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IHepiinyn

YKomOg TG OMA®UOTIKNG pov gpyooio Mtav 1 perétn evog delypotoc U/HLIRGS
yoro&iov emleypévol and to medio CDFS tov mpoypaupoatoc SWIRE. To detypo
napatnpnnke ypnoonowwvtag multi-object gocuatookonioa pe to EFOSC2 tov
ESO 3.6m teokomiov. Ta dedopéva enelepydotnrav pe o IRAF. And 1o cuvoro
TOV 62 TNYOV UTOPEGA VO EKTIUNC® TNV HETATOMION 6T0 £pLOPO 54 Tydv. Tpeig amod
T Tyég Ppébnkav pe petotomon 0. Ta pacuatookomikd redshifts cuykpiOnkav pe
o oTopeTpikd redshifts ypnowonoidvac v televtaio ékdoon tov IMpZ kddka
(Rowan-Robinson et al 2008). Awyvootikd Ol0ypaUUATE YPOUU®DY EKTOUTNG
ypnoortombnkay yio 17 and mg nyég aote va dakpivoope toug AGNs amd Tig
star-forming mnyéc kot amd tovg LINERS. To amotedéopoto ta cvykpivoape pe M
uébodo twv SED template fitting kot pe dayvootikd tov pecaiov-IR. And tic 5 mnyéc
7OV TOwTOTOOVVTOL KaAvTEPO e évav Cirrus IR-template, 3 ta&ivouovvtar og pure
star-forming mmyés, 1 og AGN «xot 1 ®g composite. Amd tig 7 mnyéc mov
TOVTOTO0VVTOL KaAVTEPO pe évav éva starburst IR- template, 5 ta&wvopovvtar mg
pure star-forming nnyég, 1 og LINER xot 1 @w¢ ambiguous. And tig 4 mnyéc mov
TavTomolovvTal KoAvtepa pe Eva torus IR- template, 2 ta&wvopodvioar wg AGN, 1 og
composite (ta yapaxtmpilotikd tov torus cvvelspépovy katd 60% kot tov starburst
katd 40%) kot 1 composite pe LINER mapovesio. Ot dbo tedevtaisg ta&vopuovvtot mg
composite.



Abstract

The goal of my Diploma Thesis was the study of a sample of U/HLIRGS in the
SWIRE CDFsS field. The sample was observed using multi-object spectroscopy with
EFOSC2 on the ESO 3.6m Telescope. Data were reduced using IRAF. | was able to
estimate reliable redshifts for 54 sources out of 62. The redshift for 3 of these sources
was estimated equal to 0. The spectroscopic redshifts were compared to the estimated
values of photometric redshifts using the latest version of the ImpZ code (Rowan-
Robinson et al 2008). Emission line diagnostics were used for 17 of sources to
distinguish AGN from star-forming sources and LINERs and the results were
compared to the predictions of SED template fitting methods and mid-IR diagnostics.
From the 5 sources which are best fitted with a cirrus IR-template, 3 are classified as
pure star-forming sources, 1 as an AGN and 1 composite. From the 7 sources which
are best fitted with a starburst IR- template, 5 are classified as pure star-forming
sources, 1 as LINER and 1 as ambiguous. From the 4 sources which are best fitted
with a torus IR- template, 2 are classified as an AGN, 1 as a composite (torus
component contributing 60%, starburst contributing 40%) and 1 as composite with
LINER presence. The last two sources have no excess in the IR SED fitting but are
classified as composite.
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Iivaxag Eikovov

1.1  Zynuatiky ovamapdotacn ™c tofvounong tov Edwin Hubble (dwamoacov tov
Hubble). H ta&wounon tov yoha&idv eEaptdral amd T0 GYUL TOVG. XTO OPLOTEPO
TUA ToV domacdv Ppickovrol ot eAdeuntikol yoratieg (amd tovg EO émg toug E7).
Ot apBpol amd 10 0 €wg 10 7 e€apt@vtal amd TV eAAEmTIKOTNTO TV Yorlalimy. Ot
KAGdOL Tov dwaypdupotog mepthoupdvouv Tic 600 KOTNYOpPiEC TV ONEPOEWODV
YOAQEIDV: TOVG KAVOVIKOUG OTelpoeldels (emdve KAAO0C) Kol TOVG GTEWPOEIDEL e
papdo (kdtw xkAGoo0). Kabévag amd avtovg dtaxpiverol emmAEOV OvVAAOYO [E TO
LEyebog Tov TLPNVO Kal LLE TO TOGO GPLYTA TEPLEAMTGOVTAL Ol Bpayioveg YOp® amd Tov
Kevipikd oynuatiopd. Ot avoporor yoro&ieg mapovotdlovy aKavOVIGTO GYNLLOL.
IMapott o Hubble mioteve 611 akolovbodv e&ehiktikn mopeior amd 0 ApPloTEPO AKPO
TOL Jmac®V TPog ta deEd, ofuepa yvopilove OTL TO SIAYPOLLLO TOV JATACHV OEV
avtpoonevel Ty e£EMEN tov yara&iov (12). Tuning fork classification NASA....22

1.2 Ou Antenna Galaxies amoteleitor omd 00  oaAniemdpavieg  yoraieg
NGC4038/NGC4039 pe vynid pubud oynuatiopod actépwv. Image Credit: NASA,
ESA, and the Hubble Heritage Team (STScl/AURA)-ESA/Hubble Collaboration......24

1.3  Zympotun avamopdotacn Tov poviédov evog AGN. H eprypapn tov AGN s&apwmu

and ™ yovio tapatnpnong. Image credit: NASA... v 227
14  To miektpopayvntikd ¢dacpo. To gdpog Tov mrapnGpon (pacmarog 1Go0ToL us mv
OUIUETPO LLOG OVOPDTTIVIIG TPUYOG: « - e e eeneeee e e e ettt et e et e e et et et e aeeae e 28

15 H otpoopoipkr ddoon yuwoo Sdeopa UNKN KOUOTOS OTO KOVTIWO Kol HECHio
vépLOpPO mPoodopilel TIg UMAVTES GIATP@V OV YPTCUOTOOVVTIOL 6TV VIEPLOPT
actpovopio. Ot amd €ddpovg vépLOpeg TapaTnPNoELS TeEPLOpPilovTal GTIS UTAVTES
omov 1 ynwn atposeapa Kabiotator dwameparr). Ot umdvteg avtég avapEpovtot Mg J,
H, K, L, M, N ka1 Q. H adwpdvelo g ynwng oTpuocOopos €ivor gopetafantn.
Ewwodtepa, sivar yvooto 611 gival euaichntm ot cLVOMKY TUKVOTNTA TV VOPATUDV
oTNV TEPLOYN TOL THAeoKomiov. H d1ddoon mov TapioTdveTol 6TV KOUTOAN givat vid
TIG 100viKOTEPEG cLVONKeG (Y. TO emimedo VOpATU®V va givar younio). Kabag to
eMinedo TV VOPATUDY aVEAVETAL, TO EMiMEdO S1AO00MG UEWMVETAL GE OAOL TO UK
KOpotog. Tétoleg mepurTmdoels eival O1UTEPOS EUEOVT GE PNKT KOHOTOS TV OTOI®mV 1|

S16:0001 €lvart yYEVAC YOMAT, (L) e nvniiii it 29
16 Ot 1peig T™OmOL TOL QACUATOC 7OV EUTEPIEXOVTOL GTOLG VOpovg tov  Kirchhoff.
(Harcourt, Inc. items and derived items copyright © by Harcourt, Inc.) ..................31
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H CCD pumopei vo amodobel amd pio ogipd kadmv oe pio meployf] 0oV GLAAEYOLV
vepo kaTd T Odpkelo piog katoryidag. Metd v katatyida, kdbe KAd0G peToKiveiTol
Katd pfikog piog Covng HETOQOpPAS £m¢ 0Tov QTAGEL 6T0 oTaOUO KATAUETPTONG. TN
GULVEYELD, TO VEPO TTOV CLAAEYONKE omd kAOe KAdo adeldleTe GTOV KASO WETPMONG

To @wg mpoonintel ot CCD. Mio mpog pio o1 celpég petatomifovtal KaTaKopveo.
otV mpog T Awpido amobrikevong otn CCD. Ta pixels g televtaiog oepds, éva
PO¢ €va, peTakvovvtal opldvtia mpog tov evioyvuty. H kotaypaen tov evicyvt
TNYOivEL GE EVOV UETATPOTEN OVOAOYIKOD O YNeuokoy onpatog kot dwofaletal. H
dwadkacio emavoroufdvetor éog 6Tov drofootel oAOKANPo T0 mhaicto (3)............ 35

ZHyMUOTIKY 00006 KOl S1AypapLe. OOV ERQAVICETAL 1| OTULOGPALPIKY AOUPAVELD, MG
cuvéptnon Ttov pNKovg kvpatog. Ilapoammpodpe 611 pévo ta onTkd Kol TO
POSIOKVUOTE UTOPOLY VO SLOTEPAGOVY TNV OTUOGOALP0 KOl VO, QTACOLV GTNV
emeavelo g I'ng. Xxedov olokAnpo to vIéPLOPO PACUO, ATOKOTTETOL EKTOC OO
OPIGUEVEG UIKPEG TTEPLOYES TTOV PTAVOVY GE UEYOANL VWM. nvereereanranranrannaneanennnn 38
Xaptng tov ovpavod og VIEPLOPO UMK KOUATOS OT®G 0L TOC TapaTnPNONKe amd Tov
Infrared Astronomical Satellite (IRAS). H pwtewvn opilévtio {dvn givar o T'ara&iog
poc. Ot umie mnyéc aviiotoyobv o aoTépeg HEco otov yoAalio pog to omoio
nmapovctalovv peydAn ovykévipoon ot (dvn tov ToAallo kot oto kévipo. Ot
kitpwvo-npdoiveg mnyég eivor opotdpopea Koatavepnpévolr yoratieg mov wotdco
TOPOLGLALOLY EVTOVI] GLYKEVIPM®GT GE £vav HEYAAO KOKAO TTave omd TV yoAaSiokn
Covn. Ot kokkvomég nnyég eivon Cirrus mnyég, eEapetikd yoypn VAN Kovtd otov

yora&io pag. Ot podpeg meproyés dev mopoatnpnidnkov and tov IRAS (39).............. 39
Awpudpemon Tmv cueTnudtoy Tov tnieckoniov Tov IRAS.............. 40
ZHAMUOTIKY ovoTopdotacn Tov 60pueoptKaY Tunpdtoy tov I1ISO...........oee L. 41

Zymuatikn topovoiaomn g 8éong o AKARI. Apiotepd : o TpoOTOg TapaTipnons Tov
ovpavov. Agfld : H ddpkewn piog mopatipnong mepropileror oe 10 Aemtd. H

dtevbuvon otdyevong mepropileton petald deg otv kdabetn koredOBvvon ToOL
TPOYLOKOD ETUTESOV (4). . ettt e e e 44
Kalteyvikny avamopdotacn tov Spitzer otnv nAMOKEVIPIKY TOL rpoxtd Credit:
NASA/JPL-Caltech... . .45
Spitzer Space Telescope fllght hardware To n(xp(xrnpn‘mpto Bpl(SKSTOu og D\Vog 4.5
LETP®V KOL LE OLBUETPO 2.1 LETPOL. o ettt et e 46

AoyaplOpikng KMpoKog GOYKpIon Tov €kovav amd Tig mapotnpioels twv MIPS,
SOFIA, ISO kot IRAS. To medio mov gupavileton €xel mapatnpndei pe ta téocepa
6pyava. H gwova tov IRAS gpopaviCer peydla pixels kot pmopei va aviyvedel povo
infrared cirrus oe avtd 10 mMedio maparpnone. H swdva tov ISO éyer xaidtepn
avéAvon oA mepropiletar omd to pkpd onTikd medio kot n YoaunAn gvoicdnocio. Me
10 SOFIA éyovue mold kaAn avaivon e&ottiog tov peydAov tieskomiov (2.5m)
OpmG, 10 onTKd Tedio elvar pikpod 6mmg kot 1 evancOnoia. H amddoon tov MIPS etvan
eCapetikn e&outiog ™G peydAng evaicHnociog TV avigveELT®OV TOL, NG KOANG
aviAlvong Kot Tov peydiov ontikov mediov (32x32 array) (56)......ceiviiiiinininnn.. 48
Ewova amd 1o MIPS tov Spitzer oto 24 micron oto medio GOODS-South. Mg kdkAo
eupaviCovtar vmoyneot yoralieg pe vmepueyébeic padpeg TpOmEG ol omoiot
avyvedkay and v éviovn vrépudpn eKmTopmt] TOLG. Image Credit: NASA/JPL-

Caltech/E. Daddi (CEA Saclay)... .49
O meproyég mopati|pnong Tov SWIRE su(pawCovrm ua KOKKIVO. Ol Ku:pwsg SKXSI\VSIQ
detyvouv exhemTikd yeypo@ikd mAdtn pe 30 kot 40 poipeg (39)...vvviiiniiininnn. 51

Movtého LTOAOYIGTH Yol TN GVYKpoLoT YohaSuwv. [Ipénel va Tapatnproovpe Tmg 0
AEPLO0 OTEAVETAL OTIG KEVIPIKEG TEPLOYES NG ovyxmdvevong tov yoia&idv. (Chris
Mihos, Case Western Reserve UNIVErSIty)........cooiveiiiiiiiii e 59
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3.1

3.2

3.3
3.4

3.5

3.6

3.7

4.1
4.2

4.3
4.4

Yvuyydvevon tov NGC 7252, Ta ypdpato TG EIKOVAG SEIYVOLV TNV EVTOGT] TOL POTOG
(KOKKIVO = QOTEWVOG, UTAE = OpVOPO) EVD TO AEVKG TEPLYPAUUOTO OElYVOLV TIg
meployeéc mov  dlavéuetor to vopoydvo (John Hibbard, NRAO). H vrdbeon
CLYYMOVELONG YO TOV CYNUOTICHO EAAEMTIKOV YOAQEIOV €YEL TNV TOPATNPICLOKN
vrootpién tov yoro&ioo NGC 7252. IMapoétt o yoro&iog Swbétel Vo Evrovec
TOAPPOLOKES OVPEC OOBETEL KOL TNV EMPAVEINKT (POTEWVOTNTO €VOC EAAEITTIKOD
(0 Y T 60
O starbursts yolo&ieg epeoaviCoviar o¢ tpiyova, ot ULIRGS mg xbkiot kol ot AGNS
®¢ opBoymvio pe TIc daydviovg tovg. Ta PEAN mpog to. KAt deiyvouy Ta avdTePa
Opua, oo BEAN pe kAhion 45° deiyvouv mpog ta oL ot TNYEG B Kvohviav av To
TapaTnPNOEVTO. YOPAKTPIGTIKA TOVG StopBdvovToy Yio To TUfua Tev starbursts 1 tov
AGNs. Apiotepd: Pacikd otoyeio yioo Tic pepovopéveg anyéc. Aefld: o omAn
UEIKTH, YPOUUIKT KOUTOAT TOL GyNUOTileTal e TOV GUVOVAGUO TV SPOPOV LEPDV
™C OLVOAMKNG Qotewvotntag o &va AGN kot oe éva starburst. ‘Oiot ot AGNS
vrotifetan 6t Ppiokovian oto [O IV]/[Ne I1]~1 ka1 kavévag AGN (dniadn o 100%
tov starburst) 6to [O IVI/[Ne H]~0 (5)..cviriii e 63
Yhykplon ™C ovvaptnong eetewvotrtag yoroSidv oto 24um. [Hdve apiotepd ot
yapnAd redshifts, méve de€16 oe peydio redshifts, kdtow oe pecaio redshifts. Ot

YPOaUUES oL evAvouy To, onueia divovv v LF g epyaciog (6).......cooeevininninn... 65
SEDs yio ontikd emeypévoug radio-loud kon radio-quit QSOs (7) ko Blazars (8) and
PAOLO EMG X-TAY UNKT] KOLOTOG  + vt et ttereereensensensaneareeneensenserreaneanearansenneanens 67

Schematic view of a typical long-slit CCD spectrograph. Positions along the slit are
mapped in a one-to-one manner onto the CCD detector. A number of optical elements
in the camera, used to re-image and focus the spectrum, have been omitted from this
drawing. (R.W. Pogge, The Ohio State Univ. 1992)............ccooiiiiiiiiiiiiiin.. 112
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Evyoprotieg

H mpaypatomoinon g SWTA®UATIKNG (oL epyaciag dev Ba NTov QKT Yopic TNV
Bonbea opopévov avlpdmwv, Oyt HOVO ot YVOOTIKO €mimedo OoAAG Kol of
YUYOAOYIKO KOl O1IKOVOLUKO.

Apywkd Ba MBeho va evxaploTNo® TOVG 000 EMPAETOVTEG TNG TTLYLOKNG, TOVG
kanyntég lodvvn Zepaddkn ko Mdapko Tpryd. ‘Hroav mpaypoatikd yopd pov mwov
elya v THM va cuvepyaostd poli Toug.

®a NBera va gvyapIoTHC® TOV KOPLO ZEWPUOAKN OV HE EUMICTEVTNKE KOl OV
€0maoe TV gukapia va aoyoAnfm pe 1o Bépa avtd Kot mov MTov TAvTo SBEGYLOC
omote tov Ypewlopovy. Duoikd, yopic v cvvelsPopd tov Kvpiov Mdpkov Tpiyd
dev Ba Ntav dvvatn N ekndvnon avtng g mruyakns. ‘Htav o dvBpwmog mov pov
£€0moe T dgdopéva TV omoiwv TNV emeEepyacio mpaypoTomoinoa, oTdS TOv LE
kaBodnynoe amd to To KPE £0C TA TO HEYOAN KOl TOL OKOUO KO TMPO, TOL 1
TTUYOKY] LoV €YEL TEAEUDGEL, GuVE)ILEL Vo evalopEpeTol Ko vo pe Pondaet yia Tig
HEALOVTIKEG LoV amo®dcels. To guyapiotd eivar Ayo ya v Pondea tov Kot tov
YPOVO OV oL £xel S1BEcEL.

To amotéAecpa TV OGMV PEYPL TOPO £Y® KAVEL, LAALOV O Tay TOAD S10POPETIKO
av dgv giyo v owoyévelr pov va pe otnpilel. H vrootmpién tov yovidv pov,
Mopiag kot Kdoto, 7Tav vmodetylatiky] Tov akOpa Kot TIG PopES oL lyov avtifetn
dmoym yw Tig emA0YEC pov cvvéExlav va givon ekel. 'Eva euyapiotd otnv adeper| pLov
2TéMA0, OV TO. TEAELTOIOL XPOVIOL TNG OLYKATOIKNONG MHOG, KATElye TO. wid TNG
ouuPimong pog Kot KOADTTOVTIAS TIG KOOMUEPIVES LOG OVAYKEG OV TOPELE AmAETO
YPOVO Y10 VO UTOPECH VO TOV OPLEPOV® OTN TTTVUYLOKT Hov. Xwpig avth 1 mopeia Ha
Ntav ToAD mo povaykn. TEAlog, €va PEYOAO €VYOPIOTMO GTN Y10Yld LoV, GTNV Omoid
OQLEPOVETAL KOl 1 TTVUYOKN Hov, mov kaboia ta 23 ypovie g (ong pov moailet
KaBoploTiKd poOAo.

[ToAMoi givor o1 @ilotl mov cvppetelyav oe avt Vv mopeio. AAlot moloi, dALol
mov NPBav Kot Epuyav kot GAAol mov mapéuevay. Olot ®oT0G0, EKOVOV OVTA TO
YPOVID aANoUOVITA Kol AKPpG evolapEpovTa. Tovg evyapiotd OA0VG...



Kepaiaio

Elwcaymyn

1.1 Iepianqyn

210 KePAAoo avtd, yiveton pio yeVIKN €l00y®yn PACIKOV 0GTPOVOUIKAOV EVVOIDV Ol
omoieg Ba ypnoomomBodv oI GLVEXEW TNG E€PYOCING. XKOTOG HOL givar va
avapEP® oplopéva Pacikd ototyeia yio Toug yoraieg, Tnv vaépubpn aktivofoiia,
(QOCUOTOOKOTIOL KOl TN YPTON TOVS GTNV AGTPOVOUID. XTNV TTapAypoPo CGYETIKA LLE
ToVG YoAo&ieg divovTon PePIKES YEVIKEG TANPOPOPIEC CYETIKA LLE TN SOUT TOVG KOl TV
KOTNYOplomoinon toug cupemva ue v katdtaén tov Hubble. v idia topdypogo
didovtal To YapaKTNPIoTIKG dV0 €18IK®OV YaraSlakdv TAnbvoumv (starbursts, AGNS )
0l o700l HEAETMVTOL EKTEVMG otV gpyocio. Ta yopaktnplotikd Tov vIépuOpov
TUNUOTOG TOV PAGUATOG, 6TO 0010 01 EEMYAAAEINKES TNYEG TOL OEIYUATOC LG EYOVLV
wyvpn ekmoum, ocvlntovvion emionc. Télog, oldeton pioe chvoyn ™S 10TOPIKNG
e€EMENG TG PUGLOTOGKOTIOG EMIKEVTPMVOVTAS 6TOVG vopovg tov Kirchhoff yu v
aktvoBoAia. Ot tpelc TOHTOL PACUOTOS EKTOUTNG MG OivOuv TANPOPOPIES Yoo To
OGTPOVOUIKE OVTIKEILEVO. XNUEPA, O TIO KOWOS TPOTOC TOPAUTIPTONG TOV PAGLOTOC
TOV OVTIKEWEVOVY avTdV givon pe ) ypron tov CCD cameras.

1.2 Toaloieg

‘Eyovv mepdoet 85 £t amd to 1924 6tav o Edwin Hubble, ypnoworoidvtog to 100-
wtodv (2.5 pétpa) Hooker tmieokdmo oto Mount Wilson, avaxdAvye v vmapén
yora&ov mépa and Tov dkd poac. Amd 10TE, pe TN ¥pnom OA0 Kol 16XLPOTEPOV
TNAECKOTI®V, £(OVUE OMOKTNCEL TNV IKAVOTNTO EVPVTEPMV TOPATIPTCEDV GTO YDPO
Kol 6TOV YPOVO YEYOVOS MOV LOG EMTPEMEL VAL PEAETAUE OVTES TIG OMOUOKPVGUEVES
dopés. Ot yoro&ieg eivor OOpHEG TOL TEPLEYOLV EKATOUUDP OCTEPMOV Ol OTOoiot
oLYKpaTOVVTOL HETAED TOVG HEc® NS Papvtntag. Ot Aaumpdtepot amd tovg yorasieg
epupaviCovior og eotewvd véen ot1o vuytepvd ovpovd. Extdg amd aotépeg, ot
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yoroieg amaptifovral omd okdvn, 0EPLO KoL T HLGTNPLOOT oKoTEWT VAN. O Edwin
Hubble «atétage tovc yololiegc oe 3 womnyopieg: GTOVG EAAEWTTIKOVG, GTOVG
OTEPOEOEIG Ko 6TOVG avdpaiovg (11).

Edwin Hubble's
Classification
Scheme .

" Sa
Ellipticals \

EO E3 ES E7 o) 4
Spirals

Ewévo 1.1: Zynuotikn ovamapdotacn g tavounong rov Edwin Hubble (dwamacdv tov
Hubble). H ta&vounon tov yola&uov e€aptdtat amd To oy Tovg. XT0 apltoTtepd TUNLUO TOL
dumacdv Ppickovror ot eddeintikol yaroéieg (amd Toug EO éwg toug E7). Ot apBpol and 1o 0
¢wc 10 7 e€aptdvtal omd TV EAAEWTIKOTNTA TOV YoAuSIdY. Ot KAASOL TOV S1oyPGLLLLOTOG
TEPMAUPAVOLV TIC dVO KATNYOPIES TOV GTEPOEODY YOAUELDV: TOVG KAVOVIKOVS OTEPOEDEIG
(embve KAAOOC) Kol TOLG omelposdeic pe paPfdo (kKatw wAado). Kabévag amd avtoig
dwkpivetar emmAéov avdrioyo pe to péyeBog TOL TLPNVA KOl pE TO TOCO COLTA
nepleMocovior ot Ppayioves YOpw omd tov kevipikd oynuatiopd. Ot avopaior yoroéieg
nopovctafovy akavoviero oynua. Ilopott o Hubble mioteve 611 akolovboldv eEeliktikn
mopeio. amd 1O 0PlOTEPO GKPO TOL dWMACHV TPog T de&d, onuepa yvopilovpe OtL TO
ddypappo Tov domac®dv dgv aviumpocmnevel TV eEEMEN Tov yada&iov (12). Tuning fork
classification NASA.

O ehdewntikoi yohalieg stvar oparés dopéc pe oxynuo EAdetymg mov e&aptdrol and
mv yovia tapatipnong. Ipokerron ya yoro&ieg 6mov 0 oynUaTIGUOS aoTEPOV EXEL
oloxAnpwbel pe amotédeopa va amoptiletar Kuplog and aotépeg peydAng niiog.
H pédo tov elemticdy yohafdv kopaivetar amd 10° éog 10™ nhakée palec kot
ddpetpog toug and 1/10 kpe émg 100 kpe (13). H koatdroén tov eAAemTIKOV
yoro&ov e€opTtdTan omd TNV EALEMTIKOTITA TOVG — TOV AOYO TOV peydiov d&ova ()
Tpog tov pkpod a&ova (b). H tyun g elMemtucdmrog tov kébe yora&io dideTon omd
m oyéon:

e=1-Db/a [1.1]
H t4&n tov yora&io kaBopiletar and 1o dgiktn mov axoiovbel To ypaupa E pe ebpog

and 0 éog 7. To dexkomAdolo TG EAAEWTIKOTNTOC, OTPOYYVAOTOUMUEVO GTOV
TANGCLESTEPO aKEPALO OiveL TO delKTN aWTO.
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Ot onepocdeic yoraieg (13) eivor o mo kowdc TOMOG YoAaEDY GTO GOUTAV
amoTEAOVTOS 6YeOOV 10 77% TOv GLuVOAKOD TANOBLGHOYD. Amotelobvtal Oomd pia
KEVTPIKI] CUUTVKVMOT HE €V YEVEL AOTEPES HeYIANG NAKioG, Evov TETAATUGUEVO
TEPLOTPEPOUEVO SIoKO HE VeEapPOUg aoTépes Kat pia mepiPdirovca dAm. Opiopéveg
Qopég, o1 omelpoeldeic yohalies grhogevodv €vav evepyd mupnva omd Tov omoio
EKTEUTOVTOL TOAKEG VYNANG EVEPYELOG Kol 0patol ota padtokvpata. O GYNUATIGHOC
aoTEPMV givarl cuvning otovg omepoetdeic yorotieg Kol €W0IKG GTNV TEPLOYN TOV
Bpayovov o6mov 1 okdvn kol to aéplo cvoompevetal. H tumkn palo avtodv tov
yohoEwov eivon mepimov 10M nlokée pales kon 1 SIANETPOC TOVC Kupadvetal omd 5
¢mg 50 kpc. O Toha&iag pog avikel oty Katnyopio tov onelpoedmv yoraéiwv. H
eupavion papoov eivar cuvnng otovg onepoedeis yaratieg pe to 70% mepinov v
O1oKOEIMV YOAUEIDV VO EUTEPIEXOVV EKTETAUEVES PAPOOVG.

Ot avoparotl yoraieg xovv akpPdg TO YOPOKTNPICTIKO TOL PEPEL TO OVOUN TOVG:
etvarl avoparot. Ot yora&ieg avtol dev pmopodv va ta&tvounBovv o€ Kamota omd Tig
1a&e1g g ddtaéne tov Hubble. Zvvn0wg epgavifovtar oav peydio vépn okovng Kot
aepiov e TavTdYPovN LIOPEN VEAPDOV KO LEYAANS NMKIOG ACTEPWOV. ZE OPIGUEVOVG
amd avtoVg TOVG YOAAEIEG €YOVUE CYNUOTICUO VEMV OOTEPMV LE OTOTEAEGUOL VO
napatnpeitar HIII exkmopnn. O yola&ieg avtol aviikovv otov Tomo | Tov avoudiov
yora&iov (Irr 1). Amd v dAAn mhevpd, yoraies pe YoUnAd TOGOGTO GYNUOTIGHOD
aoTEPOV AVKOVY 6TNV de0TEPN Katnyopia, otov tomo 1T (lrr I1).

1.2.2 Starburst

Mia 1daitepn katnyopio yora&iov sivar avtiy tov starbursts. Iapd to pikpd tovg
péyebog (1-10% tov yoro&io mov Tov erho&evel), petatpémovy 1o aépto tov yoraio
o€ 0oTEPEG HEYAANG nalag pe pubuod mov vrepPaivel katd ToAD avtd ToL Yohalio TOL
tov @uho&evel (14). To xapakInPoTIKO TOVG £ival 0 VYNAOS PLOUOS TYNUOTICUOD
aoctépov 10 — 100 lyear, exotovtddeg N YIAMAdEC QOPEG LYNAOTEPO amd TO
TOGOGTO GYNUOTIGHOV OGTEPMV GTOVG TEPIGCATEPOVS Yorosieg (m.y. otov [Nadaia
pog o puopog oynuaticuoy actépmv givon g ta&ewe 1-5  /year) (15). H gpunveia
TOV TG ovTol ot YoAadies pmopodv va petatpéyouvv 1060 PeydAo mocd aepiov og
0oTEPEC 6€ TOGO WIKPO Ypovikd ddotnua Epyetor and t Bewpeion OTL 0 LYNAOC
PLOUOG TYNUOATICHOD ACTEPOV EIVOL OMOTEAEGUO OAANAETIOPAGEWDV 1) GLYYOVEVGEDV
petod yoro&iov (16). To wotikd kdua mov dnuovpysitar amd TN cOyKpovon,
dwTpéyet oAOKANPO Tov yoAasio Kot cOUmECEL TNV HEGOACTPIKY VAN TOPEXOVTOS TIC
KatdAAnAeg cvvOnkeg Yo va Eekvioel 1 Papoutikn Katdppevorn. Muwo dAAn ottio Ba
umopovee va givon 1 elpon aepiov (17).

To cuvolkd mepiexdpevo aepiov oe Evav yoro&ia pmopel va extiundet amo tig HI
YPOUWES 0md TIg omoieg pmopovue va vroAoyicope v HI pala (15). And to aépro
mov eivor OwBécIHo Yo val TPOQEOJOTNCEL TN ONUovPYio ACTEP®V KOl TOV
TOPOTNPOVUEVO PLOUO CYNUOTIGULOD OCTEPMOV UTOPOVUE VO EKTIUNGOLLLE T SIPKELNL
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NG TOv EAVOUEVOL TOV GYNUATICHOV aoTépmV. o aviikeipeva cav tov [Nodagio
pog, n dwpkelo avty givarl ) T6EEws TV 10° etov — Tpdypo mov onuoivel 0t o
napov puOpdg oynuaTiIcpoy aotépwv umopel va dikaorloyndetl amd ™ didpkea {ong
oV yoro&io (~108 étm). Qotdc0, ywo évav starburst yora&ia, o ypovog Long eival
oLYKPIGOG pe TV NAKio Tov yoAagio yeyovog mov vrodniovel 0Tt vdpyel pia
«EKPNEN» SYMUATICHOD aoTEPWY 1) omola prmopel va dtatnpnOel yio Evo GYeTIKA [ikpd
YPOVIKO SIAGTNO GE GYECT UE TNV KOGHOAOYIKT KAlpaka ypdvou (18). To ecmtepikd
Tov starburst sivat éva eEapeTikd dpactiplo TEPPAALOV, 01 AGTEPES KATAVOADYOLV
TOAD YpNyopa T KOG Tovg ko e€outiog tov peyébouvg tovg givon ToAD cuyvo va
expnyvovionl oto t€A0¢ ¢ {ong toug cav supernova. H éxpnén supernova €xst og
anotéleopo T dNUovpyios 06TIKOD KOUOTOG TO OO0 UE TN CEPA TOV TPOKOAEL TNV
KOTAPPELOT GAA®V VEQ®V o€ pia oelpd oynuotiopod actépov. Ot starburst éxouvv
ocuvnlmg peydAn eotevotta ota vaEpvOpa punkn kKopotog. Kotd tov oynuotiopd
TOV 00TEPWOV, N OKOVN Kol To. peydio véen oto omoio oynuotifovior ol aoTéPEg
Oepuaivovior kot ekmépmovv vVIEPLOPO G®C TO omoio £xel TN SLVATOTNTO VO
dwamepdoet ta véen. Ot mAéov @mtevoi Starburst oto tomkd oOumnav ovoudlovtan
“ultra-luminous infrared galaxies”.

Ewova 1.2: Ot Antenna Galaxies amoteleiton oamd 600 oAAnAemidpovieg yara&isg
NGC4038/NGC4039 pe vynid pubud oynuotiopot actépov. Image Credit: NASA, ESA, and
the Hubble Heritage Team (STScl/AURA)-ESA/Hubble Collaboration.

