2 pros-
diorÐsthkan tìso apì th diereÔnhsh aut¸n kajeaut¸n twn fasm�twn pro-
genèsterou fasmatikoÔ tÔpou, ìso kai apì thn katanom  twn qrwm�twn touc
sto di�gramma dÔo qrwm�twn.

Ta eur mata apì thn efarmog  thc mejìdou PCA èrqontai se sumfwnÐa
me ta parap�nw, kaj¸c apokalÔptoun mÐa ektetamènh allhlepik�luyh metaxÔ
twn galaxi¸n progenèsterou fasmatikoÔ tÔpou kai twn speiroeid¸n galaxi¸n,
kaj¸c kai mÐa ligìtero ektetamènh allhlepik�luyh metaxÔ twn pr¸twn kai
twn QSFG (eikìnec 2.15 kai 2.16). Sto sq ma 2.19 faÐnetai h katanom  twn
sunjetik¸n galaxi¸n progenèsterou fasmatikoÔ tÔpou stic dÔo kuriìterec
sunist¸sec PC1 kai PC2, sÔmfwna me tic treic upì melèth kathgorÐec fas-
m�twn.

Me b�sh thn anwtèrw an�lush, perikìptontai apì th biblioj kh sun-
jetik¸n fasm�twn galaxi¸n ta f�smata progenèsterou fasmatikoÔ tÔpou
me p1 > 2000 Myr kai p2 < 0.5 M¯. Ta f�smata aut� an koun sth deÔterh
kai sthn trÐth kathgorÐa melèthc, me kÔria qarakthristik� eÐte thn Ôparxh
gramm¸n ekpomp c eÐte th qr sh enìc exairetik� asjenoÔc rujmoÔ astrogèn-
neshc. Ta f�smata pou apomènoun eÐnai ta epijumht� tupik� erujr� f�smata
progenèsterou fasmatikoÔ tÔpou. Tìso ta epilegmèna-bèltista f�smata, ìso
kai ta perikommèna, parousi�zontai epoptik� sto sq ma 2.20.

Kat� th beltistopoÐhsh twn sunjetik¸n fasm�twn galaxi¸n progenès-
terou fasmatikoÔ tÔpou, h mèjodoc PCA qrhsimopoi jhke sumplhrwmatik�
thc diereÔnhshc tou rujmoÔ astrik c dhmiourgÐac. En toÔtoic, h melèth twn
apotelesm�twn thc sugkekrimènhc mejìdou eÐnai idiaÐterhc shmasÐac, kaj¸c
mèsw aut c mporoÔme na katano soume kalÔtera ton trìpo me ton opoÐo oi
timèc twn paramètrwn p1 kai p2 diamorf¸noun to telikì f�sma. H epÐdrash thc
metabol c twn paramètrwn tou rujmoÔ astrik c dhmiourgÐac p1 kai p2 sthn
katanom  twn galaxi¸n progenèsterou fasmatikoÔ tÔpou stouc �xonec PC1
kai PC2 parousi�zetai sto sq ma 2.21. Ta apotelèsmata aut� èrqontai na
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sumplhr¸soun ta eur mata pou od ghsan sth beltistopoÐhsh twn sunjetik¸n
fasm�twn progenèsterou fasmatikoÔ tÔpou. Epiplèon, eÐnai axioshmeÐwtoc o
diakritìc trìpoc me ton opoÐo oi par�metroi tou rujmoÔ astrik c dhmiourgÐac
p1 kai p2 epidroÔn sto telikì f�sma. H diapÐstwsh aut  eÐnai polÔ qr -
simh tìso gia th mellontik  qr sh tou k¸dika PÉGASE, ìpou ja mporoÔn
na dhmiourghjoÔn me megalÔterh eukolÐa epijumht� f�smata, ìso kai gia tic
an�gkec tou sust matoc UGC, o opoÐoc kaleÐtai na ektim sei tic timèc twn
paramètrwn aut¸n.

Tèloc, ta sunjetik� f�smata progenèsterou fasmatikoÔ tÔpou apeikonÐ-
zontai sto sq ma 2.22, ìpou o arqikìc rujmìc astrik c dhmiourgÐac
(SFR(t = 0) = p2/p1) susqetÐzetai me ton qrìno ston opoÐo o rujmìc as-
trik c dhmiourgÐac eÐnai e forèc mikrìteroc tou arqikoÔ
(SFR(t = p1) = SFR(t = 0) · e−1), ìpwc prokÔptei kai apì ton antÐstoiqo
tÔpo. Apì to sq ma autì faÐnetai ìti ta bèltista f�smata antistoiqoÔn pr�g-
mati se èntonh arqik� kai taqèwc fjÐnousa astrik  dhmiourgÐa, h opoÐa èqei
 dh meiwjeÐ kat� e forèc sta pr¸ta dÔo Gyr thc zw c tou sunjetikoÔ galaxÐa,
kat� mègisto.
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Sq ma 2.18: DiereÔnhsh twn idiot twn twn sunjetik¸n fasm�twn progenès-
terou fasmatikoÔ tÔpou, an�loga me thn Ôparxh h mh gramm¸n ekpomp c kai
thn èntash thc astrogènneshc. Pr¸th seir�: To di�gramma p1 − p2 twn an-
tÐstoiqwn paramètrwn tou rujmoÔ astrik c dhmiourgÐac gia k�je epilegmènh
om�da fasm�twn. Sta arister� thc èntonhc maÔrhc gramm c brÐskontai ta
f�smata pou den èqoun grammèc ekpomp c. DeÔterh seir�: Ta antÐstoiqa dia-
gr�mmata dÔo qrwm�twn (g− r)− (r− i) twn fasm�twn aut¸n, twn fasm�twn
tou SDSS kai twn sunjetik¸n speiroeid¸n galaxi¸n (pr�sino). TrÐth seir�:
Ta antÐstoiqa mèsa f�smata. Tètarth seir�: ParadeÐgmata thc qronik c
exèlixhc tou kanonikopoihmènou rujmoÔ astrik c dhmiourgÐac gia èna galaxÐa
apì k�je epilegmènh om�da.



94 An�lush kai epexergasÐa dedomènwn

Sq ma 2.19: Probol  twn sunjetik¸n fasm�twn progenèsterou fasmatikoÔ
tÔpou stic dÔo kuriìterec sunist¸sec PC1 kai PC2 , gia k�je mÐa apì tic treÐc
upì melèth kathgorÐec: F�smata me grammèc ekpomp c (mple), qwrÐc grammèc
ekpomp c (kìkino) kai qwrÐc grammèc ekpomp c me qamhlì rujmì astrik c
dhmiourgÐac (portokalÐ).
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Sq ma 2.20: Epoptik  par�jesh twn bèltistwn (p�nw) kai twn perikommènwn
(k�tw) sunjetik¸n fasm�twn galaxi¸n progenèsterou fasmatikoÔ tÔpou.
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Sq ma 2.21: Probol  twn sunjetik¸n fasm�twn galaxi¸n progenèsterou
fasmatikoÔ tÔpou stic dÔo kuriìterec sunist¸sec PC1 kai PC2 gia di�fora
eÔrh twn paramètrwn p1 (pr¸th seir�) kai p2 (deÔterh seir�).
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Sq ma 2.22: Apeikìnish thc arqikoÔ rujmoÔ astrik c dhmiourgÐac twn gala-
xi¸n progenèsterou fasmatikoÔ tÔpou (p2/p1) sunart sei tou qrìnou ston
opoÐo o rujmìc astrik c dhmiourgÐac eÐnai e forèc mikrìteroc tou arqikoÔ, se
logarijmik  klÐmaka. Ta kìkkina shmeÐa antistoiqoÔn sta bèltista f�smata.
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SpeiroeideÐc galaxÐec

Gia th dhmiourgÐa twn sunjetik¸n fasm�twn twn speiroeid¸n galaxi¸n èqei
gÐnei qr sh enìc nìmou astrik c dhmiourgÐac ston opoÐo o rujmìc astrik c
dhmiourgÐac se k�je qronik  stigm  t eÐnai an�logoc thc m�zac tou aerÐou
Mgas(t) th sugkekrimènh qronik  stigm . H morf  tou rujmoÔ astrogènneshc
eÐnai:

SFR(t) =
1

p2

·Mgas(t)
p1 . (2.2.2)

Th qronik  stigm  t = 0 jewreÐtai ìti o galaxÐac den èqei m�za kai xekin�
na sqhmatÐzetai me suss¸reush aerÐou, tou opoÐou h kanonikopoihmènh m�za
eÐnai Ðsh me mÐa hliak  m�za (1 M¯).

O rujmìc suss¸reushc AR (accretion rate) eÐnai

AR(t) =
e−t/tinfall

tinfall

. (2.2.3)

Ta epimèrouc sunjetik� f�smata tou sugkekrimènou fasmatikoÔ tÔpou
dhmiourg jhkan metab�llontac tic paramètrouc tou rujmoÔ astrogènneshc p1,
p2 kai tinfall kai jewr¸ntac wc hlikÐa tou k�je galaxÐa ta 13 Gyr. H epÐdrash
twn parap�nw metabol¸n sto rujmì astrik c dhmiourgÐac melet jhke gia
di�forec timèc thc k�je mÐac apì tic treic paramètrouc astrik c dhmiourgÐac,
diathr¸ntac tic �llec dÔo stajerèc. Se k�je perÐptwsh ekteloÔntan o k¸dikac
PÈGASE.2 kai katagr�fontan oi timèc tou rujmoÔ astrik c dhmiourgÐac se
sqèsh me to qrìno. H diadikasÐa epanal fjhke ek peritrop c kai gia tic
�llec dÔo paramètrouc, me ta apotelèsmata na parousi�zontai stic eikìnec
2.23, 2.24 kai 2.25. 'Opwc eÐnai fanerì, o rujmìc astrik c dhmiourgÐac twn
sunjetik¸n speiroeid¸n galaxi¸n arqik� aux�netai èwc ìtou ft�sei se mÐa
mègisth tim , kai sth sunèqeia mei¸netai.

Pr�gmati, kat� to sunjetikì sen�rio astrik c dhmiourgÐac twn galaxi¸n
aut¸n, to diajèsimo aèrio gia th dhmiourgÐa �strwn eÐnai arqik� ligostì.
Kat� sunèpeia, o rujmìc astrik c dhmiourgÐac, ìntac an�logoc me th m�za
tou aerÐou, eÐnai epÐshc arqik� qamhlìc. Sth sunèqeia ìmwc aux�netai, kaj¸c
sth diajèsimh gia astrogènnesh m�za tou aerÐou sumperilamb�nontai, pèran
ekeÐnhc pou susswreÔetai suneq¸c sto galaxÐa, kai h mh qrhsimopoihmènh kai
ekeÐnh pou prokÔptei apì to j�nato twn taqèwc exelissìmenwn astèrwn uyh-
l c m�zac. Tèloc, kai kaj¸c to aèrio pou susswreÔetai sto galaxÐa mei¸ne-
tai ekjetik�, h diajèsimh gia astrogènnesh m�za tou aerÐou epÐshc mei¸netai,
prokal¸ntac to antÐstoiqo apotèlesma kai sto rujmì astrik c dhmiourgÐac.
Oi timèc twn paramètrwn p1, p2 kai tinfall rujmÐzoun loipìn ta ex c:
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• Th mègisth tim  tou rujmoÔ astrik c dhmiourgÐac (apìdosh thc astrik c
dhmiourgÐac - efficiency of star formation)

• Th qronik  stigm  kat� thn opoÐa megistopoieÐtai o rujmìc astrik c
dhmiourgÐac (qronik  klÐmaka thc astrik c dhmiourgÐac - timescale of
star formation)

Ta parap�nw, se sunduasmì me thn epilegmènh hlikÐa twn 13 Gyr gia touc
speiroeideÐc sunjetikoÔc galaxÐec, diamorf¸noun to telikì f�sma.

Sto sq ma 2.26 parousi�zetai h epÐdrash thc metabol c twn paramètrwn
tou rujmoÔ astrik c dhmiourgÐac p1, p2 kai tinfall sthn katanom  twn speiroei-
d¸n galaxi¸n stouc �xonec PC1 kai PC2. 'Opwc eÐnai fanerì, h epilog 
uyhl¸n tim¸n twn paramètrwn aut¸n, oi opoÐec orÐzoun asjeneÐc kai makr�c
di�rkeiac astrogennèseic, odhgoÔn sth dhmiourgÐa fasm�twn pou moi�zoun
me aut� twn QSFG kai twn an¸malwn sunjetik¸n galaxi¸n. H diapÐstwsh
aut  eÐnai perissìtero profan c sthn perÐptwsh epilog c uyhl¸n tim¸n thc
paramètrou p2.

Me b�sh thn anwtèrw an�lush, perikìptontai apì th biblioj kh sun-
jetik¸n fasm�twn galaxi¸n ta f�smata speiroeid¸n galaxi¸n gia ta opoÐ-
a p2 > 5000 Myr/M¯. Tìso ta epilegmèna-bèltista f�smata, ìso kai ta
perikommèna, parousi�zontai epoptik� sto sq ma 2.27.



100 An�lush kai epexergasÐa dedomènwn

Sq ma 2.23: EpÐdrash thc paramètrou tou rujmoÔ astrik c dhmiourgÐac
p1 ston kanonikopoihmèno rujmì astrik c dhmiourgÐac sthn perÐptwsh twn
speiroeid¸n galaxi¸n.
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Sq ma 2.24: EpÐdrash thc paramètrou tou rujmoÔ astrik c dhmiourgÐac
p2 ston kanonikopoihmèno rujmì astrik c dhmiourgÐac sthn perÐptwsh twn
speiroeid¸n galaxi¸n.
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Sq ma 2.25: EpÐdrash thc paramètrou tou rujmoÔ astrik c dhmiourgÐac
tinfall ston kanonikopoihmèno rujmì astrik c dhmiourgÐac sthn perÐptwsh twn
speiroeid¸n galaxi¸n.
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Sq ma 2.26: Probol  twn sunjetik¸n fasm�twn speiroeid¸n galaxi¸n stic
dÔo kuriìterec sunist¸sec PC1 kai PC2 gia di�fora eÔrh twn paramètrwn p1

(pr¸th seir�), p2 (deÔterh seir�) kai tinfall (trÐth seir�).
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Sq ma 2.27: Epoptik  par�jesh twn bèltistwn (p�nw) kai twn perikommènwn
(k�tw) sunjetik¸n fasm�twn speiroeid¸n galaxi¸n.
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An¸maloi galaxÐec

Gia th dhmiourgÐa twn sunjetik¸n fasm�twn twn an¸malwn galaxi¸n èqei gÐnei
qr sh twn rujm¸n astrik c dhmiourgÐac kai suss¸reushc thc perÐptwshc twn
speiroeid¸n galaxi¸n, me thn telik  hlikÐa ìmwc na eÐnai Ðsh me 9 Gyr. 'Etsi,
o rujmìc astrik c dhmiourgÐac twn an¸malwn galaxi¸n akoloujeÐ to Ðdio prì-
tupo me autì twn speiroeid¸n galaxi¸n, to opoÐo ìmwc oloklhr¸netai peris-
sìtero prìwra se sqèsh me autoÔc. Epiprosjètwc, oi timèc twn paramètrwn
p1, p2 kai tinfall mporeÐ na eÐnai polÔ megalÔterec apì tic antÐstoiqec timèc twn
speiroeid¸n galaxi¸n, orÐzontac se orismènec peript¸seic exairetik� asjeneÐc
rujmoÔc astrik c dhmiourgÐac.