1.2.3 AGN (Evepyog I'oraéraxkog IMMopivoeg)

Bdon g popeoroyikng xotdtaing tov yoralldv n mAsloyneio avtdv givol gite
onelpoedeic it elMemtikol yohaiec. Xe mpdTo emimedo, @aivetar vo  pn
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TapovCoLaLovy €vIoveg OPOPEG OmO OVTIKEILEVO O©E AVTIKEIUEVO ®WOTOGO, GLE
HEYOADTEPY]  OVAALGT OPIWOHEVOL amd  GVTOVG QOIVETOL Vo €YOLV  10104TEPEG
YOPOKTNPIOTIKA OTOC €EapeTikd QMOTEWVOD TLPVES KOl OCLVNOIOTEG YPOUUES
ekmoumng (19). To 1943, o Carl Seyfert peketdvrtag onepoedeic yoraliee, fprike 0Tt
avtifeta pLe TOVG TEPIGGOTEPOVS ONEPOEWEIG, ot yola&leg TOv delypotdc TOv
epeaviiov acvvnfiota gvpelg M un TLMKEG, VYNAOD 10VIGHOV, EMITPENTEG M)
QTOYOPEVIEVEG YPOUUES EKTOUTNG 6T0 @aoua Tov muprva tovg (20). Ta avtikeipeva,
avtd éywvav yvootd og Seyfert yadaieg kot tav ot tpdTot yoraieg mov Bpédnkav
va Tapovctdlovy  EvTovn dpacTNPOTNTO GTNV KEVIPIKY| TEPLOYN TOVG, .. O TPDTOG
AGN t0mo¢ mov Ppédnke.

Ot AGN 1 evepyol yora&lokol TUPNVEG OVIKOVY GTOL TTO EVEPYA OVTIKEILEVO TOV
OUUTOVTOG HE QOTEWVOTNTA UETAED 10% ot 10% ergs™ (21). H potewdmté t00g
delyver O6tL mopatnpodvtol o MEYOAEC METATOMIGES 6TO €pLOPO KoL AVTO TOVG
Kaf1oTd e€oupeTikd epyareio yia tn peAETNG Tov TPOWOL cVumavtoc. H dtapopd tovg
HE TOVLG «KOVOVIKOUGH» Yoloieg elvor OTL 1 evépyelnr OV EKTEUMETOL OEV Eivon
OTOTEALECLO TV AGTEPMV, TNG GKOVIE KO TOL HEGOOGTPIKOV aepiov aALL ToTEVETOL
611 ot AGNS Tpo@odotovvTal amd TNV GLGCOPEVSOT) TNG VANG KOOMG TN TPOoTINTEL
og pia vreppeyébn pavpn tpdma (SMBH) (21). Kabobg n OAn éiketar omd v SMBH,
N SVVOUIKY TNG evépyeln petatpénetal o€ Kvntikn. Evag diokog mpooavénong
onuovpyeitan yopw amd v povpn tpdmo petafdAlovtag T yoviokn opun eéotiog
tov 1EDdovg (22). Ta kOplo tuApoTe tov povtéhov yia tovg AGNS eivar 1) pia
KEVTPIKN TEPLoyn mov Tpopodoteitan amd i SMBH (ue 1 yopic midokeg), i) vépn
okovng, Iii) véen agpiov kot iV) dradikacio Tpooad&nong 1 0moio, OPYUVMOVEL TO 0EPLO
KoL TNV okOvN o€ pia doun oynuatog topov (23).

Ot AGN £yovv mapatnpnOel oe 0ha ta. Pk KOLATOG, OO T PASIOPMOVIKAE HEYPL
TI¢ oktivec-y. H cuvolikn popen g Qacpotiknig evepyelokng koatavouns (SED)
Mmnopei va meptypagel Katd tpocyyion amd ekbeTikd vOUO TG LOPPNG:

[1.2]

6mov M pon G ovyvotTag Kot to  po otabepd petagd 0 kon 1. Ot woyvpéc
EVPEIG KO OTEVEC YPOUUES EKTOUMNG €lvarl €va GMUOVTIKO YOPOKTNPOTIKO TOL
oaopotog tov AGNS. Zta vrépuBpa pnkn xopatog 1 ekmopunn sivor oyeddov €&’
oAoKANpoL BepUtkng PUoCEMS Kot TIGTEVETAL OTL OPEIAETAL GTNV ATOPPOPNOT Kot
EMOVEKTOUTN TOV OMOTOS amd TN okdvn oty kevipkr neployn tov AGN. Ilgpinov 1o
10% towv AGNS eival 1oyvpés padtopwvikég nnyég pe ekBetikd vopo yo 10 pacua
oTa POSIOPMOVIKA pNKN KOpatog péco synchrotron oxtwvoPoAioc. T radio quite
TNYEC, M EVEPYEWD QUIVETOL VO LEIDVETOL paydaict GTI POOIOPMOVIKY KATAGTUGT 0o
tov IR gxbetikd vopo. Ot radio loud AGNSs éyovv gite povo gite dmhovg midakeg, ot
omoiot amoTeAOVVTOL amd EVEPYEIKA GOUATIOL TOL TPOEPYOVIOL OO TNV KEVIPIKN
TEPLOYN KoL EKTEIVOVTOL TEPOY TNG OMTIKE TOPATNPNGIUNG €KTaong Tov yorasio. Ot
Tidakeg moTEVETOL OTL EKTEUTOVV oKTvoPoAiior Synchrotron kot okédaong Compton
oo T POSIOPOVIKA UNKN KORaTOg péypt 11§ axtives-y. Olot ot AGNS givar potevég
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X-ray myés. To tuqua tov aktivov-X tov gdouatog umopet vo amodobetl and Evav
ekfeTikd vopo. XapoKTnpioTikd g Teployng TV axtivov-X gival pio opain peioon
ot 2 keV, pio evpeia oyunq mepimov ota 20-30 keV  xor pio Fe Ka ypopun
@Bopiopov ota 6.4 keV (25).

O1 AGNs dakpivoviar oe TAndmdpa vrokatyopidv o0nmg ot Seyferts, ot LINERS,
ot Quasars, ot BLRGs (Broad-line Radio Galaxies), ot NLRGs (Narrow-line Radio
Galaxies), ot FRIs, ot FRIIs kot ot Blazars (11). Ot vrokotnyopiec Bacilovtar o€ 3
YOPOKTNPIOTIKA: GTOV TUTO TOV (QAGLOTOS, OTLS PASIOQPMVIKES 1WO10TNTEG KAl GTNV
eotewvomto tov AGN. Yrdpyovv 2 yevikég katnyopieg yuo kébe povrédo AGN ot
omoieg e&optavtal and tn dievduvon mapoatipnong tov AGN. Ty TpdTH avijKovy ot
radio-quite AGNSs ot onoiot mapatnpovviar wg Seyferts-1 1 Seyferts-2 yaiaieg ko
ot devtepn avikovv ot radio-loud AGNs 6mov épovue ™ dnpovpyio evog Levyoug
TOAK®V o1 omoiot KataAnyovv oe éva (evydpt AoPav, Omwg mapatnpeitar ce
oplopévoug paodo-yara&ieg kar quasars (24). O moapatnpnthig, Kabmdg M yovia
wapatnpnong avéaveral, PAEmEL Evav padto-yohaio (apyiKd He OTEVEG YPOUUES KO
OT1 GLVEYELN LLE EVPELES), Evay quasar kot teAkd Evav blazer.

O1 Seyferts éyovv gv yével pikpn potevotnto Ko yu' avtd tpokettat yioo AGNS pe
wikpn petatdmion oto gpupod (26). Alakpivovral o€ dvo Katnyopies: tovg Seyferts -1
kot otovg Seyferts-2. To @dopo ™C TPOTNG KATNYOPIOG EUTEPIEXEL TAVTOYXPOVOL
gupeleg EMTPENTES YPOUUUES ! ko OTEVEG EMITPEMTEG KOl OTTAYOPEVUEVES ypaupégz (27).
> devtepn katnyopio pOvo otevég ypaupés. O quasars sivor avtikeipevo
neyalvtepne otewotntag omd tove Seyferts (10* - 10 ergs?) (28) ko oe
peyoAvtepeg amootacelc. [lapd Tic d10popéc ot POTEWVOTNTO Kol TNV ATOGTACY|, TO
edouo Tov quasars powaler pe avtd tev  Seyferts-1, kot ovCLOOTIKA, TO.
xopakTnploTikd tov Seyferts kot tov quasars cvumintovv, upe tovg Seyferts pe
pHeyaAn owtewvotnta vo un Eeyopilovv amd Tovg quasars pe UIKpN QOTEWVOTNTO.
Oupoiwmg, ot Blazars dwaxpivovior og 600 kartnyopieg, avti twv AGN — BL Lacs kat
avty tov OVVs (Optically Violent Variable quasars). IIpoxettan ywo. radio-loud
myéc. O Blazars deiyvouv to un-0epuiko eaopo tov AGNS oALd, ektdg ovtov, éva
1oYLPo Ywpic Wiitepa yvopiopoto cuveyés ue acbeveic (OVV) 1 kabolov (BL Lac)
ypoppés exmopumnc. Ot padro-yoraieg eivan emiong AGNS. Ot yoha&ieg avtol &xovv
radio-loud midokeg kKot Aofovg oL EKTEIVOVTAL GE PEYOLEG AMOGTACELS OTTO TO KEVTPO
tov yaAa&io. Onwg oty mepintwon tov Seyferts kot twv quasars, £tol kot €50,
VILAPYOVV dVO KaTNYOopiES, aVTH TV pAdo-yaralldv pe gvpeieg ypapués (BLRG) kot
avtdv pe otevég ypauués (NLRG).

H oxtwoPolioc mov exméumeton amd évav AGN  efnyeiton amd 10 poviého
npocavEnong ot pia pehaviy omf pe palo petatd 10° ko 10 nlokés palec, mov
Bpioketar 610 KEVIPO TOL Yoho&io Ko amotedel TNV TNy TS OANG dPUCTNPLOTNTOC.
H pelovn omn mepidireton and €vov dicko mpooadEnNomg mov meEPLEXEL Yuxpn VAN,
aéplo kot okovn. H axtivoPforio amd tov evepyd yoha&lokd moprva eivat onotéAecpa

! Full Width Half Maximum (FWHM) = 1 - 10000km s™
> FWHM<1000km s
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™G PapuTiKng evépyelag tng VANG KaODS VT TEPTEL GTNV LEANVT] 0TI OO TOV dIGKO
npocavénong. Otav 1o aéplo g kevipikng mepoyng tov AGN cvykevipwbei oty
pedavn omn miotevovpe 0Tt 0 AGN «ofnvew. Emopévog, petd omd tdéom éviovn
dpactnpomra, o AGN otapatd vo mapdyst evEpyelo Kot i6mMG Vo LETATPENETAL GE
évav kovovikd yora&io. Optopévor amd toug AGNS dnpovpyohv moAd peyding
TOYOTNTOG TIOOKES, €KTOEEDHOVTIOG YOUNANG TLUKVOTNTOG TAACUO. TEPO. ONO  TO
nepiBdArov intracluster medium.

" Narrow Line
Region

Broad Line
Region

Black Accretion
Hole . Disk

i

Obscuring
Torus

Ewova 1.3: Zynuotikr ovoropdotacn tov povtédov evog AGN. H zmeprypagn tov AGN
e€aptdron amd T yovia mapatipnone. Image credit: NASA.

1.3 Aotpovopia oto vrépvOpo

To opatd pwg amoterel LOVO €vol TUNUO TG NAEKTPOLOYVITIKNG OKTVOPOoAING Kot G
avtd givar gvaicOntm opaon pag. Ipwv amd 200 ypodvia motevdTay OTL OAOKANPO TO
NAEKTPOUAYVNTIKO QAGHO amroTehoVVTOY HOVo omd TV opath meployn (0.4 — 0.7um).
To 1800, o William Herschel avaxdlvye 611 0 'Hhog eknéunetl o€ punkn xOUATOG
peyoivtepa t@v 0.7um o610 Gkpo TOV KOKKIVOL TOV MAEKTPOUAYVNTIKOV (QAGULOTOC.
Yvvedntonoinoe 611 toroBetmdvTog va Bepuopetpo mépa twv 0.7um 6to eacuo tov
Hliov n Bgppokpacio mov deiyvet sivor peyaddtepn and vt T0L OTTIKOD PAGUATOS
Kol €Tl TPOAYUOTOTOINGE TIG TPAOTES TOPATNPNGELS oT0 VIEPLOpo. H vmépubpn
AGTPOVOLLID aVIYVELEL KOt LEAETE TNV LIEPLOPN axTvOPoAln TOV EKTEUTETAL OO T
avTikeipeva Tov cvbumavtog. Omolodnmote avtikeipevo pe Beppokpacio move amd To
amoAvTo pndév, ekméumer vrEPLOpM aktvoforio. ITapdti to VEEPLOPO PG eivar
adOPATO Y10l TO LATLOL LLOG, LTTOPOVLLE VAL TO oicBovBovue e T pope1| Beppdtntog.

H vrépuBpn axtvoforion Ppioketor peta&d Tov 0poTov (QAGHOTOC KOl TOV
HKpoKvpdtov Ko dtakpivetan o 3 umavieg (25): oto kovtivo vaépubpo, 610 pesaio
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VIEPLOPO Kot 6TO pakPvO VITEPLOPO. ZTO KOVTIVE VEPLOpo o Kk kOpatog (0.7-
1 éwg 5 um) eivor poMg peyodhtepa amd To OMTIKA. TNV TEPLOYN OLTY], Ol YuyPOoi
KOKKIVOL 00TEPES TPOEEEYOLV KOl 1] LEGOACTPIKN oKOVN YiveTan dtamepatn. Avtd Ta
VIEPLOPO PUNKN KOUOTOG JATEPVOVV TIC AEMTEG TTEPLOYEG GKOVNG Ol 0Toieg GVVHBWS
OVOTTTOCOOVTOL GE TOAAG ovpavia avtikeipeva. H meployr] tov pesaiov vrepvdpov
(5 éwg 25 — 40 um) kohdmTel pio gvpeio mEPLOYN OKOVNG KO HOPLOKNG EKTTOUTNG
KaODS KOl YUPOKTNPIGTIKA OTOPPOPNONG, SIEPEVLVAOVTIS PUIVOUEVO TOGO J10POPETIKA
OT®OC 0 GYNUOTICUOG AOTEPMV, O AGTPIKOS BAVATOG KOl 01 TVPNVEG amd GKOVT TV
AGNSs. Ta mold peydlo unkn KOUATOS TOLV PEKPVoOL vaepvdpov (25 - 40 £mg 200 -
350 pwm) exméumovror omd e€onpeTikd yoypr VAN. Meydda, yoypd vépn amd okov™
Kol 0éplo otov yorasio pag, Kafdg Kot og Kovivovg yoralieg, AAUITOUV GTO HaKPVO
vépuBpo Qmc. Xe opopéva amd ovuTd TO VEQEY, VEOL aotépeg oapyilovv va
oynpotifovtal. Ov mopatnpfoelg 6to pokpvd vrépuhpo PmopobV Vo aviVEDGOLV
OVTOVG TOVE TPWTONGTEPES TOAD TPV «OVAYOLVY GTO 0patd amd TN HepudtnTa ™G
OKTIVOBOAIOG TOV EKTEUTOVY KATA TV KOTAPPELOT).

TIPICAL SEE

waniLimate

RS DURRY

1 pm

Thermal IR

Hear-IE, hlid-TE Far-IE.

Diameter of Human Har: Sbont 50 pm

Ewova 1.4: To niextpopayvntiko edopa. To e0pog Tov vépuBpov pdcpatog 16ovTal pe Ty
SIPETPO oG avOpdTivNg Tpiyos.

H napoampnon tov cbunavtog 6to vaépudpo and v I'n eivar wontépmg SOGKOAN.
To @wc, oxeddv oe OAa T VIEPLOPA UNKN KOUATOG, AmOPPOPATaL Omd To HOPLOL TNG
atpoceapag. Qotdco, vmdpyer axodpo €va peydio mpofinue. H atpdcoapa
exméumel emiong vEpvOp”M aktvoPoria. AT 10 £00POG, LOVO LEPIKES GTEVEG UITAVTES
and 2.5 €mg 30um kot unkn kopatog pikpotepa tv 300um sivon mwapatnpriopa. H
TowTTA TOV Emiyelwv mopatnpnocov optdtor amd LREPLOPN  ATUOCPULPIKY|
dwdoon. To moco tv vdpatudV, ToL 0&VYdVoL, Tov d1oEEion Tov dvBpaka Kot TOV
o6lov emdpolv 1oyvupd otig emilysleg vmépubpeg mopatnpnoels. Qg KatdAinio
nopdOvpa yo Topatnprioelg enhéydnkov ta J(1.25 pum), H(1.65 pum), K(2.2 pum),
L(3.6 um), M(4.8 um), N(10.6 um) and Q(21 pum). Ztnv em@davew g I'ng, o Notiog
[T6Aog eivor to YyoypdTepo Kot ENpdtepo PEPOG TO 0TOi0 O1 AGTPOVOLOL HTOPOVY VoL
YPNOYOTOMOOVV Kol KOTd oLVEREW 1 KoAvtepn tomobecia Yo vmépuOpeg
napatnprosic. ['a va apBodv ta mpofAnpaTe TOV TOPATNPNCEDVY, 1| TAEOYNPI0 TOVGS
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npoypatonoteitor omd 1o Sdotnuo. To TnAEokOTOL Kol Ol OVIXVELTEG TOV
YPNOWOTOWVVTAL Yol VIEPVOPEG TOPATNPNGCELS EKTEUTOVY Oepuikn evépyelo ek
evoewc. o va aviyvevcovpe 660 t0 duvatdv acbevéotepn aktvoPorio ivar
OTOPOITNTO VO EAOYICTOTOMGOVE TNV EMOPACN TOL EEOMAMGUOV TOV OPYAVOV OE
Oeprokpacieg KOVIA 610 AmOAVTO PUNndév.

LG e ) T T

14 | =
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0.6 — r
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04 —
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0.0 G Yy . L l. P |
1 2 4 6. -8 10

Wavelength (um)

Ewéva 1.5: H atpoceaipikn d1d6oon yio Stdeopa UK KOUOTOS 6TO KOVIWWG Kol HEGOio
vépuBpo mpoodopilel TG UMAVIEG QIATPOV TOL  YPTCLOTOOVVIOL OTHY  VTEPLOPN
aotpovopio. Ot amd £dapovg vépvOpeg mapatnpnoelg meplopilovial ot UIAvTeS 0oL M
yqwn atpoceoipa Kabiototon dtamepaty. O umdvteg avtég avapépovtal og J, H, K, L, M, N
kot Q. H adwpdvelo e ynvng atpoceatpog sival sopetapintn. Ewdwotepa, sival yvooto
OTL glvar evOicONTN GTN GLVOAIKT] TUKVOTNTO TOV VOPOUTUADV GTNV TEPLOYT TOL TNAEGKOTIOL.
H 614800 mov mopiotdvetar oy KapmdAn eivor vmd Tig 18avikotepeg cuvinkeg (.. to
eminedo vopatpdVv va givor yaunid). Kabaog 1o eninedo tmv vopatpmv avEdvetal, 1o eninedo
O1ad00NG HetdveTal oe OAA T UNKN KOUaToG. TETolEg TEPITTMGELS Elval WOTEPMG ELPAVY| GE
pMKn kopatog TV onoimv 1 d1ddoon givat eyyevag xounAn (1).

H odwpopetikn @Oon TtV  ovpdviov  OVIIKEWEVOV — OTOKOAOTTETOL Ao
TOPATNPNOES 6€ deopo pNAKN Kopotoc. H mopatipnon tov cvumavtog 10
VIEPLOPO  EMUITPEMEL GTOVG OGTPOVOLOVS VO €EEPELVIIGOLYV  TO. YLYPOTEPO TMV
aviikeévov. H peiétn tov atdpov Kot tov popiov oty veépubpn meployn mopéyet
TOAAEG TTANPOQOPieg Yoo TNV KATAVONGT TOL GYNUOTICHOD T®V TAVNTOV, TOV
acTéPOV Kol TV yoloSidv. Evo amd to mAEOVEKTAUATO TNG TOPOTNPNONG GTO
Kovtvd vépuBpo etvar 01t 1 okdvn kabictatar Sapavng. Ta ontikd thieokoma
adLVATOVV VO TOPOTNPTCOVY OVTIKEIHLEVA OV TEPPAALOVTOL amd GKOVY] EVD, OVTA
TOV TOPATNPOVV GTO KOVIIVO LILEPLOPO UTOPOVV VO OVIYVELGOVV TNV EKTOUTY TOVG.
Oco peyoivtepo givor to pKkog KOHOTOS, TOG0 gukoAdTEPO €ival Yo TO VITEPLOPO va
dwmepdoet ) okovn. [ToAlég amd Tic mapatnpodueveg myég Ppiokovion 6e mTOAD
LEYOAES OMOCTACELS Kot pe TOAD younAn Oeppokpocio pe amotéleoua va givot
OVOKOAO VO aviXVELTOUV OTO OTTIKA 1 HKPOTEPA UNKN KOUATOG. Ot Topatnpnoelg
0TO0 VIEPLVOPO HOG EMTPEMOVY VO HEAETAUE TNV TPOUN €EEMEN TOV OVTIKEWUEVOV
aUTAV, GTO OPYIKA TOLG OTAdWL, KAODG 1 ddkasion TG dnpovpyiag cuviBmg
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efeMooetol o yoypéc kot pe okovn meployés. EEautiag tng S100TOANG TOL
oOUTOVTOG, 1 &evépyeln petatomiletor o€ PEYOAVTEPO UNKN KOUOTOS Kol TO
LEYOADTEPO HEPOC TNG OTTIKNG AKTIVOPOAING, TOV EKTEUTETOL GO TOVG OOTEPES KO
ToV¢ yola&leg Kotd TN S1dpKeEl TOV ap IK®V GTOdIOV GYNUOTIGHOD TOV GOUTOVTOG,
petotomiletonr otnv vrépulpn mepoyn. H perlétm tov mhéov amopokpuouévov
AVTIKEWEVOV 0T0 VIEPLOPO PAopo givol omapaitnTn Yoo VO KOTOVONCOVUE TTMGC
onuovpynnke 1o ovumav. Olo To avTiKEipeva TOL MAMOKOD HOG CLGTNHOTOC,
QEYYAPL, OOTEPOEIDELG, KOUNTES KOl TAAVNTEG EKTEUTOVV 1oYXVPE 6T0 VIEPLOpo. H
HEAETN TOV OVTIKEILEVAOV OVTAOV GTO LIEPLVOPO PUAKN KOUOTOG oG divel TAnpopopieg
vy ) ovvBeon tovc. H avravakiaon tov vrépudpng aktivofoiriag tov HAlov oty
EMPAVELDL TOV NAOKOV OVTIKEWEVOV EXEL LEYIOTO GTO KOVIIVO LrépuOpo, mepimov
ota 0.5um.

, | EYpog pikovg . .
q):gp'l?)ﬂ,l( g KONOTOG Evpog (@;é)l\;;.ior:;pacwg Tvwapatnpoope
proxn (microns)

Kovtwvo - Ny 740 ém¢ Yoypoic epubpoig acTépeg,

vEpLOpo (0.7-1) w5 5 (3.000 -5.200) Epvbpoi yiyavrec.
IThavnteg,  wounteg Kot

Mesoio - 00TEPOEIOELC,

OEOLO00 5 ¢mg (25 — 40) (92,5-140) ¢w¢ 740 Ykovn  Oeppovopevn  amd

poup GTOVG OOTEPEG,

IIpwtomhavnrikoi dickot.

Moakpwd - (25-40) émg (10,6-18,5) ¢mg IEggfgul 721 ?rzol‘émxpgfg \(21:

VIEPLOPO (200-350) (92,5-140) PLIT] TEPLOXT YAAASIOV,
oAb yoypd poproxd vEe.

Hivaxag 1.1 Awyopiopds tov vaépufpov PAGHATOS GOUP®VO LE TO €DPOG TOL UNKOVG
KOpoTog, TG Oeppokpaciog kat Tov wediov perémg. http://coolcosmos.ipac.caltech.edu/

1.4 ®aocpotookomio

To @pwc mov €pyetar and ta dotpa givar cHvOeTo Kot KOAOTTEL OAOKANPO TO PAGUQ
™G NAekTpopayvntikng aktvoPoriog. To mepdpoto tov Sir Isaac Newton to 1666
éoe1&av OTL 10 AgVkOG Pws, kabmg mepvad péoa and €va mpicpa, dwywpiletoar ota
YPOUATO TOV TO ATOTEAOVY OTIWG TO0 0VPAvio TOE0 6ToV ovpavo petd ™ Bpoyn (26).
[Ipdxettar axpimdg v t0 1010 @avOpevo, T0 NMAOKO (OC daympiletal amd TIC
otayoveg g Bpoyns. O Newton ypnoyonoince ™ AEEN pdouo Yo vo TeptypaweL To
eawopevo. To 1814, o Josef von Fraunhofer, kotackevdlovtog éva mpiopua,
YPNOWOTOINGE TN QOCUATOCKOTIOL Yio vo, wapotnpiost to dcpa tov HAlov, To
OmOTEAEGO. OLTAG TNG Topatnpnong Mtav 574 okotewég YPoupés (YPOUUES
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anoppdenong) oto edopa. To prikn KOHOTOG TOV KEVAOV TOV GMTOS OVTIGTOLYOVGHV
OTO OTOPPOPNUEVO PMOC amd T XNUKE OTOYKElD TOV EEMTEPIKOV CTPOUAT®V TOL
HAov. Avtd onpaiver 61t €qv yvopilovpe 10 UAKOC KOUOTOG TOV YPOULDOV
AmopPPOPNONG UTOPOVLE VO OVALYVOPIGOVUE T oTOLKElD TOVL aroTeAoVY Tov 'HA0 Ko
Vo SNUIOVPYNOOVUE Ui EIKOVE, Yio T ovotach tov. To 1857 ot Gustav Kirchhoff kot
Robert Bunsen katd tn didpkelo TEPOUATOV HE S1AQOPO. €101 YNUWKOV oTOLEIDY
amédelgav 0Tt 10 kabéva £xel To KO TOL YapaktPlotikd edoupa. O Kirchhoff, ot
OULVEYELD, TPOCOOPICE TNV OKOTEWEG YPOUUES KOL TIG GUVEKPIVE PE TO (QAGHO TOL
Hliov tov Fraunhofer. Otov teAciooe pe ™ pedétm tov HAlov, ovvéyioe
OVOKOADTTOVTOG TO VITPIKO QAGHO TOV 0oTéEP®V. Ol Tapatnpnoels avtég elyov g
amotéleopo Tovg 3 vopovg tov Kirchhoff yio ™ eoaocuatookonio. Ot vopor avtoi
oplav 6TL T0 Pdopa tpoépyeTon omd 3 TOHmOVS Ko €apTdrTal and T GLVONKES amd TIC
omoieg mapdyetat.

Source of Cloud of gas
continuous
spectrum

(b)

Continuous spectrum with dark lines

i\ ()

|

Continuous spectrum Bright line spectrum

Ewova 1.6: Ot tpeig THmol Tov PAGHATOG TToV EUnepEovTaL 6Tovg vopovg tov Kirchhoff.
(Harcourt, Inc. items and derived items copyright © by Harcourt, Inc.)

1. 'Eva Oepud oteped oopa 1 €va a€plo HEYAANG TUKVOTNTAG EKTEUTEL GE OAOL TOL
UMK KOUATOG Tapdyel SNAadN v GUVEYES PAGLLO EKTOUTTC.

2. 'Eva Beppo, youning mokvotntog aéplo mapayel GAGHO LE YPOUUES ekmopumg. Ta
ototyela Tov a@BOVOLV GTO YVYPATEPO AP0 EPPAVIOVTOL G POTEWVEG YPOLLUES
670 Qdoua.

3. 'Eva Oepud avtikeipevo pe ovveyr] oxtwoPoAia otav mapatnpeitor péco
YOYPOTEPOL, YOUNANG TLKVOTNTOG oeplov  TOPAysEl QAGUO  UE  YPOUUES
amoppoéenong. Ta kevd oto Acpo eopTdVTaL Ao To. EVEPYELOKE EMimedd TV
atopwv oto aéplo. H perlémn tov @dopotog amoppdenong stvar €vog tpomog va
TPOGOOPIGOVLLE TL LIAPYEL LETAED MUADV KO TNG TOPATPOVUEVNG TNYTS.

Ot katnyopieg TV QACUATOV EKTOUTNG Kol AmoppOPNONG EUTEPLEYOLV ULEYOAO
aplOpd YPNCILOV TANPOPOPLOV GYETIKA WE Tr dopun kol TN ovvBeon g VAng. H
(QOCUOTOOKOTIOL €ival oyvpn HOPEY| YMUKNG ovdAvong, Kabmdg kot pio péBodog
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JlEPELYNONG TNG TVPNVIKNAG Kol YNUKNG doung. MeydAo HEPOG NG EMGTNUOVIKNG
YVOONG Yo TN OOUN TOV GUUTOVTOC, OO TOVG AGTEPES UEYXPL TO GTOUN, TPOEPYETOL
amo v epunveia g aAAAenidpaong g VANG pe v axtivofoiia.

1.4.2 H ®aopatookonio 6Ty AcTpovouia

Ot aoTPOVOLOL YPNOLOTOIOVTOS EVOV GAGHATOYPAPO dtaywpilovv v akTtivoPforio
TOV OVPAVIOV OVTIKEWEVOV CE GLYKEKPIUEVA UNKN KOUOTOG 1] GULYKEKPUEVES
evépyeleg ootoviov. Ta mpiocpata otov QAcUATOYpd@o £xovv Tn OLVATOTNTA VO
0100 VV T0 PG, EVO TA EPAYUOTO VO TO GKEOALOVY. ZOUG®VO, LE TOVS VOUOLS TOL
Kirchhoff yio tqv axtivoBolia, vdpyovv 3 €idn edoupatog (27): 1o cvveyxEc pdoua,
TO PACUO EKTOUTNG KOL TO PAGLO OO0 pPOPNONG.

To ovveyéc @aospa sival To AmMOTEAEGHA TOV PMTOG EVOG OVTIKEILEVOL OTOV OVTO
oépyetor péoa amd €vo mpiopo ko owywpiletoar. Oco Oepuodtepo eivar €va
OVTIKEILEVO TOCO PMOTEWVOTEPO EIVOL KOl 1] EVEPYELD TOV QOTOVI®MV TOL €lval pEeyain.
To péy16To 10V POTEWVOTEPOV YPOUOTOS GTO PAGHO AVTIGTOLXEL 0T Begprokpacio Tov
OVTIKEWEVOL. XTIV OCTPOVOUIDL  YPTCIUOTOWOVUE TO GUVEYXEG (QAGHO Yol Vol
VTOAOYIGOVE TN BEPUOKPAGTIH TOV AVTIKEYUEVOUL.

To @dopa exkmopmig oyetileton pe v amoppdPnon ¢ akTvoPoAing amd ta
nAekTpoOvio. agpiov mov Ppioketon o YOUNAN TLKVOTNTO KOU ETOAVEKTEUTETAL GE
dapopa pnkn kKopoatog. To @dopo eKTOUTNG EREOVICETOL OC PMTEWVES YPOUUES OTO
eacpo. Avtd ovpPaivel efotiog TOV EOTOVIOV TO OTOloL  EKMEUTOVTOL OF
OLYKEKPIUEVOL UNKT) KOUOTOG KOTE TNV UETATTMOT TOV NAEKTPOVIOV 0md vynAdTEPT
O€ YOUNAOTEPT EVEPYELOKT OTAOUN.

To @aopa amoppdenong mopdyetor OTaV Eva Yoyxpo aépto Ppioketon petald tov
TapaTnPNT) Kot TS myne. To 0€plo amoppo@d 10 em¢ e TNV KATAAANAN evEpPYELL
vy va. oteyeipel ta nAekTpdvid tov. To em¢ ota vIdAOITO UK KOUOTOG O1EPYETOL
Yopic xopion oAAniemidpaocn. H evépyeswn mov oamoppoenOnke oamd 10 0aéplo
euQovifeTol MG OKOTEWEG YPOUUES oto @dopo. Ot aoTépec mopPAyovy QAGLOTO
amoppoPNong Kabdg 10 €MTEPIKO TUNUA TG POTOGPAPAS Etvar WyuypdTEPO amd 1O
eomTEPKO. Ol 0OTEPEG EKTEUTOVV GULVEXEG PAGHO OLMS, TO YLYPO OEPLO OV TOVG
TEPPAALEL ATOPPOPA TO MG GE GLYKEKPUEVA UNKT KOLOTOG T 0Toia peavilovton
®G KEVA GTO PAGLLO TOV TPOKVTTEL.