H epÐdrash thc metabol c twn tim¸n twn paramètrwn p1, p2 kai tinfall

sto rujmì astrik c dhmiourgÐac, parousi�zontai stic eikìnec 2.28, 2.29 kai
2.30, antÐstoiqa. H epÐdrash twn paramètrwn aut¸n sthn katanom  twn
an¸malwn galaxi¸n stouc �xonec PC1 kai PC2, parousi�zontai sto sq -
ma 2.31, antÐstoiqa. H epilog  polÔ uyhl¸n tim¸n twn paramètrwn p2 kai
tinfall (p2 > 40000 Myr/M¯, tinfall > 20000 Myr) prokaleÐ kat� kanìna th
dhmiourgÐa fasm�twn me qamhlèc timèc ro c pou allhlepikalÔptontai isqur¸c
me touc QSFG. EpÐshc, kai par� to ektenèc eÔroc twn tim¸n twn paramètrwn
tou rujmoÔ astrik c dhmiourgÐac, oi galaxÐec autoÐ sunajroÐzontai proc thn
arq  twn axìnwn tou diagr�mmatoc PC1-PC2. Sto sq ma 2.32 parousi�ze-
tai to di�gramma dÔo qrwm�twn (g − r) − (r − i) twn sunjetik¸n an¸malwn
galaxi¸n gia ta di�fora eÔrh thc paramètrou tinfall. Gia meg�lec timèc thc
paramètrou tinfall, ta antÐstoiqa qr¸mata twn sunjetik¸n galaxi¸n gÐnontai
perissìtero mple kai mei¸netai to eÔroc touc.

Sunep¸c, h telik  morf  twn fasm�twn twn an¸malwn sunjetik¸n gala-
xi¸n parousi�zei polÔ qamhl  euaisjhsÐa sth metabol  twn uyhl¸n tim¸n
twn paramètrwn p2 kai tinfall. H kat�stash aut  eÐnai anepijÔmhth kat� th
dhmiourgÐa mÐac biblioj khc fasm�twn, epeid  dhmiourgoÔntai f�smata me polÔ
mikrèc diaforèc metaxÔ touc.

Me b�sh thn anwtèrw an�lush, perikìptontai apì th biblioj kh sun-
jetik¸n fasm�twn galaxi¸n ta f�smata an¸malwn galaxi¸n gia ta opoÐa
p2 > 40000 Myr/M¯ kai tinfall > 20000 Myr. Tìso ta epilegmèna-bèltista
f�smata, ìso kai ta perikommèna, parousi�zontai epoptik� sto sq ma 2.33.
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Sq ma 2.28: EpÐdrash thc paramètrou tou rujmoÔ astrik c dhmiourgÐac p1

ston kanonikopoihmèno rujmì astrik c dhmiourgÐac sthn perÐptwsh twn an¸-
malwn galaxi¸n.
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Sq ma 2.29: EpÐdrash thc paramètrou tou rujmoÔ astrik c dhmiourgÐac p2

ston kanonikopoihmèno rujmì astrik c dhmiourgÐac sthn perÐptwsh twn an¸-
malwn galaxi¸n.
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Sq ma 2.30: EpÐdrash thc paramètrou tou rujmoÔ astrik c dhmiourgÐac tinfall

ston kanonikopoihmèno rujmì astrik c dhmiourgÐac sthn perÐptwsh twn an¸-
malwn galaxi¸n.
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Sq ma 2.31: Probol  twn sunjetik¸n fasm�twn an¸malwn galaxi¸n stic
dÔo kuriìterec sunist¸sec PC1 kai PC2 gia di�fora eÔrh twn paramètrwn p1

(pr¸th seir�), p2 (deÔterh seir�) kai tinfall (trÐth seir�).
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Sq ma 2.32: To di�gramma dÔo qrwm�twn (g−r)−(r−i) twn sunjetik¸n an¸-
malwn galaxi¸n gia k�je anagrafìmeno eÔroc thc paramètrou tinfall (kìkkina
shmeÐa), se sqèsh me to sÔnolo twn sunjetik¸n an¸malwn galaxi¸n (maÔra
shmeÐa).
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Sq ma 2.33: Epoptik  par�jesh twn bèltistwn (p�nw) kai twn perikommènwn
(k�tw) sunjetik¸n fasm�twn an¸malwn galaxi¸n.
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QSFG

Oi sunjetikoÐ galaxÐec tou sugkekrimènou fasmatikoÔ tÔpou antimetwpÐzontai
wc an¸maloi galaxÐec, stouc opoÐouc h astrogènnesh èqei diakopeÐ apì èna
èwc 250 Myr prÐn apì thn telik  hlikÐa twn 9 Gyr. H sugkekrimènh qronik 
di�rkeia orÐzetai apì thn tim  thc paramètrou p3. 'Etsi, o rujmìc astrik c
dhmiourgÐac twn QSFG eÐnai mhdenikìc gia (9000−p3) Myr ≤ t ≤ 9000 Myr.
H epilog  p3 = 0 ja dhmiourgoÔse ènan an¸malo galaxÐa. O rujmìc astrik c
dhmiourgÐac, kaj¸c kai to akribèc eÔroc twn tim¸n twn upoloÐpwn paramètrwn
p1, p2 kai tinfall twn QSFG, eÐnai Ðdia me aut� twn an¸malwn galaxi¸n.

H epÐdrash thc metabol c twn tim¸n twn paramètrwn p1, p2 kai tinfall stouc
�xonec PC1 kai PC2 parousi�zontai sto sq ma 2.34. H antÐstoiqh epÐdrash
twn tim¸n aut¸n sto rujmì astrik c dhmiourgÐac den parousi�zetai, lìgw thc
omoiìtht�c touc me ta antÐstoiqa diagr�mmata twn an¸malwn galaxi¸n. Apì
th melèth tou sq matoc 2.34 faÐnetai ìti h epilog  polÔ uyhl¸n tim¸n twn
paramètrwn p2 kai tinfall prokaleÐ kat� kanìna th dhmiourgÐa fasm�twn QSFG
me qamhlèc timèc ro c pou allhlepikalÔptontai isqur¸c me touc an¸malouc
galaxÐec. EpÐshc, kai par� to ektenèc eÔroc twn tim¸n twn paramètrwn tou
rujmoÔ astrik c dhmiourgÐac, oi galaxÐec autoÐ sunajroÐzontai proc thn arq 
twn axìnwn tou diagr�mmatoc PC1-PC2. Epiplèon, h epilog  p3 > 10 Myr
dhmiourgeÐ f�smata pou allhlepikalÔptontai isqur¸c me speiroeideÐc galaxÐec
kai galaxÐec progenèsterou fasmatikoÔ tÔpou.

Sto sq ma 2.35 parousi�zetai h katanom  twn sunjetik¸n galaxi¸n QSFG
sto di�gramma dÔo qrwm�twn (g−r)− (r− i) gia tic di�forec peript¸seic thc
paramètrou p3. Sto Ðdio di�gramma èqei sqediasteÐ kai h antÐstoiqh katanom 
twn an¸malwn sunjetik¸n galaxi¸n gia lìgouc sÔgkrishc. UpenjumÐzetai
ìti oi an¸maloi galaxÐec antistoiqoÔn se galaxÐec QSFG me p3 = 0 Myr.
EÐnai fanerì ìti h poikilÐa twn galaxi¸n QSFG me p3 > 10 Myr eÐnai saf¸c
mikrìterh twn upoloÐpwn. Sto sq ma 2.36 parousi�zontai ta mèsa f�smata
twn galaxi¸n QSFG gia di�fora eÔrh tim¸n thc paramètrou p3. Ta f�smata
me p3 > 10 Myr den èqoun grammèc ekpomp c, epeid  o j�natoc twn astèrwn
meg�lhc m�zac èqei  dh epèljei.

Me b�sh thn anwtèrw an�lush kai se sumfwnÐa me ta antÐstoiqa sumper�s-
mata sthn perÐptwsh tw an¸malwn galaxi¸n, perikìptontai apì th biblioj kh
sunjetik¸n fasm�twn galaxi¸n ta f�smata twn QSFG me p2 > 40000 Myr/M¯,
p3 > 10 Myr kai tinfall > 20000 Myr. Tìso ta epilegmèna-bèltista f�smata,
ìso kai ta perikommèna, parousi�zontai epoptik� sto sq ma 2.37.
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Sq ma 2.34: Probol  twn sunjetik¸n fasm�twn twn QSFG stic dÔo
kuriìterec sunist¸sec PC1 kai PC2 gia di�fora eÔrh twn paramètrwn p1

(pr¸th seir�), p2 (deÔterh seir�), p3 (trÐth seir�) kai tinfall (tètarth seir�).
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Sq ma 2.35: H katanom  twn sunjetik¸n galaxi¸n QSFG sto di�gramma dÔo
qrwm�twn (g − r) − (r − i) gia tic di�forec peript¸seic thc paramètrou p3.
Gia lìgouc sÔgkrishc parousi�zetai kai h antÐstoiqh katanom  twn an¸malwn
sunjetik¸n galaxi¸n (maÔra shmeÐa).
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Sq ma 2.36: Ta mèsa f�smata twn QSFG gia di�fora eÔrh tim¸n thc
paramètrou p3 tou rujmoÔ astrik c dhmiourgÐac.
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Sq ma 2.37: Epoptik  par�jesh twn bèltistwn (p�nw) kai twn perikommènwn
(k�tw) sunjetik¸n fasm�twn twn galaxi¸n QSFG.
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2.2.3 Epilog  twn bèltistwn fasm�twn
H prohgoÔmenh an�lush upodeiknÔei ta genik� krit ria b�sei twn opoÐwn dÔ-
nantai na perikopoÔn apì th sunjetik  biblioj kh galaxiak¸n fasm�twn ta
mh epijumht� f�smata. Ta krit ria perikop c eÐnai ta ex c:

1. GalaxÐec progenèsterou fasmatikoÔ tÔpou me grammèc ekpomp c (o-
moiìthta me speiroeideÐc)

2. GalaxÐec progenèsterou fasmatikoÔ tÔpou me exairetik� asjen  arqikì
rujmì astrik c dhmiourgÐac

3. SpeiroeideÐc galaxÐec me polÔ uyhlèc timèc thc paramètrou p2 (omoiìthta
me an¸malouc galaxÐec kai QSFG)

4. An¸maloi galaxÐec kai QSFG me exairetik� uyhlèc timèc twn paramè-
trwn p2 kai tinfall (ìmoioi metaxÔ touc)

5. QSFG qwrÐc grammèc ekpomp c (omoiìthta me speiroeideÐc)

Ston PÐnaka 2.8 katagr�fontai ta ìria twn paramètrwn thc astrik c
dhmiourgÐac pou antistoiqoÔn sta bèltista sunjetik� f�smata galaxi¸n
(Karampelas et al., 2012). O PÐnakac 2.9 perilamb�nei ton sunolikì ari-
jmì twn bèltistwn sunjetik¸n fasm�twn kai ta antÐstoiqa pos� gia k�je
fasmatikì tÔpo, se sÔgkrish me thn arqik  sunjetik  biblioj kh.

'Ena deÐgma bèltistwn sunjetik¸n fasm�twn galaxi¸n ìlwn twn fas-
matik¸n tÔpwn, epilegmènwn me tuqaÐo trìpo, parousi�zetai sto Par�rthma
A.

H mèjodoc PCA efarmìsthke sth biblioj kh twn bèltistwn fasm�twn,
ìpwc aut� epilèqjhkan exair¸ntac apì thn arqik  biblioj kh ekeÐna ta f�s-
mata pou ikanopoioÔsan ta parap�nw krit ria perikop c. Oi pio shmantikèc
kÔriec sunist¸sec twn bèltistwn fasm�twn eÐnai sqedìn Ðdiec me tic antÐs-
toiqec thc arqik c biblioj khc. Oi 48 kuriìterec sunist¸sec (PC1 - PC48)
twn bèltistwn sunjetik¸n fasm�twn galaxi¸n parousi�zontai sto Par�rthma
B.

H probol  twn bèltistwn sunjetik¸n fasm�twn galaxi¸n stic dÔo kuriì-
terec sunist¸sec PC1 kai PC2 faÐnetai sto sq ma 2.38, kaj¸c kai sto sq ma
2.39 gia k�je fasmatikì tÔpo xeqwrist�. Oi sunist¸sec autèc fèroun sf�lma
1% sth fasmatik  anakataskeu  kai perièqoun to 99 % thc olik c diakÔman-
shc. H probol  twn bèltistwn sunjetik¸n fasm�twn galaxi¸n gia ìlouc
touc an� dÔo dunatoÔc sunduasmoÔc metaxÔ twn sunistws¸n PC1 - PC4 kai
gia ìlouc touc fasmatikoÔc tÔpouc tautìqrona, kaj¸c kai h trisdi�stath
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PÐnakac 2.8: To bèltisto eÔroc twn paramètrwn tou rujmoÔ astrik c
dhmiourgÐac gia k�je fasmatikì tÔpo galaxi¸n thc sunjetik c biblioj khc.
Oi par�metroi p1 kai p2 antistoiqoÔn stouc ek�stote nìmouc astrik c
dhmiourgÐac.
GalaxÐec Progenèsterou fasmatikoÔ tÔpou
p1 10 - 2 000 (Myr)
p2 0.5 - 1.5 (M¯)
SpeiroeideÐc galaxÐec
p1 0.3 - 2.4
p2 5 - 5 000 (Myr/M¯)
tinfall 5 - 16 000 (Myr)
An¸maloi galaxÐec
p1 0.6 - 3.9
p2 4 000 - 40 000 (Myr/M¯)
tinfall 5 000 - 20 000 (Myr)
QSFG
p1 0.6 - 3.9
p2 4 000 - 40 000 (Myr/M¯)
p3 1 - 10 (Myr)
tinfall 5 000 - 20 000 (Myr)

PÐnakac 2.9: O arijmìc twn fasm�twn galaxi¸n pou perièqontai sthn ar-
qik  sunjetik  biblioj kh kai sth bèltisth sunjetik  biblioj kh, gia k�je
fasmatikì tÔpo.

sunjetik  biblioj kh bèltisth
sunjetik  biblioj kh

GalaxÐec Progenèsterou
fasmatikoÔ tÔpou 2 816 554
SpeiroeideÐc galaxÐec 10 569 5 711
An¸maloi galaxÐec 1 500 948
QSFG 14 000 5 171

28 885 12 384
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Sq ma 2.38: Probol  twn bèltistwn sunjetik¸n fasm�twn galaxi¸n stic dÔo
kuriìterec sunist¸sec PC1 kai PC2 ìlwn twn fasmatik¸n tÔpwn tautìqrona.
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Sq ma 2.39: Probol  twn bèltistwn sunjetik¸n fasm�twn galaxi¸n stic dÔo
kuriìterec sunist¸sec PC1 kai PC2 gia k�je fasmatikì tÔpo.
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antÐstoiqh probol  stic sunist¸sec PC1, PC2 kai PC3, parousi�zontai sto
Par�rthma G.

Apì th stigm  pou oi sunist¸sec de metabl jhkan shmantik�, h katanom 
twn bèltistwn fasm�twn se autèc akoloujeÐ tic genikèc t�seic pou apeiko-
nÐzontai stic eikìnec 2.38 kai 2.39. Ta apotelèsmata thc beltistopoÐhshc
ìmwc eÐnai emfan : Oi galaxÐec progenèsterou fasmatikoÔ tÔpou sqhmatÐzoun
mÐa pl rwc xeqwrist  om�da, h opoÐa plèon den allhlepikalÔptetai me aut 
twn speiroeid¸n galaxi¸n kai den perièqei galaxÐec me mh epijumhtì rujmì
astrik c dhmiourgÐac. Tautìqrona, oi allhlepikalÔyeic metaxÔ speiroeid¸n
kai anwm�lwn galaxi¸n kai metaxÔ speiroeid¸n kai QSFG èqoun perioristeÐ
se mÐa sqetik� mikr  perioq  tou q¸rou twn dÔo kuriìterwn sunistws¸n.
Epiprosjètwc, h uyhl  sugkèntrwsh ìmoiwn metaxÔ touc fasm�twn meta-
genèsterou fasmatikoÔ tÔpou sthn k�tw arister� perioq  tou diagr�mmatoc
èqei perioristeÐ aisjht� (Karampelas et al., 2012).

To sq ma 2.40 parousi�zei thn katanom  twn sunjetik¸n fasm�twn gala-
xi¸n sto di�gramma twn dÔo qrwm�twn (g − r) − (r − i), prÐn kai met� thn
pragmatopoihjeÐsa beltistopoÐhsh, se sqèsh me thn antÐstoiqh katanom  twn
parathroÔmenwn fasm�twn galaxi¸n apì to SDSS (Karampelas et al., 2012).
Oi eikìnec 2.41 kai 2.42 parajètoun ta Ðdia diagr�mmata gia k�je fasmatikì
tÔpo xeqwrist�. O periorismìc twn allhlepikalÔyewn sto q¸ro twn
qrwm�twn aut¸n eÐnai apìrroia tou periorismoÔ twn allhloepikalÔyewn sto
q¸ro twn dÔo Kuriìterwn Sunistws¸n. IdiaÐterh mneÐa ja mporoÔse na gÐnei
sth diakrit  omadopoÐhsh twn galaxi¸n progenèsterou fasmatikoÔ tÔpou sth-
n perioq  (g − r) > 0.8, kaj¸c kai sthn ex�leiyh thc ektetamènhc allh-
lepik�luyhc metaxÔ speiroeid¸n kai QSFG sthn perioq  0.5 < (g − r) < 0.6.
H ikanopoihtik  k�luyh twn parathr sewn apì to SDSS èqei diathrhjeÐ.

2.2.4 Kat�logoc bèltistwn fasm�twn
Ta bèltista sunjetik� f�smata galaxi¸n katalogopoi jhkan kai anart jhkan
sto Kèntro Astronomik¸n Dedomènwn CDS tou StrasboÔrgou (Centre de
Données astronomiques de Strasbourg). O kat�logoc (Karampelas et al.,
2011) eÐnai diajèsimoc eÐte mèsw thc uphresÐac astronomik¸n katalìgwn Vizi-
eR (http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/538/A38), eÐte
mèsw an¸numou ftp (cdsarc.u-strasbg.fr - 130.79.128.5). Perièqei èna ar-
qeÐo tÔpou fit (spectra.fit) me ta 12 384 bèltista f�smata, èna arqeÐo me
tic timèc twn mhk¸n kÔmatoc pou antistoiqoÔn sta pixels ro c tou pr¸tou
arqeÐou (wavelen.dat), kai èna arqeÐo ReadMe me tic kat�llhlec perigrafèc
kai parathr seic pou sqetÐzontai me ton kat�logo.

Sto sq ma 2.43 parousi�zontai pènte apì ta bèltista sunjetik� f�smata
galaxi¸n. To sugkekrimèno di�gramma dhmiourg jhke me to ergaleÐo apeikì-
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Sq ma 2.40: H katanom  twn sunjetik¸n fasm�twn galaxi¸n sto di�gramma
twn dÔo qrwm�twn (g − r) − (r − i) prÐn (arister�) kai met� (dexi�) thn
pragmatopoihj sa beltistopoÐhsh, se sqèsh me thn antÐstoiqh katanom  twn
parathroÔmenwn fasm�twn galaxi¸n apì to SDSS (maÔra shmeÐa).

nishc thc uphresÐac VizieR kai anakt jhke wc memonwmèno arqeÐo. O qr sthc
mporeÐ na l�bei to di�gramma opoioud pote apì ta f�smata tou katalìgou kai
se opoiod pote tm ma tou eÔrouc twn mhk¸n kÔmatoc.

Sto sq ma 2.44 parousi�zetai èna tm ma tou arqeÐou spectra.fit me ta
sunjetik� f�smata tou katalìgou, me th bo jeia thc efarmog c apeikìnishc
astronomik¸n dedomènwn SAOImage DS9 (http://hea-www.harvard.edu/
RD/ds9/).

2.2.5 Prosomoiwmènh biblioj kh

H diereÔnhsh thc epÐdrashc thc beltistopoÐhshc thc sunjetik c biblioj khc
sunjetik¸n fasm�twn galaxi¸n stic epidìseic tou sust matoc UGC eÐnai
shmantik  gia thn peraitèrw an�ptux  tou. H mèjodoc SVM efarmìsthke
apì to sÔsthma UGC xeqwrist� gia ta arqik� kai ta bèltista f�smata, ìpou
se k�je perÐptwsh qrhsimopoi jhkan dÔo set prosomoiwmènwn fasm�twn:
To pr¸to perieÐqe f�smata ta opoÐa den eÐqan jìrubo, aporrìfhsh   eru-
jrometatìpish {(kajar�} prosomoiwmèna f�smata), en¸ to deÔtero perieÐqe
kai touc treic par�gontec alloÐwshc {(realistik�} prosomoiwmèna f�smata).
Ta sunjetik� f�smata galaxi¸n eÐqan prosomoiwjeÐ sto mègejoc G = 15.

H apìdosh tou UGC sthn taxinìmhsh twn kajar¸n prosomoiwmènwn fas-
m�twn, orismènh wc to posostì twn epituq¸n problèyewn tou fasmatikoÔ
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Sq ma 2.41: 'Omoia me to sq ma 2.40, gia touc galaxÐec progenèsterou fas-
matikoÔ tÔpou kai touc speiroeideÐc.
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Sq ma 2.42: 'Omoia me to sq ma 2.40, gia touc an¸malouc galaxÐec kai touc
QSFG.
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Sq ma 2.43: 'Ena deÐgma pènte bèltistwn sunjetik¸n fasm�twn galaxi¸n, ìp-
wc aut� apotup¸nontai me th bo jeia tou ergaleÐou apeikìnishc thc uphresÐac
VizieR.
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Sq ma 2.44: 'Ena tm ma tou katalìgou twn bèltistwn sujetik¸n fasm�twn
galaxi¸n apì to antÐstoiqo arqeÐo spectra.fit.
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tÔpou, anèrqetai sqedìn sto∼ 100 % tìso prin ìso kai met� th beltistopoÐhsh.
Ta antÐstoiqa apotelèsmata gia ta realistik� prosomoiwmèna f�smata parou-
si�zontai sto sq ma 2.45. 'Opwc faÐnetai sto sq ma autì, oi problèyeic twn
fasmatik¸n tÔpwn up rxan arket� epituqeÐc. En gènei, h beltistopoÐhsh thc
biblioj khc twn sunjetik¸n fasm�twn galaxi¸n beltÐwse kai thn apìdosh
tou UGC. Eidik� sthn perÐptwsh twn prosomoiwmènwn sunjetik¸n fasm�twn
progenèsterou fasmatikoÔ tÔpou, h aÔxhsh thc apìdoshc an lje perÐpou sto
25 %. H taxinìmhsh twn speiroeid¸n prosomoiwmènwn fasm�twn galaxi¸n,
kaj¸c kai twn anwm�lwn galaxi¸n, belti¸jhke elafr¸c (∼ 3 %). Tèloc, h
apìdosh tou UGC sthn taxinìmhsh twn galaxi¸n QSFG, h opoÐa  tan  dh
uyhl , èmeine praktik� amet�blhth. Ta apotelèsmata aut� antanakloÔn thn
ex�leiyh meg�lou mèrouc twn allhlepikalÔyewn metaxÔ twn diafìrwn fas-
matik¸n tÔpwn twn sunjetik¸n fasm�twn galaxi¸n, h opoÐa epiteÔqjhke me
th beltistopoÐhsh thc biblioj khc twn sunjetik¸n fasm�twn.

Ta antÐstoiqa apotelèsmata se sqèsh me thn apìdosh tou UGC
sthn parametropoÐhsh twn kajar¸n prosomoiwmènwn fasm�twn, orismènh wc
h di�mesoc tim  twn apìlutwn ekatostiaÐwn sfalm�twn pou upologÐsthkan
apì th sÔgkrish metaxÔ twn pragmatik¸n kai twn problefjeis¸n tim¸n twn
paramètrwn, parousi�zontai sto sq ma 2.46. 'Opwc faÐnetai sto sq ma autì,
oi perissìterec par�metroi upologÐsthkan me megalÔterh akrÐbeia sta bèltista
prosomoiwmèna f�smata se sqèsh me ta arqik� f�smata, an kai gia k�poiec
apì autèc h prìbleyh  tan perissìtero epituq c sta arqik� prosomoiwmèna
f�smata.

Ja prèpei na shmeiwjeÐ ìti se k�poiec peript¸seic prìbleyhc twn tim¸n
paramètrwn oi opoÐec brÐskontai kont� sto mhdèn, h problefjeÐsa tim 
mporeÐ na eÐnai arnhtik , parìlo pou tìso oi par�metroi tou rujmoÔ astri-
k c dhmiourgÐac, ìso kai h aporrìfhsh kai h erujrometatìpish, eÐnai p�nta
jetikèc. Stic peript¸seic autèc gia thn problefjeÐsa par�metro orÐsthke
h tim  mhdèn. H enswm�twsh sto UGC thc antimet¸pishc twn mh realis-
tik¸n problefjeis¸n tim¸n twn diafìrwn paramètrwn eÐnai se exèlixh (Bellas-
Velidis et al., 2010, 2012).

'Opwc prokÔptei apì thn parap�nw an�lush, h beltistopoÐhsh thc biblio-
j khc twn sunjetik¸n fasm�twn galaxi¸n beltÐwse en gènei kai thn ikanìth-
ta tou UGC na problèpei tic timèc twn diafìrwn paramètrwn (sq ma 2.46).
Parìla aut�, den eÐnai profan c h axiolìghsh twn tim¸n twn sfalm�twn, ei-
dikìtera ìtan epiqeireÐtai sÔgkrish metaxÔ diaforetik¸n paramètrwn. Apì th
stigm  pou h metabol  twn paramètrwn tou rujmoÔ astrik c dhmiourgÐac ¸ste
na kataskeuastoÔn ta sunjetik� f�smata den epidr� grammik� sth morf  twn
fasm�twn aut¸n, oi sugkrÐseic ja prèpei na gÐnontai me idiaÐterh prosoq .

'Etsi, an gia par�deigma h telik  morf  enìc f�smatoc den eÐnai euaÐsjhth
sth metabol  thc tim c mÐac sugkekrimènhc paramètrou tou rujmoÔ astrik c
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dhmiourgÐac gia k�poio eÔroc tim¸n thc, akìma kai èna uyhlì sf�lma sthn
prìbleyh thc tim c thc ja mporoÔse na eÐnai apodektì. Epiprosjètwc, k�poia
apì ta f�smata pou afairèjhkan apì thn arqik  sunjetik  biblioj kh sta
plaÐsia thc beltistopoÐhs c thc, endèqetai na suneisèferan shmantik� sth
fasmatik  poikilÐa thc biblioj khc. 'Etsi, h afaÐres  touc ja mporoÔse na
èqei arnhtik� apotelèsmata sthn ikanìthta parametropoÐhshc tou UGC.