OvclooTikd, OAeg 01 TANPOPOPIES Y10 TOL OVPAVIL OVTIKEIHEVO TTPOEPYOVTAL OO TN
HEAETN TOV QOCHATOV TOVG. To @doua eumepiéyel TANODPO TANPOPOPLOV Y10 TN
Q00T KOl TO YOPOKTNPIOTIKE TOV OVTIKEWEVOV aT®V. Onmg pmopove vo doVLE,
VILAPYEL AUECT] GVVIEOT HETAED NG (UONG TOV OVPAVIOV OVTIKEWWEVOV KOl TOV
QGTPOVOIK®DV TANPOPOPIOV TOL AdpPdvovtal Tapatnpavtag 10 edope tovg (28).
Mmnopove va GUUTEPAVOLLLE TN cLVOEST TOVG YVOPILoVTAG TIC YPOUIES EKTTOUTNG KO
anoppoPnong twov eacpatog. Ta pnkn KOHOTOG TV YPOUU®V TOL (PAGLOTOC
cuykpivovtal pe avtd TOV oToyEl®V oL £QoVV avayvoplotel oto gpyactnpro. H
Kivnon TV TopatnpoOVUEVOV OVTIKEWEVOV Umopel emiong va Tpocdlopiotel and to
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eacpa toug. Otav €vo avtiKeilevo KIveltolr 6 oYE0N WE TOV TOPOTNPNTH TO UNKOG
KOHOTOG TV Ypoupumv petotomiletor. H petafoAin tov punkovg kdpotog e€ontiog g
Kivnong avtg gival yvoort og petatomion Doppler (27). Metpdvtog T HETOTOTION
umopodue vo yvopilovpe av to aviikeipevo «Kivelton mpog to gudg N v
amopakpHveTal, KOS kot v tadTNTA Tov. H popen tev ypappdv pog tAnpoeopet
Y TNV TEST KOl TNV TUKVOTNTA 6T0 TEPPAAAOV KOVTE GTO VIO PEAETN OVTIKEIUEVO.
Ot ogoopotikég ypouués umopet vo  gpeaviovior devpupéveg  eoutiog ™G
oVYKPOLOTG HETOED avTikepévav. Oco To cuyvég eival avtég o1 GLYKPOVGELS TOGO
peyoAvtepn etvar m oevpuvon tov ypapumv. Ot ypappés umopel emiong va
epeavifovtor dtevpopéveg e€outiag g Oeprikng kivnong copeova pe v pébodo
Doppler. Téhoc, n vmopén payvntikov mediov pmopei vo, mapoatnpnOel péco g
W010TNTAG TOL VoL daWPilel TIG PUGUATIKES YPOUUES GE TEPIOCOTEPEG OO i, AVTo
ovpPaiverl yioti to evepyelokd TITEdN TOV EKTEUTOUEVOV GOTOVIOV dtoympilovTon
VIO TV EMOPACT LOYVNTIKOV TESTIOV.

1.4.3 CCD ¢@oopatookonia

YNuUePa, 01 TEPIGGATEPOL OO TOVG OIGTPOVOUIKOVG OVIYVEVTEC TTOV PN CLLOTO0VVTOL
v Topatnproelg sivar CCDs (charge-coupled device), ota eAAnvikd yvmotoi mg
«ovokevn (1 ddtaén) ovlevyuévov goptiovyn (2). H paydaio avimtuén twv CCDs
ovvénece pe Vv e&EMEN tov dwrdéemv pe Paon to mupito. To mupito, oy
KPULGTAAMKT TOL HOPPT), OTMOTEAEITOL OO ATOLO TVPITIOL CLVOESEUEVA LE 1GOGOEVIG
OeoOVG e T YETOVIKG TOVG. To amhovoTtepo Kot TAEOV KATOVONTO OVAAOYO TNG
Aertovpyiag Twov CCD cameras gival tov «kddov [e vepO» OV XvonOnKe amd Tovg
Jerome Kristian ka1 Morlay Blouke. Ot kddot avamapiotovv o piXels kébe ceipdc
g CCD ko m Bpoyn ta @oTOVIO TPOGTITTOVY. MTOPOVUE VO TO PAVTAGTOVUE GOV
pio weployn mov kKaAvTTETOL e VOLYPOUIGHEVO KOAGO10 KOTA UNKOG TMV YPOUUDV
Kol Tov otnAdv. Otav 1 Bpoyn otopatost, kKabe KAooc petapEpeTor yio vo petpnoel
N mocotnTa vepov. O kabopioudg g mocodHTNTOG TOL VvEPOL diveton cav pior 600
OOTAGEWMV OTTIKY TNG TEPLOYNS.

O wvpog Adyog mov ot CCDs emkéyoviar og avigvevtéc elvoar n peydin
(QOGLOTOGKOTIKY TEPLOYT TTOL UTOPOLV va KahOyouv (nepimov and 3.000 £wc 10.000
A), n ypiyopn amewdVIoN MOV OMOLTEITOL YO EMGTNHOVIKEG KOl BLOPMNYOVIKEC
EPOPULOYEG KOl O peyOrog apBuog, amd 2.048 éwg 4.096 N ko mepiocdtepo. To
TEAEVTOIO YOPOAKTNPIOTIKO EVOL WOUTEPMOS CNUAVTIKO Y10 TOPATNPNCELS EVPEOG
nediov, multi-object eocpatookomioo pe ypron omtwkedv waov (Multi-object fiber
spectroscopy) katd tnv omoia ot tveg tomofetovvian ot Béon twv cepdv Twv CCDs
(29) ko yw Echelle goacpotockonio mov ypnowomoteitor yio Towtdypovn 600
daotaoemv Topatnpnon (Vogt & Penrod, 1988).

H Boaocwum dopn evog CCD aoOnmpa omoteheiton amd pio ypopp pe Hepkés
ekatovtadeg photosites kat évav mapdiinio CCD petatomlopevo Kataympnti, Tov
KataAnyel oe évav evaicnto evioyvt (amplifier). Ta pixels g CCD eivar
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ta&vounpéva o oelpég kot otnAeg. Xto akpo g CCD Ppioketon pio povi 6epd mov
ovoudletar shift register. H ceipd avt) €yetl tov 1610 apBud pixels pe tig vwdrouteg
oelpég ¢ CCD pe t dtopopd 0Tt £xel KOAPOel BOTE VO TPOSTIMTEL PO TAV® TNG
(3). Ta nAektpovia tov mopttiov givar cvvdedepéva ot doun e CCD ko dev
aviyvevovtal. Edv n evépyeia mopéyetor amd ™ petafoln g tdong e mOANG TG
CCD, mov givor peyolvtepn amd 0 Babog tov mbavodv kothotitov (tepitov 1.1eV),
éva (edyog miektpoviov — omng dmuovpyeitar (30). To nAektpdvio otn cLVEXEL
umopet va mpooyOel oe SloKPLTEG EVEPYEINKES UMAVTEG KOl VO oviyvevTtel gukoia. H
evépyewa yuoo va onpovpynei to {evyog niektpoviov — omng pmopet va mpoopepHei
and eOTOVIO pe PNKog KOpatog pikpotepo tov 1um. H tpdontmon evog pmtoviov e
éva pixel 0o mpokaAécel v mapaywyn evog erevbépov niektpoviov. Ta niektpovia
OV OMUIOVPYOVVTOL A0 TO PMTOVIO. GLAAEYOVTOL KOl amofnkedovtal oe TEPOYES
nave oto chip mupttiov mov kabopilovrar and Eva nAektpikd medio. Ot mePLoyEC
avtéc ovopdlovtan pixel (3). Oco mep1o60TEPO PO TEPTEL TAV® GE EVOL GUYKEKPIUEVO
pixel, t6co mepiocdTEPA MAEKTPOVIC. cLAAApPavovTan otig mhavég kootnteg. H
dwddotatn @von tov CCDs, emrpémovv v Ttomobétnon Tov QACUATOS OF
0mO10ONTOTE S1ATOEN, EMAEYOVTOG KOAEG TEPLOYES KAl ATOPEVYOVTOC TO, VEKPA Pixels
N avtd pe pewwpévn evactnoio. Eniong, n diodibotorn ddraln divel mn dvvarotnta
NG KOTOYPAPNS TOV QAGLOTOS TOV OVTIKEWEVOL KOl TOV ovpavoy tavutdypova. H
apaipesn Tov oVPAVOL Ad TO EACUE TV OVTIKEWEVDY avEavel Tov Adyo S/N o1o
TEMKO QACUO EMITPEMOVTIOG TNV OVIYVELST] QULIPOTEP®OV TNYDOV. ALTO eVIoyVEL
eniong v afomotio tov petpnoswv g pong (flux measurements) kot givol o
KOpLo¢ Adyog mov kobotd avatepovg tovg CCDS petald TV QUCHATOGKOTIK®V
aviyvevtov (2).

Ewova 1.7: H CCD pumopel va amodobel amd pio oepd kadwv oe pio mepoyn Omov
oLAAEYoLV vepO kaTd TN dwdpkewn piog Kotoryidag. Metd v katoryido, Kabe KAdog
petakveitol Kot punkog piog Lavng HETapopds Emg 6Tov (TAcEL 6TO 6TaId KATAUETPNONG.
311 GuvEEL, TO VEPO TOL GLAAEYONKE 0o KEOe KAdO adeldleTe oToV KGdO puéTpnong (2).
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Ot CCDs pog mpooeEpouy eKTANKTIKN €KOVOL TOL VUKTEPVOL ovpovov. Ot
acTPOVOLOL avayvapisay ypryopa tv o&ia twv CCDS yia vynAng mTodtrag koVeC.
O peydrog apOpoc tmv pixels mpooeépel peyddn svkpivela. To amotélecpo gival
po AETTOpEPNS EKOVO OVTIKEWEVOV aKkOpua Kol av Ppiokovtol ToAd poakpld 1 €gouvv
pkpo péyeboc. Ev yévet, ot CCDs anokpivovtatr 6to 70% tov €16£pYOLEVOL PWTOC, LE
115 ovyyxpoves vynAng mowdvttag CCDs va mpooeyyilovv 10 95% (2). 'Eva axdpo
peydro mieovéktnua tov CCD cameras otnv actpovopio givatl 1 iKovoOTNTA TOLG VoL
HETOTPETOVY TNV OVOAOYIKY] TANpopopio oe ynowakr. 'Eva 8épa mov ot actpovopot
TPEMEL VO OVTILETOTIGOVY Otav ypnotponmoovy CCD cameras sivar o 06pvPog. O
00pvPog avtdg dnuUovpyeitan and v Beppikn ekmounn g d10G ™G Kapepas. o
™V avixveuon moAD OpLOPOV OVTIKEWEV®VY, OT®MG ot yohaliec 1| dAA0 pE OTTIKO
péyebog peyodvtepo tov 25, eival amapaitmro va glayiotomoicovpe tov 86pvfo
yoyovtag v CCD oe Oepuoxpacio kovtd otovg 160K. TMapatnpnoelg o 1660
YOUNAES Beppokpacieg emTpEmOVY PLEYAAOVG ¥POVOLG EkBeONG Y10 TOAAEG DPES.

Readout Sequence ofa CCD Only subset of pixels shown!
1 2 3
.
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o o ~—P 2 ~—p o
g}CJ . 3 0 * » %C: 2
»1e Amplifier ¥ {3
D{} G‘O O -~ Qutput -~
- 3 {3 _Node
/ g O OO0 G OO0
Q <] b9 ["pd| [<Jlo9 |"%bo
4 5 6
FF
3 . ° i sk -
o' e © o - © P 9
oxe {3 bt d
Read - - o
Out 2
o]0 pd 5
< og &“j \\\

Ewova 1.8: To ¢wg mpooninter ot CCD. Mia mpog pio ot ogpég peraromilovton
KOTOKOpLQO. 6TV TTPpog T Awpida amodnkevong ot CCD. Ta pixels g televtaiog cepdc,
éva. mpog €vo, UETOKIVOLVTOL oplovTio TPOog Tov evioyut . H kataypaen Tov evioyvt
TNYOIVEL O€ VOV LETATPOTEN AVOAOYIKOD GE YNelokoy onpatog kot dtafdletat. H dwadicacio
enavalapfaveror £og 6tov dwfactel oAOKANPO 1O TAic10 (3).



Kepaiaio

[Hapatnpovtog 6To vTEPLOPO

2.1 Tepiinqyn

H epyocia Paciletor o QOGUATOOKOMIKESG TOPATNPNOE, TOV £YOLV GKOTMO TOV
YOPOKTNPOUO YOAAEIDV KUPIOC G OMTIKE UNKN KOUOTOC. XTO KEPAAOLO ovTo, Oo
CLVOYICM TIC ONUAVTIIKOTEPEG £MG TMOPO OOGTNUIKES OMOGTOAES Yo TNV UEAETN
OVPAVIOV OVTIKEWEVOV OTO VIEPLOPO. TNV TPOTN TOPAYPAPO, TOPOVCIAL® TIC
OLOOTNUIKES OTOGTOAEG KO TO. TPOYPEUUATO TOV SYEPICTNKAY TO OTOTEAEGLLOTOL
TOL CLAAEYONKOY, LE OKOTO TNV TOPATHPNOT TOV ovpavo 1o vEpvhpo (IRAS, 1SO,
AKARI, Spitzer, SWIRE). Idwitepn avoeopd yivetor otnv amoctoAr] tov Spitzer kot
oto mpdypoaupa SWIRE, mnyég tov omoiov amote AoV Kot Tol OVTIKEILEVO TV oToimV
TO. QAGLOTO, YPNOCILOTOOVUE. 2T GLVEYELD, YIVETAL TEPYPAPN TOV YOAASIDV TOV
givon  1Bntépoc  gotewvoi  ota vaépvbpa  pnkn  koduatog (Ultraluminous/
Hyperluminous), otnv amdd06m TV YapaKTNPIOTIKOV TOVE Kol TMV 1O10THTMV TOVC.

2.2 ATOGTOALG Y100 TOPOTIPNOT 6TO VTEPLOPO

Onwg avaeépape oty mapdypago §1.2, yio ta veépubpa pnkn Kopatog, poévo éva
pikpd pépog g vEPLOpPNG axtvoPoriag mov mPoépyeTal Omd TO XVUTAV QTAVEL
tehMkd otn I'm. Olo 1o vmoroumo amoppo@dtal and Tovg VOPATHOVS Kt TO d10EEId10
0V QvOpoka g atudSEapds pag. Amotédleoua ovtod €ival 01 GNUAVTIKOTEPES TMV
TapaTNPNoE®V 610 LIEPLOPO va yivovtor omd tnieckoma mov Ppiokovian EEm amd
Vv ynwn atudéceapal.

2.2.1 Infrared Astronomy Satellite (IRAS)

O Infrared Astronomy Satellite (IRAS), Ntav 1 Tp®TN S100THUKY ATOGTOAN LE GKOTO
TNV TOPATHPNOT TOL OVPAVOL ot VIEPLOPO UNkn KOpatog. Extoéedtnke otig 25
Iavovapiov Tov 1983 kou 1 oamootodn tedeiwoe 10 pnveg apydtepa OTOvV TOL
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amofépata vYpov NAiov, oL Eyvye T0 ThAeokoOmo, e&aviindnkav (31). Xxomdg Tov
IRAS Ntav va mopakdpyel to eunddlo g YNIVIG OTLOCOOIPOS KO VO LWITOPECEL VO
aviyvevoeL TEPLEGOTEPO amd T0 95% TOVL VPOV oto VEpLOpo. O IRAS, aviyvevce
TOV 0VPaVO G€ &vo VpY PAcUO LTEPLOP®Y LUNKOV KOUOTOG omd 8 €wg 12um kot
OTOKAALYE OO  EKATOUUVPLO  OavTikeipeva, to omoio  e&émeumav  vrépuopn
axtwvofoAia. Aviyvevovtag 10 ~ 95% tov ovpavol, dnpovpyNce Evav apykod
Katdroyo (32) pe 6pia oto ~ 0.5 Jy to 12um, 25um ot 60pum kot oto ~ 1.5 Jy ta
100pm. Xtov katdroyo mepiEyovror mepimov 20.000 yaraiieg o1 mePGGATEPOL EK TV
omoiwv dev elvarl eyyeypoaupévol oe mpoyevéotepo katdroyo. Ov ULIRGS, 6vtag
OTAVIOlL GTO TOTIKO GUUTAY, ATOTEAOVV Hovo 10 3% Tev Tydv oto Bright Galaxy
Survey tov Infrared Astronomical Satellite (IRAS) (7).

LW [

T T
01inm  1am 1Cr|m 100nm 1pm 1me 1D:)pm 1mm cm mcm m 1Dm 100m Tkm

Wavelength

LV

Visble Lght Mog ot Long-wavelength
observalge l;‘""d ‘T;‘"‘"‘ Redio Weves observable  Radio Wavos
from Earth, P from Earth, blocked.

vith some

g

Atmospheric
Opacity
1

Gamma Rays, X-Rays and Ultraviolet
Light blocked by the upper almosphere
(bast obsarved from space)

Ewova 2.1 Zynuotikn omddoon kot Swdypoppe Omov spueoviletor 1 aTHosQopikn
adPAVELDL MG GLVAPTNON TOL UNKOLS kOpoTos. Tlapatnpodpe 411 poévVo T OmTIKA KO TO
POOLOKVULATH UITOPOVY VAL SLOTEPAGOLV TNV ATUOCPAPO KOl VO TACOVY GTNV ETLPAVELD TNG
I'mg. Zyeddv oAOKANPpO 10 VITEPLOPO PAGHO ATOKOTTETAL EKTOG OO OPIGILEVEG LUKPEG TEPLOYES
OV PTAVOLV GE LEYAAQ VY.

O IRAS (33) okdavape t0 chvolo Tov ovpovoD Tpeic Popéc. Taideve and t0 voTIO
010 PBopeto mOro ¢ I'ng péoa og 90 Aemtd Ko aviyveve o Awpida TOL OLVPAVOD TOV
EMKOAVTTOTAV KOTA TO NUICL HE TNV Awpida mov lye aviyvevoel ta Tporyovpeva 90
Aemtd. H tpoyd tov emhéyBnke moAD mpooekTikd €xoviag v Oy opKETOVS
napdyoviec. Kot’ apydg, 0o émpene va Ppioketar cvveymg, mepiocotepo omd 60°
pokpld amd tov 'HAlo, étot o dopupdpog axorovBoioe pio oyeddv mokm tpoyid. To
TPOYLOKO DYog Tov dopuedpov Ntav 900km kot n kAion tov 99° e oyfon pe tov
onuepwo g I'ng (33), yeyovdg mov 0dnyovce 6 PETARTOOT TG TPOYLAS TOL KOTA
pio poipa ava nuépa. TomoBetdvVTOg TOV 00pLEOPO LoKPLd amd v I'm, Katdeepov
VoL TOV TPOGTATEYOLV amtd To optia Oepudtntog tov HAlov kot g I'mg.

O IRAS amotehobvtay amd 10 GKAPOS Kol amd T0 THAECKOTIO TO0 0moio yhyoviav
a6 vypo NA. H evaisOncio Tov Ntav wav yio va tapatnpel eEoyaradlokés mnyég
o€ pecaio Kot peydio vrépudpa punkn kKOpotoc. Ot KoTooKeLaoTES, TOTOBETNGAV TO
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/9.6 eokomo Ritchey-Chretien péoa oe mpootatevtikd mepifinua, pe 70kg vypo
NAo og Beppokpacio 10K ko pe toug aviyvevtég akdpa yoypdtepovg otovg 2K. Ot
Oepurokpacieg avtég givarl amapaitnTes OTAV TOPATNPOVUE YLYPE OVTIKEILEVO V1oL VO
amo@VOYoVUE TNV aKTVOPoAlo 0md ToV 1010 TO dopLEOPO Kot Tov €yyevy BOpvo TV
aviyvevtov. To eotiokd eminedo meplelye por ogpd 62 opBoyodviev vrépvbpwv
aviyveut®v og punkn kopotog 100, 60, 24 kot 12 pm.

Ewoéva 2.2: Xaptg tov ovpavod o€ vaépuhpa pNKn KOUATOG OT®MG 0uTOg Topatnpnonke
am6 tov Infrared Astronomical Satellite (IRAS). H pwtewvn opilovtia {ovn givan o Tara&iog
pagc. Ot pmie Tyég avTioToryodv o€ aoTEPEG LEGA oToV Yora&io pog To ool mopovotdlovy
UEYAAN ovykévipwon ot {ovn tov I'ohalio kol oto kévipo. Ot kitpvo-mpdovec mnyég
glval OpolOPOpPA KoTavEUNUEVOL YaAaEieg TOV MGTOCO TAPOLGLALOVY EVIOV] GUYKEVIPMGT
og évav peyodo kOkAo maveo omd v yora&lokn {ovn. Ot KOKKIvOTEG mnyég eivar Cirrus
myés, eSoupeTikd yoxpn VAN kovid otov yohoSio poag. Ov povpeg meployéc dev
napatnprOnkav amd tov IRAS (39).

Kotd ™ ddpken tov 10 unvav g anoctong, o IRAS avaxkdivye maveo omd
350.000 mnyég, mOALEG amod TiG omoieg Oev elyav Tpocdlopiotel enapkms. [Tapatipnoe
20.000 yaratiec, 130.000 actépeg ko 90.000 vmOrowma SaoTNKE OVTIKEILEVA.
[Mepimov 75.000 and 11 mopotnpodueveg mnyég miotevetar Ot givon starbursts
yora&ieg, evd kamoleg GAAec Exovv TavtomomBel wg anloi aotépeg pe starburst yopw
tovc. O IRAS, Tav 1 TPOTN ATOGTOAN OV LG E0MCE EIKOVES OO TOV TLPTVO TOV
yoro&io pog.

Ta koawvotopa ototyeio mov pog édwoe o IRAS ftav apketd kot Wwntépog petald
v 20.000 yora&lokodv mnyov. Extog and tovg starbursts, mov e&artiog tng peyding
ToGOTNTAG aePiov oL dBéTovy givorl WTépwg emTevol oto VIEPLOpo, to IRAS
aviyvevoe omelpoedeic yara&ieg tehevtaiov tonov (Sb-Sd), opiopévoug SO-Sa odra
oxed6v kaBoAov eddeurtikovg (34). IMapatmpnoeg oe otk emdeypévovg Seyfert
(35) xau QSOs (36) £dei&av 0Tt evepyoi yora&ieg LTOPOVV Vo EKTEUTOVY EVIOVO GTO
pokpwvo veépvOpo. Extog amd tovg starbursts, mov eéattiog g peYAANG TOGOTNTOGC
aepiov mov dBétovy eivar WiMTéEPWS pmTeVOi 610 VIEPLOPO, T0 IRAS aviyvevoe kan
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dAlovg yoro&ieg pe peydAn @eoTEWOTNTO 6TO VAEPLOPO YVMOGTOl MG VIEPAAUTPOL
yoroéieg oto vaépubpo (Ultraluminous Infrared Galaxies, ULIRGS) (3).
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Ewova 2.3 : Alauopemon Tov cuoThudtev Tov Tieokoniov tov IRAS.

2.2.2 1SO (Infrared Space Observatory)

Tnv anootoA] Tov IRAS amd ™ NASA 10 1983, axorovOnce n extdEevon tov 1SO
and v ESA 1tov NoéuPpro tov 1995. To I1SO tomofetnOnke oe peydAn ehlemtikn
POy YOp® amd ™ I'n pe mepiodo 24 wpav. To mepiyelo Nrav oe Hyog 1000km kot
10 amdyelo og vyog 70.500km (37). To ISO oyedibotnke yoo va PEAETHOEL TNV
vépudpn axtvofora og pNKN KOpatog amd 2.5 €mg 240um. Metd ond 28 unveg
napatnpioemv To amofépata nAiov mov Eyuvyav Ta Opyava TOL  OOPLPOPOV
tedeimoav kot 1 arocstoAn EAnée tov Anpiio Tov 1998.

O d0pv@opog

To PBacwd oyédo tov ISO emmpedotnre Eviova amd tov mpokdatoyd tov IRAS. Omwg
eatvetor Kot oty gwdva 2.3, 6TovV KEVIPO TOL 00pLEOpov Ppicketal twv 60CM
Ritchey — Chretien tieokomio 10 0m0i0 TPOPOSOTEITAL PE PDOG OO TO TEGOEPQ
opyova mov Bpickovror axpimg Kdtw and to TpoTapykd katontpo. Ta Tunpate T0V
mAeokoniov yoOyovror oe Oeppoxpacieg 1.8K ko 8K. Ta eminedo avtig g
Oepuokpaciog emrvyydvovion oamd pio yryavteio oe€opev M omoio mEPEXEL
nepocdtepa and 2000 Altpa vaéppevotov niiov ota 1.8K. H mpostatevtikn aomidan
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oTNV TAATN TOL dOPVPOPOL JPVLAATTE T Opyava omd TNV NAakn Bépuavon Kot pe
To NAMOKE KOTTOpO TOL S1EDETE TOPELYE 0TO SOPLEOPO TNV ATAPAITNTN EVEPYELQL.

E&attiag tov woyvpov vrépubpwv mnydv tov Huokob pog cvotmiuatog (HAwog,
Yeavn, ITAavnteg) 10 tAeokomo tov ISO énpeme va €xel ovvexdg Kabopiopévn
KAMon ¢ mpog avtd to cwpata. H axtivofoAic tov HAlov kot twv vroloinmv
ocopdtov, enéfarav oto 1SO va otoyevel 50 pe 120 poipeg pokpld amd ovtodV Kot
mot€ Myotepo and 77 poipeg and ) I'm, 24 and ) ZeAqvn 1N Aydtepo and 7 poipeg
otov Ala. Ot eplopiopot avtoi €dvay kdbe oty povo 15% dwbéoiov ovpavov
oto 1SO.

IR PATH

SUNSHIELD WITH
SOLAR CELLS PAYLOAD MODULE

(CRYOSIAT)

STARTRACKERS

SERVICE MODULE
(FOR ELECTRICAL POWER,

ATTITUDE CONTROL AND 4
TELECOMMUNICATION) /4 SUPERFLUID

HELIUM TANK

TELESCOPE WITH

SCIENTIFIC INSTRUMENTS
INTERFACE WITH + STAR SENSOR

ARIANE

Ewéva 2.4 : Zymuatikn avoropictoct) TV S0pueopikdv Tunudtav Tov 1SO.

Opyava

To 1SO "tav e€omAicpévo pe téooepa Gpyava Yo TOPATNPNCELS GTO VITEPLOPO: pia
kduepa - ISOCAM, éva potomoratpduetpo — ISOPHOT, kot 000 pacpatopetpa Evo
pKpav unkov kopatog — SWS kot éva peydiov unkov kopatog — LWS moapéyovrog
EIKOVEG KOl PUGLOTOCKOTIKA dedopéva peta&d 2.3 kot 240pum.

Infrared Camera — ISOCAM (38): TTpokettar yio pio kKapepo VYNANG AvaAVGONG TTOV
kaAOmTel and 2.5 éog 18um pe 600 aviyvevtés. Xt10 MPAOTO KOVOAL M KApEPQ
Aertovpyel amd 2.5 émg 5.5um (6To pKkpd UMK KOUOTOG) KOl 6TO d€VTEPO KAVAAL OO
4 éwc 18um (oto peydAa pnkn kopoatog). To €bpog mapatipnong oe pixels
Kopoiveron amd 1.5 £og 1277,
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Photo-polarimeter — ISOPHOT (39): 'Eva 6pyavo cyedlacpuévo yio v UETPd TO
mo0Go TG VIEPLOPTG akTvoPoAiag mov exmépumel £vo aotpovopkd oviikeipevo. To
peyaro €vpog UNKog KOHOToG amd 2.5 €wg 240um emtpénet 6To dpyavo vo mopatnpet
™V VIEPLVOPN EKTOUTN AKOUO Kol TOV o Youxpav avtikewévov. H evaichncio tov
etvar 100 popég peyarvtepn omd to IRAS. Katd v armostoAr tov 1SO 10 ISOPHOT
ouvédleEe meplocdTepeg amd 17.000 Tapatnpnoeis.

Short Wave Spectrometer - SWS (40): To gpaopotookono avtd kaAdmtel amd 2.4
g 45um. Tlopoatnpnoelc He TO OpyavOo OVTO TPOGPEPOVY  UEYAAN TOIKIMO
TANPOPOPLOV Yo TN ¥NUIKT] cVuvBesn, TukvOTTO Ko BEpHoKpacicn TOL CUUTOVTOG.
To €bpog TOL PNKOG KOUOTOG KOADTTETOL OO TO OPYOVO LE QOGUATIKO YNOIGHO
(spectral resolution) mov xvpaivetoar amd 1000 - 2000. Xpnowonowdvtag @idtpa
Fabry-Perot (F-P) otnv mtepoyf T@v HEYAA®Y UNK®V KOUOTOC, TO YHPICUO UTOPEL VoL
avénBet mepimov ota 25.000 yio pnxn kdpatog 11.4 - 44.5um.

Long Wave Spectrometer — LWS (41): To ¢oopatookomo oavtd KOAOTTEL
HeyoADTEPO UK KOHOTOC, amd 45 £wc 196.8um. Zvykpitikd pe to SWS to LWS €yet
TN SVVATOTNTA VO TOPATNPTGEL OKOUA YOYPOTEPO OVTIKEILEVOL.

ATOTEAEOPOTO TG OTTOGTOANG

Kotd péco 6po, 10 1SO mpayupoatomolovoe 45 mapotnpnoelg kdbe 24 dpeg. X
dwapkewa ¢ Long tov (mhvo amd 900 tpoyiég) to ISO mpaypatomoinoe mepiocoOTEPES
and 26.000 mapatnpnoels. Méoa and 11 mapatnpnoels tov, to 1ISO aviyvevoe v
Omapén vepov HE TNV HOPPY] VOPATUMY GTO GOUTOV, CE TEPLOYES OYNUOTIOUOD
0oTEPWV, OE OOTEPEG TOV PBpiokovtay 6To TEAOG TG LONG TOVG, G€ TNYEG TOAD KOVTA
010 YoAQElOKO KEVIPO, OTNV  ATHOCOOPO Ol0POP®YV  TAOVNTAOV TOL MNALKOV
OLGTNUOTOG KOl 6TO VEPEAMUA TOL Qpinva (42).

To ISO éotpeye ta mapatnpnolokd Tov Opyove GE CPKETOVG OO TOVS TAOVNTES
TOL NAKOVG PG cLoTUaTog Kabopiloviag v ynuikny cvvBeon e aTHOCPOPAC
tov¢ (43) (44). IMapatipnoe ®GTOGO Kol TAAVNTIKG GLGTAKOTO YOP® amd GALOVG
aotépec. MdMota, aviyveuoe 1oV GYNUOTIGUO TAOVNTAOV YOP® Amd AGTEPEG UEYOANG
nAiag yeyovog mov epydtav oe avtiBeon pe ™ Oewpio 6TL TAAVNTIKG GLGTHHOTA
gxovpe HOVo yup® amd veapols acTéPES. AvApEsa GTIG TaPATNPNCELS TOV Ppiokovton
apketol TpmTomhavnTikol dickot, daKTOAL0L 1] diokol 0md VAKO YOp®w amd acTéPES Ot
0moi01 AmoTEAOVV TO TPMOTO GTAG10 TOV GYNUATIoHOD TAavNTOV (45).

[Mopatmpnoeig pe 1o LWS emPefaincav tic mponyodueveg avakaidyelg tov IRAS
LEYOA®V VEPEAOEW DV dOU®V, TOAD KpOH®V LOpoyovavBpdkwv, mov akTivoBolovcav
uéylota oto vépuBpo. Avtd ta infrared Cirrus, £xovv emMTOCEG GTNV EVEPYELOKN
160pPOTic. OAOKANPOV TOV COUTOVTOG KOOMG Aertovpyohv cav €va €100¢ YoAAEIKOV
youyeiov. Meydho mocd okovng moapatnpnnkay petaéd Tov yohaluidv evog YDdpov
OV TOAAOTEPA TGTELOTAV OTL TAV TEAEIDS KEVAC.
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Ot mapatnpnoelg pe 1o 1ISO amokdivyay 6Tl 0 To YVOGTOG OO TOLG OLVIYLLOTIKOVG
ULIRGs (Arp220) tpopodoteital amd €vay ekpnKTIKO GYNUATICUO 00TEP®V Kol Oyt
amd Kamolo KevIpikn pelovn omn (46).

2.2.3 AKARI

To AKARI, yvoot6 kor g ASTRO-F, tav 1 dg0tepn dlooTnUIKY] 0TOGTOAN e 6KOTd
™mv mapatipnon oto vrépvbpo tov Japanese Institute of Space and Astronautical
Science (ISAS) (47). To AKARI givor eomhicpévo pe tieokomio dapétpov 68.5cm
10 omoio yuyetar otovg 6K kol to €Vpog mapatnpnong tov eivor 2-180um. H
extoEevon tov mpaypatoromOnke otic 21 dgfpovapiov tov 2006 kol tomoOetOnke
o€ MAOGVYYPOVY TOMKT TpoYLd og vVyog 750km. Metd amd ypovo Long 550 nuepmv
Kot wapatipnong Tov 94% tov ovpovov, Ta anobepato ce vYPO NA0 TeEAEi®GAV KoL T
anoctoAn éAnée otig 26 Avyovotov tov 2007.

To eupd @dopo mopoaTAPNoNS KOAOTTETOL OO TO TNAECKOMO Kol TOL OVO €i0M
opyavov mov dwbétet: to Far-Infrared Surveyor (FIS) kou v Infrared Camera (IRC)
(48). To FIS givar 10 6pyavo mov kKupimg mpoopiletal yio TNV HEAETT TOL OVPOVOD GTO
pakpwvéd veépubpo. Ot dHo aviyvevtég Tov FIS, ypnoiponoodv kpvotaddo yeppaviov
evioyvouévo pe yadalo. Ta chips mov mepiéyovv Ge:Ga kat tovg €xel ooknOei micon 40
- 60 kg/mmz, elval meplocdtepo  evaiocnto oto paxpwvd vrépuvBpo amd TO
ocvvnOwopéva. e kdbe aviyveotn, ypnotpomoovvtal eidtpa pe amotédesua 1o FIS va
éyel 4 Coveg mapotnpnong omd 50 - 200pum pe yoviokd yieoua (angular resolution)
30 — 50 arcsec. To FIS ypnowonoieital eniong, yia va aviyvevoel achev) avTikeipeva
N YW QOGUOTOGKOTIO YPNCYLOTOIDVIONG EVO (QOCUOTOCKOTIO HETOGYNUATIGLOD
Fourier. H IRC dwabétel tpeig kauepeg pia yio kéOe @idtpo. EEartiag tov ueydlwv
aviyvevtov urnopet va mopatnpet 10 arcmin? ke oTIYU.

B9 - 91 deg
from the Sun

Ewova 2.5: Zynuotikn mopovsioon g 0éong tov AKARI. Apiotepd: o tpdmog mapatipnong
Tov ovpavoy. Ae€id: H didpkea pog mapatipnong meplopietor og 10 Aentd. H devBuvon
o1o)evog meplopiletar peta&d deg otV kdBet koTeHBVVEN TOL TPOYIKOD EMITESOL (4).
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Katd ™ duwpkeln tov mopatnpnoewnv, to AKARI mpaypatomoince pia cvveyn
aviyvevon tov ovpavov. To peydho mieovéktnua tng omootoAng AKARI eivor 6t
HEAETE OAOKANPO TOV OVPOVO GTO HOKPWVO VIEPLVOPO pe Katd mOAD PelTimpévn
evatoOnoia kot avélvon évavtt g amootoAng tov IRAS. O katdloyog mov
onuovpyndnke amd6 to AKARI amoteieitor amd dvo Ttufparto, oavtd TV UECOV
vépuBpov Kopdtov 9 - 18um mov mepieyer 700.000 myéc Kot ovTO TOL PAKPIVOD
vépuBpov mov mepiEyel 64.000 mapatnpovpEVES o TEGGEPA UNKT KOpotog 65, 90,
140 xou 160um. H peyddn evoucOnoio tov mapoatmpioewv 6to pokpwvd vrépuvbpo,
emBePaiooav 611 610 ddoTnUe HETAED TOV CEOUPOTAOV GUNVAOV LITAPYEL VAT, OTMG
motevotav e€outiog ¢ extivaEng amd moAaohg 0oTéPEG HECH GTO GUGTNUO.
Amoxdivye, emiong, mnpwTOoPOveEc €KOVEG amd T VTOAsippoTa TG EKPNENG
supernova tov Mgydiov Mayyeiavikov Népovg. Ta otoryeio delyvouv v mapovcio
€VOG ONUOVTIKOV 10600 Bepung okdvNg.

2.2.4 Spitzer Space Telescope

To Spitzer Space Telescope, ektofevtnke otig 25 Avyovotov tov 2003 pe okomd
OOTPOVOUIKEC TTAPATNPNOES 6TO LILEPLOPO pe evpog amd 3.6 £wc 160um (49). To
oKdPoc, TorobeTOnKe oe pio WO1UTEPMS EVLVOTKT MMOKEVTIPIKT TPOYLE aKOAOVODVTOG
™mv Tpoytd g I'mc. Onwg gaiveton amd ™ I'n, to Spitzer amopakpoveror pe puOUod
0.12AUl/yr omote, ota 5 ypoévia didpkelag (ong tov koivmter 0.62AU. To kiOpio
TAEOVEKTNLOL TNG TPOYIAG TOL givan 0T BpiokeTon pokpld amd v I'm ko n Beppdtta
amd avtn dev emiPapvvel To cvotnua Yoéng tov Spitzer. Zvykekpéva, N NAOKN
TPOYLL EMTPEMEL OTO OKAPOS VO TPOGOVUTOALETOL PE TOL NAOKE KATOTTPO TTPOS TOV
NMo, v 1 OYn otV omoia PpiokeTon To TNAEGKOTIO £YEL L0 NUIOQOPIKT OEaom ToV
SloTAUATOC Ywpig va mapeuPdirlovror myéc Beppudtag. Me t0v TpOTO OWTO M
TPOYLL TPOcPEPEL TNV BEATIGTN Oy TOL OVPAVOD, TOPd TOV TEPLOPIoHO TV 80°-120°
amopakpuvong amd tov ‘Hio (50), kot mapatnpnotokn anodotikdtnta. Tavtdypova,
ovtag oe nAak” tpoyld dev emnpedleton and Tic {dveg axtvoPforiag Van Allen. Ta
YOPOKTNPOTIKA avTd, Bo umopovcse va mposeépet kot N Ly tpoyd aArd tote Ba
ATOLTOVVTOV EVa LEYAADTEPO Kol aKkPPESTEPO dYMULA EKTOEEVOTG.

To Spitzer dwbéter éva mpwtapyikd katomntpo Ritchey - Chretien Cassegrain,
dwpétpov 85cm, to omoio yuyetoar otovg 5.5K. H mowdmto anewdviong tov
mAeckoniov gival dpiotn kot mopéyel amddoor 01dOlaong ce dAa o peyorvTEPQ
pikn kopotog amd S5.5um. H dwbpetpog g ewovag (FWHM) ota 5.5um eivon
nepimov 1.3arcsec.

Opyava

To Spitzer dwPéter tpion dpyova mapoatipnong mov pHopaloviol 0 310 €6TIOKO
eminedo: Infrared Array Camera — IRAC, Infrared Spectrograph — IRS kot Multiband
Imaging Photometer - MIPS. Ta 6pyovo mpoc@épovy HEYOAN EMIGTNUOVIKY 1GYD
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HEC® NG XPNONG VTEPLOP®Y AVIXVELTOV TOGO peYdAwv 660 256 X 256 pixels. Mali
o Tpio. OpyOavo TOPEXOVY OTEIKOVIOT KOU POTOUETPIO GE OKTM (PACUOTIKEG (MVESG
petald 3.6 - 160um kor @oaouatopetpion petald 5.2 - 95um. Xvykpwopeva pe
TPONYOVUEVEG OMOGTOAEG, Ta. Opyavo Tov Spitzer &xovv 10 - 100 popég Pertimpévn
evatotnoia otig TeplocdTEPES OO TIG (MVES UINKOV KOUOTOG,

Ewéva 2.6 : Kollureyvikn avanapdotacn tov Spitzer otnv niokevipikn tov tpoyid. Credit:
NASA/JPL-Caltech.

e Infrared Array Camera — IRAC

IIpokerton ywoo évo omd tpion Opyavo tov Spitzer kot mopéyel ™V KovOTHTO
OMEIKOVIONC GTO KOVTIVA Kol pecaio puikn kopatog. Koplog otoyog Tov oYed0GHO
g IRAC nfrav m peAémn tov mpé®Pov GOUTAVIOS KOl GUYKEKPUEVA 1) HEAETN
«KOVOVIKOV» YOAOEIDOV GE , ONAadn oe peydro Pdbog ko €bpog meproywv. Me
To Té00EpO. Kavaio mov owbétel, o ufkn kopatog 3.6, 4.5, 5.8 ka1 8 microns
TOPEXEL TAVTOYXPOVEG €KOVEG dlaotdoswv 5.12 x 5.12 arcmin (51). H IRAC
ypnowonotel 600 cuvora amd cepéc avyvevtav. Kdbe pio and 11 téc0epelg oepéc
aviveuTOV otnVv Kdapepa &xovv péyebog 256 X 256, ue khipoko 1.27°/pixel. Ta dbo
KOVAALOL Yoo PiKpd UAKN KOUOTOG YPMOWonolovy aviyvevtég InSh evd ovtd yio
peyavtepa pnkn kopatog Si:As IBC aviyyvevtéc.

Ot onuavtikotepot emotnrovikoi 6toyot ywo to IRAC kot tov SIRFT givon :
- H pekém tov mpdmpov cOumavtog
- H pelémm vréprapmpov yorlaSlidv Kot EvEPYDV YOAUEINKOV TUPHVOV
- "Epevva kou perétn kogé vavav kot superplanets

- H avokdivoym kot perétn TpOTOTAOVNTOV KOl VTOAEILUATO TAOVITIKOV
diokwv (52).
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e Infrared Spectrograph — IRS

To IRS (53) meprhauPaver téooeplg EexmPloTonS QUCUATOYPAPOLS Ol 0Toiol
KOAVTTTOLY €0pOg UNKog KOpatog omd 5.3 €woc 38um pe @acuatikd ynoeicpara,
R=MAL ~ 90 ka1 600, mov PBeAtidOnke Yo va EKUETOAAELTEL TANPWS TO YOUNAO
voPabdpo oto Sactnuikd TEPPdAiov. Ot Téooepilg acpoToypdeotl ywpilovial e
0 Y YopmAd ymoicpoto, €vog UIKPpOV pUNKOvV kopatog 5.3 - 14um kot €vog
peydimv 14 - 40pum, kot o€ 500 Yo peydlo yneicpoto Kot ToAl £vog Yo Kpd UK
kopatog 10 - 19.5um kat évag yio peyaia 19 - 37um. Kébe pacupatoypdeoc, dabétet
M O1KN Tov oyloun amd TNV Omow OpyeTon 10 LVIEPLVOpo ewe. To mAdtog KAOe
oywoung divetar omd T oxéon OOV TO OVATEPO UNKOG KOUOTOG Yol
kd0e Qacpoatoypdeo ko D = 85cm 1 dudpetpog tov thieokomiov. To pnkog kabe
oylopung mokiiel amd 11.8 £mg 151.3arcsec (54).

Telescope

Outer Shells

Cryostat Aperture Door\ La—Solar Panel
Multiple Instrument Chamber~ /| /&
+* IRAC Cold Assembly
+ IRS Cold Assembly
* MIPS Cold Assembly
+ PCRS Cold Assembly

Cryostat Vacuum Shell

4 Solar Panel Shield

| | —+—Helium Tank

CTA Support Truss

Spacecraft Shield

Star Tracker and IRU
— Nitrogen Tank

| Spacecraft Bus
+ IRAC Warm Electronics
+ IRS/MIPS Warm Electronics

* PCRS Warm Electronics

High Gain Antenna: )
+ CTA Warm Electronics

Ewova 2.7: Spitzer Space Telescope flight hardware. To mapatmpntipilo Bpicketarl o€ Hyyog
4.5 pétpov ko pe ddpetpo 2.1 pétpa.

e Multiband Imaging Photometer - MIPS

To tehevtaio amd to Tpion Opyava Tov SPitzer &gl WG oKOTO TV OTEIKOVION GTIC
Coveg 24, 70 kor 160pum kot ™ ANyn TEPOPICUEVAOV QOUCUATOCKOTIKOV GTOXEI®V
0TO HOoKPWO LIEPLOPO pE TOAD YOUNAO QUGULOTOCKOTIKO YNOIGLO GTN) (POCLOTIKY
davoun evépyetog (SED) and 52 éwg 100pum (55). H mpmtn {dvn mapatmprioemv oto
24um Bpioketar oto AoyapBukd péco g Lovng tov 70um kot g {ovng Tov um
g Infrared Array Camera (IRAC). H {ovn tov 70um Bpioketar akpiodg otnv
Kapdd Tov pokpvod veépvBpov. H tpitn ko tedevtaio {dvn ota 160um, Bpicketon
KOTd TPoc€yyion oto Aoyopukd péco tov 70um ko tov tpotov submillimeter
UNKOV KOHOTOG.



Kepaldato 2: Mapatnpwvtac oto UEpudpo 42

To MIPS S1a0étet tpeig aviyveutés. 'Evav 128 X 128 ceipdv yio ta 24um, évav 32 X
32 ota 70um kot ot 50 - 100um ko évav 2 X 20 ota. 160pum. To omtikd medio tov
opy&vov eivar mepimov 5 X 5 arcmin oto pukpd pnkn kopotog g 0.5 X 5 ota
peyoAvtepa. Me 10 Opyoavo avTd, Yoo TPOT GOPE MU0 SICTNUIKY] OTOGTOAN GTO
poxpvo vépulpo, pmopel va emtdyel tavtdypovo vynNAn evaichncio, ce peydaro
ontikd medio Ko péylotn mbavi] YoOVIOKN OVOALGT, OLGLOGTIKY] Y10 AETTOUEPEIS
UEAETEC TNG OOUNG TOV TINYDV.

. , Evpog pikog Resolving

Opyava AvivevTeg KUpoTog (Um) Power

) 5.2-8.7 (SL 2", bonus) 60-127

Short-Low (SL) SEAS 7.4-145 (SL 1% 61-120
Blue Peak-Up (SL) Si:As (13.5-18.7) (~3)
Red Peak-Up (SL) Si:As (18.5-26.0) (~3)

) 14.0-21.3 (LL 2™ bonus) 57-126

Long-Low (LL) Si:Sb 19.5-38.0 (LL 1%) 58-112
Short-High (SH) Si:As 9.9-19.6 ~600
Long-High (LH) Si:Sb 18.7-37.2 ~600

Mivokog 2.1: Mikn kdpatog Aettovpyiog tov IRS (9).
Spitzer Legacy Program

To Spitzer Legacy Program, dnuiovpynonke pe okomd TV OLGLOGTIKY KOl GCUVETN
apyelobEtnon g PAong d0UEVOV TOV apyIKOV TopaTnpiosmy Tov Spitzer dote va
ypnoponombodv amd emduevovg epsuvntég tov Spitzer. To Spitzer Legacy Science
Program amoteleiton amd £€1 mpoypdupata oto omoia ypnoorombnkay 3160 mdpeg
TOV TPMTOV ETOVG TAPATNPNOEMY TOV Spitzer otic omoieg evowuatdvouy PBonontikd
otoyela omd emiyglo mapATNPNTPLO KOt GAAL OLOGTNUIKG TNAEGKOTLOL.

Xpnowomowwvtag v vaépubpn omtik Tov Spitzer, ta &L mpoypdhppoTa.
0TOYEVOVV GE JPOPETIKA TTEdIN Y10l VOL YEUIGOLV TO KEVE OTIC MG TMPO YVMOGELS [LOGC.
Ta oVv0o amd to mpoypdappata, GOODS xor SWIRE, oyeduiomkav yww v
KatavONnon 10V COUTAVTOG 68 PeYdAeg KAMpokes. Avo dAha poypappato to SINGS
kot 0 GLIMPSE octoygvouv og [KkpOTEPEG OMOCTAGELS, GTO OKO HaG Yoraio Kot
ot yerrovid pog. Ta dVo tedevtaion TPOYPALUOTE GYESAGTNKOY Y10l VO LEAETIGOVV
™V €EEMEN TV aoTEPOV Kot TV TAavnTdv to. C2D ko FEPS.

GOODS: The Great Observatories Origins Deep Survey

To GOODS oyeddotnke yioo T HEAETN TOL GYNUOTICHOV Kot NG €&€MENG TV
YoAoEdV og éva gupy medlo HETOTOTIONG GTO £pvOPO, . To mpdypappoa
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EVOOUOTOVEL TOpaTNPNoEl; o€ peydia redshifts amd ta mpoypdaupata Spitzer Space
Telescope Legacy Program kot Hubble Space Telescope Treasure Program oe pnkm
KOpatog peyoddtepa tov 3 microns. Ov moapatnproslg 647 opodv tov Spitzer,
KaAOTTOVY Guvolikd 360 arcmin? oe 8o topeic: oto Hubble Deep Field North xat
oto Chandra Deep Field South (57).

Ewova 2.8: AoyapiBuumc khipokog cOYKpion Tmv eikoévav omro Ti¢ mapatnpnoels twv MIPS,
SOFIA, 1SO xat IRAS. To medio mov gpopaviletal &yl mopotnpnOel pe ta téooepa opyava. H
ewova tov IRAS gupaviCer peydho pixels kou pmopei va avyvedel povo infrared cirrus og
avtod 10 TEdio maparipnone. H ewova tov ISO €xel kakvtepn avaivon arrd meplopileton
amd TO HKPO OmTikd Tedio kot ™ YopnAn evaucncio. Me 1o SOFIA éyovpe modd kain
avéivon g&outiog Tov pHeydAov TnAgokomiov (2.5mM) opwe, To ontikd medio gival pkpod Ommg
kot 1 gvosOneio. H anddoon tov MIPS givan e&apetikn e&antiog g peyding svaucnaciog
TOV OVIVELTOV TOV, TNG KAANG 0v@Avong Kot Tov peydiov omtikod mediov (32 X 32 array)
(56).

SWIRE: Spitzer Wide-area InfraRed Extragalactic

To SWIRE, £&yet ewcdveg and nepinov 50 tetpaymvikés poipec yopiopéveg oe €51 media
Kol o€ Koopoloywd redshifts ~ 2.5, avivevoviag 2 exatoppdplo yoroa&ieg
OPOUEVOVG €K TV OoTolV TePtocOTEPO omd 11 dioekatoppvpla €I POTOS HokpLd
(10). (Extevng avagopd 6to Ke@dAao §2.3)

SINGS: The SIRTF Nearby Galaxies Survey

To SIRTF Nearby Galaxies Survey, eivor pioc TEPIEKTIKY) OTEKOVION KoL
QOCUOTOOKOTIKY HEAETN 75 kovivav yoroSidv. [lpotapywds otdyog eivar va
YOPOKTNPLOTEL 1 HEYAANG KAMPOKOG VTEPLOPES OOTNTES AVTAOV TV YOAUEIDV KoL VoL
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yivouv koTovontéc ol QUoIKEG Oladikacieg OV CLVOEOLV TOV GYNUOTICUO TOV
actépav pe tic ISM (interstellar medium) W teg TV yora&iov (58).

GLIMPSE: Galactic Legacy Infrared Mid-Plane Survey Extraordinaire

To Galactic Legacy Infrared Mid-Plane Survey Extraordinaire, ypnoipomoidvtog i
400 opeg mapommpnoemv tov SIRTF, otig téooepig {dveg punkodv KOUOTOS NG
kapepag IRAC, peketd 1o eowtepikd tov IN'oara&io amd 10 émg 70 poipeg yewypapikd
UNKOG Kot amd T 0V0 TAELPEG ToV ['adla&loKoD KEVIPOL KOl GE YEMYPUPIKO KOG

. To wpoypappo GLIMPSE éyet g otoyo (59) 1) v minpn Koataypoaen Tov
CYNUOTIGHOD ACTEPOV GTNV TAPUTNPOVLEVT] TEPLOYN, 2) TN UETPNOT TOL UNKOVS TOV
aoTPIKOV dicKoV, 3) VO GKIOYPOPTCEL TIV OGTPIKT SOUN TOL HOPLAKOD dOKTLAIOVL, TO
E0MTEPIKO TOV OTEPOV Kol TG pEPoov 6T avtd oyetiCovior He TNV KOTOVOUN
AOTEPOV KO TOV GYNUOTIGUO TOVG GTNV TTEPLOYN, 4) va Kabopicel T poTEWVOTNTA Kot
TNV aPYIKN GLVAPTNON HALOG KOVIIVAV TEPIOYDV CYNUATIGLOD OGTEPMV KOl GUNVOV
mov PBpiokovror kovid oto [Nodalakd k€vipo, 5) TV aviyvevon veapdv acTEPOV
tomov O ko B mov Bpiokovror akdpa oto vEen and ta omoia cynuotiomkay, 6) v
aviYvELOT| KOl TPOGOIOPICUO VEAPDY ACTPIKADV OVTIKEWEVOV GE TEPLOYES KOVTIA GTO
oynUoTcpd aoctépwv, 7) tov kabopiopd ot1o pecoio vwEPLOPO TOL UECONGTPIKOV
vopov eEdAeyng o€ SAPOPO TLKVA HOPLOKA VEQN, 8) TNV £pguva TG GUONG TV
Photo-Dissociation Regions kot tnv mokvoTnta Tov SOU®MY 6TO HEGONUCTPIKO HECO, 9)
™V aviyvevon TAN00VG GALOL TOTOV OCTEP®V Kol VEPEA®UAT®V OTT®C, SUPErnovae,
TAOVNTIKA VepeAdpata, Kpopupuévav yorallov, OH/IR aotépav katl dAra.

Ewévo 2.9: Ewdva and to MIPS tov Spitzer ota 24 micron oto nedio GOODS-South. Me
KOk o epopaviCovtar vroynelor yoha&ieg pe vmepueyebelg povpeg TpOmeEg o1 omoiot
avyvedkay omd v éviovn vépubpn ekmounn tovg. Image Credit: NASA/JPL-Caltech/E.
Daddi (CEA Saclay).
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C2D: From Molecular Cores to Planet-Forming Disks

H peydn Pektioon g evoichnciog twv opydveov tov Spitzer oto vrépupo pnkn
KOpoTog Pondnoov ot HEAETN TOL OYNUOTICHOD OOTEPOV Kol TAovNTOV. To
npoypappo C2D (60) ypnowonowmdvrag tic 400 dpec mopaTnPNoE®Y KOl TOV TPLDV
opybvov tov Spitzer 0o mapoatnprioel mTNYEG WOV eKTEIVOVTOL OTNV EEEMKTIKN
aKoAovOio amd HoploKovg TVPNVEG UEXPL TPMOTOTAAVITIKOVG dIGKOVG KOl KOADTTOVV
éva eupv eacpa paldv cOVVEQPMV, AGTPIK®OV Haldv Kot TEPPAAALOVTOS GTOV 0GTPIKO
OYNUOTIGUO.

FEPS: The Formation and Evolution of Planetary Systems

To npdypappo FEPS (61), ypnowonoince 350 mpeg mapatnprioemv tov Spitzer ue
oKomOd vo. peAenoel TV €£EMEN TV TAOVNTIKOV GUOTNUATOV omd TNV OCTPIKN
TPocavENoN Kol va mopdoyel véa aplBuntikd epyoieion yuoo v 1otopion NG
SO PPMONG TOV NAOK®V GuoTNUdTomV. To TPOYPAUIN KAADTTEL TAPATNPNCES OTd
328 aotépeg pe o yapokplotikd tov HAlov ne nAkieg amd ~3
Myr éoc 3 Gyr. To FEPS ypnoipomotei kat to tpicn €MoTNUOVIKA Opyova Tov Spitzer
Y0 VO TOPEYEL PUGLOTIKN KAAvY™N amd ~3.6-70um.

2.3 SWIRE

To SPITZER Wide-Area Infrared Extragalactic Survey (SWIRE) (10), eivar 10
UeyaAHTEPO OO T TPOYPAUIATA TOL TpoypatomoOnke pe tov Spitzer. To SWIRE
KOAVOTTEL GLUVOAIKA 49 tetpaywvikés poipeg oe €61 medla pe ta MIPS ko IRAC.
2KOTOG TOL TPOYPAUUOTOS €ivol M XapTOYPAENOT NG €EEMENC TOV GPUIPOEDDYV,
diokmv, starburst kot evepydv yara&iwv (AGN) og petotodmion oto epupd z > 2 (62).
To SWIRE dwbétovtag mapatnpnoelg ond pio moAd peydan meployr] amotedel €va
«koopkd  mapdBupo» o100  eE@YOAOEIKO  OVPAVO. ATOTEAECUO TOV  ELPEDV

napaTnpoe®v NTav va. aviyvevon 2.3 ekatoppdpla yora&ieg ota 3.6um kot nepinov
350.000 ota 24um (10).

2.3.1 Emioy1] TOV TESI®V TopaTO P61

Ta nedio mapampnong entléybnkay ypnoporoiwvrag tovg COBE normalized IRAS
100um Schlegel maps (63) yw vo evtomiotohv OAEG OL MEPLOYEC TOL OVPOVOD LIE
yopaktnpotikd: 1(100) < 0.4 MJy/sr, exhemtikd yewypaeikd midtog |B] > 40° ko
(contiguous area) mapakeipevn neployn > 8°. Tipdobetot mepropiopoi frav 1 eAdyio
Cirrus mopovcia, 1 ATOVGIN POTEVAOV AGTEPMOV KAl 1| Topovcio yoAalidv pe multi-
wavelength dedopéva (64). Xxomdg givar ot TepLoyEC mapatpnong va Ppickovtar £
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a6 ™ Ldvn tov yaratio oty omoia VIEapYEL VAN oL eumodilel TV eEwyolalokm
napatpnon. To SWIRE aviyvevoe mepimov 2.5 exatoppvpia vrépubpeg nnyéc otig 7
umavteg tov Spitzer 3.6, 4.5, 5.8, 8 (51), 24, 70 ko 160um (55).

Ewova 2.10: O neproyéc maparipnong tov SWIRE eugaviCovral pe kokkwvo. Ot kitpiveg
exlelyelg deiyvouv exhemtikd yemypoaeikd TAdt pe 30 kot 40 poipeg (39).

Field name Fiezgzcgggfrsl B [deg ] 'Eﬁggﬁ;ﬁ) E(B-V)" [Ség‘zz ]
ELAIS-S1 | 332%%23%55 43 0.42 0.008 14.8
xMm-Lss | O2N2mO%s | g 1.30 0.027 9.3
CHANDRA-S [ J9n32mO% | 4 0.46 0.001 72
ELAISNL |, ?,2233'3%32 +74 0.44 0.007 0.3
ELAIS-N2 |, ﬁg%imgz +62 0.42 0.007 45

! Rigth ascension and Declination of the field’s center (J2000)
2 Ecliptic latitude (deg)
® Infrared background emission at 100um band (MJy/sr)
*Color excess E(B-V) (mag)

IMivexag 2.2: SWIRE survey Areas (10).

Ta véen péoa otov I'ohaio eknéumovv vépvbpn aktvoPoria (Cirrus), v omoio.
pmopet va ouyyéovpe pe Tig eEoyaradlokég myég kot eoleintel v axtivoforio-X
kot 11 UV ouyvotres. o va Bpebovv ot meproyéc dmov elayiotomoteitor o B0pvog
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amd v vépudpn axtivofolia (CIrrus NOise) ypNoWoTomONKoY 10, ATOTEAECUATA
tov Helou & Beichman (1990) kot n @acpotikyy avdivon tov Cirrus vepmv (65).
Aappdvovtag v’ dywv 4t 10 Oplo dlakprtikng wkavotrog (resolution limit) tov
mAeokomiov d/d,, pmopel va ekppoaotel and v mapduetpo mepibhaong Fraunhofer
MDy, 6mov A 10 UNKog KOUATOG TV peTpiioewv Kot Dy 1 S1GpueTpog To0u KatdTTPOL TOV
TAEOKOTIOV TPoEKLYE pia oyéon dmov divel Tov BOpvfo twv Cirrus

—  — — [2.1]

H oyéon oelyver 611 0 B6pvPoc efaptdton omd 1O UNKOG KOUATOS KATA OVO
TOPAYOVTEG: WEGO TNG HETAPOANG TNG EMPOVENKNG QPOTEWVOTNTOG Kol g
e&aptnong g dwakpitikng wavotntag and 1o A (66). Yroroyiovtog tov mapdyovra,
56 ywo meproyéc pe évraon 0.5, 1 ko 2MJIy/sr Bpébnke 6t o Cirrus noise givat pkpog
Yo Pk Kopotog A < 25um, oAAd ov 1 eoTtopetpikn gvaicOncio Iigo etvon
ueyaAdtepn tov 2MJIy/sr o 06pvPog emekteivel o BaBog TV TOpOINPNCEOY OTO
160um. To 6po 5S¢ ypnoyomoieitor cuyva Yo TOV VTOAOYIGUO Tov I'MS BopvBov
KaBmg TYEG Le EVTOOT HEYOADTEPT TOV 5G UITOPOVV Vo, avyveLHOVY LEPOVOUEVO Kot
®¢ €K tovToL OV Bewpovivtar puépog tov voPadpov. ‘Etot, katd v emAoyn tov
neploydv moapatipnone eEoupébnkav OAeg avtéc pe Cirrus evaicnocio move amod
1MJy/sr. Agdopévov OtL M doun Twv Cirrus dev eivar I'koovolavy kot 10 Oplo
ovYyvoNg He T VEPLOpeg TNyEC etvan aféPfaro, TEONKE Eva akOUA GUVTNPNTIKOTEPO
op1o ota 0.5MJIy/sr yia ta mepiocodTepO amd ta nedia, (62).

IRAC . MIPS :

A Sensitivity Resolution A Sensitivity Resolution
3.6um 7.3uly 0.9” 24um 0.45uly 55"
4.5um 9.7uly 127 70um 2.75uly 16"
5.8um 27.5uly 1.5" 160pm 17.5uly 36"
8.0um 32.5uly 1.8”

Mivakog 2.3: Opua svaisOnoiog tov SWIRE (10).

2.3.2 Avtikeipevo perétng tov SWIRE

To mpoypappa SWIRE oyedidomke pe 600 otoyovg (39). O mpdrtog ftav vo
nopotnpnBel éva peydAo uépog tov ovpavol pe to Spitzer dote va avigvevdel Evog
peyarog apBuog yolaSldv 6e peyaieg ekTAcELS Tov dtotniotoc. Ot yoraieg mapoTt
etvar opyavopévor o ounvrn, dev Ppiockovtar OHOIOHOPPO. KOTOVEUNUEVOL GTO
dwotnuo. Avtd €xel G OmMOTEAEGHO PLEYOAES TTEPLOYES va. efvar ddeteg amd yaaiec.
Ot opddeg Twv yoraSldv pmopel vo €xovv TOAD UHEYOAEG OOTACELS KOL Yo TNV
XOPTOYPAPNOT TOVG Bal TPEMEL Vo TopatnpnBovV LEYAAES TEPLOYES TOV OLUGTILOTOG,
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Tn dovied avty oto vaépvbpo oyedidomke va kavel o SWIRE pe to Spitzer. O
devTEPOG 6TOHYOC gtval va aviyvevBovv yola&leg o€ TOAD HOKPIVES ATOGTAGELS, OO
1OTE KON TTOV TO GVUTOV giye TN Hion Tov nAkio. H menepacpévn taydnra tov
QMTOC Oivel GTOVG OOTPOVOUOVS TN OLVOTOTNTO VO YPNOLULOTOWOVY [0 QUOIKN
YPOVOUN YOV Kol Vo PAETTOVV TO TPAYUOTO OTT®MG GVTA NTAV TPV Omd TOAD Koupd
amAd kourtdvtag mo pokpd. Me 1o SWIRE pmopodue va dodue yora&ieg S
OGEKATOUHVPIOV ETOV PMTOG 1) Ko TEPIGGOTEPO.

O mapatnpnoels 6to vEPLOpPo e PNk KOpaToG and 4 £oc 160um emtpémovy 6to
QM¢ amd Tovg YaAa&leg Kot TOVG 0GTPIKOVG TANOVGLOVS VAL aviYVELTEL Kol VoL TTOPEYEL
o tpotopovy kdivyn tov SED, to omoio 0o dwoel pio akpiPr ektipunon g
QPOTEVOTNTOS TOV Oepudv TUNUATOV OKOVNG GTO oAAG Kol Yoo yoypoTEPO
avtikeipevo oe pikpotepa redshifts. To SWIRE 0a eéetdost mog o oynuotiopdc
aoTEPOV o€ LITEPLOPO cuoTHHOTA JPEPEL 6TO TaPEABOV Ko onjuepa. Avtd pmopet
va yiver otovg LIRGS minbuouoig kot og , OOV amoTEAOVV TNV TAEIOYNPia TOV
TapatNPNOEVIOV OVTIKEWEVOY HE GKOVY KOl GYNUOTICUO Ol0YKMGEMY Kol OloK®V
YOPOKTNPLOTIKA TOV GLVOEOVTOL LUE TO TOGOCTO GYNUATICHOV OOTEPWV. XE YEVIKEG
okondg ov SWIRE eivar va pelemoet o vrépubpa unikn kopatog v eEEMEN TV
yoro&lov o€ anootdoelg 0.5 <z <3 (67):

e H &&&Mén tov oynuaTIGHOV aoTép®V Kot TNV Tafntikn eEEMEN TtV yoralldv o€
oyxéomn He NG oynuatiiopeveg dopég kot o mepifarrov. Exovtag m dvvatdotnta
va Kortdpe Babid oto xpovo, 1o SWIRE pmopet va mapatnpricet yoraieg pe kowvd
YOPAKTNPIoTNKA GE O18POpES PAGEIS oTNG (™NG TOVG,.

e O tpOTOG TOV KOTOVEUOVTOL KOl TN GLYKEVIp®ON YohaEldv Omtmg Starbursts kot
AGN.

e H &lehktikn oyéon petoéd tov yorallov kot twv AGN kot v cvuPoAin g
evépyelog mpocavénone twv AGN oto koopukd vrdBabpo.

H perém oyetikd pe tovg AGNS apopd 11 Oepelimorn KOGHOAOYIK®OV EPMTNUATOV
OT®OC 1 OVOUN TOV QUGIKOV Sl0OIKACLDV, 1 6YEon HETAED TOV GYNUATIGHOV TV
YoAoEOV Kot TG aHENONG Kot dpAcTNPOTNTAS TOV UEAOVAV OTMV, 1) GLVEIGPOPH
tv AGNS otov gnavioviopd tov GOUTOVTOG Kot 1 GLUPOAN TNG PAPLTIKNG EVEPYELOGS
TV AGNS 611 GUVOAMKT TVKVOTNTO TG EVEPYELLS POTEWVOTNTOS TOV GUUTAVTOS GOV
oLVAPTNON TG HETATOTIONS 6T £pLOPS. Ot mapatnpnoels 610 pHecaio vépupo Kot
N peyain evarodncio Twv opydvmv tov Spitzer otig {dveg tov 8 kat 24um kabiotodv
10 SWIRE o¢ pia and 11 kaAvtepes €pgvves vy v pedétn tov AGNS ot omoiot
ekmépmovy évrova otig mepoyég owtég (10). Zvykekpuéva, moAroi AGNS exkméumovv
Bepukd oto PEGO Kot pHoKpvo vTépuBpo, OOV ONANOT Kot o1 YoAa&ieg 6Tovg omoiovg
gyovpe évtovo oynuatiopd actepiov (starbursts). Emopévemce, évag peydiog otdyog
tov SWIRE gtvan va kaBopicel v eEghicoduevn apBuntikny mokvotra tov AGN
Kol VoL VTOAOYIoEL KAADTEPO atd KAOE TPOMNYOVUEVT] AMOGTOAN TNV OPOUNTIKN TOVG
TUKVOTNTO Yol Kot T oVpPoAr] Tovg 610 Kooukd vEpvOpo vaofabpo (CIB).
‘Evag axépo otoéxog tov SWIRE givar | kotovomon g oyéong peta&d starburst kot
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AGN. Ta otoyegld amd Tov cLeYETIoNd TV Starbursts kot TV PEAAVOV OOV OV
Bpiokovtar oto kévipo evepyols yoha&ieg iomg piEovv GMC KOl 0T GUVOEST TV
HEAOVAOV OMV HE TIC TEPIPAAALOVGES OOTPIKES JOYKADGELS TOL £YoVV Tapatnpnoei
(68). Iépav tov eEmyaraélakdv Oepdtmv o, omoio TEPLYPAPOVTAL TAPATAV®, TO
dedopéva and to mpdypappa SWIRE mapéyet t dvvatdtra yio T peAétn Kot GAA®V
AVTIKEWWEVOV. AT TepAapUPavouy Kovtivoug yorasleg, Kapé vavoug, eEelMynévoug
AOTEPES, EKTOUTT| OO CIrruS Kot aoTeEPOEISELS.