Autì eÐnai fanerì sthn perÐptwsh thc paramètrou p1 twn fasm�twn pro-
genèsterou fasmatikoÔ tÔpou: Ta f�smata tou sugkekrimènou fasmatikoÔ
tÔpou pou perikìphkan apì th sunjetik  biblioj kh eÐqan dhmiourghjeÐ me thn
epilog  uyhl c tim c thc paramètrou p1, gegonìc pou prokaloÔse thn emf�n-
ish gramm¸n ekpomp c se aut�. An kai h afaÐres  touc  tan epijumht , h poik-
ilÐa twn sunjetik¸n fasm�twn progenèsterou fasmatikoÔ tÔpou mei¸jhke.
'Etsi, parìlo pou gia thn ekpaÐdeush thc mejìdou SVM ja mporoÔsan plèon
na qrhsimopoihjoÔn perissìtero realistik� f�smata,  tan duskolìtero na di-
asundejoÔn ta prosomoiwmèna f�smata me tic antÐstoiqec timèc thc paramètrou
p1, dusqeraÐnontac kat' autìn ton trìpo thn parametropoÐhsh.

H poiìthta thc ekpaÐdeushc tou sust matoc UGC sto na parametropoieÐ
f�smata kai oi sunepakìloujec epidìseic tou ja mporoÔsan epÐshc na mei-
wjoÔn lìgw tou mikrìterou arijmoÔ twn bèltistwn fasm�twn se sqèsh me ta
arqik�. Thn Ðdia stigm  ìmwc, h prìodoc sto sqediasmì kai th leitourgÐa tou
UGC, ìpwc gia par�deigma h ekpaÐdeush twn prosomoiwmènwn fasm�twn se di-
aforetik� eÔrh erujrometatìpishc kai aporrìfhshc pou èqei  dh enswmatwjeÐ
sth leitourgÐa tou sust matoc UGC, mei¸noun ta sf�lmata kai kajistoÔn ton
k¸dika perissìtero apodotikì (Bellas-Velidis et al., 2012).
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Sq ma 2.45: Apìdosh tou UGC sthn taxinìmhsh twn realistik¸n prosomoi-
wmènwn fasm�twn, orismènh wc to posostì twn epituq¸n problèyewn tou
fasmatikoÔ tÔpou. K�je zeÔgoc r�bdwn apodÐdei tic epituqeÐc problèyeic
tou sugkekrimènou fasmatikoÔ tÔpou, prÐn (arister  r�bdoc) kai met� (dexi�
r�bdoc) th beltistopoÐhsh.



130 An�lush kai epexergasÐa dedomènwn

Sq ma 2.46: Apìdosh tou UGC sthn parametropoÐhsh twn kajar¸n proso-
moiwmènwn fasm�twn, orismènh wc h di�mesoc tim  twn apìlutwn ekatostiaÐ-
wn sfalm�twn parametropoÐhshc. K�je zeug�ri r�bdwn apodÐdei ta sf�lmata
aut� prÐn (arister  r�bdoc) kai met� (dexi� r�bdoc) th beltistopoÐhsh, twn
ex c paramètrwn: p1 kai p2 twn galaxi¸n progenèsterou fasmatikoÔ tÔpou,
p1, p2 kai tinfall twn speiroeid¸n galaxi¸n, p1, p2 kai tinfall twn an¸malwn
galaxi¸n, p1, p2, p3 kai tinfall twn QSFG, erujrometatìpish kai aporrìfhsh.
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2.3 Nèa sunjetik  biblioj kh
H beltistopoÐhsh thc biblioj khc sunjetik¸n fasm�twn galaxi¸n mèsw thc
diereÔnhshc tou istorikoÔ astrik c dhmiourgÐac twn diafìrwn fasmatik¸n
tÔpwn kai thc efarmog c thc statistik c mejìdou PCA (Karampelas et al.,
2012) od ghse sthn kalÔterh katanìhsh tou trìpou me ton opoÐo to mo-
ntèlo PÉGASE kataskeu�zei sunjetik� f�smata. H beltiwmènh ikanìthta
apìkthshc epijumht¸n sunjetik¸n fasm�twn galaxi¸n kai h suneq c an�gkh
dhmiourgÐac nèwn, realistikìterwn fasm�twn gia tic an�gkec tou sust matoc
UGC, od ghsan sth dhmiourgÐa thc nèac sunjetik c biblioj khc.

H prosomoÐwsh thc sugkekrimènhc biblioj khc sunjetik¸n fasm�twn ga-
laxi¸n anamènetai na oloklhrwjeÐ sÔntoma, ¸ste na xekin sei h ekpaÐdeush
twn kat�llhlwn montèlwn - SVM. Par�llhla, èqei  dh xekin sei h statistik 
thc an�lush kai epexergasÐa. Parak�tw perigr�fontai ta qarakthristik� thc
nèac biblioj khc sunjetik¸n fasm�twn galaxi¸n kai, eidikìtera, oi kaino-
tomÐec tic opoÐec eis�gei.

2.3.1 Par�metroi rujmoÔ astrik c dhmiourgÐac
H nèa biblioj kh sunjetik¸n fasm�twn galaxi¸n dhmiourg jhke me to montè-
lo fasmatik c exèlixhc galaxi¸n PÉGASE.2. Kataskeu�sthkan ek nèou f�s-
mata galaxi¸n pou antistoiqoÔn stouc arqikoÔc fasmatikoÔc tÔpouc, dhlad 
se autoÔc twn galaxi¸n progenèsterou fasmatikoÔ tÔpou, twn speiroeid¸n
galaxi¸n, twn an¸malwn galaxi¸n kai twn QSFG. Ta eÔrh twn tim¸n twn
paramètrwn tou rujmoÔ astrik c dhmiourgÐac p1, p2, p3 kai tinfall eÐnai ta
Ðdia me ekeÐna thc sunjetik c biblioj khc twn Tsalmantza et al. (2009), ìpwc
paratÐjentai ston pÐnaka 1.4, en¸ epiplèon el fjhsan upìyh ta apotelèsmata
thc beltistopoÐhshc thc arqik c sunjetik c biblioj khc (Karampelas et al.,
2012). 'Etsi, gia k�je par�metro tou rujmoÔ astrik c dhmiourgÐac, to eÔroc
twn tim¸n thc èqei diaqwristeÐ se epimèrouc upo-eÔrh. Gia k�je èna apì aut�
èqei kataskeuasteÐ diaforetikìc arijmìc sunjetik¸n fasm�twn galaxi¸n, me
ta perissìtera na antistoiqoÔn sta beltistopoihmèna eÔrh. H katanom  aut 
parousi�zetai ston pÐnaka 2.10, gia sugkekrimèno eÔroc erujrometatìpishc
kai sugkekrimènh gwnÐa klÐshc dÐskou (inclination), h opoÐa eÐnai par�metroc
eisìdou tou montèlou PÉGASE pou prosomoi¸nei thn eswterik  aporrìfhsh
k�je galaxÐa.
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PÐnakac 2.10: H katanom  twn galaxi¸n thc nèac sunjetik c biblioj khc
sta di�fora epimèrouc eÔrh twn tim¸n twn paramètrwn tou rujmoÔ astri-
k c dhmiourgÐac, gia sugkekrimèno eÔroc erujrometatìpishc kai klÐsh gwnÐac
dÐskou.
Fasmatikìc Par�metroc EÔroc tim¸n Arijmìc
tÔpoc galaxi¸n
GalaxÐec p1 (Myr) 10 - 2 000 800
progenèsterou 2 000 - 8 000 1 150
fasmatikoÔ tÔpou 8 000 - 18 000 950

18 000 - 30 000 600
p2 (M¯) 0.2 - 1.5 3 500

Merikì sÔnolo 3 500
SpeiroeideÐc p1 0.3 - 2.4 5000
galaxÐec p2 (Myr/M¯) 5 - 4 000 1 650

4 000 - 10 000 1 250
10 000 - 30 000 2 100

tinfall (Myr) 5 - 3 000 1 850
3 000 - 10 000 2 200
10 000 - 16 000 950
Merikì sÔnolo 5 000

An¸maloi p1 0.6 - 3.9 3 500
galaxÐec p2 (Myr/M¯) 4 000 - 6 000 Myr/M¯ 550

6 000 - 10 000 550
10 000 - 22 000 800
22 000 - 70 000 1 600

tinfall (Myr) 5 000 - 10 000 Myr 1 600
10 000 - 14 000 650
14 000 - 30 000 1 250
Merikì sÔnolo 3 500

QSFG p1 0.6 - 3.9 5 000
p2 (Myr/M¯) 4 000 - 6 000 Myr/M¯ 775

6 000 - 10 000 775
10 000 - 22 000 1 150
22 000 - 70 000 2 300

p3 (Myr) 1 - 4 2 250
4 - 10 1 650

10 - 250 1 100
tinfall (Myr) 5 000 - 10 000 Myr 2 300

10 000 - 14 000 900
14 000 - 30 000 1 800
Merikì sÔnolo 5 000

SÔnolo 17 000
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2.3.2 Exeliktik  diìrjwsh
Ta f�smata dhmiourg jhkan sthn hlikÐa pou antistoiqeÐ sthn tim  thc eru-
jrometatìpishc pou ta qarakthrÐzei, ègine dhlad  exeliktik  diìrjwsh (evo-
lutionary correction/e-correction). 'Oso megalÔterh h tim  thc erujrometatì-
pishc, se tìso nearìterh hlikÐa el fjh to antÐstoiqo f�sma. Sto sq -
ma 2.47 apeikonÐzetai o susqetismìc kosmikoÔ qrìnou - erujrometatìpish-
c, kanonikopoihmènoc gia thn perÐptwsh twn galaxi¸n thc nèac sunjetik c
biblioj khc se hlikÐa sÔmpantoc 13 Gyr gia touc galaxÐec progenèsterou
fasmatikoÔ tÔpou kai touc speiroeideÐc galaxÐec, kai se hlikÐa sÔmpantoc
9 Gyr gia touc an¸malouc galaxÐec kai touc QSFG. O antÐstoiqoc tÔpoc
(cosmic time - redshift relation) pou sundèei ton kosmikì qrìno t me thn
erujrometatìpish z eÐnai (Longair, 2008)

t =
2

3H0Ω
1/2
Λ

ln

(
1 + cosθ

sinθ

)
(2.3.1)

ìpou

tan θ =

(
Ω0

ΩΛ

)1/2

(1 + z)1/2 (2.3.2)

me H0 = 70km/s/Mpc, Ω0 = 0.3 kai ΩΛ = 0.7.
Ston pÐnaka 2.11 parousi�zontai endeiktik� merikèc antistoiqÐec erujrome-

tatìpishc - hlikÐac, kanonikopoihmènec gia thn perÐptwsh thc nèac biblio-
j khc sunjetik¸n fasm�twn galaxi¸n. Ston Ðdio pÐnaka perilamb�nontai kai
oi peript¸seic me z = 0.4 kai z = 0.6, oi opoÐec anafèrontai sthn eidik 
perÐptwsh twn LRG.
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Sq ma 2.47: H sqèsh kosmikoÔ qrìnou - erujrometatìpishc, kano-
nikopoihmènh gia thn perÐptwsh twn galaxi¸n thc nèac sunjetik c bibloi-
j khc.
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PÐnakac 2.11: Endeiktikèc antistoiqÐec erujrometatìpishc - hlikÐac, kano-
nikopoihmènec gia thn perÐptwsh thc nèac biblioj khc sunjetik¸n fasm�twn
galaxi¸n. Oi antistoiqÐec ìpou z = 0.4 kai z = 0.6 anafèrontai sthn eidik 
perÐptwsh twn LRG.
Erujrometatìpish HlikÐa (Myr) HlikÐa (Myr)

z [galaxÐec progenèsterou [an¸maloi galaxÐec
fasmatikoÔ tÔpou kai QSFG]
kai speiroeideÐc]

0.00 13 000 9 000
0.05 12 350 8 550
0.10 11 744 8 130
0.15 11 179 7 739
0.20 10 652 7 375
0.40 8 867
0.60 7 488

2.3.3 Eswterik  aporrìfhsh
Dhmiourg jhkan sunjetik� f�smata speiroeid¸n kai an¸malwn galaxi¸n kai
QSFG me di�forec timèc klÐshc tou {dÐskou} ston opoÐo prosomoi¸nontai,
¸ste na apodojeÐ perissìtero realistik� h aporrìfhsh sto eswterikì twn
galaxi¸n aut¸n. Stic prohgoÔmenec biblioj kec sunjetik¸n fasm�twn gala-
xi¸n eÐqe qrhsimopoihjeÐ mÐa mèsh gwnÐa klÐshc. Sth nèa biblioj kh qrhsi-
mopoi jhkan, pèran thc mèshc klÐshc, kai oi timèc i = 0o (face-on), i = 30o,
i = 60o kai i = 90o (edge-on). UpenjumÐzetai ìti oi galaxÐec progenèsterou
fasmatikoÔ tÔpou prosomoi¸nontai wc sfairik� s¸mata, �ra den èqei nìhma
h apìdosh gwnÐac klÐshc dÐskou.

2.3.4 LamproÐ kìkkinoi galaxÐec
Oi lamproÐ kìkkinoi galaxÐec (Luminous Red Galaxies - LRG) eÐnai makri-
noÐ all� idiaÐtera lamproÐ, kai epomènwc mporoÔn na parathrhjoÔn apì ton
dorufìro Gaia. Ta gig�ntia aut� antikeÐmena me ton ghraiì plhjusmì kai thn
èntonh fasmatik  asunèqeia sta 4000 Å, eÐnai idiaÐtera qr sima sth melèth
thc exèlixhc twn elleiptik¸n galaxi¸n, ston prosdiorismì kosmologik¸n
paramètrwn kai sth melèth twn galaxiak¸n smhn¸n (Gladders and Yee, 2000;
Eisenstein et al., 2001, 2005). H enswm�tws  touc stic diadikasÐec ekpaÐdeu-
shc sunjetik¸n fasm�twn tou sust matoc UGC aposkopeÐ sth mègisth dunat 
axiopoÐhsh thc ter�stiac b�shc dedomènwn pou ja prosfèrei h diasthmik  a-
postol  Gaia.
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'Etsi, dhmiourg jhkan sunjetik� f�smata galaxi¸n progenèsterou fas-
matikoÔ tÔpou gia timèc thc erujrometatìpishc ìqi mìno èwc to proseggistikì
ìrio tou dorufìrou Gaia gia touc omaloÔc galaxÐec (z = 0.2), all� kai pèra
apì autì. Pio sugkekrimèna, kataskeu�sthkan sunjetik� f�smata galaxi¸n
progenèsterou fasmatikoÔ tÔpou kai gia timèc thc erujrometatìpishc apì
0.2 èwc 0.6. UpenjumÐzetai pwc me thn exeliktik  diìrjwsh pou efarmìze-
tai sta f�smata thc nèac biblioj khc, ta telik� f�smata twn galaxi¸n LRG
antistoiqoÔn se nearìterh hlikÐa apì ta upìloipa f�smata progenèsterou
fasmatikoÔ tÔpou, all� kai twn upoloÐpwn fasmatik¸n tÔpwn genikìtera.