2.4 YmépuOpor yoralieg

O wpdTotl vépuvOpot yorasiec, mov e&émepmav oto VIEPLOPO OGN EVEPYELD KO GTO
OTTIKO (Ao, EVTIOTIOTNKOV OO TIG TPMTES TAPATNPNOES eEMYAAAEIOKADY TNYDV
oto péoo vrépvbpo (71). Emiyeleg mopoatnpnoelg oto pnéco vaépubpo o omTiKd Kot
POO10-EMAEYUEVEG TTINYEG, O1 OTOlEC eEEMEUmAY TNV TEPLGGOTEPN OO TN POTEWVOTNTA
TOVG 670 VIEPLVOPO, cvumepteduPavay eotewvd starbursts, Seyferts kor QSOs (72).
DOTOUETPIKES TAPATNPNOEIS EVOC pueydlov aptBuov myav (73) mopeiyav emimiéov
otoyeia yio TNV vépubpn ekmopunn) and tovg Seyferts kot Tovg TVPNVES KKOVOVIKMOV
OTEPOEIODV YOAUEIDV KOODG KOl ad TOAAOVG VIEPPMTOVG LIEPLOPOLS Yala&ieg TV
omoimv 1M QoTEWOTNTA 610 HOokpwO vrépubpo Eemepvovoe TNV POAOUETPIKY
eotevotto Tov QSOs. H vrépubpn aktivofolrion poavotay va eivar apketd koivi
oT0 E®YOAAEIOKA OVTIKEIEVO KOl 1) o1Tiol TG, 0TI TEPICGOTEPES OO AVTES TIC TNYEC
ue mbavn e€aipeon tovg Seyferts-1 kar QSOS, dikatoloyovviay oTo TAAIGIO TNG
OepUiKig eKTOUTNG o T OKOV).

Me v amooctod] tov IRAS mapoatmpndnkov oyeddv déka ymddeg yoratieg ot
TEPLOGOTEPOL EK TMV OMOIWV OEV OVOPEPOVIOV GE TPOYEVESTEPOVS KATAAOYOLG
e€outiog TG WKPNG TOVC POTEWOTNTOC OTo OTTIKG pnKkn kouatog (74). Me to IRAS
aVIYVELTNKOY OA®MV TOV TEAELTOU®V TUTMOV GREPOEWEIC Kol ovodpaiol yoralieg,
nepimov or ool SO wot Sa yohoieg oAG oxeddv kavévos eidewmtikoc. Ot
TAPATNPOVUEVES TTNYEG £dvaV ovoloyio LTEPLOPNS KO OTTIKNG POTEWVOTNTOS UETAED
Lir/Lg = 0.1 — 5 pe péon tun . Ta meprocodTepa Omd TO AVTIKEILEVA [UE

NTav Tumikoi omelpoeldels yoraies e papoo Kol avmUOAOL.

[Na potevotTeg pkpdTepEg amd , | TAgloyMpia
TOV OTMTIKO EMAEYUEVOV YOAUEIDV Olvouv TOAD pikpY| ekmounmy] oto vrépubpo. Ot
vrépudpot yoholieg pe potewdtta peyalotepn and 10ML., sivar ta kupiapyo
QOTEWE eEWYOAAEIKA AVTIKEIULEVO TOVAAYIGTOV GTO GOUTTOV €M , OVTOG o
ToAvapdpot and tovg ontikd emeypévoug starbursts, Seyfert yaho&ieg kan Ta quasi-
stellar ovticeipeva cvykpioyng PoAopetpikng eotewodmrac. H ottia g éviovig
vEPLOPNG ekmoUTNG aivetor va givor m B€ppavon g okovng amd €vo EvViovo
starburst péco oe yryovtwoio poplokd GOVVEQO TOV TPOKOAOLVTOL TOAVAOG, OO
1OYVPEG AAAMAETIOPAGELG 1] CLYYMOVEVGELS GTEPOEW DV YOAAEUDY TAOVGL®OV GE 0EPTO.
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Av kot ot potewvoi vépvBpot yora&ieg (LIRGS) eivar oyetikd ondvior 6to T0MIKO
ocvumay, ot VIoBEcelg Yo T Sdpkew TG LvIEPLOPNG Pdong mpoteivouy OTL Eva
neydho pépog tov yohathv pe Ly > 10 zwepva and éva té1010 616810 Evrovng
vrépuBpne exmoumng (75). Ot LIRGS, exkméumovv éva onpaviikd WHEPOS TNG
BOAOUETPIKAC TOVG POTEWOTNTUC 670 Hakpvd vrépudpo (Lir = 10M ). Av kot
TPOKELTOL Y10, CYETIKA OTLAVIO AVTIKEIPEVA, 01 VTTOOETELS Y100 TOV YpOVO {®NG TOVG GTNV
vépudpn @don mpoteivovv OTL éva peydho péPog Tv yorolldv pe Lp > 10%

TEPVA oo T0 6TAd10 TG Eviovng vaépuOpng exmopunng (75). Ot LIRGS amotelolv éva
ONUOVTIKO KOGHOAOYIKO KOUUATL YOAAEIDV OE00UEVOL TNG KOPLOG GLVEICPOPES TOVG

0TO0 MOGOCTO TLKVOTNTOG TOV GYNUOTICHOV OCTEPOV GTNV TEPLOYN TOL
obumavtog (76).
Ye peyalotepes eotewdmtes Lig > 10 | oyedov 6Aot ot vépubpot yohakisg

EIVOL OTOTELECLO GLYYOVEVCEMY TTOL TPOPOSOTOVVTAL ad TOV cuvdvacud starbursts
kot AGNSs. Avtoi ot yoho&ieg, mbavov vo avTITPOGHOTELOVY £va. GTAS0 GTO
oynuotioud tov quasars kot tov radio-loud yolo&idv. Mmopel, wotdc0, Vo
QVTITPOCMOTEDOVY U0 OPYIK] QAT o1  OdKAcio.  CYNUOTICUOD  TLPNVEOV
eMemTik®V yoAaSldv kot va wailovv onUovTiKO pOAO GTOV EUTAOVLTICUO TOV
pecoyoAaslokoy yapov pe péEtaAla. Ot yoroéieg avtol, e @OTEWVOTNTO HEYOADTEPN
tov LIRGS givar yvwotoi wg Ultraluminous Infrared Galaxies (ULIRGS) kot yoAaieg
ue akoua peyaivtepn eotewvotnto ovopdlovror Hyperluminous Infrared Galaxies
(HLIRGS).

2.4.1 Ultraluminous Infrared Galaxies (ULIRGS)

INa tovg vagplapumpovg avtovg yaroties n ewtewvdmtd Eemepvaer v 10% Lo,
ONAOON TNV EVEPYELN EKATOVTAOWV HEGMV YOAOEI®VY, Ko TOVG Tomobetel petald twv
O QOTEWVOV OVTIKEWEVOY Tov ovumavtoc. H apywm dmoyn frav 6t ot ULIRGS
ntav ondviol. I[Tapatnpnoelg Opmg £3e1E0v OTL NTOV EKOTOVTAOES POPES TEPLGGOTEPOL
oe peyolvtepo redshift oe oyéon pe to tomkd ovumav. Ov mpdTor ULIRGS
avakoAvenkay ard tov IRAS, mov ektoéedtre o 1983. Ot mapatnpnoelg £yvav og
4 pmavteg pe kevipkd pnkoc kopoatog 12, 25, 60 kot 100 pm ko oxt poé6vo oto
Kovtvd ooumav. Atotédespo ntav 1 avakdioyn tov tpetov HLIRGS pe petatdmion
010 gpvBpd z = 2.86, IRAS FSC 10214+4724 (77) (78).

Ot mapatnpnoelg detyvovv 6t o tepiocdtepot and toug ULIRGS evromilovtat og
OLYY®VEDCELS OloKOV Kol OTL 1 KEVIPIKN] TLPNVIKN TEPLOYT, EKTUCNG UEPIKDV
EKOTOVTAd®V PC, amotedeitanr amd peydhes pales okovng kot aepiov. H mpoéievon
™G VIEPLOPNG eKTOUTNG efvorl €vag GLVOLAGHOG VO LEYdAov TANBVGUOD Bepudv,
veapdv actépwv 1 kamoov AGN (79).
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2.4.1.1 Ipoélevon ko eEEMEN TV ULIRGS

H mpoéhevon twv ULIRGS dev elvar axopa Eexdbapn. Avtd mov eivar yevikd
amodeKTO £ival OTL N POTEWVOTNTA TOVS GTO LIEPLOPO Elval ATOTEAEGLLO TNG EKTOUTNG
amd TN oKOVN Tov VILAPYEL 6ToV Yarasio 1 omoia eraveknEunel To ontikd kot UV omg
o€ HeYOALTEPO PNKN KOUOTOG, akpPdS OT®MG M oKOVI) omd TV pOTOVON GTNV
ATULOGPAIPA LA ATOPPOPE TO OTTIKO PMG KOTE TETO0 TPOTO DOOTE TOL UEYOADTEPQ
pnkn Kopotog (kokkivo) va emmpedloviar Ayotepo amd To UKpOTEPA (UTAE).
Qot600, dev eivarl akOpo cagéc, av 1 Iyn ™S akTvoforiag givor 0 oynUATIGUOG
aotépov (80) N wdmowo pavpn tpdma (7) (8l). Tic meplocodTEPEG OUOSC POPES
TIOTEVOVUE OTL EYOVUE CLVOTAPEN TOV OVO QEOIVOUEVOV KOl TO EVOLUPEPOV EXEL
LETATOTIOTEL 6TO TO10¢ &ival o kvpiapyoc unyoviopog peta&v AGN ko starburst
exmopnng. Extevelc avalnmoelg ywo ekmopny CO €yovv deier 6t ot ULIRGS
TOPAYOVV TEPACTIEG TOCOTNTEG HLOPLOKOV aepiov ( ) KoL OTL VILAPYEL M TAOM
va ovéavetar owtd To aéplo pe TV eKmoum pakpwvov vrépvOpov (82) (83).
[Mapatnpnoeig Tov poplakov aepiov amédei&av 0Tl To agpto. VYNANRG TokvotnTog (84)
(85) (86) dratnpovvtal 6€ pion GLUTOYT TVPNVIKN TEPLOYT.

Ta cvotiuota €viovng aAAnAiemidpacng eivar apketd cvyva petosd tov ULIRGS
KOl ETOUEVMOG Ol 1O10TNTEC TOVG UEAETMOVTOL GE OYECT LE TO OMOTEAECUOTO TMV
dwdikaociov ovyymvevone. Ot Sanders et al. (1988) (7) mpotewvav 6t oplouévol
ULIRGS gEedicoouv TV QOTEWVOTNTO TOLS MG TPOSPOLOL TOV OTTIKG EMAEYUEV®V
quasars. AxoAovOavtag ot TV VIO, TPAOTN TNYN EVEPYELNS Ba NTAV O OYKMONG
OYNUOTIGUOG aoTEP®Y E0TiOG TNG POPLTIKNG OAANAETIOpAONG. TN GUVEXELN, KOTA
™ O1001Kacio TG cLYY®VELONGS, Ba elyape OO Kol EVTOVOTEPO GYNUOATICUO OOTEPMV
Kol TEMKE, TOAD CLUTOYES 0oTPIKEG dOUEG, TOV B0 LITOPOVCAY VO OTOTEAEGOLV TNV
QQOPUT YLl TOV GYNUATICUO oG powpng tpovmag, Oa oynuatiCovrav. H pavpn tpdma
Bo. Tpopodoteitar and Tig circimnucleiar meployéc, 6mov Ba mpayuatomoHVTUL OL
ddkaciec oynuatiopov aotépmv Kot ovvenmg €vo QSO Bo umopovoe va
napatnpnOei. H popeoroyio tov ULIRGS éxet ta&vounOei otig e€nc xatnyopieg (87)
(88):

I.  IIpw v cbykpovon
1.  IIpod emoen yopig TaAPPOLOKES OVPES
1. IIpwv ™ ovyydvevon pe TOAPPOOKES OLPEG KOl TOVS SUMAOVS TLPTNVEG.
Xopilovtor o€ avtovg pe dactaoelg tdve amd 10Kpe kol ovtovg kdtom and
10kpc.
IV. Zvuyyovedoels pe TolMppotokes ovpég Kot Evav Hovo :
a. Auxyvto
b. 1 cvumoyn TopHva
V. Tehkn @aon cuyydvevons yopic TaAMPPOloKES OVPES Kot IOYVPES KEVIPIKES
dlTapaLyEC.
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Ot ULIRGS &givar omdvior onpepa aAld Ntov pdAlov mo cuvibelg oto vedtePo
ovumay. Avtd SIKaoAOYEITOL OO TNV EVIVTIOGLIOKT AHENCT) TOVG GE GUVAPTNON LE TN
petatomion oto gpvhpod. Xe redshifts N POTEWOTTA TOVG 6T0 VIEPLOPO Evat
TOAD peyoADTEPN He avaroyio vrEpvOpnc-omtikng eotewvomtag 10 €wg 100
napdyovteg peyorvtepn. Iloapatnpnoelg kot mpocopowwcels oe tomkovg ULIRGS
delyvouv OtL pmopel vo mpoépyovior omd CLYYOVEDGELS ONEPOEW®V YUAUEIDV,
TAOVCIOV GE 0EPLO, TOV UETACYNUOTIOTNKAY GE Evay EAAEmTIKO pe pio povpn tpdma
oto kévtpo tov (89). Katd tn dudpkelo g o0YKpovons, UeydAo TOGh agpiov Kat
oKOVIG 00MYOUVTOL TTPOC TO KEVTIPO KAt oamd peydAn micon (90). Avtd éxel o¢
amotélecpo T dnuovpyio actépwv (starburst) kot pmopel emiong va tpopodotnoet
ueydieg pavpeg tpimeg otov mopnva. Ta starbursts kot n tpdontwon VANG TAVE GTIG
povpeg Tpvmeg, amedlevfepmdvel peydAo TOGA EVEPYELNG GTO OEPLOL KO TN OKOVY TOL
mopnva. H oxdvn Beppaiveton kot kabiotator eEoapetikd eoTev oto vIEPLOpPA UMK
Kopatoc. Edv m evépyswo mov exméumeton amd ™ podpn TPUTO KLPLOPYEL, N YN
yopoktnpiletor og evepyog yora&lokoc mopnvos (AGN), dopopeTikd mpokettal yio
éva starburst. H cdvdeon peta&d ULIRGS kor AGN Bpébnke oto ontikd kot uéco
vépuBpo edopa (91) (92). Iepinov 10 25% twv ULIRGS mepiéyovv otoryeio twv
AGNSs kot 0 T0600Td avéavetar oto 50% Otav 1 VEEPLOPN PLTEWVOTNTA EEMEPVEL
mv 103 Lo,

Ot ULIRGs xa1 ot AGNs &yovv mbavotoata eEEMKTIKY] GUVOEST. ZMUOVTIKEG
oVYYOVEVCELS HeTAED YaAaSlidv, TAOVCI®V G€ 0éplo, oynuatiCouv apyika &Evav
ULIRG woypo, pe peyain palo, 60mov Kvpapyeital amd ) onpiovpyio vEmv actépov
(starburst) (93). Xt cvvéyeia axolovbei pa Oepur edon tov ULIRG 6tav o AGN
exméumel axtvoPoAia pésa ot okovn ko ) Beppaivet. To yora&lokd cuotna TOL
TPOKVTTEL HOALEL e CQUPOEDES, £TGL MOTE N HALH TNG KEVIPIKNG UOOPNS TPUTOG
tov AGN va oyetileton pe v aoTpikn 0106Topd TayHTNTOS C.

24.1.2 ULIRGS: Amotéleopa woyvpav orAAAETIOPAOEQDV
KOl GUYYOVEVGEMY

Ot moMpporakég ovpég (tidal tails) Tov yola&iov, ivar yopakmpiotikd g vVmapéng
OAMNAETIOPAGE®V KOl CLYYOVELGEMY UETAED TOV YOAOEIDV KOl OGS TPOGPEPOVY TIC
KATOAANAEG €VOEIEELS Yo TV KOTOVONGT TNG SUVOUIKTG TETOOV OAANAETIOPAGE®V.
I'o vo katavorcovpe tov tpdmo avamtuéng tov tidal tails, mpénet va Bopunbodue tig
TOAPPOLOKES OLVALELS TOV dnpovpyovvtal e€atiog g Papvtntog amd Kamow palo
He OKOTO va TEVIDGCEL £val OvTIKEIpEVO KoTd TN Otevbuvon dpdong g dHvoune.
XopoKNPoTIKO  TOPAdEylo. oVTOV TV Odvvdpemv eivar ot moAippoleg mov
napatnpovpe ot I'm e€outiog tov Paputikdv dvvapenv g Zeaqvng. Ilapopoing,
otav 000 yora&leg mANGALoVV 01 TAMPPOLOKES SVVALELS TEVIMVOLV TOV £VOV TTPOG
ToV GAAOV. AVTO TO TEVIMWUO, GUVOEETOL LE TNV TEPIGTPOPN TOV YOAAEUOV Kot TNV
onuovpyia TV aoctépov kot Tov aepiov. Ot aAMAETIOPACES OVTEC €ivar
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LOKPOYPOVIES Yo TAL avOPOTIVOL LETPOL KAODS S1PKOVY EKOTOVTAES EKOTOUULPIOV N
dwoekatopppiov  etdv. Omdte, 01 MOPUTNPNOES HOG omoTeAoOV  udvo  éva
oTiypoTVIo TG g €&éMénc. H tomobéton avtdv tev oTiypdtuieov og pia
ovvenn akoAovBia etvol SVGKOAN eEUITIOG TV AYVOCTOV APYIKOV GUVONKOV.

Ot ULIRGS omoteAoOv opiopéva amd to KOADTEPO TOPOSEIYHOTA TETOLMV
OCLYY®VEVCEMV EOIKA HETAED OTEPOEWMV YOAUEIDV TAOVCIOV GE 0€PL0. XyedOV OAOL
ot ULIRGS 1tov kataidyov tov IRAS mapovoidlovv poppoloyikd ctorygio 1oyvpmv
aAnAemidpdoemv HETOED OWA®V TUpNVeV (T.)., EKTEVEIS TAAPPOIOKEG OVPEC,
OUTAOVG TLUPNVES, KOVTIVOUG GLVOOOVG, HEYAAEG TOGOTNTEC OEPIOV KO OKOVNG UE
neployég apketdv Kiloparsecs) (7). To xpovodidypappa Yo TV GUYYMOVELGT TMV dVO
gumiexopevoy mopnvav dtvetor amd tn duvopikn kot omd v eicwon toyn o
(M1/M2)tory (94) M3 kot M3 ot péleg tov yoho&lidv. Oswmpdviog 6tL o Adyog Mi/M;
gtvon 1-2, n ok tayvtnto 250 km/s kot n péon andotacn tov 600 yoaAaSloK®OV
diokmv 5kpc, ot 600 yora&iec mov anotedovv Eva cvotnuo ULIRG Oa cuyymvevtovv
oe évav yoraio, pe évav mopnvo 6e Ayotepo amd 1.2x108 €M, EVO GLOTNUOTO GE
KOVIWVOTEPEC ATOGTACELS Ba GLYY®VELTOVY e AtydTepo amd 5x107 étn (95).

To @owdpevo TV cvyywvevcemv kot g vmapéng ULIRGS cuvdéoviar og
dtdpopa povtéra (90). Tara&ieg mov TPoipyovial amd GLYKPOVOEIS TAPOVGIALOVV
ovyva vynia enineda Ho exmounng (96), ocvveyn eKmoumn ota podloPOVIKG UNRKN
kopatog (97) ot vaépubpn exmouny (98) (99) cuYKPITIKA HE TOVG OTOUOVMOUEVOVG
yoraieg. IToAdol omd tovg Aaumepovc yololieg oto poakpvd vrépvbpo mov
evtomiotnkav omd tov IRAS Bpickovtar o cuvOnkeg ovykpovoswv (100) (85) (101).
Q01000 10 OVTIOTPOPO deV 1GYVEL, dNANON dev Topovstalovial OAol ot yoralieg pe
EVToveC OAANAETOPACES VIEPAQUTPT] Opaotnplotnto. To epdtnua eivar Thg ot
OLYYWOVEVCELG TPOKOAOVV TNV VIEPAAUTPT OpacTnPlOTNTe; AveEapTnTa amd T0 OV 1
myn evépyelag mpoépyeton évo. starburst, AGN 1 ko amd ta 800, 1 Kvpiapyn ortio.
elval o €podlacudg pe aépro. Edv ot cuykpovoelg yohalldv umopodv va 0dnyodv To
0£P10 TTPOC TO ECOTEPIKO, GTOV TLPTVO, QVTY| 1] TVPMVIKT] EIGPOT| UTOPEL VO TPOCPEPEL
NV amoutovUeVN evépyela. MOMS TO a€plo PTAVEL GTO ECMTEPIKO, EYEL TN dLVATOTNTA
va Sl ploTel kat va apyiost n dnuovpyia actépmv (o€ Tocootd ~100  /yr yia va
TOPEXEL TNV ATOPOLTNTI POTEWVOTNTA) 1) VO CLVEXIGEL VO PEEL TPOG TO KEVTIPO KO VL
tpopodotel évav AGN. Mol mpoxkAnbel m vréplapmpn o@don Oev  dwpkel
nepocodtepo and 10°%yr. Ta povtéda chVOESNG AGTPIKMOV TANOVGUOV KATAPEPVOLV VoL
e€nynoovv 1o omtikd ko vmépvBpa edacpoto tov ULIRGS pe pia ékpnén
GYNUOTIGUOD OGTEPMV ~10"-10° etgv. Ot idiot apBuol mpokvITOLY KO OO TNV
vrdBeon peiwong tov agpiov. Av 1 OTEWVOTNTA TPOKVATEL OO TOV GYNUATIGUO
aoTEPLDV, 0 YPOVOC peimong Tov aepiov divetanr amd ™ oyéom —

(107). dvod, av 1 EOTEVOTNTO TPOEPYETOL OO TNV TTAOOCT 0EPIOV OE EvVaV
AGN, 10 1010 mocd aepiov pmopel va otpiel v vEprapmpn dpacTNPOTNTO Yio
TOAD peyaAvtepn ypovikn mepiodo. Qotdc0o, 10 YeYOVHSg OTL 6YeddV Aot ot ULIRGS

napovcstalovy oyvpd otoyeion OTL Ppiokovior G610 TEAELTOIO OTAOW KATOLOG
ovyy®vevong (ototgeio mov e€acBevovv dueca 6tav 1n CLYYOVELOT) OAOKANP®OET)
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KATOSEIKVOEL OTL 1] VIEPLOUTPN PAOT SeV PMOPEL VoL Sropkéoet Tepocdtepo omd ~10°
étn. Ty mepintoon vmapéEng AGN, to téhog g pdong avtig pmopet emélbet gite pe
T0 TEAOG TNG TPOPOSOGIOG TOV LE KOVGIUA, EITE LLE TNV KATAGTPOPT| THG OKOVNG OV TO
neparet and v UV aktvoBorio Tov AGN. Ze avtd 1o tedevtaio evdeyouevo,
napoTL T0 aépto €xetl eaviinbel, o ULIRG pmopel va eEehybel og évav ontikd quasar.
H Aemtopepng e&éMén tov ULIRGS amotelel avtikeipevo HeAETNC.

To mp®TO 6TAd10 GLYYDOVELONG Elval TO AEPLO VL 00NYNOEL TPOG TO ECOTEPIKO TOV
diokov, otov mupnva. Ilpocopoidoel; pe vmoAoywotég E€xovv  Oeifel
OMOTEAECUOTIKOTNTO TOV OAANAETIOPACEMV KOl TOV GLYYOVEDGEMY GTNV POT 0EPIOV
TPOG TOV TUPNVA. AVTEC Ol TPOGOUOUDCELS TPEMEL EMIONG VO TEPLYPAPOLY TNV
vopoduvapiky  €&EMEN  TOL  HECONOTPIKOV  ogpiov oty omoiot TO  O€Plo
AVTITPOCOTEVETAL amd VYPA otoyeion (uop) To omoio QEPOLV TG TOTIKEG
VOPOSVVAUIKES KO BEPUOGVVAIKES 1O10TNTES TOL PEVGTOV.

Ewova 2.11: Movtého vmoroylot yuu tn cvykpovon yoraSiov. [pénel va mapoatnpricovpe
TG TO 0EPLO0 OTEAVETAL OTIC KEVIPIKEG TEPLOXEG TG ovYyydvevong towv yara&iov. (Chris
Mihos, Case Western Reserve University)

ApECmOC PETA TNV TPOTY GLYKPOLOT] TV YoAaludv, oynuoatilovtar pdfdor Kot
OTEPOEWONG OOUES, KAOVIGHOT TOL 0aePlov Kol TUKVOUOTO KOTG HKOG OLTMOV TOV
xopokInpoTikdv. E&autiag e avtiotdfuions HETaED aoTPIKOV Kol 0EPI®mV atyLdV,
10 aépro acBdveral pio woyvpn PapuTikn EAEN amd To AsTEPLL XEVOVTOG TNV YMVIOKY|
opun kat ™ pon mpog tov mupnva. [16co Pabid mpog to ecmTEPKO Pmopel va QTdcEL
10 aéplo eoptdton amd To YoPOKTNPOTIKG Tov dlokov. Edv o dlokog avamtiéet
wyvpés umdpeg, 0 aéplo umopet vo odnyndel mpog 10 KEVIPO o€ €va duvapKo
xpovoddypappa. Qotdco, €dv 0 GYNUATICUOG UTAPOS Oev ivarl dLuVOTOG TOTE TO
aéplo Oa eykhoPiotel oto kévipo péco oe ydpo Alywv Kiloparsecs. e avty v
nepintwon, Otov TEMKE cvyywvevtovv ot yoholleg pia dghtepn @Aom €GPONG
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eupaviCetatr, 6TOV T0 AEPLO 0OMYEITAL AKOUO TEPIGGOTEPO PO TOV TUPNVO AOY®
1OYLPADOV VOPOSVVOUKDV Kot PAPVTIKOV POTAOV.

Emedn n e1opon| aepiov givar cuvdedepévn pe Tig Paputikés SUVALELS TOV YoAAEIOV
o€ OANAETIOPACT, TO YOPOKTNPIOTIKA TNG Kol 1) OPACTNPOTNTA TOL TLPHVA
e€aptavtol amd TOKIAOVS TAPAYOVTES, OTTMG 1 ECOTEPIKT] OOUN T®V YOAASIOV Kot M
TPOYLIKY] YempETpia TG cvykpovons. Eav n chykpovon yivetar petadd yorallov pe
OYKMOOES KEVIPIKEG TEPLOYEG, M €lopon aepiov Kabvotepel €mg 6Tov o1 Yora&ieg
OCLYY®VELTOLV AOY® NG oTAOEPOTNTOC TV OICK®V OV TOPEYOLV Ol KEVIPIKEG
doykwoels. Aviifétwg, ot yoroSlokol 0loKol ympig KEVIPIKES OOYKAOGELS, £ivat
TEPLGGOTEPO EMPPENEIS GTOV TPOMPO GYNUATICUO UTOPADV, EGPON 0EPIOV Kol
KEVIPIKNG Opactnpiottag. Opoing, oe yoratieg otovg omoiovg ot diokotl cupfdrovy
eldyiota 6T SLVOKT HAlo TopatnpoVUE £vTovn €16pon aepiov, 0edOUEVOL OTL 1|
Bapvnta tov dickov eivar o acOevis.

=8 Hpc

Ewéva 2.12: Zoyyovevorn too NGC 7252, Ta ypodpato g €1KOVaG Seiyvouy v €viaoT Tov
QOTOg (KOKKIVO = QOTEWOS, UTAe = opvdpd) evd To AEvkd meptypdupata Ogiyvouv Tig
TEPLOYES TTOL dlovépetar To vdpoyovo (John Hibbard, NRAO). H vdbeon cuyydvevong yia
TOV GYNUOTIOUO EAAEWMTIKAOV YOAUEIDV EYEL TNV TOPATNPNCOKY LROoTNPEN Tov yolosio
NGC 7252. Iapot o yoro&iog Sabétel dVo évioveg mOAMPPOLOKES 0VPES SlobéTel KAl TNV
EMPAVELOKT POTEWVOTNTO EVOG EALEITIKOD Yaraia.

Otav n ovyyd®vevon oAiokAnpwBel to vmoieippato TV diokwv pmopodv va
anotelécovv tov TANBuoud tov eldemtikov yoroSuwv (96). H oyéon petago
ULIRGS ot elMemtik®dv yoralldv £€xel 10104TeEPO EVOLLPEPOV GLYKPIVOVTOS TIG
duvapkés wwmreg twv ULIRGS 610 16Mkd TOVG OTAS0 HE TOVG TOMIKOVGS
eMemtikovg  yoraiec. E&outiog g Ploamg yoidpoong, m  dwdwacio g
oLYYOVELONG Ba AVOKATAVEIIEL TOVG AGTPIKOVS dIGKOVS dIVOVTOS TO YOPOKTNPIOTIKA
MG EMPOVEWNKNG QOTEWOTNTOG KOU NG HEYOANG TOYLTNTOG OGTOPAS TMV
eMemtikov yolaSiov. H péon aotpikn dwomopd toydtntog, HETG TNV TANPN
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ovyy®vevor, Tov Tupnva Tov ULIRG eivan . Avtd onpaivel 0t n
péon doomopd gtvar cuykpioun 1 eAaEpPOS IKPOTEPT amd 0T VOGS EAAEUTTIKOD
yohatio L (opietar oc Mp~-20.4 MAG) kot Touptdlel opKeTd pE OOTH TOV
eMemtikav yoralov pe cvpmayeic moprives. EEaAiov, 6nmwg o A. Toomre 1974 (97)
VTOCTAPIEE, OV TO VLTOAEIUUOTO OLTAOV TOV OREPOEWDV GLYYWOVELCEWV OEV
amoTéEALECAV TOV TAPOVTA EALETIKO TANOLGUO YoraEldv, Tov PBpickovion Thpa;

2.4.1.3 ULIRGS og pikpa ko peyaro redshifts

Ot ULIRGS givar o mAinBvuoudg pe v pHeyoldtepn goTEWVOTNTO GTO TOTIKO GUUTAV.
Qo1600, 1 far-IR/submm gotewvdtta givar toon dote vo umopodv va aviyvevbovv
oe ueydha redshifts. Mg v amootodn 1SO, 860nke n duvatdTTa va Topotnpndovv
moAvdpBuotl amopakpvouévol yoratieg pe évtovn IR exmouny). O peydiog aplOuog
ULIRGs mov mapotnpnibnkav oe peydro redshifts deiyver 0tt avtoi ot mAnbvouoi
NTOV TOAD CNUOVTIKOTEPOL GTO. OPYIKA GTASL TOL GUUTAVTOG amd OTL onuepa. H
avakdAvyn Ttov koouwkoO vrépvBpov vmoPdbpov (CIRB) (98), tov omoiov 1
GUVOAIKY| EVEPYELD €IVl GLYKPIGIUN 1] Kol LEYOADTEPT OO TO EVOOUATOUEVO OTTTIKO
vtoPabpo, Tpoteivel 6Tt Ta Kpvpupéva avtikeipeva 6Tmg ot ULIRGS givar o Adyog yuo
TOV oYNUATIGHO TOVAdYeToV Tov 50% TV 0GTEPOV GTNV 16TOPIct TOL GUUTOVTOC
(99). Kotd ovvémelo @oivetar 0 1010iTEPOC POAOG TOVC GTO TPOWPO GOUTOV
GUYKPITIKA LLE TO TOTIKO.

[ToAAG amd ta yopaxtnplotikd mov kabopilovv T QULGIKN Yo OVTIKEIPHEVO OF
ueydAa redshifts paivetar 6t avtiotoryovv kot otovg ULIRGS 610 pokpvd cdumav.
Ta peydio mosd okdvng mov vrdpyovv otovg ULIRGS, amoppopovv v evépyeia
OV EKTEUTOVV KOl EXAVAKTIVOBOAOVV 6T0 LITEPLOpO. Edv 1 dadikacio mov mpokoiet
v ULIRG dpactmpiotra, eite oe tomkd cite oe peydia redshifts, opsiletar og
ovYYOVeLOT YoAAEIDV, To. BEpNTIKG LOVTELD TTPOTEIVOLV OTL O1 CLYYWOVEDGELS Etvarl
o KOwéG o€ peydia redshifts yeyovoc mov pdAlov eényei v cvyvotepn epneavion
T0V¢ 010 pokpwvd ovumov. H OBewpntikn Svvoukn zmpoPAémer OtL 10 TEMKO
OTOTELEGLO. TOV GLYYOVELGEMV UETAED OMEPOEWDV YUAAEIOV TAOVCIOV GE AEPLO
Kot g €k TovTov €va mBovo mpoidv g ULIRG @dong oty e£€MEn tov yoraluov,
umopel va eivor pion eddewmtiky douny (100), yeyovog mov €xst derybei  omd
napatnproels o€ tonkovg ULIRGS.

24.1.4 Tuvrpogoodotei Tovg ULIRGS?

[Mopd t perétn tov ULIRGS xatd 11g televtaieg dvo dekoetieg mapopévouvv
OPIGUEVA EPOTNUOTIKG OGO aPOpE TN QLGN TNG TNYNG TOL TPOPOJOTEL TNV EKTOUTN
vEPLOPNG axTvoPoring. ATOTEAEGUATO TOL TTPOEPYOVTOL amd TO HEcAio LVTEPLOPO
&youv deilel 011 Tepimov o 80% twv ULIRGS tpopodotovvtor and starbursts (101).
Qo1660, ot oot mepinov and tovg tomkovg ULIRGS mapovsidlovv croyeio yio
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dpactmpotmra starburst kot AGN (5). PoouatooKOTIKA OTOTEAEGLOTO GTO UEGOIO
vépuOpo  delyvouv Ott pépog twv ULIRGS mov ¢épvovv deiypata AGN
dpactnpomrag eivar TovAdyotov 20%-25% aAld avtd 10 T0c0GTO QLEAVETOL GE
35%-50% yw avtikeipeva pe (102). e pkpd detypo ULIRGS amod
eaopatookomikd oedopéva tov I1SO (103) Ppébnke o611 ot picoi amd avtovg
yapaxtmpilovrav and starburst kot o1 dAlot pooi and AGN. ‘Edei&ov eniong, Ot o€
VEPLOPEG POTEWVOTNTES KAT® Ao , 6ToV¢ TeplocdTEPOLS amd toug ULIRGS
emkpotovv Ta starbursts cuveispépovtog tepinov to 85% g IR exmopmng (103). Xe
IR potewdTEg TAVOD 0O n AGN cvppoin givar modd vynAdtepn, pe ta
starburst va cvveispépovv poévo to 50% g cvvolkng IR exkmopunng. Tvotiuata e
starburst Bpébnkav oe poTEWVOTNTES UEYPL

‘Eva and ta gupitepa ¥pnoILOTOMUEV OYVOCTIKA HEGO Y10l VO O1KPIVOVUE TO
starbursts amd toug AGNS egivor €dv 1 QAGLOTOGKOTIOL TOV TLPTVO TOPOLGLALEL
eVPElC emTpentéc Ypapupéc, yopoktnpotikd tov AGNS, 11 €dv ta @dacpota
TOPOVGLALOVY YPOUUES EKTOUTNG YOUUNANG O1EYEPONC, XOPAKTNPIOTIKO TV Starbursts.
Axdpo kot otny Tepintwon mov Exovpe otoryeia 0Tt o€ Evav ULIRG vrapyet evepyodg
Topnvag, ovtd dev amodekviel 6Tt o AGN egivar 1 kupiopyn Tyn g veépLOpPNC
axtivoBoliog. Onwg sivar yvwoto, ta starbursts kor ot AGNS gueaviCoviar cuyva,
pali og yoragleg pkpdtepng @OTEWVOTNTAG Kol GUUPOIVEL VO TOPATNPOVUE Kot TO, VO
eowvopeva otoug ULIRGS.

Me Bdon v wéa 6Tt avédveton o apBuds tov AGN oe detypata tov ULIRGS pe
oloéva Kot PeyoAdTeEPN QOTEWOTNTO, avapévetal 0Tt givor moAd mbavo ot ULIRGS
va gival amhdg 1 oKOVH 6T EACT oYNUATIoHOD £voc quasars (7). Xe avutd ta cevapia,
ot AGN Eexwvoov va oynuatilovior akoAovBovpevol amd cLyy®VEDGEIS KATA TN
dibpkeln Tov omoimv kvplapyei m starburst @don. Metd amnd xdmolo oTiyun, M
€EAIPETIKA TUKVI OKOVI OV KOAVTTEL TIG eKTOUmEG amd ™ Opdpewon AGN, Oa
apyloel vo Owomdtol kol o evepyodg mupnvag sivar Bo mAgov  extebeipévoc.
Ymoompileton o6t1 avt) 1 @don efeMoocetor ypryopa Gtovg quasars  mov
TOPATPOVUE GNUEPO OTO OTLTIKA Uik KOpotog (104).

2.4.2 Hyperluminous Infrared Galaxies (HLIRGS)

Me 11c mopatnpnoelg tov IRAS gvromiotke pia véa katnyopia vrépuBpwv yoraliov,
ue QotewoTnTeg pueyoldtepeg amd avtég twv ULIRGs (L > 10" Lo), avti tov
HLIRGSs. Ot tpwtot HLIRGS mov mopatnpriOnkav nrav ot IRAS P09104+4109 (105)
ko IRAS F10214+4724 (106). Toa mpmdto otorKeio Yoo OUTO TO OVTIKEIUEVO
Katedeikvoav v Vmapén tepdotiog palag okovng (aviyvevon peyoing palag CO
(107), poprokég ypopués (108), submillimeter ekmoumn oe pnkn kopatog 450-
1250pum (109)). Ta oapywd poviéda mpdTeEvay OTL EXPOKEITO YO YIYOVTIOIOVS
yoroieg 610 0TAd10 GYNuoTicpov (110).
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H myn mg IR exmoumc otovg HLIRGS amoteAei 0épa culnmong. Ot ULIRGS
eaivetal vo, tpo@odotovvtal amd Starbursts n/kor quasar dpactnpoTTa M omoia
npokAOnke amd odniemdpdoetg (111) (112) ko ot HLIRGS pmopei va givar anhdg
N peydang owtewvotmtoag ovpd tov ULIRGS. H mieioyneio TV EKTOUTOV GTOVG
HLIRGs oe pnkn «duatog >50um miotevetow 0Tl oeiketon oe  Starburst
dPaCTNPLOTNTA VIOVODVTOG GYNUATIOUO AGTEPOV UE PLOUO (113).
Av n vroérown ekmounny tov HLIRGS oto poakpwvd vaépvbpo kot oto submm
opeileTol 0TOV GYNUATIOUO AGTEP®Y, TOTE O amautovUEVOS puBudg oynuaticpov o
elval 0 VYNAOTEPOG UETOED TOV VTOAOITMV AVTIKEWEV®OV TOV GOUTOVTOG. To YEYOVOg
avtd mpoteivel OTL awtol ot yaratieg mepvohv omd pio. AcT £VIOVOL GYNUOTICUOV
AOTEPWV, VIOVOMOVTAG OTL TPOKELTAL Y10, veapovs yoraliec. Mo tpitn mbavotnta
elvar n IR exmopmn va mpoépyetar omd KATOWOLE GAAOG UNYOVIGHOVS (Ty. o
napodikn IR ewtewvny @don omv QSO e&EMEN), tOTe awtol ot yohadieg iomg va
AVTITPOCOTEVOVV i EVTEAMG SOPOPETIKT TAEN AVTIKEUEVDV.

10: 1 3 lo‘__vnm L w2 T rvllrvv[g
[ Nib6s 3
"1 % 1
r 2 T NSso6 1
= P48 53
= 1E & 3 1
;; E .\SMJ Wm 3
= F <« vy Neo 1
c I Ny M2 s 1 |
g N 2012 47208 1 1
S L 4 4
S 01 v+ o1 !
S F 7 Y 3 E 3
= \ ass) C 1
= /' ..\.a C
Z
s -
I~ \sm “n'
3 001t V? 4 001:
2 E v\?/v E
F v
V v 2 :
GC al b
"ZN”“ [
0000 b v wd 0000 E L i S
0.1 1 10 0.1 1 10
relative strength of 7.7um PAH feature relative strength of 7.7um PAH feature

Ewova 2.13: Ou starbursts yohoéieg spoaviCoviar wg tpiyova, ot ULIRGS wg kvkAotl kot ot
AGNSs og opBoydvia pe Tig dtaydviovug tovg. Ta PEAN mpog ta Katw delyvouv T avdTEP
opa, ta BEAN pe khion 45° deiyvouv mpog Ta Tov o1 TNYEG Oo KivovvTtay av Ta Topatnpnfévia
YOPOAKTNPLOTIKG TOVG dtopfdvovtav yioo to tuiua tov starbursts 1 tov AGNS. Apiotepd:
Baowd otoryeia yio Tig pepovopéveg myéc. Agid: o omin HEKT, YPOLUUKT KOUTOAN TOV
oynuatifetal pe Tov ouvovacud TOV dEOP®V UEPOV TNG CLUVOAIKNG POTEWVOTNTAG OF £Val
AGN kat og éva starburst. ‘Olot ot AGNS vrotifeton 611 Bpiokovtot oto [O IV]/[Ne 11]~1 kou
kovévag AGN (dnradn o 100% twv starburst) oto [O IV])/[Ne 11]~0. (5)
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Ot mopatnpNoelg avuTég OdNYNoAV GTO GULUTEPAGHO OTL TO OVTIKEIUEVA OVTH
tpo@odotovvtarl amd okdvn kKot AGN avtimpocsomrehovv éva e&ehktikd 6Tdd10 GTO
oynuationd tov quasars (7). Evoliaktikd, n peydin vmépupn eotevoma £xet
amodobei oe ovumoayr starburst yeyovota (114). Meléteg g oLVEIGQOPAS TMV
starbursts kot AGNs ot cvvoAdikn ekmounn IR og deiyua HLIRGS, £yovv dmoet
EVOLOLPEPOVTO ATOTEAEGILATO KOL GUYKPOVOUEVO OMOTEAECUOTOL £E OPIGUEVES LEAETES
(115) (116) emxpotei 0 oYNUATIGUOG AGTEPOV Kol GAAeC mpoteivouy 6Tt ot HLIRGS
tpopodotovvtan omd Evav AGN (117) (118). Or AGNSs kau starbursts pmtevotnteg
ovoyetilovta, deiyvovtag 6t pala g okdvng puOuilet T EOTEWVOTNTA TOVG GTOVG
HLIRGs.

Ot HLIRGS ¢@aivetar va givol 1davikoi vroynelot yuo v vmopén vémv yoha&imv
avtifeta pe Tig ovyyovedvoelg yoraiov Thovoiwv o agpiov (113). Ta otoygio mov
vrootnpilovy avtd T0 HOVTEAO €ivol T VYNAG TOGOGTH GYNUOTIGUOD OCTEP®V >
500  yrt kot m okdpo vynAdTepn VmopEn oepiov GUYKPLTIKG ME TOVS TULTIKOUC
onepoeldeic yorha&ies. 'Eva aAdo evdeyduevo eivar ot HLIRGS va givar amhdg 1 ovpd
™¢ peyaang eotewvottog tov ULIRGS minbuoudv, 6mov ot cuyywvedoelg HeTaéy
e€eMypévov yara&idv dnpovpyodv Ty okdvn mov epiPdiet tnv starburst kot AGN
dpactmpiotra (74).

2.4.3 Luminosity Function

‘Eva Poaocwod epyodreio otn perétn tov yoroSlokdv mAnBvoumv, 1o omoio  €yel
YPNOOTOMOEL APKETA GTN GLYKPOTNOT TOV HOVIEAOL TOL GYNUATIGLOV YOAAELDV,
givou M ovvdptnon gwtevétptag (Luminosity Functions LFs). H ovvéptnon
QOTEWVOTNTOGC TOV YOAAEIOV glval N aplOUNTIKN TOLG TLKVOTNTO GOV GUVAPTNOT TG
QOTEWVOTNTOG TOVS N OAAMDG TO amOAvTo PéyeBdg Tovg M. H ypapikn mapdotacn o
AoyopOukn kMpoko Olvel pion YopaKTNPIOTIKY HOPEN OV TEPTYPAPETOL OO TNV
ovvaptnon Schechter

- - - [2.2]

o6mov L* n yopakmpiotikny ootevotta, o 1 KAlon oty nepoyn e€acbéviong kot O*
N KOVOVIKOTOMUEVN aplOunTiKny ToukvoTnTo, NG cuvdptnong emtewvotrag (119).
AopBavovtag v Oyv v onpacio Tov vIépudpmv TapatnpoewV otV eEEMEN TV
YOAOEDV, pmopovue vo. Kdvovpe peydio PUoTo GTO Vo KOTOVONGOVUE TMG Ol
YOAOEIEG GUYKEVTIPMOVOVTOL ONUOVPYMVTAG KOVTIVE, pecsaio Kot pokpvd vrépubpa
yaro&lokd LFS ko mog egghiocovtar oe oyéomn pe to redshift. Ta kovrwva pnkn
KOHOTOG pog Aéve g ot aotpikés ndleg e€eMocovtal eVvd o, LOKPIVO TOTE Kol TG
T TOpatnpovpeva starburst, mov dnpovpyovV aVTONG TOVG AGTEPES, EpPavilovTal.
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Optopéva amd o mpmta veepvOpa LFS mponibav amd v amocstodn IRAS (120).
Xpnowonowwvtag dedopéva and to IRAS (121) ueretibnke n Luminosity Function
ot 60pum kat ota 40 - 120um, émov Bpébnke 1 woyvp AENOT TS POTEWVOTNTOG e

mv amopdikpuven oto epudpd (redshift), « (1+z)*.

[Tapdpoteg peréteg Eywvav kot
apyotepa pe dedopéva mai and to IRAS cg didpopa puiKn KOUATOG HETAPAAAOVTOGC
mv T TV ¥ e oyéone «(1+z)" (Clements et al. 2001 : 12um LFs (1+z2)*°,

Serjeant et al. 2004: ELAIS 90um LFs (1+z)>*).
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Ewova 2.14: XOykpion g ocuvaptnong eotevotntog yorosiov ota 24pm. IHive apiotepd
og yapunAd redshifts, tdvo de&1d o peyda redshifts, kdto oe pecaio redshifts. Ot ypappég
7OV EVOVOLVY Ta onpeia divovv v LF tov gpyoaciog mov avaeépovtar (6).

Me v ekto€evon Opmg tov Spitzer d66mkov peyolbtepeg duVATOTNTEG GTOVG
AGTPOVOLOVS 0oV Ba pmopovcav va peketioovy v LF ota didpopa pnxn kopatog
Kol g peyddo €bpoc pmtewvotntemv Ko redshifts. Meléteg anyodv pe eoTOpETpIKY



61 2.4 Yrepudpot yadaéisg

uébodo yuo to redshift (6) oto medio ELAIS N1 tov mpoypdppoatog SWIRE dei&av 0Tt
n mieoynoeio Tov tAnduopmv tov SWIRE yapaktnpilovrolr amd v onpovpyio
acTtépv pe uéco redshift . 210 3.6 ko 4.5 um 1 cvvapon POTEWVOTNTAG
oToVG YoAagieg avTovg delyvel TNV cLVOMKY eEEMEN Ge oYEom He TNV YHPAVOT| TOV
aoTpIKAOV TANOBvopOv oty mepoyn wExpt Zz ~ 1.5 H ovvdptmon owtevdtntog
Bpébnke 6t1 avEavete og redshifts z ~ 0.5 - 1 adAd oe akdpo vynAdTepa redshifts
eEopaAvveTol N KOO KOl LEDVETOL. XTO LEYOADTEPO UMK KOUATOS 241M 1) 1GYvp1|
e€EMEN  ovveyiler oe  peyohdtepeg QTeEOTTEG Ko peyoAvtepa  redshifts.
Evdewtikog eivar o oynuaticpdc aoctépov kot 1 AGN dpactnpomta pe 1oyvpn
vrépudpn evepyesiokn mokvota ko SFR (Star Formation Rate ) mokvotta  (1+2)"

ue

2.4.4 Spectral Energy Distributions

IMa vo pmop€covpe Vo KATOVOT)COVE TO YUPUKTNPIOTIKA TOV LIEPVOP®V YoAAEIDV
oto. peyaho redshifts, eivon omopaitmto vo vmdpEer apyikd évac EAeyyog TV
YOUPOKTNPIOTIKOV EKTOUTNAGC TV yoaAalldv o wikpa redshifts. T mapdderypa, M
obyKplon HeTad TV TopATNPOVUEVOV OVTIKEWEVDY o€ peydAa redshifts kot tov Tt
TpoPAETETOL OO TOL KOGUOAOYIKG HOVTEAN TOV GTNPIfOVTAL GTO PACUOTIKO TPOTLTO
evepyelakng oavoung (SEDS) towv tomikdv yora&idv, pmwopodv va TpoTeEivouy Tmg ot
yoratieg eEeAiocoovTal KOTOVTAG TIGM GTOV YPOVO.

IToAAG amd To povtéda yo v IR exmoumn (109) mpoteivouv 611 i devtepedovoa
ayun ota pecoio vwéPLOpo amd KavovikoUvg yoloieg pe HKPOTEP QOTEWVOTNTO
0QeileTOl OTNV EKTOUT OO HKPOVS KOKKOLG OKOVNG KOVTH o€ OEPUOVG OGTEPES
gV@, 1 1WOYVPY AU o€ PRKN KOpotog A=Z100-200 um avTicTolysi oty eKmoumy and
™ okovn og infrared cirrus mov Oeppaivovtar and Ttalodtepo aoctpikd TAndvoud. Tao
SEDs moAldv ULIRGS gpgavitovv ovo aryués. H ovvnbng epunveia eivor ot
eotevotto IR mpoépyeton amd tov cuvovacud 600 unyoviopmv. Xe yoroa&iec pe
avt Vv vrépulpn eotewvdtTo, Tapovswaleton ayyun oto 60um eoutiag TV
starburst (Tp ~ 30-60 K) xa1 emmdéov, o Seyfert yara&iec, éxovpe aryun o€ axdpo
pkpdTEPO UNKN KOUATOG 25um kot vynAdtepeg Beppokpacies (Tp ~ 150-250 K) mov
opeilovton mBavmdg 6N KOV oL Beppaivetar amd Evav AGN.

‘Eva pucpd ardd onpavtikd koppdtt tov ULIRGS, avtol pe «Bepud» vrépubpa
ypopata, Eyovv SEDS pe exmount| 6to pesaio vépubpo (~ 5 - 40 um) (7). Avtoi ot
Oepuol yoratiec, ot omoiot epeavifovtor va ekteivoviar oe €va €upy  QEAGHA
Katnyopldv eEOYOAAEIOKDY  avTIKEWEVOV  cuumepilapfovolévoyv TV  podto-
yora&ov Ko ontikd emheypévov QSOs, éxovv ypnoyomomBel og otoryeia yo ™
ovvdeon twv ULIRGS kot QSOs (7). Avtr n obvdeon evioydetal omd To dedopéva
tov IRAS yw tovg QSOs, ta omoia deiyvouv 611 10 péco SED tov omtikd
emheypévov QSOs yapoktnpiletar and 1 Oeppikn ekmounn amd to Si6KO GKOVNG
10V TEPPAALEL TOV EVEPYO TLPNVAL.
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Ewéva 2.15: SEDs ywo ontikd emleypévoug radio-loud kou radio-quit QSOs (7) kou Blazars
(8) amd pado £mg X-ray unKn KOUOTOG.
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Chapter

EFOSC2: Multi-object spectroscopy of
SWIRE CDFS field

1.1 Overview

This chapter reports on the observations of the SWIRE CDFS filed using EFOSC2 on
ESO 3.6m telescope in multi-object spectroscopy mode. Multi-object spectroscopy is
a suitable way to obtain spectra of several objects simultaneously. The MOS data
were taken using six different masks on EFOSC2. We tried to obtain spectra of 60
objects from SWIRE CDFS. These sources were observed during two nights by Dr.
Markos Trichas and Dr. Thomas Babbedge. In the following, I try to describe the
multi-object spectroscopy method and the utility in our observations, EFOSC2 and the
selection of targets.

1.2 Multi-object spectroscopy

Multi-object spectroscopy employs an entrance slit on a mask composed of multiple
sub-sections which can be positioned by computer to pick up many different objects
in the field of view. Today, many observatories have a spectrograph with a multi-slit
system. The classical astronomical spectrograph comprises (122) :

e aslit in the common focus of the telescope and spectrograph collimator to isolate
the area of interest on the sky,

e an optical system to re-collimate the beam,

e a dispersing element in the collimated beam (usually a plane reflectance grating,
but frequently a grating-prism combination known as a grism), and
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e a camera to image the dispersed slit (and hence the dispersed sky image) onto a
two-dimensional detector.

In order to emphasize its ability to image a dispersed slice through an extended
object such as a bright galaxy — together with adjacent sky, an instrument like this
would be called a long-slit spectrograph. Moreover because the fact that spectra are
themselves extended objects, spectrograph cameras are made with fast focal ratios and
the instrument also acts as a focal reducer on the telescope. Substantially, if the slit
and dispersing element were removed, the spectrograph would form a direct image of
the sky at a reduced image-scale. The objects are observed through the slit which is
positioned in the focal plane as seen in the figure 3.1. This results in a spatial intensity
profile of the object along the orientation of the slit. A collimator generates a parallel
light beam. This light beam falls on a dispersive element, usually a grism, which
creates a spectrum for each point on the spatial profile, which is registered by the
CCD.

The advantage of longslit spectroscopy is the ability to study the spatial distribution
of emission features. The choice of grating and slit setup allows addressing a wide
range of observations, from high spatial resolution spectroscopy to study the near
nucleus region to high dispersion spectroscopy to study in detail the band structure of
emission systems. The disadvantage of the long slit spectroscopy is that as a rule it
accesses only a tiny fraction of the available field of the telescope, wasting precious
imaging capability this led to an upsurge of the interest in both multi-object and
integral-field (area) spectroscopy at the beginning of the 1980s.

Slit

\l

—— Collimator

Figure 3.1: Schematic view of a typical long-slit CCD spectrograph. Positions along the slit
are mapped in a one-to-one manner onto the CCD detector. A number of optical elements in
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the camera, used to re-image and focus the spectrum, have been omitted from this drawing.
(R.W. Pogge, The Ohio State Univ. 1992)

Depending on the dimensional (1-D or 2-D) and resolution R of CCD there exist
several coupling arrangements exist between dispersive elements and detector. Some
of these arrangements combine spectroscopy and imaging (Spectro-imaging). The
various arrangements are as follow (123):

One-Dimensional Detector. Only one source and one order. If the image of the
source is bigger than the spectrometer slit (high R or large seeing disk), an image
slicer is required and the spectrum obtained will mix together the radiation coming
from all points of the source.

Two-Dimensional Detector. At high resolution, echelle mode (cross dispersion):
only one source but several orders of dispersion. At low resolution (R<10%), simple
dispersion: one of the detector dimensions can then be used for A dependence, and the
other for spatial dependence along one of the dimensions of the source ((x,A)-mode).
Two-Dimensional Detector and Dispersion. In this mode, referred to as wide-field
spectroscopy, spectral information and two-dimensional spatial information (x, y, A)
are obtained simultaneously. Wide-field spectroscopy is limited to compact objects
(<10”"). Among the many variants (fibre optics, gratings, micro-lenses), one consists
in sampling the image by means of a compact bundle of fibres, which redistributes the
energy along the long spectrometer slit. The field is dispersed on a CCD and the
digitally reconstructed, in order to restitute the image at any wavelength chosen in the
spectral interval covered.

Two-Dimensional Detector. One order, low resolution (R<10%), or even high
resolution, multi-object. By suitably dividing up the image plane (slit mask, fiber
optics), the spectrometer samples the radiation at a limited number of images points,
juxtaposing the spectra on the detector.

For dissection using a mask, a non-dispersed image of the field is first made (CCD).
Then a mask is produced, containing a series of slits adequate for the desired
resolution, on the basis of this image. This can be done by photoengraving, for
example. The mask is inserted in the image focal plane, and a grism in the following
pupil plane. Spectroscopy can then be carried out on a hundred or so sources
simultaneously.

An elusive component to design effectively is the multi-object spectrograph (MOS)
because stellar objects that are closely spaced cannot be differentiated from each other
when their spectra overlap (123). Multi-Object Spectroscopy (MQS) is turning to the
central method to study many objects in astronomical fields, whose positions in the
fields are discrete, recording simultaneously hundreds of spectra. This has enabled
large increases in sample sizes for many studies - often as much as 2 or more orders
of magnitude. Modern telescopes and multi-object spectroscopy instrument are
producing increasingly larger volume of data which contain a wealth of information.
Multi-object spectroscopy (MOS) is revolutionizing optical astronomy, in fields as far
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ranging as abundance studies of globular clusters to the large-scale structure of the
Universe. There are two classical alternatives:

With multi-slit mask (124): The coordinated of the objects are selected in a
rectangular field from the spectrograph imaging mode, and a multi-slit mask is then
made as input of the spectrograph mode. In order to obtain the spectra, a rectangular
detector is used and the spectra have homothetical positions to those of the objects in
the telescope field. This technique is well adapted for a typical 5-7 arcmin field.
Accurate multi-slit masks are generated by high-power YG lasers which, in addition
to rectangle slits, allow curvilinear-slit cuts of constant width in the dispersion
direction for arch-like object studies.

With fiber optics (124): Optics fibers are used because they have the advantage of
selecting objects either their location is in a small field (5-7 arcmin) or a large field.
The fiber output ends feed the long slit of one or several spectrographs. Nevertheless,
optics fibers have the disadvantage of suffering from focal ration degradation (FDR)
so that the collimator of the spectrograph must have a faster f-ratio than that of the
emerging telescope beams.

The astronomer who has to extract one-dimensional spectra from this kind of data
faces several problems. Firstly, the number of spectra which have to be extracted from
the two-dimensional frame. Secondly, the optics of the spectrograph bends the
spectra, resulting in curved object spectra on the detector. Thirdly, the slits in MOS
spectra are usually much shorter than in ‘long-slit” spectroscopy, so special care has to
be taken to ensure accurate subtraction of the night-sky emission.

North

East

Figure 3.2: Acquisition image of one of the six slit masks were used in observations with
EFOSC2. The slits are found in the coordinates of observing objects which present as bright
points inside the slits.
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1.3 EFOSC2 General Characteristics

The ESO Faint Object Spectrograph and Camera (v.2) (126) or EFOSC2 is a flexible
instrument for low resolution spectroscopy and imaging. The most outstanding feature
of EFOSC2 is the capability of the seven different observing modes
normal/polarimetric imaging/spectroscopy (several submodes in each), multi-object
spectroscopy and coronography. Despite its multi capability, low resolution
spectroscopy makes it a very efficient instrument in terms of both photons and time.
In October 1997, EFOSC2 was mounted in the ESO 3.6m telescope on La Silla. The
seven available observing modes presents in the Table 3.1.

Figure 3.3 gives a general view of instrument’s design. One of its features is that
all the optical elements, except of the apertures (masks, slits), are placed along the
optical axis with the beam being parallel by passing through a collimator. The optical
elements are located on three wheels. Slits and masks are introduced into the aperture
wheel, the only optical element located before the collimator, so the projected scale
for slits is the telescope scale (5.3""/mm). Filters and Grisms are mounted on the filter
wheel and the grism wheel between the collimator and the camera. The first element
after the collimator is an interchangeable super-achromatic Half Wave Plate (HWP)
necessary for polarimetry.

Aperture Wheel

Collimator

Half Wave
Flate

Camera

1 Focus Ring

E Cryostat E

Figure 3.3: Schematic instrument layout of EFOSC2 (137).
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Aperture . Grism
Mode Wheel Filter Wheel Wheel HWP/QWP
Imaging Free Filter Free Out
Coronographic Imaging | Cor. Mask Filter Lyot Stop Out
Polarimetric Imaging Woll. Mask Filter Woll. Prism In
Spectroscopy Slit Free Grism Out
Multi Object Spectroscopy | MOS Plate Free Grism Out
Slitless Spectroscopy Free Free/Filt. Grism/Prism Out
Spectropolarimetry Slit/Mask | Woll. Prism Grism In

Table 3.1: EFOSC2 Observing Modes (126).

1.3.1 The Telescope ESO 3.6m

The ESO 3.6m Telescope (137), located in La Silla Chile, is a 3.6m telescope run by
the European Southern Observatory. The telescope has a horsehoe/fork mounting with
an interchangeable top unit which allows the secondary mirror to be changed from a
Cassegrain focus of F/8 to that of F/35. The best PSF (Point Spread Function) of the
telescope is about 0.5 arcsec (measured with EFOSC2) and more generally, in good
seeing conditions is in the range of 0.7 - 0.8 arcsec. The RMS pointing error is about 5
arcsec rms. It gets slightly worse when the telescope is pointing to the North. The
pointing is limited to 70 deg. zenithal distance and 5.5h RA, but there is a small

visible region under the pole.

Mounting Equatorial, Horseshoe
M1 Diameter 3.566 m

Cassegrain Hole diameter | 0.698 m

M1 clear area 8.8564 m*

M2 diameter 1.200 m

Focal Ratio f/8.09

Scale at Focal Plane

7.12 arcsec/mm

Table 3.2: Technical Characteristics (137).



http://www.nationmaster.com/w/index.php?title=La_Silla&action=edit
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1.3.2 EFOSC2 Instruments

CCD Camera

The CCD camera of EFOSC2 is a Loral/Lesser Thinned, AR coated, UV flooded,
MPP 2048 x 2048 (137). Each observation produces a 2060 x 2060 pixels image, so
during the read out process 25-30 rows/columns are added. The measured scale on the
CCD is 0.157arcsec/pixel therefore the 2048 useful pixels of each side correspond to a
5.2x5.2 arcminutes’ field of view (137). The CCD is driven by the new ESO-FIERA
controller. The CCD system (CCD+FIERA controller) shows levels of linearity better than
0.4% over the full range of the 16 bit analog to digital converter (ADC). The measured
cosmic ray impact is about 900 events per hour for the whole array of the CCD. A hit
typically covers a radius of 2-3 unbinned pixels. The upper limit of exposures for
spectroscopic observations is 45-60 minutes.

Bad (noisy) 4
2060 T
Overscan | 45 hiy '
2048 e
Hat Bias
level level
el & & Overscan
& pi 5 pi
1 6 2055 2060 ADU

Figure 3.4: The difference among CCD pixel and image pixels. The right diagram shows the
“pleeding” effect * (e.g. from bright emission lines or saturated stars) when a flat is taken —
the prescan and overscan sections are affected and do not give the correct bias value (126).

® The maximum amount of charge that can be stored in a given pixel is limited by the depth of the
electrostatic potential well that constrains the charge in the array. Self-repulsion of the accumulated
charge eventually drives it into adjacent pixels, leading to the familiar “bleeding” along CCD columns
for bright sources (149).
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Type Loral/Lesser, Thinned, AR coated, UV flooded, MPP chip
Controller ESO-FIERA

CCD Size 2048 x 2048

Image Size 2060 x 2060 (overscan inadequate for bias subtraction)
Pixel Size 15 microns x 15 microns ; 0.157arcsec x 0.157arcsec
Field Size 5.4arcmin x 5.4arcmin (useful field 5.2arcmin x 5.2arcmin)
Full well capacity | 104,000 electrons/pixel

Dark Current 7 electrons/pixel/hour

Saturation 65535 ADU

Linearity regime 0.25% (maximum deviation)

Table 3.3: Parameters of EFOSC2 CCD#40 (137).

GRISMS and PRISMS

EFOSC2 offers several grisms which cover a wavelength range from 320 up to
1100nm and provide FWHM resolutions between 0.6 and 6nm. At present 16 grisms
are available for EFOSC2. Each grism allows the user to obtain spectra at different
wavelength ranges, dispersions and revolutions. These characteristics are presented in
Table 3.4. The alignment of each grism takes ~10 - 20 minutes. Contrary to grisms
used in a converging beam, there are no wavelength dependent optical aberrations
introduced by the EFOSC2 grisms. The spectral resolution depends on the slit width
and the dispersion. For a chosen slit width FWHM line is constant along the spectrum
but for a slit with the double width the line FWHM will be double.

EFOSC2 Grism Throughputs for a 15th magnitude star
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Figure 3.5: EFOSC2 Grism Throughputs (in electrons per Angstrom per second) for a 15th
magnitude star. These represent the averaged values of different observations of many
spectrophotometric standard stars, normalized to 15th magnitude at all wavelengths (126).
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Grisms are mounted on the grism wheel on the parallel beam of EFOSC2 and there
are no wavelength dependent optical aberrations in the spectra.

Grating . i Resolution
Grism # Wavelength | Dispersion EWHM
gr/mm MBlaze range
1 100 4500 3185-10940 6.66 52
2 100 6700 5100 — 11000 6.60 53.69
3 400 3900 3050 - 6100 1.50 12.61
4 360 4700 4085 — 7520 1.68 13.65
5 300 6700 5200 - 9350 2.06 16.64
6 300 5000 3860 — 8070 2.06 16.77
7 600 3800 3270 — 5240 0.96 8.06
8 600 5300 4320 - 6360 0.99 8.06
18 600 5600 4700 - 6770 1.00 8.19
(+) 10 600 6500 6280 — 8200 0.95 7.67

11 300 4000 3380 — 7520 2.04 17.16
16 300 7900 6015 — 10320 2.12 17.29
13 236 4400 3685 — 9315 2.77 23.01
14 600 4000 3095 — 5085 0.93 7.54
17 600 8300 6895 — 8765 0.86 7.02
19 1557 4777 4441 —5114 0.34 15
20 1070 6597 6047 — 7147 0.55 2.0

prism #1 - -

prism #2 - -

Table 3.4: EFOSC2 grisms. The quoted resolutions are for a 1.0 slit (126).