2.3.5 Telik  biblioj kh
H nèa sunjetik  biblioj kh perièqei sunjetik� f�smata me (a) paramètrouc
sunepeÐc me th diadikasÐa beltistopoÐhshc twn sunjetik¸n fasm�twn, (b) thn
eidik  perÐptwsh twn LRG, (g) perissìterec peript¸seic eswterik c apor-
rìfhshc, kai (d) exeliktik  diìrjwsh. Oi galaxÐec progenèsterou fasmatikoÔ
tÔpou dhmiourg jhkan gia tuqaÐec timèc thc erujrometatìpishc sto eÔroc 0.0
- 0.6. Epiplèon, kataskeu�sthke kai èna deÐgma galaxi¸n me mhdenik  eru-
jrometatìpish. Oi speiroeideÐc galaxÐec dhmiourg jhkan gia tuqaÐec timèc
thc erujrometatìpishc sto eÔroc 0.0 - 0.2 kai gia pènte timèc thc gwnÐac
klÐshc. EpÐshc, kataskeu�sthke kai èna deÐgma galaxi¸n me mhdenik  eru-
jrometatìpish kai mèsh gwnÐa klÐshc. Oi an¸maloi galaxÐec kai oi QSFG
kataskeu�sthkan ìpwc kai oi speiroeideÐc.

Stic eikìnec 2.48, 2.50, 2.52 kai2.54 parousi�zontai istogr�mmata kai
diagr�mmata twn galaxi¸n progenèsterou fasmatikoÔ tÔpou, twn speiroei-
d¸n galaxi¸n, twn an¸malwn galaxi¸n kai twn QSFG. Pio sugkekrimèna,
apeikonÐzontai ta istogr�mmata twn tim¸n thc erujrometatìpishc, thc hlikÐac
pou antistoiqeÐ se k�je tim  thc erujrometatìpishc kai twn paramètrwn tou
rujmoÔ astrik c dhmiourgÐac, kaj¸c kai ta diagr�mmata pou susqetÐzoun tic
paramètrouc autèc metaxÔ touc kai thn hlikÐa me thn erujrometatìpish. Stic
eikìnec 2.49, 2.51, 2.53 kai2.55 parousi�zetai èna deÐgma fasm�twn gia k�je
ènan apì touc parap�nw fasmatikoÔc tÔpouc.
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Sq ma 2.48: Istogr�mmata kai diagr�mmata pou qarakthrÐzoun ta sunjetik�
f�smata twn galaxi¸n progenèsterou fasmatikoÔ tÔpou thc nèac biblioj khc.
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Sq ma 2.49: DeÐgma fasm�twn twn galaxi¸n progenèsterou fasmatikoÔ
tÔpou thc nèac biblioj khc.
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Sq ma 2.50: Istogr�mmata kai diagr�mmata pou qarakthrÐzoun ta sunjetik�
f�smata twn speiroeid¸n galaxi¸n thc nèac biblioj khc, gia gwnÐa klÐshc
i = 60o.
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Sq ma 2.51: DeÐgma fasm�twn twn speiroeid¸n galaxi¸n thc nèac biblio-
j khc, gia gwnÐa klÐshc i = 60o.
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Sq ma 2.52: Istogr�mmata kai diagr�mmata pou qarakthrÐzoun ta sunjetik�
f�smata twn an¸malwn galaxi¸n thc nèac biblioj khc, gia gwnÐa klÐshc i =
0o.
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Sq ma 2.53: DeÐgma fasm�twn twn an¸malwn galaxi¸n thc nèac biblioj khc,
gia gwnÐa klÐshc i = 0o.
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Sq ma 2.54: Istogr�mmata kai diagr�mmata pou qarakthrÐzoun ta sunjetik�
f�smata twn QSFG thc nèac biblioj khc, gia gwnÐa klÐshc i = 30o.
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Sq ma 2.55: DeÐgma fasm�twn twn QSFG thc nèac biblioj khc, gia gwnÐa
klÐshc i = 30o.
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2.4 Sunjetik� f�smata galaxi¸n me epeiso-
diak  astrogènnesh

H apìkthsh nèwn, realistikìterwn sunjetik¸n fasm�twn galaxi¸n den eÐ-
nai dunatìn na epiteuqjeÐ mìno me th beltistopoÐhsh twn  dh qrhsimopoihjè-
ntwn senarÐwn astrik c dhmiourgÐac. Nèa istorik� astrogènneshc mporoÔn
na kataskeuastoÔn, na ulopoihjoÔn kai na axiologhjoÔn, p�nta se sÔgkrish
me parathrhjènta f�smata galaxi¸n kai se antistoiqÐa me prohgoÔmenec e-
reunhtikèc prosp�jeiec. Pollèc apì tic èreunec autèc meletoÔn thn astrik 
dhmiourgÐa me epeisìdia astrogènneshc (episodic star formation). Kat� thn
epeisodiak  astrogènnesh ta �stra gennioÔntai kat� th di�rkeia ex�rsewn
astrik c dhmiourgÐac (bursts), ìpou eÐte h mÐa èxarsh diadèqetai thn �llh eÐte
metaxÔ twn ex�rsewn h astrik  dhmiourgÐa paramènei asjen c. H epeisodi-
ak  astrik  dhmiourgÐa faÐnetai na efarmìzetai me megalÔterh epituqÐa sthn
perÐptwsh twn n�nwn galaxi¸n, qwrÐc h sqetik  melèth na periorÐzetai mìno
se autoÔc (Smecker-Hane et al., 1996; Mateo, 1998; Stinson et al., 2007;
Quillen and Bland-Hawthorn, 2008).

2.4.1 Sen�ria epeisodiak c astrogènneshc

Sto plaÐsio thc paroÔsac didaktorik c diatrib c diereun jhkan kai sth sunè-
qeia kataskeu�sthkan sen�ria epeisodiak c astrik c dhmiourgÐac galaxi¸n.
Ta sen�ria aut� antimetwpÐsthkan wc parallag  tou en qr sh senarÐou twn
an¸malwn galaxi¸n. 'Etsi, oi proc dhmiourgÐa sunjetikoÐ galaxÐec ja èqoun
hlikÐa 9 Gyr kai h katan�lwsh tou diajèsimou aerÐou ja an kei sthn Ðdia
t�xh megèjouc me thn antÐstoiqh twn an¸malwn galaxi¸n. Epeid  ìmwc è-
qoun kataskeuasteÐ sunjetik� f�smata an¸malwn galaxi¸n pou antistoiqoÔn
se di�fora eÔrh twn paramètrwn tou rujmoÔ astrik c dhmiourgÐac, ufÐs-
tatai ek twn pragm�twn kai mÐa poikilÐa sthn posìthta tou katanalwjèntoc
aerÐou. Sunep¸c, h posìthta tou katanalwjèntoc aerÐou sthn perÐptwsh twn
senarÐwn epeisodiak c astrogènneshc ja prèpei na eÐnai antiproswpeutik  thc
perÐptwshc twn an¸malwn galaxi¸n.

Gia thn kataskeu  twn senarÐwn epeisodiak c astrik c dhmiourgÐac orÐ-
zontai treic par�metroi pou elègqoun to rujmì astrik c dhmiourgÐac: (a) o
arijmìc twn ex�rsewn/sumb�ntwn astrogènneshc N (Number of bursts), (b)
h hlikÐa tou galaxÐa kat� thn ènarxh k�je èxarshc Ai, ìpou i = 1, ..., N
(Age), (g) h di�rkeia k�je èxarshc Di, ìpou i = 1, ..., N (Duration), kai (d)
h katanalwjeÐsa kanonikopoihmènh posìthta aerÐou se k�je èxarsh Mi, ìpou
i = 1, ..., N (normalized Mass of the gas). H posìthta aut  orÐzetai wc èna
pollapl�sio thc sunolik c antÐstoiqhc posìthtac pou katanal¸netai se èna
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sen�rio an¸malou galaxÐa.
Se pr¸th f�sh, apaiteÐtai h dhmiourgÐa enìc arqikoÔ set sunjetik¸n fas-

m�twn galaxi¸n epeisodiak c astrogènneshc, to opoÐo sth sunèqeia ja axi-
ologhjeÐ. 'Etsi, eÐnai epijumhtì na perioristeÐ h ìpoia poluplokìthta twn
antÐstoiqwn senarÐwn ston el�qisto bajmì, oÔtwc ¸ste na axiologhjoÔn
eukolìtera. H diadikasÐa aut  ja apotelèsei sth sunèqeia ton odhgì gia
thn kataskeu  nèwn, poluplokìterwn kai realistikìterwn senarÐwn. OÔtwc
  �llwc tÐjentai kai parathrhsiakoÐ periorismoÐ oi opoÐoi empodÐzoun thn
anÐqneush pollapl¸n kai poikÐlwn morf¸n ex�rsewn astrogènneshc, me apotè-
lesma ta parathrhjènta sqetik� sen�ria na prosomoi¸nontai me apl� jew-
rhtik� sen�ria (Mateo, 1998). Sto pneÔma autì loipìn, gÐnetai qr sh twn
ex c periorism¸n:

1. K�je sumb�n astrogènneshc xekin� se akèraia tim  thc hlikÐac tou
galaxÐa (Ai = 0 Gyr, 1 Gyr, ...).

2. K�je sumb�n astrogènneshc diarkeÐ 1 Gyr (Di = 1 Gyr).

3. H qronik  di�rkeia an�mesa se dÔo sumb�nta astrogènneshc eÐnai toul�-
qiston 1 Gyr.

4. Se k�je sumb�n astrogènneshc o rujmìc astrik c dhmiourgÐac eÐnai
stajerìc.

5. Se k�je sumb�n astrogènneshc katanal¸netai posìthta aerÐou Ðsh me
to èna tètarto, to  misu, ta trÐa tètarta kai to sÔnolo thc antÐstoiqhc
kanonikopoihmènhc posìthtac enìc an¸malou galaxÐa.

O pÐnakac 2.12 parajètei epoptik� tic parap�nw orisjeÐsec paramètrouc
tou rujmoÔ astrik c dhmiourgÐac N , Di kai Mi. Sto sq ma 2.56 parousi�zon-
tai tèssera diaforetik� sen�ria twn galaxi¸n epeisodiak c astrogènneshc.
Gia par�deigma, to sen�rio pou apeikonÐzetai sto ep�nw dexi�
tm ma tou sq matoc 2.56, antistoiqeÐ stic parak�tw paramètrouc astrik c
dhmiourgÐac: N = 2, A1 = 1 Gyr, A2 = 4 Gyr, D1 = 1 Gyr, M1 = 0.75 kai
M2 = 0.25. Me b�sh touc periorismoÔc stouc opoÐouc upìkeintai ta sen�ria
astrik c dhmiourgÐac twn sunjetik¸n galaxi¸n epeisodiak c astrogènneshc,
se k�je epilegmènh katanalwjeÐsa posìthta aerÐou tou senarÐou twn an¸-
malwn galaxi¸n, antistoiqoÔn 240 prìtupa sen�ria epeisodiak c astrogènne-
shc. Autì katadeiknÔei thn poluplokìthta twn poluparametrik¸n senarÐwn
astrik c dhmiourgÐac, kaj¸c kai th qrhsimìthta statistik¸n mejìdwn ìpwc
h PCA. H dhmiourgÐa twn sunjetik¸n fasm�twn galaxi¸n epeisodiak c as-
trogènneshc me to montèlo PÉGASE brÐsketai se exèlixh.
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PÐnakac 2.12: Oi par�metroi tou rujmoÔ astrik c dhmiourgÐac tou senarÐou
twn galaxi¸n epeisodiak c astrogènneshc kai oi timèc pou dÔnantai na l�boun.

Par�metroc rujmoÔ Timèc
astrik c dhmiourgÐac
N 1 - 4
Ai (Gyr) 0 - 8
Di (Gyr) 1
Mi 0.25, 0.50, 0.75, 1.00

Sq ma 2.56: Diaforetik� sen�ria twn galaxi¸n epeisodiak c astrogènneshc.
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2.5 Sunjetik  biblioj kh uyhl c diakri-
tik c ikanìthtac

H an�gkh dhmiourgÐac nèwn, realistikìterwn fasm�twn den periorÐzetai mìno
sthn perÐptwsh twn fwtomètrwn BP/RP tou dorufìrou Gaia. Ta apotelès-
mata kai ta sumper�smata twn ereun¸n sqetik� me th sunjetik  kai th nèa
sunjetik  biblioj kh fasm�twn galaxi¸n mporoÔn na axiopoihjoÔn gia th
dhmiourgÐa mÐac biblioj khc sunjetik¸n fasm�twn galaxi¸n uyhl c diakri-
tik c ikanìthtac gia ton fasmatogr�fo RVS. H sugkekrimènh diadikasÐa eÐ-
nai se exèlixh (Rocca-Volmerange et al., 2011). Sth sunèqeia parousi�zetai
h sqetik  diereÔnhsh kai ta antÐstoiqa apotelèsmata, afoÔ pr¸ta parate-
joÔn k�poiec qr simec ereunhtikèc prosp�jeiec pou aforoÔn thn triplèta
asbestÐou, to shmantikìtero fasmatikì qarakthristikì sto eÔroc mhk¸n kÔ-
matoc tou fasmatogr�fou RVS.