FILTERS

Filters are mounted on the filter wheel after the collimator. Eleven filters can be
mounted on the wheel but one position has to be kept free. The diameter of filters is
60mm with maximum thickness of 10mm. Since filters are located in a parallel beam
the instrument’s focus should not change. Because filter and grism wheels are located
very close to each other there is a very little possibility of squeezing in larger filters.
Also, since the filter wheel is located at a relatively large distance from the focal plane
the quality of the image is affected by the filter defects. These may result blurs or
ghosts in the form of the image due to multiple reflections inside the filter.

SLITS

The terms Star-plates, slits and masks are used interchangeably - they all refer to
elements which block light from some region of the field of view of EFOSC2. All
these are mounted in the aperture wheel of EFOSC2. For spectroscopy, 5 to 7
positions are available.
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Punch Head | Width Length
5 17.02 8.6
7 17.34 8.6
3 17.87 8.5

Table 3.5: Available Punching Heads (126).

The slits” widths which are available for EFOSC2 are 0.3, 0.5, 0.7"", 1.0"", 1.27",
1.5, 2.0”, 5.0, 10.0"" and 15.0"" with lengths in order of 5 arcmin. Slits are
produced on special metallic plates by a punching machine. The punch head’s
characteristics we specified in Table 3.6. On the metallic plates up to 25 slits can be
produced with the shorter punch head and 15 slits with the longer one. Five MOS
plates can be created simultaneously.

. Central Peak
Filter ESO Wavelength FWHM Transmission Red Leak
Name Numbers (nm)
(nm) (%)
<0.005%
U Bessel 640 354.5 53.8 68 @1100nm
0.012%
B Bessel 639 440.0 94.5 54 @1150nm
0.055%
V Bessel 641 547.6 113.2 87 @1150nm
0.076%
R Bessel 642 643.1 165.4 86 @1150nm
0.010%
Gunng 782 516.9 77.6 81 @1100nm
0.010%
Gunnr 786 681.4 83.8 83 @1100nm
. 0.010%
Gunni 705 793.1 125.6 83 @1100nm
Gunnz 623 >840.0 - 98 -
H Alpha 692 657.7 6.2 56 <0.010%
H Alpha 709 664.5 71 88 ;
Red
H Beta 742 - - - -
Hbe Cont 743 - - - -
[Ol11] 687 500.4 5.6 74 -
[SI I] 700 673.0 6.2 56 <0.010%
Tyson B 724 - - - -

Table 3.6: EFOSC?2 filters — Basic set (126).




Chapter 3: EFOSC2: Multi — object spectroscopy of SWIRE CDFS field 74

1.3.3 EFOSC2 Multi-Object spectroscopy

Multi object spectroscopy is actually similar to normal Spectroscopy described in the
previous section. The only relevant difference is the number of slits along the MOS
mask. A typical MOS observing block includes an acquisition template followed by
an image of the field through the slit, a number of bias files, lamps images and flat
images. Templates with different grisms, from the same mask can be combined. The
instrument orientations can be changed during the observation. The orientation (long
axis) of the slitlets on the sky, in terms of their position angle (from north through
east), is given by PA = 90 + Rotator_Offset_Angle. The rotator offset angle should be
among -100 and +80 degrees. MOS design is done using xm program and a special
punch machine.

Figure 3.6: The resulting MOS frame from the slit mask of Figure 3.2, showing the set of
two-dimensional spectra corresponding to each target galaxy in the mask. The dispersion runs
along the vertical direction. Each strip shows the sky emission lines (light horizontal lines)
together with the fainter galaxy spectrum.

1.4 Selection and Observations

The data we used were observed in the SWIRE CDFS field with the ESO Faint Object
Spectrograph and Camera (v.2) on the ESO 3.6m Telescope by Dr. Markos Trichas
and Dr. Thomas Babbedge. Results from the Spitzer SWIRE survey have revealed
potentially highly significant populations of sources with ultra- and hyper-luminous
infrared luminosities. Using EFOSC2 to target 12 of these rare sources in our CDFS
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field and as any additional U/HLIRGs as possible in the same filed, we make an
optically-bright U/HIRG sample complete to R=21.55. All these targets and the
further serendipitous sources, which also obtain their spectra, are with 24um
detections and have optical and IRAC photometry. This choice is necessary for the
calibration and validation of the photometric redshift code across a wide redshift
range. Spectra of our prime targets and others’ U/HLIRGs could be found, will allow
us to confirm their U/HLIRGS status. The SWIRE cirrus ULIRGs sources represent an
unusual population unexpected in conventional galaxy evolution models in which a
large mass of cool dust (T~20K) appears to be heated by massive but quiescent (i.e. in
contrast to starburst processes) star formation. Confirmation of the redshifts of the
ULIRGs galaxies in this work, and thus both their ultra luminous and cirrus natures, is
a high priority, as in understanding the process underway in these enigmatic systems.
From all this sources we will use their spectra to identify AGN signatures, to set
constraints on the star formation rates and starburst luminosities.
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Figure 3.7: The diagrams provide a graphic illustration of the sign of the offset angle as well
as the magnitude - these are useful in determining the orientation for imaging (MOS pre-
imaging, for example) (126).
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EFOSC2 combines high sensitivity and excellent site conditions with multi-object
spectroscopy mode. This makes it the ideal choice for obtaining a spectroscopic
sample of optically bright objects up to R~21.55 in a reasonable amount of time. In
order to obtain coverage in the wavelength rage 3050-9350 , our spectroscopic
observations were using Grism-3 (3050-6100 , 1.5 ) and Grism-5 (5200-
9350 , 2.06 ). The wide wavelength range is selecting in order to obtain all
emission lines and in order to perform proper characterization analysis. Using both
the red and the blue grisms is essential in allowing us to produce composite spectra in
order to distinguish between starbursts and AGN spectral features in the redshift range
of interest. Six masks were used by observers. An average of 10 slits per mask, over
the 5.2x5.2 arcmin’ field of view, gave us a total of ~ 60 objects. The width of the
slits was 2 arcsec.

The observations were carried out during 18-19 December 2006. The exposure time
per mask was 2 hours and 3600 seconds per grism. The exposure time was calculated
in order to provide a S/N~5 in the continuum. The total time of observations,
calibrations, read out time was 15.6hr or 2 nights. The RA/DEC coordinates presented
in Table 3.7 describe the point center which contains the prime targets within the field
of view. CDFS is a southern field and was lying directly overhead during the
observing period, meaning optimally efficient access to the field and utilization of the
telescope. The list of the prime targets and a summary of their properties is given in
Table 3.7.

Target/Field a(J2000) 6(J2000) ToT Mag.
EA 03h 31m 26s -29d 05m 24s 2.6 19.96
EB 03h 35m 29s -28d 45m 00s 2.6 21.55
EC 03h 35m 48s -28d 30m 54s 2.6 20.60
ED 03h 33m 17s -28d 06m 365 2.6 21.55
EE 03h 28m 55s -28d 46m 12s 2.6 18.65
EF 03h 30m 00s -28d 52m 12s 2.6 19.11

Table 3.7: List of targets. The Mad. Refers to the R magnitude of prime targets.

EFOSC2-A: Principal target is a 70um HLIRG (

, Z = 0.86, R = 19.96, QSO (according to optical
templates), M82-like starburst (according to the infrared templates).
Secondary targets are: one ULIRG cirrus galaxy (R<21.5,
24um ( ) sources.

), thirteen

EFOSC2-B: Principal target is a 70um HLIRG (

, 2 = 0.9, R = 21.55, Elliptical (according to optical
templates), AGN dust-torus (according to the infrared templates).
Secondary targets are: fourteen 24um ( ) sources.
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EFOSC2-C: Principal target is a 70um HLIRG (
, z = 350, R = 20.6, QSO (according to optical
templates), M82-like starburst (according to the infrared templates).
Secondary targets: are one HLIRG (R<21.55, ), thirteen 24um (
) sources.

EFOSC2-D: Principal targets are two ULIRG cirrus galaxies: [First:

, z = 0.905, R = 21.27, Shc (according to optical
templates), Cirrus (according to the infrared templates)], [Second: z
= 0.95, R = 21.55, Starbursts (according to optical templates), Cirrus (according to the
infrared templates)].
Secondary targets are: thirteen 24pum ( ) sources.

EFOSC2-E:  Principal target is a 70um ULIRG cirrus galaxy
( , z = 045 R = 18.65,
Elliptical (according to optical templates), Cirrus (according to the infrared
templates).

Secondary targets are: two HLIRGs (R<21.55, ), thirteen 24pm
( ) sources.

EFOSC2-F: Principal target is a 70um ULIRG cirrus galaxy (
, 2 =0.479, R = 19.11, Starburst (according to optical
templates), Cirrus (according to the infrared templates).
Secondary targets are: one HLIRG (R<21.5, ), thirteen 24um (
) sources.



Chapter

Data Reduction

4.1 About software

IRAF (Image Reduction and Analysis Facility) is an astronomical software system for
CCD data reduction and analysis written by astronomers and by programmers at the
National Optical Astronomy Observatory (NOAO) (126). It is an open source program
written for all major operating systems. Unix is the most computable system for IRAF,
although Windows are quite friendly using Cygwin. During the reduction | used
Ubuntu and Linpus Unix systems. IRAF contains packages which are available for
applications such as analysis and reduction of optical observations (NOAO package),
a scripting Command Language facility, graphics and image processing. In order to
run IRAF, X11 needs to be installed.

4.2 Data

Data produced during our two-day observations contain 468 FITS images. These have
been categorized into calibration frames that we use to the preliminary steps,
wavelengths calibration (arc) lamps and objects.

Calibration Frames contain Bias and Flat frames (2). These frames are taken in
order to allow us to correct the camera's error. Their use is critical to get results with
the best quality, without noise and non data elements. Initially | have used the bias
frames to correct the underlying noise of the CCD elements. In the second step,
dividing the image with flat fields we correct variations which are caused to
illumination, pixel to pixel sensitivity and anomalies because of the dust.

Specifically: Bias frames are a type of CCD images with zero exposure time. Biases
are takes with the shutter closed. They contain the noise by the camera's electrons, the
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amplifier zeropoint offset and the random readout noise from the amplifier. During
the two nights 16 bias frames were takes.

NOAO PC-IRAF Revision 2.14.1-EXPORT Fri Apr 12 15:54:.09 MST 2009
This is the EXPORT version of PC-IRAF V2.12 supporting most PC systems.

Welcome to IRAF. To list the available commands, type ? or ??. To get
detailed information about a command, type “help command. To run a
command or load a package, type its name. Type ‘bye' to exit a
package, or ‘logout' to get out of the CL. Type “news' to find out
what is new in the version of the system you are using. The following
commands or packages are currently defined:

dataio.  language. noao. proto. utilities.
doms. lists. obsolete.  softools.
images. mscred. plot. system.
N saoimage ds9 CEX
R e g g E g e D
wes I —

o get | Physical x v
To run &
Ty 3 | mage x v
ut || Frame 1 Zoom 1.000 Angle 0.000

file  edit | view | frame | bin | zoom | seae | color | region | wes | new |

abowt | open | saveimage | | pagesetwp | pim | emt |

Figure 4.1: IRAF with DS9 running

Flat field frames are used to correct for pixel - to - pixel variations in the optical
system as well as illumination errors in the same system. Flat field is an image of a
uniform object such as the twilight sky, nighttime sky or a projector lamp attached to
the inside of the observatory dome. A mean flat field frame which provides a high
S/N can be obtained by combining a number of flat exposures. At least 5 or more flat
fields should be taken and averaged to produce the final master flat. In our data we
had 5 to 10 flat fields for each filter of every mask.

Wavelength calibration frames (arc) lamps (2). Wavelength calibration frames use
an arc lamp or a gas cell. During lamp calibration frames exposures, the light path to
the tracking CCD is blocked to avoid contamination of the images by other light
sources. Helium and Argon arcs were observed for every grism during the
observation.

Objects (2). These are the images containing the objects of interest. Each object
image contains read noise, thermal electrons, contributions from the object and sky.
Calibration frames are used to reduce the object frames.
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Figure 4.2: The four type of CCD images which are contained in our data. From top to
bottom we see a bias frame, a flat field frame, a HeAr arc spectrum and the object spectrum.

4.3 Image Calibration

In this step of the reduction we have to correct our images from the camera’s errors.
As it was referenced in §4.2, at image calibration we use the bias and the flat fields
frames. The digital to analog (D/A) converter of the CCD, introduces an offset to
avoid negative digital numbers. In order to quantify this offset a number of bias
frames are obtained during a night. The reason we need more than one of these frames
is to combine them and create a master bias (ZEROCOMBINE) and a master flat field
frame (FLATCOMBINE). The goal of combining many images into one is to increase
the Signal to Noise Ratio (SNR). The resulting images contain much less noise. The
SNR is increasing with the square root of the number of combined frames (2).

These master frames we will use to process our data through CCDPROC task.
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4.3.1 Creating Master Bias Frames

Our first step is to create a master bias file which we will apply in our flat and object
data to remove the instrument generated error. The bias must be subtracted from all
the images. Master bias will be created using the ZEROCOMBINE task of IRAF. This
task combines all the bias frames into a master bias increasing the SNR. The more
bias exposures are used, the less noise will be introduced into the corrected images.
We move all bias fits into a directory, creating a filename of bias fits (filename: bias).
Before running the task there are some parameters to determine. As an input file we
set all the bias fits of each observation for a single night. The bias level depends on a
number of parameters, including the temperature, the electronics and the power level
changes and can vary over different nights. During a night, the bias level shows little
variation so a median bias frame can be created. The number of the bias fits used is 16
from the first night of observations and 10 from the second. The result of this task will
be an output file with the name zero. We run the task from the path:
IMRED.CCDRED.ZEROCOMBINE. The ZEROCOMBINE parameter file looks like
this:

IRAF
Image Reduction and Analysis Facility
PACKAGE = ccdred
TASK = zerocombine

input = bias*)fits List of zero level images to combine
(output = zero) Output zero level name
(combine = average) Type of combine operation
(reject = minmax) Type of rejection
(ccdtype = ) CCD image type to combine
(process = no) Process images before combining?
(delete = no) Delete input images after combining?
(clobber = no) Clobber existing output image?
(scale = none) Image scaling
(statsec = ) Image section for computing statistics
(nlow = 0) minmax: Number of low pixels to reject
(nhigh = 1) minmax: Number of high pixels to reject
(nkeep = 1) Minimum to keep (pos) or maximum to reject
(mclip = yes) Use median in sigma clipping algorithms?
(Isigma = 3.) Lower sigma clipping factor
(hsigma = 3.) Upper sigma clipping factor
(rdnoise = rdnoise) ccdclip: CCD readout noise (electrons)
(gain = 1) ccdclip: CCD gain (electrons/DN)
(snoise = 0.) ccdclip: Sensitivity noise (fraction)
(pclip = -0.5) pclip: Percentile clipping parameter
(blank = 0.) Value if there are no pixels
(mode =ql)

Table 4.1: CCDRED package. Zerocombine parameters.
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We can use the IMSTAT task to check the basic properties of zero and bias. We
present the results of image statistics for a master bias fit and an original bias image:

IMAGE NPIX! MEAN? STDDEV® MIN* MAX?®
Bias 1060900 192.6 10.250 0. 1627
zero 1060900 89.5 3.641 0. 213.1

! The number of pixels used to do the statistics
*The mean of the pixel distribution

®The standard deviation of the pixel distribution
*The minimum pixels value

> The maximum pixel value

Table 4.2: The IMSTAT task compute and print, in tabular form, the statistical quantities
specified by the parameter fields for each image. The mean value for bias is 192.6 and for
zero 89.5. This shows that the “bias-level” (the number of counts recorded for each image
pixel with zero exposure time and zero photons counted) was decreased. Pixel values
scattered about the mean represent the structure associated with the non-uniformity of the bias
across the chip.

To ignore only the highest value in the combining image we set the following
parameters: reject = minmax, nlow = 0, nhigh = 1. Reject parameter examine the
value of pixels as a function of surrounding static (127). This specifies how outlying
pixels are rejected. For sigclip/avsigclip/pclip, the rejection of bad pixels is based on
the standard deviation calculated from the actual pixel values. For ccdclip/crreject,
the standard deviation is instead calculated based on Poisson statistics, using the
information about the CCD gain and read-noise. Minmax value is used to leave out of
the combination the highest pixels and the lowest pixels. Since we chose nlow = 0,
nhigh = 1, only the highest values were rejected (accounting for cosmic rays). In
combine option there are the choices of average and median. We set combine =
average since we wanted to preserve as much data as possible taking the average of
all the pixels. On the other hand, median choice uses the average of the central
values.

4.3.2 Ccdproc — Removing bias from the flats

After the master bias image has been created, the next step is to subtract the bias level
and to trim off the overscan region from all the images. The task removes the
electronic zero level first by subtracting the output of ZEROCOMBINE from each flat
frame (to remove any constant structure) and secondly by subtracting the average over
the columns in the overscan region (to remove any frame-to-frame variations in the
average zero level). A fit (generally a constant) is performed on the overscan region
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of each image as a function of line number and is then subtracted from all columns of
the data part of the image. This step can also be performed during the flat field
division and bias level correction at the same time. Although, the bias level
subtraction is essential for the flat fielding images as we have to combine them and
create the master flat fields images. So, in this paragraph, we'll show only the bias
subtraction for the flat fields fits (bias correction is similar in the case of the object
frames).

Figure 4.3: Display output of ZEROCOMBINE task — zero.fits.

IRAF’s CCDPROC task is suitable for this work. Just like the ZEROCOMBINE
task, CCDPROC task is contained into the CCDRED package. Using the CCDPROC
in this step, we apply the zero.fit file to all flat field frames. This task is easy to use;
we have only to set the parameters for the calibration. The parameters are given
below. We set yes the trim and zerocombine options to apply the trimming and bias
level correction. Checking these options we have to specify the trim section of image
in trimsec option and the zero calibration image, which was creating in
ZEROCOMBINE task, in zero option. We set legendre in the type of function we
want to fit. The legendre polynomial is a normal mathematical function. The
polynomial, which is found in mathematical packages of IRAF, can be expressed as
the sum

y = sum(i = 1 to order c; z;)
where the ¢; are the coefficients and the z; are defined interactively as
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IRAF
Image Reduction and Analysis Facility
PACKAGE = ccdred
TASK = ccdproc
images =  flat*.fits List of CCD images to correct
(output = zflat*fits ) List of output CCD images
(ccdtype = ) CCD image type to correct
(max_cac = 0) Maximum image caching memory (in Mbytes)
(noproc = no) List processing steps only?
(fixpix = no) Fix bad CCD lines and columns?
(oversca = no) Apply overscan strip correction?
(trim = yes) Trim the image?
(zerocor = yes) Apply zero level correction?
(darkcor = no) Apply dark count correction?
(flatcar = no) Apply flat field correction?
(ilumco = no) Apply illumination correction?
(fringe = no) Apply fringe correction?
(readcor = no) Convert zero level image to readout correc
(scancor = no) Convert flat field image to scan correctio
(readaxi = line) Read out axis (column|line)
(fixfile = ) File describing the bad lines and columns
(biassec = ) Overscan strip image section
(trimsec = [1:1016,*] ) Trim data section
(zero =  zero.fits) Zero level calibration image
(dark = ) Dark count calibration image
(flat = ) Flat field images
@illum = ) Hlumination correction images
(fringe = ) Fringe correction images
(minrepl = 1.) Minimum flat field value
(scanty = shortscan) Scan type (shortscan|longscan)
(nscan = 1) Number of short scan lines
(interact = yes) Fit overscan interactively?
(functio = legendre) Fitting function
(order = 6) Number of polynomial terms or spline piece
(sample = *) Sample points to fit
(naverag = 1) Number of sample points to combine
(niterat = 1) Number of rejection iterations
(low_rej = 3.) Low sigma rejection factor
(high re = 3.) High sigma rejection factor
(grow = 0.) Rejection growing radius
(mode = ql)

Table 4.3: CCDRED package. CCDPROC parameters.

It is necessary to specify the portions of the image containing data and the overscan
with the parameters biassec and trimsec; these may be determined by inspection with
a task such as implot. Zoom in at the beginning and at the end of the plot. We can see
in Figure 4.4 that the signal is only good until about pixel 1016. After that, at the last
few columns (1016:1021), it starts declining already. That pixel will therefore be the
last pixel to use for our trimsec keeping the section [1:1016,*].
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Figure 4.4: Display and plot images of a flat field frame. We zoom in the plot at high pixel.
While the plot seems fine since 1016 pixels after this value we have a sharp drop. The same is
present at the display image. In the right side of image, for few pixels, we have no data. These
free of data pixels represent the sharp drop at the plot image.

4.3.3 Creating Master Flat Fields

After creating a master bias the next step is the creation of a master flat. For this
reason we have combined all the flat fields for a given mask. A flat field is used to
determine and correct for the relative instrumental and detector response (the so called
pixel-to-pixel variations). We organized the flat images into six directories, one for
each of the masks that were used in the observations. The pixel-to-pixel sensitivity
variations change with wavelength, so the flat fields should always be acquired using
the same filter as the observations of the target objects (128). We had finally six
master flat fields, one for each MOS mask. The reduction was the same for all the
masks. For the following, we'll name the flat fits as: nflat.fits where « n » is the mask
(n=1, 2, ...., 6). For each mask we used two filters, one for the blue and one for the
red part of the spectrum.

In order to create the master flat field we need to apply a division process. A
simpler way to look at it, is to understand that whenever the image progressing, the
software looks at an image pixel and tries to determine how bright the corresponding
pixel was in the master flat field images (129). If the pixel in the master flat field was
below average, the pixel in the new image is made a little brighter to compensate. If,
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on the other hand, the corresponding pixel in the master flat field was brighter than
the average, the pixel in the output image is made slightly dimmer to compensate. The
average value for flat fields is given at the output list of the FLATCOMBINE task, at
MODE column.

An averaged master flat-field frame is created in the same way as the master bias
frame. The task we used is FLATCOMBINE. Once the flat field images have been
divided with the master bias they must be combined to make a master flat. We used
the FLATCOMBINE task in IMRED.CCDRED package. FLATCOMBINE parameters
are very similar to ZEROCOMBINE ones.

IRAF

Image Reduction and Analysis Facility

PACKAGE = ccdred
TASK = flatcombine

input = nflat*.fits List of flat field images to combine
(output = nFlat) Output flat field root name
(combine = median ) Type of combine operation
(reject = minmax) Type of rejection
(ccdtype = ) CCD image type to combine
(process = no) Process images before combining?
(subsets = no) Combine images by subset parameter?
(delete = no) Delete input images after combining?
(clobber = no) Clobber existing output image?
(scale = mode) Image scaling
(statsec = ) Image section for computing statistics
(nlow = 0) minmax: Number of low pixels to reject
(nhigh = 1) minmax: Number of high pixels to reject
(nkeep = 1) Minimum to keep (pos) or maximum to reject (neg)
(mclip = yes) Use median in sigma clipping algorithms?
(Isigma = 3.) Lower sigma clipping factor
(hsigma = 3.) Upper sigma clipping factor
(rdnoise = rdnoise) ccdclip: CCD readout noise (electrons)
(gain = 1) ccdclip: CCD gain (electrons/DN)
(snoise = 0.) ccdclip: Sensitivity noise (fraction)
(pclip = -0.5.) pclip: Percentile clipping parameter
(blank = 1.) Value if there are no pixels
(mode = al

Table 4.4: CCDRED package. FLATCOMBINE parameters.

The input list contains the group of fits for one mask and one filter. The output file
will have the name Flat. It uses either the average or median to combine and several
rejection methods like minmax / ccdclip / crreject / sigclip / avsigclip / pclicor.
There is one important difference among FLATCOMBINE and ZEROCOMBINE.
Since the exposure time is non-zero, there will inevitably be cosmic ray events on the
image. FLATCOMBINE uses an algorithm to weed these out. Median combining is
useful for stacking images that might have more radiation events and illumination
sources. Note that median uses the average of the two central values when the
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number of pixels is even. Median combining cancels out high or low pixel values and
the middle value of each pixel is assigned. The options for the scale are none / mode /
median / mean / exposure. Mode parameter can correct large, time dependent
changes of the intensity of the lamps. The option of using subsets cam be turned off
because we use images of one filter each time. If turn on, the task recognizes the flats
with different filters and produces a combined flat for each type. Also the processing
parameter is turned off because we had trimmed and biascorrected the images before.
The reject parameter is the most important one in this task. We tried several methods
in order to estimate how the different options work and which one we should use. The
minmax which was used and in ZEROCOMBINE, task is a simple rejection of the
highest and the lowest values and taking the mean of the rest. This is good enough if
there are more than two pictures for this combination, since two values are always
rejected. In our data we had about to ten flat frames for each mask (five for the blue
and five for the red grism). The main reason to reject minmax parameter would be if
there are bad colums/rows on the images and while combining them, only one “zero”
value would be kicked out, but it is not the case. With the parameters set we run the
task in Table 4.4.

IRAF will then list the files that are being combined, and a few statistics on them. The
output on the screen is:

Jul 9 20:04: IMCOMBINE

combine = median, scale = mode, zero = none, weight = none
reject = minmax, mclip = yes, nkeep = 1
Isigma = 3., hsigma = 3.

blank = 1.

Images Exp Mode Scale
flatl.fits 23.3 426.4 1.078
flat2.fits 23.3 421.6 1.091
flat3.fits 23.3 419.27 1.097
flatd.fits 23.3 419.0 1.097
flats.fits 22,9 493.6 0.932
flaté.fits 22,9 502.6 0.915

Output image = Flat, ncombine = 6

For spectroscopic data we elect to take out some of the overall shape of the flat
along the dispersion axis. The overall shape of the flat will make that in the blue the
image will be divided by a much smaller number than in the red because it is not
really purely an effect of the CCD. We would like to remove the large-scale,
wavelength-dependent structure that is peculiar to the flat-field itself, e.g., removing
bumps and wiggles which are found in the flat-field source but not found in the stellar
or sky spectrum. These bumps, wiggles, and color effects can exist due to (a) the
lamps being of a very different temperature than the celestial sources you are
observing, (b) transmission features in any color-balance filters used with the
projector lamps, and (c) the wavelength-dependence reflectivity of whatever you are
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shining the project lamps on. Normalization involves dividing the combined flat field
by its average (or median) to give you a value very close to 1. This will give us the
combined flat field with a uniform value which will not subtract any data values from
our objects (152).

The task RESPONSE in the TWODSPEC.LONGSLIT package allows us to
interactively fit a function in the dispersion direction. The output of this task is an
image that is the ratio of the flat to the fit; e.g., one can use the t to take out large-
scale variations in the wavelength direction. The fit is performed by first summing all
the columns of the spatial axis, so that you are not affecting the slit illumination
function. The output of this task is an image that is the ratio of the flat to the fit. To
run the RESPONSE, we load LONGSLIT in the TWODSPEC package. The parameters
are shown in the following table.

IRAF
Image Reduction and Analysis Facility
PACKAGE = longslit
TASK =response
calibrat= nFlat.fits Longslit calibration images
normalize = nFlat.fits Normalization spectrum images
response = nFLAT .fits Response function images
(interact = yes) Fit normalization spectrum interactively?
(thresho = INDEF) Response threshold
(sample = *) Sample of points to use in fit
(naverag = 1) Number of points in sample averaging
(function = legendre) Fitting function
(order = 9) Order of fitting function
(low_rej = 2.) Low rejection in sigma of fit
(high_re = 3.) High rejection in sigma of fit
(niterat = 5) Number of rejection iterations
(grow = 3.) Rejection growing radius
(graphic = stdgraph) Graphics output device
(cursor = ) Graphics cursor input
(mode = o])]

Table 4.5: LONGSLIT package. RESPONSE parameters.

Running the task we will have to define the dispersion axis. Normalization has been
done along columns. The calibration and normalization image should be equal, in our
case the result from FLATCOMBINE task nFlat image. We name the response
function image as nFLAT fit. We set legendre in function fitting option. To choose
the order parameter we have to see the plot of response task. Our target is to take the
best fitting with the lower root-mean-square (RMS) value. When we runRESPONSE,
we are confronted by a plot such as that shown in Figure 4.5. Getting the plot for
different orders we decided that the best values were about 9.
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NOAO/IRAF v2.14.1 lrai@loealhost Wed 20:28:20 24-Feb
func=legendre, order=3, low _rej=0, l’llfll rej=0, niterate
row=0 total-1030, sample= 117, rejected—

0, deleted=0, RMS=
Fit the normalization spectrum for flat23.fits
FLAT

NOAO/IRAE V2.14.1 iraf@localhost Wed 20:30:38 24-Feb
o fune=legendre, order=9, low rej=0, high _rej=0, niterate
frow—0  total=1030, sample=1 reiee(eg 0, deleted=0, RMS=
i Fit the normalization spectrum for flat23.fits
FLAT

Figure 4.5a: Plot of response task for order value 3 and 9. For order = 3 we get RMS = 931
and for order = 9 we get RMS = 653.5.

NOAO/IRAF V2.14.1 iraf@: localllosl Wed 20:29:49 24-Feb
func=legendre, order=9, low_rej=0, high re]—
total=1030, sample 114, re]ecteg 0, RMS=
Fit the normalization spectmm lor flat23.fits
FLAT

Figure 4.5b: Plot of response task — Ratio of the data to the fit.

4.3.4 Ccdproc — Objects' preliminary correction

The last step in image calibration is to apply the results of previous steps object
frames. For this, we run again the CCDPROC task using this time both the master
bias and the master flat acquired in previous steps to correct for pixel to pixel
variation in charge across the CCDs and for variation across the object frames in
response to a uniform field of light
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images
(output
(ccdtype
(max_cac
(noproc
(fixpix
(oversca
(trim
(zerocor
(darkcor
(flatcor
(ilumco
(fringe
(readcor
(scancor
(readaxi
(fixfile
(biassec
(trimsec
(zero
(dark
(flat
(illum
(fringe
(minrepl
(scanty
(nscan
(interact
(function
(order
(sample
(naverag
(niterat
(low_rej
(high_re
(grow
(mode

PACKAGE
TASK

IRAF
Image Reduction and Analysis Facility

= ccdred
= ccdproc

objects*.fits List of CCD images to correct
nobject™.fits ) List of output CCD images

) CCD image type to correct
0) Maximum image caching memory (in Mbytes)
no) List processing steps only?
no) Fix bad CCD lines and columns?
no) Apply overscan strip correction?
yes) Trim the image?
yes) Apply zero level correction?
no) Apply dark count correction?
yes) Apply flat field correction?
no) Apply illumination correction?
no) Apply fringe correction?
no) Convert zero level image to readout correc
no) Convert flat field image to scan correctio
column) Read out axis (column|line)
) File describing the bad lines and columns
) Overscan strip image section
[1:1016,*] ) Trim data section
zero.fits) Zero level calibration image
) Dark count calibration image
NFLAT fits) Flat field images
) Hlumination correction images
) Fringe correction images
1.) Minimum flat field value
shortscan) Scan type (shortscan|longscan)
1) Number of short scan lines
yes) Fit overscan interactively?
legendre) Fitting function
6) Number of polynomial terms or spline piece
*) Sample points to fit
1) Number of sample points to combine
1) Number of rejection iterations
3.) Low sigma rejection factor
3.) High sigma rejection factor
0.) Rejection growing radius
ql)

Table 4.6: CCDRED package. CCDPROC parameters.

The input list of images contains the objects that we want to calibrate. In flatcombine
option we set yes and in flat field image the name of normalized flat field which was
created in response task. It is important to be careful the object fits being used are
from the same mask and filter with master flat fields. The other parameters remain the
same as in the first use of CCDPROC.
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Figure 4.6: Contrast of object’s image at the beginning and finally. (From left to right)

4.4 Mosaicing

The most complex step in images data reduction is mosaicing. Multi—object
spectroscopy offers the possibility of obtaining spectra of many objects in a single
exposure. In this step, we have to mosaic these images and cut into slits. We can
extract each single spectrum by hand or creating a script (Appendix A) to automate
this step. For each mask we have to identify the slits’ position on them. After that, we
have to create a file with the list of their center coordinates. The task we used for this
work is TVMARK.

In the beginning, we leave the coordinate option empty because we want to create a
new coordinate list. In logfile parameter we give the name of the output text in which
the coordinates will be recorded. Autolog could be yes to log automatically all cursors
command or no if we want to select which commands are to be logged. We set this
autolog = no to select on our own which commands are to be logged interactively
using the interactive keep keystroke.

While the task is running, we display the image we are interested in to identify the
centers of dispersion strip for each slit. We can see that the censor has changed to a
circle. We place our mouse to the centers and pushing o, the TVMARK will write the
coordinates in the output text file. The result is like the Table 4.7. The first column is
for x-axis and the second for the y-axis. The center along y-axis is the same for all the
strips because the length is a steady value of 1026 pixels. In reality, the coordinates
along y direction are not necessary as we will use the whole dispersion axis keeping
all the writing data on it.
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X-axis y-axis
208 513
278 513
362 513
422 513
484 513
534 513
600 513
702 513
790 513

Table 4.7: The coordinates of the strips’ centers for each slit of a specific mask. The
coordinates are given in pixels. For the nmask use we’ll call ntable the output file.