2.5.1 Triplèta asbestÐou (CaII)

H triplèta tou asbestÐou Ca II aniqneÔetai kurÐwc sta f�smata twn yuqr¸n
astèrwn kai apoteleÐtai apì tic grammèc Ca1 (8498.02 Å), Ca2 (8542.09 Å) kai
Ca3 (8662.14 Å). Melet�tai entatik� se galaxÐec kai idiaÐtera se elleiptikoÔc
kai n�nouc elleiptikoÔc galaxÐec, oi opoÐoi diajètoun kurÐwc ghraiì astrikì
plhjusmì (Saglia et al., 2002; Michielsen et al., 2003, 2007; Thomas et al.,
2003; Cenarro et al., 2004), all� kai sthn perÐptwsh energ¸n galaxi¸n, ì-
pwc oi Seyferts kai oi starbursts (Garcia-Rissmann et al., 2005). Par�llhla,
brÐsketai se exèlixh o orismìc nèwn fasmatik¸n deikt¸n (spectral indices)
pou aforoÔn thn triplèta asbestÐou, parousi�zontai nèec biblioj kec as-
trik¸n fasm�twn sth sugkekrimènh fasmatik  parioq  thc triplètac kai, kat�
sunèpeia, dhmiourgoÔntai kai montèla sÔnjeshc astrik¸n plhjusm¸n (stellar
population synthesis models), ikan� na qrhsimopoihjoÔn sth dhmiourgÐa fas-
m�twn astrik¸n smhn¸n kai galaxi¸n (Cenarro et al., 2001a,b, 2002; Vazdekis
et al., 2003). Na shmeiwjeÐ pwc h anÐqneush thc triplètac tou asbestÐou sta
f�smata twn antikeimènwn pou prìkeitai na parathr sei o dorufìroc Gaia
proôpojètei ta antikeÐmena aut� na èqoun qamhl  erujrometatìpish, ¸ste to
sugkekrimèno qarakthristikì na eÐnai oratì sto stenì fasmatikì eÔroc tou
org�nou RVS.
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2.5.2 Astrikèc biblioj kec uyhl c diakritik c
ikanìthtac

H dhmiourgÐa mÐac biblioj khc sunjetik¸n fasm�twn galaxi¸n me ton k¸di-
ka PÉGASE gia tic an�gkec tou fasmatogr�fou RVS apaiteÐ th qr sh mÐac
antÐstoiqhc biblioj khc astrik¸n fasm�twn uyhl c diakritik c ikanìthtac,
kaj¸c h up�rqousa biblioj kh BaSeL (Lejeune et al., 1997, 1998) thn opoÐa
qrhsimopoieÐ o k¸dikac PÉGASE eÐnai qamhl c an�lushc. 'Eqoun dhmiourgh-
jeÐ pollèc sqetikèc astrikèc biblioj kec, ìpou endeiktik� anafèrontai twn
Pickles (1998), Murphy and Meiksin (2004), Valdes et al. (2004), Coelho
et al. (2005) kai Munari et al. (2005), en¸ èqoun pragmatopoihjeÐ kai sug-
krÐseic metaxÔ touc (Bertone, 2005; Martins and Coelho, 2007). Apì tic dia-
jèsimec astrikèc biblioj kec uyhl c diakritik c ikanìthtac epilèqjhke ekeÐnh
twn Munari et al. (2005), h opoÐa �llwste kataskeu�sthke, metaxÔ �llwn,
kai gia ton fasmatogr�fo RVS.

H sugkekrimènh biblioj kh èqei dhmiourghjeÐ se èxi diaforetikèc ekdoqèc
is�rijmwn diaforetik¸n analÔsewn. Oi ekdoqèc autèc eÐnai oi ex c:

• An�lush R = 20000

• An�lush R = 11500 gia thn apostol  Gaia

• An�lush R = 8500 gia to prìgramma RAVE

• An�lush R = 2000 gia to prìgramma SLOAN

• Stajer  diaspor� 1 Å/pix

• Stajer  diaspor� 10 Å/pix

H ekdoq  thc biblioj khc sunjetik¸n astrik¸n fasm�twn pou epilèqjhke
na eisaqjeÐ sto PÉGASE eÐnai ekeÐnh me th stajer  diaspor� tou 1 Å/pix, h
opoÐa eÐnai kai dhmosÐwc diajèsimh.

H k�luyh apì th biblioj kh twn Munari et al. (2005) twn qarakthri-
stikìterwn paramètrwn apì touc opoÐouc kajorÐzetai h telik  morf  twn
astrik¸n fasm�twn, dhlad  h jermokrasÐa, h epifaneiak  barÔthta kai h me-
tallikìthta, eÐnai arket� ekten c kai antiproswpeutik  gia to sÔnolì touc.
Epiplèon, h biblioj kh kataskeu�sthke par�llhla kai gia polu�rijmouc sun-
duasmoÔc a-enhancement, taqut twn peristrof c kai taqut twn turb¸douc
ro c mikr c klÐmakac (micro-turbulent velocity). Apì thn �llh meri�, sta
meionekt mat� thc prosmetr�tai kai h èlleiyh sunjetik¸n fasm�twn astèrwn
oi opoÐoi eÐnai yuqrìteroi twn 3 500 K, oi opoÐoi suneisfèroun shmantik� sth
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morf  enìc f�smatoc galaxÐa. Oi perissìterec ìmwc apì tic diajèsimec bib-
lioj kec sunjetik¸n fasm�twn astèrwn uyhl c diakritik c ikanìthtac eÐte
qarakthrÐzontai apì mÐa antÐstoiqh èlleiyh {yuqr¸n} fasm�twn, eÐte h k�lu-
yh twn upoloÐpwn paramètrwn, pèran thc jermokrasÐac, den eÐnai epark c gia
thn perÐptwsh tou fasmatogr�fou RVS. H stajer  diaspor� tou 1 Å/pix
thc epilegmènhc biblioj khc eÐnai qamhlìterhc an�lushc apì ekeÐnh tou RVS

(∼ 0.75 Å/pix ), all� h sugkekrimènh diafor� de faÐnetai na apoteleÐ isqurì
empìdio.

2.5.3 Eisagwg  kat�llhlhc astrik c biblioj khc
ston k¸dika PÉGASE

TropopoÐhsh tou k¸dika PÉGASE.2

O qeirismìc thc astrik c sunjetik c biblioj khc twn Munari et al. (2005)

kai oi sqetikèc tropopoi seic tou k¸dika PÉGASE.2 eÐnai se exèlixh, ¸ste
na katasteÐ efikt  h dhmiourgÐa sunjetik¸n fasm�twn galaxi¸n uyhl c di-
akritik c ikanìthtac. Se ì,ti afor� th jermokrasÐa, thn epifaneiak  barÔth-
ta kai th metallikìthta, h telik  astrik  biblioj kh ja prèpei na èqei thn
Ðdia morf  me thn astrik  biblioj kh BaSeL. Epiplèon, ja prèpei na gÐnei
kai kat�llhlh epilog  twn upoloÐpwn paramètrwn. MÐa prokatarktik  ek-
doq  thc sunjetik c astrik c biblioj khc eÐnai  dh diajèsimh kai oi pr¸tec
dokimèc èqoun  dh pragmatopoihjeÐ. Ta anoiqt� zht mata proc epÐlush eÐnai
ta ex c:

a) H dhmosÐwc diajèsimh astrik  biblioj kh twn Munari et al. (2005) den
perièqei f�smata jerm¸n astèrwn (Teff > 10000K) qamhl c metallikìthtac
([M/H] < −1.5) me afjonÐa [a/Fe] = 0.4. To prìblhma ja mporoÔse na
antimetwpisteÐ me ènan apì touc parak�tw trìpouc:

• Na kataskeuastoÔn ex' arq c ta epijumht� sunjetik� astrik� f�smata

• Na qrhsimopoihjoÔn ta f�smata jerm¸n astèrwn qamhl c metallikìth-
tac me tim  mìno [a/Fe] = 0

• Na qrhsimopoihjoÔn mìno f�smata astèrwn me [a/Fe] = 0

• Na qrhsimopoihjeÐ to astrikì f�sma me T = 10000K kai [a/Fe] = 0.4
sth jèsh ìlwn twn fasm�twn jermìterwn astèrwn.

Se k�je perÐptwsh, h Ôparxh tìso sunjetik¸n astrik¸n fasm�twn me
plhroforÐa gia thn a-enhancement ìso kai fasm�twn me [a/Fe] = 0 pro-
sfèrei thn eukairÐa na exaqjoÔn polÔtima sumper�smata gia thn epÐdrash tou
sugkekrimènou par�gonta sth morf  kai ta qr¸mata twn fasm�twn galaxi¸n.
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b) H dhmosÐwc diajèsimh astrik  biblioj kh twn Munari et al. (2005)
den perièqei f�smata yuqr¸n astèrwn me Teff < 3500K. To prìblhma ja
mporoÔse na antimetwpisteÐ me th qr sh astrik¸n fasm�twn me jermokrasÐa
Teff < 3500K apì th biblioj kh BaSeL. Ta f�smata aut�, ìntac qamh-
lìterhc an�lushc, ja prèpei na metatrapoÔn sthn epijumht  diaspor� twn 1
Å/pix.

g) H nèa astrik  biblioj kh ja prèpei na bajmonomhjeÐ.

Dokimèc me th biblioj kh BaSeL

En anamon  thc nèac sunjetik c astrik c biblioj khc uyhl c diakritik c
ikanìthtac, pragmatopoi jhke mÐa seir� apì prokatarktikèc dokimèc me th
qr sh thc up�rqousac sunjetik c biblioj khc astrik¸n fasm�twn qamhl c
an�lushc BaSeL. An kai ta f�smata aut� den eÐnai epark  ¸ste na meleth-
jeÐ me thn kat�llhlh an�lush h perioq  mhk¸n kÔmatoc pou ja kalÔyei o
fasmatogr�foc RVS, entoÔtoic mporoÔn na exaqjoÔn k�poia qr sima arqik�
sumper�smata kai na anaptuqjeÐ to anagkaÐo logismikì pou ja qrhsimopoihjeÐ
sthn perÐptwsh twn fasm�twn uyhl c diakritik c ikanìthtac.

O sugkekrimènoc stìqoc twn dokim¸n prosomoÐwshc  tan na dhmiourgh-
joÔn sunjetik� f�smata galaxi¸n me ton k¸dika PÉGASE.2 kai na meleth-
jeÐ h sumperifor� twn fasm�twn aut¸n sthn perioq  mhk¸n kÔmatoc pou
ja kalÔyei o fasmatogr�foc RVS, sto bajmì pou to epitrèpei h qamhl 
an�lush twn fasm�twn thc astrik c biblioj khc BaSeL. Gia ton skopì autì,
dhmiourg jhkan sunjetik� f�smata galaxi¸n progenèsterou fasmatikoÔ tÔ-
pou, speiroeid¸n kai an¸malwn.

Pio sugkekrimèna, dhmiourg jhkan trÐa sunjetik� f�smata galaxi¸n pro-
genèsterou fasmatikoÔ tÔpou me (a) rujmì astrik c dhmiourgÐac an�logo me
th m�za tou aerÐou (Tsalmantza et al., 2007), (b) rujmì astrik c dhmiourgÐac
an�logo me th m�za tou aerÐou kai arqik  sun�rthsh m�zac (IMF) Salpeter -
se antÐjesh me thn en qr sh sun�rthsh twn Rana & Basu (Rana and Basu,
1992), kai (g) rujmì astrik c dhmiourgÐac pou mei¸netai ekjetik�
(Tsalmantza et al., 2009). Ta apotelèsmata parousi�zontai sunoptik� stic
eikìnec 2.57, 2.58 kai 2.59, antÐstoiqa, kai aforoÔn ta suneq  f�smata. Se
autèc paratÐjentai ta sunjetik� f�smata tou ek�stote galaxÐa stic hlikÐec
twn t = 1 Myr, 50 Myr, 300 Myr, 1 Gyr, 4 Gyr kai 13 Gyr, kaj¸c kai ta
tm mata twn fasm�twn pou antistoiqoÔn sth fasmatik  perioq  tou org�nou
RVS.

Dhmiourg jhke epÐshc èna sunjetikì f�sma speiroeidoÔc galaxÐa, to su-
neqèc tou opoÐou parousi�zetai sto sq ma 2.60 stic Ðdiec hlikÐec me ta sun-
jetik� f�smata progenèsterou fasmatikou tÔpou. Tèloc, kataskeu�sthke
èna sunjetikì f�sma an¸malou galaxÐa, to suneqèc tou opoÐou parousi�zetai
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sto sq ma 2.61. Lìgw tou ìti ta telik� sunjetik� f�smata an¸malwn gala-
xi¸n epilègontai na èqoun hlikÐa 9 Gyr, to f�sma tou an¸malou galaxÐa tou
parap�nw sq matoc apeikonÐzetai èwc thn hlikÐa aut .

H exagwg  asfal¸n sumperasm�twn sqetik� me th sumperifor� thc triplè-
tac asbestÐou eÐnai exairetik� dÔskolh, lìgw thc qamhl c an�lushc thc as-
trik c biblioj khc pou qrhsimopoieÐ o k¸dikac PÉGASE. Endeiktikì eÐnai
m�lista to gegonìc ìti sth fasmatik  perioq  tou fasmatogr�fou RVS pe-
rièqontai mìno 14 shmeÐa mhk¸n kÔmatoc, ènanti twn 28 shmeÐwn pou èqei sthn
Ðdia perioq  h astrik  biblioj kh twn Munari et al. (2005) . Parìla aut�,
faÐnetai pwc up�rqei mÐa diaforopoÐhsh sth qronik  exèlixh thc triplètac
tou asbestÐou metaxÔ twn diaforetik¸n fasmatik¸n tÔpwn, gegonìc pou ja
prèpei na ofeÐletai kai sth diaforetik  qronik  exèlixh twn fasm�twn aut¸n
kaj' eaut¸n. Par�llhla, de diafaÐnetai k�poia shmantik  diafor� metaxÔ twn
peript¸sewn twn eikìnwn 2.57 kai 2.58. 'Ola ta parap�nw prìkeitai na die-
reunhjoÔn leptomer¸c met� thn enswm�twsh sto montèlo PÉGASE thc bib-
lioj khc twn sunjetik¸n fasm�twn astèrwn uyhl c diakritik c ikanìthtac
twn (Munari et al., 2005), ìpou kai ja arjoÔn oi periorismoÐ thc fasmatik c
an�lushc.
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Sq ma 2.57: Sunjetikì f�sma galaxÐa progenèsterou fasmatikoÔ tÔpou me
rujmì astrik c dhmiourgÐac an�logo me th m�za tou aerÐou, se di�forec h-
likÐec kai me thn prosj kh tou tm matoc tou f�smatoc pou antistoiqeÐ ston
fasmatogr�fo RVS.
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Sq ma 2.58: Sunjetikì f�sma galaxÐa progenèsterou fasmatikoÔ tÔpou
me rujmì astrik c dhmiourgÐac an�logo me th m�za tou aerÐou kai arqik 
sun�rthsh m�zac Salpeter, se di�forec hlikÐec kai me thn prosj kh tou tm -
matoc tou f�smatoc pou antistoiqeÐ ston fasmatogr�fo RVS.
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Sq ma 2.59: Sunjetikì f�sma galaxÐa progenèsterou fasmatikoÔ tÔpou me
rujmì astrik c dhmiourgÐac pou mei¸netai ekjetik�, se di�forec hlikÐec kai me
thn prosj kh tou tm matoc tou f�smatoc pou antistoiqeÐ ston fasmatogr�fo
RVS.
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Sq ma 2.60: Sunjetikì f�sma speiroeidoÔc galaxÐa, se di�forec hlikÐec kai me
thn prosj kh tou tm matoc tou f�smatoc pou antistoiqeÐ ston fasmatogr�fo
RVS.
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Sq ma 2.61: Sunjetikì f�sma an¸malou galaxÐa, se di�forec hlikÐec kai me
thn prosj kh tou tm matoc tou f�smatoc pou antistoiqeÐ ston fasmatogr�fo
RVS.



158 An�lush kai epexergasÐa dedomènwn



Kef�laio 3

Sumper�smata kai mellontik�
sqèdia

To parìn kef�laio sunoyÐzei ta apotelèsmata kai parousi�zei ta sumper�-
smata thc paroÔsac didaktorik c diatrib c, kaj¸c kai parathr seic, prot�-
seic kai sqèdia gia mellontik� ereunhtik� progr�mmata.
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3.1 Sumper�smata
Ta sumper�smata thc diatrib c, taxinomhmèna an� biblioj kh fasm�twn gala-
xi¸n, eÐnai ta ex c:

3.1.1 Hmiempeirik  biblioj kh
• Ta prosomoiwmèna f�smata galaxi¸n thc hmi-empeirik c biblioj khc

taxinom jhkan kai parametropoi jhkan me th mèjodo teqnht c nohmo-
sÔnhc SVM.

• To posostì twn orj¸n taxinom sewn brèjhke na eÐnai uyhlìtero gia ta
f�smata me lamprìtero mègejoc G kai gia touc galaxÐec progenèsterou
fasmatikoÔ tÔpou kai touc an¸malouc.

• Oi esfalmèna taxinomhmènoi galaxÐec progenèsterou fasmatikoÔ tÔpou
taxinomoÔntai kurÐwc wc speiroeideÐc kai to antÐstrofo, en¸ oi esfalmè-
na taxinomhmènoi an¸maloi galaxÐec kai oi QSFG taxinomoÔntai kurÐwc
wc speiroeideÐc.

• Oi galaxÐec progenèsterou fasmatikoÔ tÔpou kai oi an¸maloi galaxÐec
taxinomoÔntai orjìtera se sqèsh me ta antÐstoiqa f�smata thc sun-
jetik c biblioj khc (Tsalmantza, Kontizas et al. 2009).

• To sf�lma prìbleyhc thc erujrometatìpishc brèjhke na eÐnai mikrìtero
gia ta f�smata me lamprìtero mègejoc G, me z ≤ 0.2 kai gia touc
galaxÐec progenèsterou fasmatikoÔ tÔpou kai touc speiroeideÐc.

• H prìbleyh thc erujrometatìpishc twn orj¸c taxinomhmènwn fasm�twn
galaxi¸n brèjhke na eÐnai elafr¸c kalÔterh se sqèsh me ta esfalmènwc
taxinomhmèna sf�lmata galaxi¸n.

3.1.2 BeltistopoÐhsh sunjetik c biblioj khc
• 'Egine efarmog  thc statistik c mejìdou PCA kai brèjhke ìti h

biblioj kh twn sunjetik¸n fasm�twn mporeÐ na analujeÐ apotelesmatik�
me th qr sh mìno twn dÔo kuriìterwn sunistws¸n-idiodianusm�twn PC1
kai PC2, epitrèpontac ètsi th drastik  meÐwsh twn diast�sewn qwrÐc
shmantik  ap¸leia plhroforÐac.

• 'Egine efarmog  thc statistik c mejìdou PCA se epimèrouc deÐgmata
fasm�twn, me ta idiodianÔsmata na paramènoun eustaj .
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• 'Egine efarmog  thc statistik c mejìdou PCA an� fasmatikì tÔpo, me
to idiodi�nusma PC1 na eÐnai diaforetikì gia k�je tÔpo, kai to PC2 na
paramènei praktik¸c amet�blhto.

• Kat� thn probol  twn fasm�twn stic dÔo kuriìterec sunist¸sec
diapist¸jhke h Ôparxh ektetamènwn allhlepikalÔyewn, me touc speiroei-
deÐc galaxÐec na allhlepikalÔptontai isqur¸c me touc galaxÐec pro-
genèsterou fasmatikoÔ tÔpou kai touc QSFG , kai touc teleutaÐouc na
allhlepikalÔptontai isqur¸c me touc an¸malouc galaxÐec.

• Pragmatopoi jhke mÐa leptomer c par�llhlh an�lush tou senarÐou tou
rujmoÔ astrik c dhmiourgÐac k�je fasmatikoÔ tÔpou kai twn apote-
lesm�twn apì thn efarmog  thc mejìdou PCA, h opoÐa eÐqe wc apotè-
lesma na beltistopoihjeÐ h biblioj kh sunjetik¸n fasm�twn galaxi¸n
(Karampelas et al., 2010, 2012) mèsw thc perikop c twn fasm�twn
galaxi¸n progenèsterou fasmatikoÔ tÔpou me grammèc ekpomp c
(omoiìthta me speiroeideÐc)   me exairetik� asjen  arqikì rujmì
astrik c dhmiourgÐac, twn speiroeid¸n galaxi¸n pou antistoiqoÔn se
polÔ uyhlèc timèc thc paramètrou p2 (omoiìthta me an¸malouc galaxÐec
kai QSFG), twn an¸malwn galaxi¸n kai twn QSFG me exairetik� uyhlèc
timèc twn paramètrwn p2 kai tinfall (ìmoioi metaxÔ touc) kai twn QSFG
qwrÐc grammèc ekpomp c (omoiìthta me speiroeideÐc).

• Ta bèltista sunjetik� f�smata galaxi¸n katalogopoi jhkan kai
anart jhkan sto Kèntro Astronomik¸n Dedomènwn CDS tou Stras-
boÔrgou (Centre de Données astronomiques de Strasbourg).

• Sth beltistopoihmènh biblioj kh, oi galaxÐec progenèsterou fasmatikoÔ
tÔpou den allhlepikalÔptontai plèon me touc speiroeideÐc galaxÐec sto
epÐpedo twn idiodianusm�twn PC1 - PC2, en¸ èqoun perioristeÐ aisjht�
oi allhlepikalÔyeic metaxÔ speiroeid¸n kai anwm�lwn galaxi¸n kai meta-
xÔ speiroeid¸n kai QSFG, kaj¸c kai h uyhl  sugkèntrwsh ìmoiwn
metaxÔ touc fasm�twn metagenèsterou fasmatikoÔ tÔpou.

• H beltistopoÐhsh thc biblioj khc twn sunjetik¸n fasm�twn galaxi¸n
eÐqe wc apotèlesma ton periorismì twn allhlepikalÔyewn sto di�gramma
twn dÔo qrwm�twn (g − r)− (r − i), me thn k�luyh twn parathr sewn
apì to SDSS na èqei diathrhjeÐ.

• Ta prosomoiwmèna f�smata galaxi¸n tìso thc arqik c sunjetik c
biblioj khc (Tsalmantza, Kontizas et al. 2009) ìso kai thc bèltisthc
sunjetik c biblioj khc (Karampelas et al., 2012) taxinom jhkan kai
parametropoi jhkan me th statistik  mèjodo SVM.
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• H apìdosh tou UGC sthn taxinìmhsh twn prosomoiwmènwn fasm�twn
qwrÐc jìrubo, aporrìfhsh   erujrometatìpish an lje sqedìn sto 100%.

• Sthn perÐptwsh twn prosomoiwmènwn fasm�twn me jìrubo, aporrìfhsh
kai erujrometatìpish, oi galaxÐec progenèsterou fasmatikoÔ tÔpou ta-
xinom jhkan polÔ kalÔtera se sqèsh me ta arqik� f�smata, oi speiroei-
deÐc kai oi an¸maloi elafr¸c kalÔtera, en¸ oi QSFGsqedìn to Ðdio.

• H parametropoÐhsh up rxe se genikèc grammèc perissìtero epituqhmè-
nh sta bèltista f�smata se sqèsh me ta arqik�, me thn axiolìghsh
ìmwc twn tim¸n twn sfalm�twn na mhn eÐnai profan c, lìgw kurÐwc
tou gegonìtoc ìti h metabol  twn paramètrwn tou rujmoÔ astrik c
dhmiourgÐac kat� thn kataskeu  twn sunjetik¸n fasm�twn den epidr�
grammik� sth morf  twn fasm�twn aut¸n.

• H beltistopoÐhsh thc biblioj khc sunjetik¸n fasm�twn galaxi¸n mèsw
thc diereÔnhshc tou istorikoÔ astrik c dhmiourgÐac twn diafìrwn fas-
matik¸n tÔpwn kai thc efarmog c thc statistik c mejìdou PCA
(Karampelas et al., 2012) od ghse sthn kalÔterh katanìhsh tou trìpou
me ton opoÐo to montèlo PÉGASE kataskeu�zei sunjetik� f�smata, ka-
j¸c kai twn dunatot twn twn statistik¸n mejìdwn an�lushc kai epe-
xergasÐac meg�lwn b�sewn dedomènwn.

3.1.3 Nèa sunjetik  biblioj kh
• Dhmiourg jhke mÐa nèa biblioj kh sunjetik¸n fasm�twn galaxi¸n me

th qr sh tou k¸dika PÉGASE.2.

• Ta nèa sunjetik� f�smata kataskeu�sthkan sthn hlikÐa pou antistoiqeÐ
sthn erujrometatìpis  touc.

• Ta nèa sunjetik� f�smata antistoiqoÔn se eÔrh paramètrwn tou rujmoÔ
astrik c dhmiourgÐac pou eÐnai sunep  me th diadikasÐa beltistopoÐhshc
twn sunjetik¸n fasm�twn.

• Oi speiroeideÐc galaxÐec, oi an¸maloi kai oi QSFG èqoun kataskeuasteÐ
gia di�forec timèc klÐshc (inclination) tou dÐskou touc, dhlad  gia dia-
bajmÐseic eswterik c aporrìfhshc.

• Dhmiourg jhkan sunjetik� f�smata pou antistoiqoÔn stouc lamproÔc
kìkkinouc galaxÐec LRG.
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3.1.4 F�smata me epeisodiak  astrogènnesh
• Pragmatopoi jhke diereÔnhsh senarÐwn epeisodiak c astrogènneshc kai

orÐsthkan oi kat�llhlec par�metroi pou elègqoun to rujmì astrik c
dhmiourgÐac (arijmìc, qronik  stigm  ènarxhc, di�rkeia kai èntash k�je
èxarshc astrik c dhmiourgÐac) kai oi oriakèc touc timèc.

• Dhmiourg jhkan ta pr¸ta sunjetik� f�smata galaxi¸n me epeisodiak 
astrogènnesh me th qr sh tou k¸dika PÉGASE.2.

3.1.5 Sunjetik  biblioj kh uyhl c diakritik c
ikanìthtac

• Diereun jhkan oi diajèsimec biblioj kec astrik¸n fasm�twn uyhl c
diakritik c ikanìthtac gia thn enswm�tws  touc ston k¸dika PÉGASE.2,
ìpou kai epelègh h biblioj kh twn Munari et al. (2005).

• Pragmatopoi jhke mÐa seir� apì prokatarktikèc dokimèc me th qr sh
thc up�rqousac sunjetik c biblioj khc astrik¸n fasm�twn qamhl c
diakritik c ikanìthtac BaSeL, ìpou dhmiourg jhkan sunjetik� f�smata
galaxi¸n progenèsterou fasmatikoÔ tÔpou, speiroeid¸n kai anwm�lwn,
kai melet jhke idiaÐtera h triplèta tou asbestÐou.
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3.2 Mellontik� sqèdia
H telik  b�sh dedomènwn thc diasthmik c apostol c Gaia ja perièqei peris-
sìtera apì èna disekatommÔrio astrofusik� antikeÐmena, apì mikroÔc aste-
roeideÐc tou HliakoÔ mac sust matoc èwc makrinoÔc galaxÐec kai kb�zarc. Se
ìti afor� touc galaxÐec, ta ekatommÔria f�smat� touc ja èqoun taxinomhjeÐ
kai parametropoihjeÐ apì to sÔsthma UGC, me b�sh kurÐwc th beltistopoih-
mènh biblioj kh kai th nèa biblioj kh sunjetik¸n fasm�twn galaxi¸n, ìpwc
perigr�fetai sthn paroÔsa didaktorik  diatrib . Oi mellontikèc enèrgeiec
pou ja mporoÔsan na pragmatopoihjoÔn sqetik� me ton ter�stio autì ìgko
plhrofori¸n pou ja prosfèrei h Gaia sqetik� me touc galaxÐec eÐnai pollèc,
merikèc apì tic opoÐec anafèrontai parak�tw:

1. Axiolìghsh kai diereÔnhsh twn apotelesm�twn thc taxinìmhshc kai thc
parametropoÐhshc twn galaxi¸n apì to UGC.

2. Anaz thsh galaxi¸n me idiaÐtera/nèa qarakthristik�.

3. Statistik  an�lush apotelesm�twn gia exagwg  twn shmantikìterwn
plhrofori¸n apì thn ter�stia b�sh dedomènwn tou dorufìrou Gaia,
sumperilambanomènwn kai �llwn statistik¸n mejìdwn an�lushc kai epe-
xergasÐac dedomènwn.

4. SÔgkrish apotelesm�twn me antÐstoiqa apotelèsmata apì parìmoia
ereunhtik� progr�mmata parat rhshc meg�lou belhnekoÔc, ìpwc to
SDSS.

5. Upologismìc twn maz¸n kai twn istorik¸n astrik c dhmiourgÐac twn
parathrhjèntwn galaxi¸n.

6. DiereÔnhsh tou susqetismoÔ m�zac - metallikìthtac.

7. Upologismìc thc sun�rthshc lamprìthtac twn parathrhjèntwn gala-
xi¸n.

8. Anaz thsh susqetism¸n metaxÔ thc èntashc astrogènneshc twn gala-
xi¸n kai tou perib�llontìc touc.

9. DiereÔnhsh sustadopoÐhshc twn parathrhjèntwn galaxi¸n.

10. EktÐmhsh tou trìpou me ton opoÐo to logismikì tou sust matoc UGC
ja mporoÔse na qrhsimopoihjeÐ se mellontikèc fasmatofwtometrikèc
epÐgeiec kai diasthmikèc parathr seic, oi opoÐec den ja eÐnai kat' an�gkh
sqetikèc me galaxÐec.
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Pèran ìmwc thc upost rixhc tou sust matoc UGC, sthn paroÔsa dida-
ktorik  diatrib  èlabe q¸ra mÐa ekten c diereÔnhsh tou montèlou fasmatik c
exèlixhc galaxi¸n PÉGASE, kai eidikìtera tou trìpou me ton opoÐo h epilog 
twn paramètrwn tou rujmoÔ astrik c dhmiourgÐac ephre�zei th morf  tou
telikoÔ f�smatoc, kaj¸c kai tou p¸c autì mporeÐ na qrhsimopoihjeÐ sth
beltistopoÐhsh bibliojhk¸n fasm�twn galaxi¸n. Oi mellontikèc enèrgeiec
pou ja mporoÔsan na pragmatopoihjoÔn sqetik� me ton bèltisto trìpo qr -
shc tou montèlou PÉGASE gia th dhmiourgÐa realistikìterwn fasm�twn eÐnai
epÐshc pollèc, merikèc apì tic opoÐec anafèrontai parak�tw:

1. Qr sh twn apotelesm�twn thc statistik c mejìdou PCA gia th dhmiour-
gÐa sunjetik¸n fasm�twn me epijumht� qarakthristik� kai th diereÔnhsh
kai axiolìghsh prosomoiwmènwn fasm�twn.

2. Peraitèrw diereÔnhsh kai epèktash tou senarÐou astrik c dhmiourgÐac
twn galaxi¸n QSFG, ¸ste na sumperilhfjeÐ kai h perÐptwsh paÔshc
thc astrik c dhmiourgÐac se prìtero qrìno (galaxÐec meg�lhc erujrome-
tatìpishc).

3. DhmiourgÐa sunjetik¸n fasm�twn an¸malwn galaxi¸n mìno gia timèc
erujrometatìpishc stic opoÐec mporoÔn praktik� na parathrhjoÔn.

4. Epilog  twn katallhlìterwn tim¸n twn paramètrwn senarÐou astrik c
dhmiourgÐac sthn perÐptwsh twn lampr¸n kìkkinwn galaxi¸n, dedomènhc
thc lamprìtht�c touc.

5. DhmiourgÐa sunjetik¸n fasm�twn galaxi¸n pou antistoiqoÔn se sen�-
ria astrik c dhmiourgÐac me epeisìdia astrogènneshc kai sÔgkrish me
parathrhjènta f�smata n�nwn galaxi¸n tou TopikoÔ sm nouc.

6. DiereÔnhsh twn peript¸sewn kat� tic opoÐec oi timèc twn paramètrwn
tou rujmoÔ astrik c dhmiourgÐac eÐnai tètoiec, ¸ste proswrin� zhteÐtai
apì to montèlo PÉGASE na prosomoi¸sei thn katan�lwsh perissìter-
ou aerÐou apì ìso diatÐjetai gia astrogènnesh.

7. DhmiourgÐa biblioj khc sunjetik¸n fasm�twn galaxi¸n uyhl c diakri-
tik c ikanìthtac gia ton fasmatogr�fo RVS me th qr sh twn paramè-
trwn twn prohgoÔmenwn sunjetik¸n bibliojhk¸n gia ta fwtìmetra
BP/RP.

8. Axiolìghsh twn sunjetik¸n fasm�twn galaxi¸n uyhl c diakritik c
ikanìthtac gia ton fasmatogr�fo RVS mèsw thc sÔgkrishc me prag-
matik� f�smata galaxi¸n parìmoiwn qarakthristik¸n.



166 Sumper�smata kai mellontik� sqèdia

9. Endeleq c melèth twn fasmatik¸n deikt¸n pou sqetÐzontai me thn triplè-
ta asbestÐou, sthn perÐptwsh twn sunjetik¸n fasm�twn galaxi¸n uyh-
l c diakritik c ikanìthtac.

10. Sunupologismìc tou megèjouc u twn fasm�twn tou SDSS kai twn sun-
jetik¸n fasm�twn ¸ste na eÐnai perissìtero leptomer c h metaxÔ touc
sÔgkrish, kaj¸c plèon ja gÐnetai sto trisdi�stato epÐpedo qrwm�twn
(u-g)-(g-r)-(r-i).



Kef�laio 4

Parart mata, bibliografÐa
kai kat�logoi

Sto parìn kef�laio perièqontai epiplèon plhroforÐec kai diagr�mmata pou
aforoÔn sta bèltista sunjetik� f�smata galaxi¸n, stic kÔriec sunist¸sec
pou prokÔptoun apì thn efarmog  thc mejìdou PCA se aut� kai stic probolèc
twn fasm�twn stic proanaferjeÐsec kÔriec sunist¸sec (Parart mata A, B
kai G), h bibliografÐa kai oi kat�logoi sqhm�twn kai pin�kwn.
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Par�rthma A: DeÐgma bèltistwn sunjetik¸n
fasm�twn galaxi¸n
Se k�je mÐa apì tic eikìnec 4.1, 4.2, 4.3 kai 4.4 parousi�zetai èna deÐgma
bèltistwn sunjetik¸n fasm�twn galaxi¸n, epilegmènwn me tuqaÐo trìpo, ta
opoÐa antistoiqoÔn se sugkekrimèno an� perÐptwsh fasmatikì tÔpo.
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Sq ma 4.1: DeÐgma bèltistwn sunjetik¸n fasm�twn galaxi¸n progenèsterou
fasmatikoÔ tÔpou, epilegmènwn me tuqaÐo trìpo.
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Sq ma 4.2: DeÐgma bèltistwn sunjetik¸n fasm�twn speiroeid¸n galaxi¸n,
epilegmènwn me tuqaÐo trìpo.
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Sq ma 4.3: DeÐgma bèltistwn sunjetik¸n fasm�twn an¸malwn galaxi¸n, epi-
legmènwn me tuqaÐo trìpo.
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Sq ma 4.4: DeÐgma bèltistwn sunjetik¸n fasm�twn galaxi¸n QSFG, epileg-
mènwn me tuqaÐo trìpo.
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Par�rthma B: KÔriec sunist¸sec twn
bèltistwn fasm�twn
Stic eikìnec 4.5, 4.6 kai 4.7 parousi�zontai oi 27 kuriìterec sunist¸sec
(PC1 - PC27) twn bèltistwn sunjetik¸n fasm�twn galaxi¸n. Oi sunist¸sec
autèc prosdiorÐsthkan me th mèjodo PCA. H epoptik  melèth touc epibebai¸nei
to statistikì sumpèrasma ìti oi ligìtero shmantikèc sunist¸sec apoteloÔn
èna eÐdoc {jorÔbou} twn sunjetik¸n fasm�twn galaxi¸n.
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Sq ma 4.5: Sunist¸sec PC1 − PC9 twn bèltistwn sunjetik¸n fasm�twn
galaxi¸n.
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Sq ma 4.6: Sunist¸sec PC10− PC18 twn bèltistwn sunjetik¸n fasm�twn
galaxi¸n.
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Sq ma 4.7: Sunist¸sec PC19− PC27 twn bèltistwn sunjetik¸n fasm�twn
galaxi¸n.
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Par�rthma G: Probolèc twn bèltistwn fa-
sm�twn stic kÔriec sunist¸sec
Sto sq ma 4.8 prob�llontai ta bèltista sunjetik� f�smata galaxi¸n gia
ìlouc touc an� dÔo dunatoÔc sunduasmoÔc metaxÔ twn sunistws¸n PC1 - PC4
kai gia ìlouc touc fasmatikoÔc tÔpouc tautìqrona. To sq ma 4.9 parousi�zei
thn trisdi�stath antÐstoiqh probol  stic sunist¸sec PC1, PC2 kai PC3,
tìso prin, ìso kai met� thn pragmatopoihjeÐsa beltistopoÐhsh.
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Sq ma 4.8: Probol  twn bèltistwn sunjetik¸n fasm�twn galaxi¸n gia ìlouc
touc an� dÔo sunduasmoÔc twn sunistws¸n PC1 èwc PC4. Oi galaxÐec pro-
genèsterou fasmatikoÔ tÔpou, oi speiroeideÐc galaxÐec, oi an¸maloi galaxÐec
kai oi galaxÐec QSFG sumbolÐzontai me kìkkina, pr�sina, kÐtrina kai mple
shmeÐa, antÐstoiqa.
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Sq ma 4.9: Probol  twn bèltistwn sunjetik¸n fasm�twn galaxi¸n stic
sunist¸sec PC1, PC2 kai PC3 prÐn (p�nw) kai met� (k�tw) th beltistopoÐhsh.
Oi galaxÐec progenèsterou fasmatikoÔ tÔpou, oi speiroeideÐc galaxÐec, oi
an¸maloi galaxÐec kai oi galaxÐec QSFG sumbolÐzontai me kìkkina, pr�sina,
kÐtrina kai mple shmeÐa, antÐstoiqa.
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863–878, July 1998. doi: 10.1086/316197.

A. C. Quillen and J. Bland-Hawthorn. When is star formation episodic?
A delay differential equation ‘negative feedback’ model. MNRAS, 386:
2227–2234, June 2008. doi: 10.1111/j.1365-2966.2008.13193.x.



BIBLIOGRAPHY 187

N. C. Rana and S. Basu. Derivation of the age-metallicity relation and initial
mass function of stars in the solar neighbourhood. A&A, 265:499–503,
November 1992.

P. Re Fiorentin, C. A. L. Bailer-Jones, Y. S. Lee, T. C. Beers, T. Sivarani,
R. Wilhelm, C. Allende Prieto, and J. E. Norris. Estimation of stellar
atmospheric parameters from SDSS/SEGUE spectra. A&A, 467:1373–
1387, June 2007. doi: 10.1051/0004-6361:20077334.

B. D. Ripley. Pattern Recognition and Neural Networks. Cambridge Univer-
sity Press, Cambridge, Great Britain, 1996.

B. Rocca-Volmerange, A. Sourie, A. Karampelas, M. Kontizas, and
P. Tsalmantza. Evolution of our galaxy and others with the high-resolution
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ìpwc aut� proèkuyan apì thn efarmog  thc mejìdou PCA. . . 81
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2.13 Ep�nw: To sf�lma anakataskeu c gia to sÔnolo kai touc
epimèrouc fasmatikoÔc tÔpouc twn sunjetik¸n fasm�twn galax-
i¸n. To di�gramma parousi�zei th suneisfor� èwc kai tou tè-
tartou idiodianÔsmatoc, ston opoÐo to sf�lma anakataskeu -
c praktik� mhdenÐzetai gia ìlouc touc fasmatikoÔc tÔpouc.
K�tw: 'Ena par�deigma anakataskeu c enìc sunjetikoÔ f�s-
matoc galaxÐa (maÔro), me th qr sh tou pr¸tou (mple) kai twn
dÔo pr¸twn (pr�sino) kurÐwn sunistws¸n. . . . . . . . . . . . 83

2.14 Ta dÔo shmantikìtera idiodianÔsmata, ìtan h mèjodoc PCA
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xeqwrist�. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

2.15 Probol  twn sunjetik¸n fasm�twn galaxi¸n (Tsalmantza et al.,
2009) stic dÔo kuriìterec sunist¸sec PC1 kai PC2 ìlwn twn
fasmatik¸n tÔpwn tautìqrona. . . . . . . . . . . . . . . . . . . 86
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fasmatikì tÔpo. . . . . . . . . . . . . . . . . . . . . . . . . . . 87

2.17 H katanom  twn sunduasm¸n twn paramètrwn tou rujmoÔ as-
trik c dhmourgÐac p1 kai p2 twn galaxi¸n progenèsterou fas-
matikoÔ tÔpou, se sqèsh me thn kanonikopoihmènh posìthta
aerÐou pou diajètoun. Sta arister� thc èntonhc maÔrhc gram-
m c brÐskontai ta f�smata pou den èqoun grammèc ekpomp c. . 90

2.18 DiereÔnhsh twn idiot twn twn sunjetik¸n fasm�twn progenès-
terou fasmatikoÔ tÔpou, an�loga me thn Ôparxh h mh gramm¸n
ekpomp c kai thn èntash thc astrogènneshc. Pr¸th seir�: To
di�gramma p1−p2 twn antÐstoiqwn paramètrwn tou rujmoÔ as-
trik c dhmiourgÐac gia k�je epilegmènh om�da fasm�twn. Sta
arister� thc èntonhc maÔrhc gramm c brÐskontai ta f�smata
pou den èqoun grammèc ekpomp c. DeÔterh seir�: Ta antÐs-
toiqa diagr�mmata dÔo qrwm�twn (g − r) − (r − i) twn fas-
m�twn aut¸n, twn fasm�twn tou SDSS kai twn sunjetik¸n
speiroeid¸n galaxi¸n (pr�sino). TrÐth seir�: Ta antÐstoiqa
mèsa f�smata. Tètarth seir�: ParadeÐgmata thc qronik c
exèlixhc tou kanonikopoihmènou rujmoÔ astrik c dhmiourgÐac
gia èna galaxÐa apì k�je epilegmènh om�da. . . . . . . . . . . . 93

2.19 Probol  twn sunjetik¸n fasm�twn progenèsterou fasmatikoÔ
tÔpou stic dÔo kuriìterec sunist¸sec PC1 kai PC2 , gia k�je
mÐa apì tic treÐc upì melèth kathgorÐec: F�smata me grammèc
ekpomp c (mple), qwrÐc grammèc ekpomp c (kìkino) kai qwrÐc
grammèc ekpomp c me qamhlì rujmì astrik c dhmiourgÐac (por-
tokalÐ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
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2.20 Epoptik  par�jesh twn bèltistwn (p�nw) kai twn perikommèn-
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2.45 Apìdosh tou UGC sthn taxinìmhsh twn realistik¸n prosomoi-
wmènwn fasm�twn, orismènh wc to posostì twn epituq¸n prob-
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