IRAF
Image Reduction and Analysis Facility
PACKAGE =tv
TASK = tvmark
frame = 1 Default frame number for display
coords = Input coordinate list
(logfile = ntable) Output log file
(autolog = yes) Automatically log each marking command
(outimag = ) Output snapped image
(deletion = ) Output coordinate deletions list
(command = ) Image cursor: [x y wcs] key [cmd]
(mark = rectangle) The mark type
(radii = 10) Radii in image pixels of concentric circles
(lengths = 10) Lengths and width in image pixels of concentric
(font = raster) Default font
(color = 255) Gray level of marks to be drawn
(label = no) Label the marked coordinates
(nxoffse = 10) X offset in display pixels of number
(nyoffse = 10) Y offset in display pixels of number
(pointsi = 1) Size of mark type point in display pixels
(txsize = 1) Size of text and numbers in font units
(toleran = 1.5) Tolerance for deleting coordinates in image pixel
(interact = no) Mode of use
(mode = ql)

Table 4.8: TV package. TVMARK parameters.

To verify the results we can run the TVMARK task again changing the following

options:
Coords = ntable.name
logfile =""
autolog =no
mark = rectangle

interac =no
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This time we use the created list as the input coordinate list. Running TVMARK with
the coordinates from ntable file will aid us in identifying and verifying the slits’
center. We leave logfile empty because we don’t want to create a new output list. The
rest of the values have to do with the shape and the size of the mark.

The length of each slit in y-axis is about to 38 pixels and in y-axis the whole
image's length 1026 pixels. We used a script to cut the slits and extract the spectrum.
In the program we had to input the name of the file and the coordinates of the strips’
centers that we recorded with TVMARK. Because we use all the 1026 pixels of slits in
y-axis it is not necessary to identify the centre in our script. The program asks us to
give the coordinates of centers in x-axis. As the strips’ length in y-axis is 38 pixels the
program will cut the strips in coordinates

So, the coordinates of each strip will be:

The output file will be the spectrum of each slit in pixels. The mosaicing step is
necessary to obtain object images which we will use in wavelength calibration.

Another way to cut the slits is using imcopy package. This way is simpler but more
time-consuming. Knowing the coordinates of each slit in both X, y — axis we just type
imcopy, the name of the object fits we input following from the coordinates and the
name of the output slit.

i.e. cl>imcopy nobject.fits[189:227, 1:1026] slitl.fits

The output file slitl.fits will be the first slit with data of nobject image.

Figure 4.7: One strip of nobject fit after imcopy.

4.5 Fixing Cosmic Rays

Cosmic rays arrive at random places on an image. They are not corrected by flat
fielding so other methods are used to remove them from the image. Cosmic rays seem
as hot pixels in the image and they affect spectra by giving strong emission lines.
There are several ways to remove the cosmic rays from an image. The most common
is using COSMICRAYS package in IRAF. Although, if multiple images were taken,
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just like in our case, then combining these will also remove cosmic rays. This happens
because the cosmic rays are very unlikely to be found at the exact same location after
shifting and registering our image. At this step, we will use COSMICRAYS task but in
the following we will combine the images of an object so the cosmic rays affect will
be limited.
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Figure 4.8: Figure 4.6 after been mosaiced. The strips in the left image are laid along the y-
axis of the position of slits in the right image.

The COSMICRAYS task is found in the NOAO.IMRED.CRUTIL package. This task
detects and replaces cosmic rays using selection criteria given by the parameters
threshold and fluxratio. The threshold value determines the statistics used to
identify deviant pixels; it should be set to 3 or more times the standard deviation in
the background regions (153).

# IMAGE NPIX* MEAN?  STDDEV? MIN* MAX®
object 1060900  27.41 31.3 -79.86 89512

! The number of pixels used to do the statistics
The mean of the pixel distribution

®The standard deviation of the pixel distribution
*The minimum pixels value

® The maximum pixel value

The background level can be estimated using the IMSTAT task in IRAF. The value of
background level is 31.3 so we set threshold = 90 around to three times the standard
deviation value. The fluxratio parameter is used to choose which pixels should be
corrected; they will be replaced with the mean of the 4 neighboring pixels. This
parameter is the ratio of the flux of the neighboring pixels, excluding the brightest
neighbor, to that of the target pixel. Thus, a value of 5 implies that the target pixel's
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value must exceed the mean of its neighbors by a factor of 20 to be deleted. Setting
the parameter to high can delete good data so values should be between 2 or 6. The
input files are the results of mosaicing step. We remove the cosmic rays from each slit
to all object images.

IRAF
Image Reduction and Analysis Facility
PACKAGE = CRUTIL
TASK = cosmicrays

input = nslit.fits List of images in which to detect cosmic rays
output = nclearslit.fits List of cosmic ray replaced output images (opti
(crmasks) = ) List of bad pixel masks (optional)
(threshold = 90.) Detection threshold above mean
(Fluxratio = 5.) Flux ratio threshold (in percent)
(npasses = 6) Number of detection passes

(window = 7) Size of detection window

(interactive = no) Examine parameters interactively?
(train = yes) Use training objects?

(objects = ) Cursor list of training objects
(savefile = ) File to save train objects

(plotfile = ) Plot file

(graphics = stdgraph) Interactive graphics output device
(consor = ) Graphics cursor input

answer = yes) Preview parameters for a particular image?
(mode = o])]

Table 4.9: CRUTIL package. COMSICRAYS parameters.

NOAO/IRAF V2.14.1 iraf@localhost Sun 02:17:02 27-Sep
EFOSC2_Babbedge B
Parameters of cosmie rays candidates
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Figure 4.9: Example of an interactive plot in cosmic rays. The ‘x’ points indicate bad point as
likely cosmic rays and they are under the line, and the ‘+’ points show the events to be treated
as data.

Running the task produces a plot of pixels satisfying the condition set by the
threshold parameter. The plot shows the flux versus the flux ratio in relation to the
back ground sky. The value of the fluxration parameter divides the plot between bad
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points to be replaces and good points. We can change this value running the task by
setting the cursor at a new dividing point. Using d we can delete the bad points and
using u to change them to good points. The circles show some of the cosmic rays before
and after the reduction. The result is quite good as the most of them had been removed.
Usually, it is impossible to remove all the cosmic effects
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Figure 4.10: Image of an object’s slits before and after removing cosmic rays.

4.6 Background Subtraction

If we plot an object we can see that the counts of the region between two adjacent
orders are not zero. These should be subtracted as the background of the data. For
each column in the input object a function is fitted. This function is satisfied by the
sample parameter. The image is then subtracted from the entire column to create an
output image. The background task is found in NOAO.TWODSPEC.LONGSLIT.

IRAF
Image Reduction and Analysis Facility
PACKAGE = longslit
TASK = background

input = nclearslit.fits Imput images to be background subtracted
output = nfinalslit.fits Output background substracted images

(axis = 1) Axis along which background is fit and subtracted
(interac= yes) Set fitting parameters interactively?
(sample *) Sample of points to use in fit

(naverag 60) Number of points in sample averaging
(function legendre) Fitting function
(order = 6) Order of fitting function

(low_rej = 3.) Low rejection in sigma of fit
(high_rej = 3.) High rejection in sigma of fit
(niterat = 3.) Number of rejection iterations
(grow = 0.) Rejection growing radius

(graphics = stdgraph) Graphics output device
(cursor = ) Graphics cursor input

(mode = o])]

Table 4.10: LONGSLIT package. BACKGROUND parameters.
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When this task is run, a separate window appears on the screen depicting the
spectrum. We want to check it for different rows to look for cosmic rays and other
stars in our fields. Every time we press g, the task asks us to specify the fitted column.
Using d, the points that do not belong in our spectrum are deleted. We use the display
of the object co-instantaneously to make sure that we delete the correct values. The
light horizontal lines belong to the sky spectrum and must be removed in order to
retrieve the much fainter galaxy’s spectrum.

.14.1 irafi@localhost Wed 20:15:54 244 .
rvidlines 2[16,*]
EFOSC2_Babbedge B

Figure 4.11: Images of display and plot from the same object. The blue arrows show the sky
lines which have to be subtracted. The red arrows show the real data lines. Because of the
great difference in intensity of sky and object lines, the object’s spectrum is almost invisible
in compare to the 200 and 100 counts of sky lines.

Figure 4.12: The output spectrum after background subtraction. The sky lines have been
completely removed.

4.7 Wavelength Calibration

Now that we have a spectrum that has been cleaned up we want to put the data on a
(linear) wavelength scale. This is done using the calibration lamps from. Dispersion
axis of the lamp is in pixels but the wavelength of emission lines in the spectrum is
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known from tables or diagrams. Having converted pixels to angstroms in the lamp
spectrum, we can apply this function to the data.

4.7.1 ldentify

The actual wavelength solution is established with a separate task called IDENTIFY.
IDENTIFY, like all the packages we use for the calibration, is found in
NOAO.TWODSPEC.LONGSLIT. This task takes as input a calibration line spectrum
and a list of wavelengths and get out the best fit. The fit is applied to the objects'
spectrum. IDENTIFY makes a function fit to the wavelength versus pixel correlation.

Grism #03 (CCD #40)
— T T ]

Grism #05 (CCD #40)
15000 Fr——————— — T T T

) P— 50000 — Ac| 81153 (+81037) |

12500 — —

10000 —
C 40000 [—

——— Ar 4158.6

Counts

— He 5015.7
|

— He 38886
—— —— He 4471.5

Counts
— He 3875.6

‘ . 20000 —

———— — He 7065.2

— He 6678.2

F—— He 49219

w
|
(PR, Y I AT PR | T

ol L o - - || al -
[ " J— 1 L L L I 1 I L I L | T Y T Y T S S S
3000 4000 5000 8000 6000 7000 8000 9000

‘Wavelength (Ji ) ‘Wavelength (1& )

Figure 4.13: Helium — Argon Atlas for grisms#3 (left) - Helium — Argon Atlas for grisms#5
(right).

IDENTIFY command has a number of important parameters. The images parameter
contains the name of the lamp in which we will identify the emission lines. The
dispersion axis of our spectra runs along the column so we set section = middle col.
In observations Helium and Argon lamps were used. To identify the lines of these
lamps we need a list which contains the coordinate in angstroms. Lists like these exist
already in IRAF's packages. We have set the coordinate value to contain the
wavelength of the HeAr lines linelists$henear.dat. The results of this task are written
in a database text file which will be use in the following steps.

Running the task will present a plot of the comparison spectrum. The plots show
the spectra of the comparison lamp versus pixels. We now have to identify some lines
and assign a wavelength to them to get a reliable solution. To recognize the lines we
contrast the spectra with HeAr Atlas. We need to identify three or four lines along the
spectra by positioning the cursor over the line and typing m. This will mark the line
and in the corner of the window will present the coordinates in pixels of the line. We
have to input the wavelength of the line in angstroms and press ENTER. The task will
choose the nearest entry to this value from the table we specified with coordlist. We
do the same for three more lines and having a reasonable number of lines we are
trying to do our first fit.
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4.7 Wavelength Calibration

PACKAGE = longslit
TASK = identify

images

IRAF
Image Reduction and Analysis Facility

2lamp.02blue.fits Images containing features to be identified

(section = middle col) Section to apply to two dimensional images
(database = database) Database in which to record feature data
(coordli = linelists$henear.dat) User coordinate list

(units = angstroms) Coordinate units

(nsum = 10) Number of lines/columns/bands to sum in 2D image
(match = -3.) Coordinate list matching limit

(maxfeat = 50) Maximum numbers of features for automatic identify
(zwidth = 100.) Zoom graph width in user units

(ftype = emission) Feature type

(fwidth = 4.) Feature width in pixels

(cradius = 5) Centering radius in pixels

(thresho = 0) Feature threshold for centering

(minsep = 2) Minimum pixel separation

(function = legendre) Coordinate function

(order = 6) Order of coordinate function

(sample = *) Coordinate sample regions

(niterat = 0) Rejection iterations

(low_rej = 3.) Lower rejection sigma

(high re = 3.) Upper rejection sigma

(grow = 0.) Rejection growing radius

(autowri = no) Automatically write to database

(graphic = stdgraph) Graphics output device

(cursor = ) Graphics cursor input

crval = ) Approximate coordinate (at reference pixel)
cdelt = ) Approximate dispersion

(aidpars = ) Automatic identification algorithm parameters
(mode = ql)

Table 4.11: LONGSLIT package. IDENTIFY parameters.

NOAO/IRAF V2.14.1 iraf@localhost Sun 02:18:07 27-Sep
3 : A

identify 743.2[19,
WAVE

‘ [
i
N \_J

4500 5000 5500
Wavelength (angstroms)

375.07 4708.3887 4713.143 Hell

Figure 4.14: Plot of identify task for grism#3
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We press f to perform a wavelength calibration. A graphic window will show the
quality of the fit. Changing the order value we try to take the best fitting and the lower
RMS.

1 1
4000 4500

Figure 4.15: Plot of fitting graphic window.

When we are satisfied with the solution we press g and return to the window with the
lamp spectrum. We see that the x-axis on the plot has changed to wavelength units. In
fact, if we mark a feature, identify will give us the wavelength of the line. We
continue until we have a large number of features identified. Then, we go back again
to icfit graphic window pressing f.

Figure 4.16: Plots of fitting graphic window for two different orders’ value. It is clear, that
with a larger number of data points, a 3rd order legendre polynomial (upon) doesn't fit as well
as 6th order polynomial (down). The RMS (in angstroms) for 3rd order is 2.961 and for 6th
1.04.
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Since we have identify the lines only in the middle column, we should identify and
at the others y-coordinate as well. This will be done with the REIDENTIFY task.
REIDENTIFY task, use the first solution from the database directory to handle the
spectra. For this task, section should be set to that used in the identify task, middle
col. Setting rerbose = yes the fitting results will be displayed at each line in the
terminal. This task will look for the same comparison line every 5 lines along the
spatial axis which is specified by step value.

When the task stops, IRAF prints a list in the logfile:

REIDENTIFY: NOAO/IRAF V2.14.1 iraf@localhost Sat 02:18:47 08-Jan-2009
Reference image = 2slit.02red, New image = 2slit.02red, Refit = yes

Image Data Found Fit Pix Shift User Shift Z Shift RMS
2lamp.02blue [14,*] 11/11 11/11 0.0226  0.0683 1.30E-5 1.06
2lamp.02blue [9,*] 11/11 11/11 0.00474 0.0147 2.71E-6 1.03
2lamp.02blue [4,*] 11/11 11/11 0.0168  0.0527 9.46E-6  1.05
2lamp.02blue [24,*] 11/11 11/11 -0.0188 -0.0583 -1.1E-5 1.06
2lamp.02blue [29,*] 11/11 11/11 -0.0158 -0.0473 -1.1E-5  1.06
2lamp.02blue [34,*] 11/11 11/11 -0.0186 -0.0585 -1.0E-5 1.08

IRAF
Image Reduction and Analysis Facility
PACKAGE = longslit
TASK = reidentify

referenc = 2lamp.02blue.fits Reference image

images = 2lamp.02blue.fits Images to be reidentified

(interact = yes) Interactive fitting?

(section = middle col) Section to apply to two dimensional images
(newaps = yes) Reidentify apertures in images not in reference?
(overrid = yes) Override previous solutions?

(refit = yes) Refit coordinate function?

(trace = yes) Trace reference image?

(step =  5) Step in lines/columns/bands for tracing an image
(nsum = 10) Number of lines/columns/bands to sum

(shift = 0.) Shift to add to reference features (INDEF to search)
(search = 0.) Search radius

(nlost = INDEF) Maximum number of features which may be lost
(cradius = 5.) Centering radius

(thresho = 0.) Feature threshold for centering

(addfeat = no) Add features from a line list?

(coordli = linelists$henear.dat) User coordinate list

(match = -3.) Coordinate list matching limit

(maxfeat = 50) Maximum number of features for automatic identification
(minsep =  2.) Minimum pixel separation

(database = database) Database

(logfile = logfile) List of log files

(plotfil = ) Plot file for residuals

(verbose = no) Verbose output?

(mode = ql)

Table 4.12: LONGSLIT package. REIDENTIFY parameters.



Chapter 4: Data reduction 102

What REIDENTIFY does is to take all the lines found in the adjacent aperture and try
to find those same lines in the new aperture. The REIDENTIFY routine searches in a
limited range. Then, IRAF computes the pixel to wavelength mapping reporting the
number of lines used in the fit. Now, we have a dispersion solution every 5 lines
through the data.

4.7.2 Fitcoords

The next step is to perform a two-dimensional plot that defines wavelength as a
function of x and y position in the image using the coordinates obtained from
IDENTIFY/REIDENTIFY. In this task, we have to display 3 dimensions (x, y and
residuals) of information on a two-dimensional screen. To solve this problem, IRAF
plots a the two-dimensional diagram with axis that can be changed by combining the
X, Y and residuals value. Fitcoords task fits a polynomial to the features that were
identified.

Before running the fitcoords task we have to set the dispersion axis to be along
columns. Fitcoords will use the database=id<database> from the previous steps to
plot the surface. Running the task we try to find the lowest order fit which leaves only
random residuals.

IRAF
Image Reduction and Analysis Facility
PACKAGE = longslit
TASK = fitcoords

images = 2lamb.02blue Images whose coordinates are to be fit
(fitname = ) Name for coordinate fit in the database
(interac = yes ) Fit coordinates interactively?

(combine = no) Combine input coordinates for a single fit?
(databas = database) Database

(deletio = deletions.db) Deletion list file (not used if null)
(functio = legendre) Type of fitting function

(xorder = 6) X order of fitting function

(yorder = 6) Y order of fitting function

(logfile =STDOUT, logfile) Log files

(plotfil = plotfile) Plot log file

(graphic = stdgraph ) Graphics output device
(cursor ) Graphics cursor input
(mode gl)

Table 4.13: LONGSLIT package. FITCOORDS parameters.

The task starts by drawing the plot. We set the horizontal direction of the image to x-
axis and the vertical direction to y-axis.
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NOAO/IRAF V2.14.1 iraf@localhost Sat 03:09:39 26-Sep
Funection = legendre, xorder = 6, yorder = 6, rms = 2
Fit User Coordinates to Image Coordinates for 743.
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Figure 4.17: Plots of fitting the comparison line data with fitcoords.

We now see a map of the point traces. In addition, any point which is not essential
can be deleted. While we are moving in the graphic window we can change the x-
order and y-order value. The same order is mostly used with the order in the identify
task. When we are satisfied, we press g to exit from the plot. The program prints some
rows with the coordinates of the four corners of the image. The output of the
FITCOORDS task is a file called fc<database> which is contained in the database.
The fitcoords fits are stored in this text. The text contains the values of some
parameters and light horizontal lines belong to the sky spectrum the number of the
coefficients for the surface fit. The next table shows how the text is produced. IRAF
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use a math package called gsurfit to produce the surface fit. The coefficients recorded
in the database are indented to be internal to that package.

The first 8 lines specify:
function - Function type (1=chebyshev, 2=legendre)
xorder - X "order" (highest power of x)
yorder - Y "order" (highest power of y)
xterms - Cross-term type (always 1 for FITCOORDS)
xmin - Minimum x over which the fit is defined
Xxmax - Maximum x over which the fit is defined
ymin - Minimum y over which the fit is defined
ymax - Maximum y over which the fit is defined
The polynomial coefficients follow in array order with the x index varying fastest:
C0o
C10
C20

C<xorder-1>0
co1
Cl11
Cc21

C<xorder-1>1

C<xorder-1><yorder-1>
The surface fitting functions have the form

fit(x,y) = Cmn * Pmn

where the Cmn are the coefficients of the polynomials terms Pmn, and the Pmn are
defined as follows:

Chebyshev: Pmn = Pm(xnorm) * Pn(ynorm)
xnorm = (2 * X - (xmax + xmin)) / (xmax - xmin)
ynorm = (2 *y - (ymax + ymin)) / (ymax - ymin)
PO(xnorm) = 1.0
P1(xnorm) = xnorm
Pm+1(xnorm) = 2.0 * xnorm * Pm(xnorm) - Pm-1(xnorm)
PO(ynorm) = 1.0
P1(ynorm) = ynorm
Pn+1(ynorm) = 2.0 * ynorm * Pn(ynorm) - Pn-1(ynorm)

Legendre: Pmn = Pm(xnorm) * Pn(ynorm)
xnorm = (2 * x - (xmax + xmin)) / (xmax - xmin)
ynorm = (2 *y - (ymax + ymin)) / (ymax - ymin)
PO(xnorm) = 1.0
P1(xnorm) = xnorm
Pm+1(xnorm) = ((2m+1)*xnorm*Pm(xnorm)-m*Pm-1(xnorm))/(m+1)
PO(ynorm) = 1.0
P1(ynorm) = ynorm
Pn+1(ynorm) = ((2n+1)*ynorm*Pn(ynorm)-n*Pn-1(yn orm))/(n+1)

When task stops print in the screen the coordinates of the four corners in angstroms.
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NOAO/IRAF V2.14.1 iraf@localhost Sun 07.56.42 06 — Sep — 2009
Longslit coordinate fit name is 2slit.02blue
Longslit database is database.
Features from images:
2lamb.02blue

Map User coordinates for axis 2 using image features:
Number of feature coordinates = 77
Mapping function = legendre

X order =6

Y order =6

Fitted coordinates at the corners of the images:
(1,1)=3617.442 (37, 1) = 3623.059
(1, 1030) = 6666.569 (37, 1030) = 6687.587

4.7.3 Transform

From the previous tasks we have acquired the maps of the dispersion and the spatial
position as function of (x, y) in the images. In the final step of the wavelength
calibration, we use the transform task to apply the fitted polynomial to the object
spectrum. Firstly, we have to decide the limits in angstroms for the new image.
Usually, it is done automatically by the task, setting the parameters x1,x2,dx,nx =
INDEF are taking the x, y coordinates from the output of the FITCOORDS task
which was previously ran. In some cases the spectrum has problems in the edges and
specification of the limits found using the plot of spectrum. The input file is an object
image with dispersion axis in pixels. The output will be the same object but the pixels
will be converted in angstroms. The transform task uses the fc<database> of
FITCOORDS. The database comes from a lamp and the name of this image is set in
the fitnames value. The arc lamp and the object we use in this task are taken with the
same mask and the same filter.

After running the task, we can implot the objects. This results in the x-axis being in
angstroms. The output coordinate parameters printed on screen:

NOAO/IRAF V2.14.1 iraf@localhost Sun 07.56.42 06 — Sep — 2009

Transform 2lamb.02blue to 2slit.02blue

Conserve flux per pixel.

User coordinate transformations:

2lamb.02blue

Interpolation is spline3

Using edge extension for out of bounds pixel values.

Output coordinate parameters are:

x; =1, X, =37, dx=1., nx=37, xlog=no

y; = 3608.,y, = 6710., dy = 3.015,ny = 1030, ylog = no
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NOAQ/TRAF ¥V2.14.1 iraf@localhost Sun 16:13:20 27-Dec
[2backwave[21,*]]: EFOSC2 Babbedge B 1200. ap:21 be

4500 5000 5500
Wavelength (angsiroms)

Figure 4.18: Result of transform task - Plot of 2slit.02blue object with x- axis in angstroms

IRAF
Image Reduction and Analysis Facility
PACKAGE = longslit
TASK = transform
input = 2slit.02blue Input images
output = 2slit.02blue Output images
(minput = ) Input masks
(moutput = ) Output masks
fitnames = 2lamb.02blue Names of coordinate fits in the database
(databas = database) Identify database
(interpt = spline3) Interpolation type
(x1 = INDEF) Output starting x coordinate
(x2 = INDEF) Output ending x coordinate
(dx = INDEF) Output X pixel interval
(nx = INDEF) Number of output x pixels
(xlog = no) Logarithmic x coordinate?
(y1 = INDEF) Output starting y coordinate
(y2 = INDEF) Output ending y coordinate
(dy = INDEF) Output Y pixel interval
(ny = INDEF) Number of output y pixels
(ylog = no) Logarithmic y coordinate?
(Flux = yes) Conserve flux per pixel?
(blank = INDEF) Value for out of range pixels
(logfile = STDOUT,logfile) List of log files
(mode = gl

Table 4.14: LONGSLIT package. TRANSFORM parameters.
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4.8 Extracting the Spectrum

With the images now being reduced and having applied the wavelength calibration to
them we can proceed to extract the spectra. During the reduction, the 2-D data were
used as they provide a better view of the object’s spectrum. The advantage of a 2-D
data is that we do not only plot it but we can also view it as an image using a graphic
window to display the data. The view of the 2-D data gives us information about the
spectrum lines, the cosmic effects and the background sky. The finally step is to
extract the 1-D spectra from the 2-D one. Alternatively 1-D spectra can be extracted
using the NOAO.TWODSPEC.APEXTRACT.APALL package. APALL is a multi-step
task which defines and extracts the data from our 2-D CCD image. The first step to
extract the spectra is to find the exact spatial center and choose the limits of an
aperture (154). Out of the limits we choose a background window on either sides of
the aperture. For each wavelength sampling point, the counts within the aperture are added,
and the background level subtracted. The output of this process is a table of counts versus
CCD y-coordinate (155). Before we run the APALL task we have to set a global
parameter to APEXTRACT task. As our spectrum is dispersed along the y-axis of the
image we set the parameter dispaxis=2 (number 2 represent the y-axis). After this the
spectrum will be extracted along the dispersed axis.

APALL is a task with too many parameters, but most of them are not critical. Some
of the “critical” parameters are explained below. The parameters of this task are
categorized in groups. The first group of parameters is about the input and output files
and the final format of them. As input file we used the output file of TRANSFORM
task in the wavelength calibration step. The final name of our data, the output of apall,
will be something like e.g. 2.5blue, the first number gives us the mask, the second the
slit and the blue or red the grism which was used. Also, we have the possibility to
select the format parameter of the output image either onedspec or multispec. I
chose the onedspec format which gave me a simply, one-dimensional output image.
Multispec format was developed to deal with multiple objects extracted from a single
image or even with a single object on the slit keeping the extras above around (154).

Under DEFAULT APERTURE PARAMETERS we define the controlling
parameters of the extraction aperture. To decide the value of these parameters we can
use the IMEXAMIN task to carry out a local Gaussian fit for the central line. The
IMPLOT task works also well. For this plot we identify the center of the spatial
profile and use it to the parameter line. Setting the equal to INDEF the middle of the
dispersion axis is used. The most of the times line = INDEF was the right choice as
the continuous spectrum was laid in the middle of the spatial axis. The number of the
dispersion lines from the both sides of central line is determined by the nsun
parameter. Setting this to a number greater than 1 simply improves the signal-to-noise
of the cut used for centering. | used the value 20 for this parameter so the location of
the spatial profile is specified from the pixel value (the line=INDEF
give us the certain wavelength along y-axis). The size of the aperture could be
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determined interactively or by hand. In the first case, we set resize=yes with a default
extraction aperture size of 10% of its peak (154). In the second case, we have to
determine the parameters width, lower and upper. | followed the first method
because the peak of the spatial profile is usually symmetric around the central line and
the 10% of its size covers completely the aperture. The value of 10% could be reset
with the ylevel parameter.

IRAF
Image Reductionand Analysis Facility
PACKAGE = twodspec
TASK = apall
input = 2slit.02blue List of input images
(output = 2.2blue) List of output spectra
(aperture = 1) Apertures
(format =  onedspec) Extracted spectra format
(referen = ) List of aperture reference images
(profile = ) List of aperture profile images
(interact = yes) Run task interactively?
(find = yes) Find apertures?
(recente = yes) Recenter apertures?
(resize = no) Resize apertures?
(edit = yes) Edit apertures?
(trace = yes) Trace apertures?
(fittrac = yes) Fit the traced points interactively?
(extract = yes) Extract spectra?
(extras = yes) Extract sky, sigma, etc.?
(review = yes) Review extractions?
(line = INDEF) Dispersion line
(nsum = 20) Number of dispersion lines to sum or median
# DEFAULT APERTURE PARAMETERS
(lower = -5.) Lower aperture limit relative to center
(upper = 5.) Upper aperture limit relative to center
(apidtab = ) Aperture 1D table (optional)
# DEFAULT BACKGROUND PARAMETERS
(b_funct = legendre) Background function
(b_order = 4) Background function order
(b_sampl =-18:-10,10:18) Background sample regions
(b_naver = -3) Background average or median
(b_niter = 0) Background rejection iterations
(b_low r = 3.) Background lower rejection sigma
(b_high_ = 3.) Background upper rejection sigma
(b_grow = 0.) Background rejection growing radius
# APERTURE CENTERING PARAMETERS
(width = 5.) Profile centering width
(radius = 10.) Profile centering radius
(thresho = 0.) Detection threshold for profile centering
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# AUTOMATIC FINDING AND ORDERING
PARAMETERS

nfind = 1 Number of apertures to be found automatically
(minsep = 5.) Minimum separation between spectra
(maxsep = 100.) Maximum separation between spectra
(order = increasing) Order of apertures

# RECENTERING PARAMETERS
(aprecen = ) Apertures for recentering calculation
(npeaks = INDEF) Select brightest peaks
(shift = yes) Use average shift instead of recentering?

# RESIZING PARAMETERS
(Himit = -1.) Lower aperture limit relative to center
(ulimit = 1.) Upper aperture limit relative to center
(ylevel = 0.1) Fraction of peak or intensity for automatic width
(peak = yes) Is ylevel a fraction of the peak?
(bkg = yes) Subtract background in automatic width?
(r_grow = 0.) Grow limits by this factor
(avglimi = no) Average limits over all apertures?

# TRACING PARAMETERS
(t_ nsum = 5) Number of dispersion lines to sum
(t_step = 5) Tracing step
(t_nlost = 20) Number of consecutive times profile is lost befo
(t_ funct = legendre) Trace fitting function
(t_ order = 6) Trace fitting function order
(t sampl = *) Trace sample regions
(t_naver = -3) Trace average or median
(t_niter = 5) Trace rejection iterations
(tlowr = 3.) Trace lower rejection sigma
(t_high_ = 3.) Trace upper rejection sigma
(t grow = 0.) Trace rejection growing radius

# EXTRACTION PARAMETERS

(backgro = fit) Background to subtract
(skybox = 1) Box car smoothing length for sky
(weights = none) Extraction weights (none|variance)
(pfit = fitld) Profile fitting type (fitld|fit2d)
(clean = no) Detect and replace bad pixels?
(saturat = 150000.) Saturation level
(readnoi = 1) Read out noise sigma (photons)
(gain = 1.92) Photon gain (photons/data humber)
(Isigma = 4.) Lower rejection threshold
(usigma = 4.) Upper rejection threshold
(nsubaps = 1) Number of subapertures per aperture
(mode = ql)

Table 4.15: TWODSPEC package. APALL parameters

The group of parameters that follows is these under the DEFAULT
BACKGROUND PARAMETERS. Even if a background subtraction was applied in a
previous step to our data, pixels whose values are non-zero always exist. These non-
zero values indicate that the sky background has changed during the exposure (2).
Specifying background = fit we further subtract the residual pattern. The next
parameters have to be set to fit the background. The background sampling region is
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setting by the parameter b_sample. This value chooses a background region to either
side of the aperture center. The pixel extension depends on the plot. As a sample |
give the value -18:-10, 10:18. This means that the distance in the y-coordinate from
the peak position begins 10 pixels from the spatial center and extending to 18 pixels
from it. The type of function used to fit is determined by the b_funct parameter. Just
like in previous tasks the different choices which are available for the function are:
chebyshev or legendre polynomials and first or third-order spline function splinel,
spline3. For reasons | have already explained legendre polynomial is preferred.

The EXTRACTION PARAMETERS follow the background fitting. The weights
parameter can be set to none or variance. For none the pixels within the aperture just
added up and for variance an optimal extraction algorithm (156) is used in setting the
corresponding CCD parameter readnoise and gain. In our case, none value is just
fine. Because we set weigths = none, clean should be also turned off. With these
parameters set we run the APALL task. In the first interactive window brought up we
can modify the extraction aperture.

NOAO/IRAF V2.14.1 iraf@localhost Tue 00:33:04 29-Dec
Image=2back, Sum of lines 504-513
Define and Edit Apertures

aperture = 1 beam = 1 eenter = 16.95 low = -5.00 upper = 5.00

Figure 4.19: The extraction aperture has been found and center interactively setting
line=INDEF.

Hitting b we move on to set the background aperture where we can examine and
modify the background fit. The two horizontal lines at the bottom define the region
where the background is being sample. The horizontal dashed line is the fit and
represents the background. Both of background region and fit could be changed if we
are not satisfied.
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Figure 4.20: Graphic window which show the background region of the data.

When we finish with the aperture editor we type q to move onto the trace routine. The
trace is what determines the shape of the aperture as we move along the dispersion
axis. We answer yes to the questions that follow and a plot like this of Figure 4.21
will appear. The data points “+” represent the trace of the spectrum and the indicated
the fit. While the trace routine runs we can change the values of t_order and
t_function parameters until we achieve the best fitting. It is also possible to delete
some of the points. Our target is to get a fit as good as possible with the lowest RMS.
The fit in the example of Figure 4.21 has an RMS of only 0.034 pixels.

Figure 4.21: Graphic window which show the fit of the data.

Finally, we extract our spectrum from the data hitting g to exit the trace fitting. For
the questions that follow about writing the apertures to the database, extracting and
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reviewing the spectrum we accept the default yes. The result is a spectrum like this of
the Figure 4.22. The image name is this that we inserted in the output parameter with
the extension 0001 for onedspec format and ms for multispec.

NOAO/IRAF V2.14.1 iraf@localhost Tue 00:35:42 29-Dec
[2apall]: EFOSC2 Babbedge B 1200. ap:1 beam:1

4500 5000 5500
Wavelength (angsiroms)

Figure 4.22: The final extracted spectrum
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Comparison with SWIRE photometry

5.1 Overview

In this Chapter I analyze the performance of the latest version (157) of the ImpZ code
(13) by comparing the values of spectroscopic redshifts of our sample which contains
51 sources, with the estimated values of photometric redshifts for the same sources.
Firstly, I present the method I used to identify the coordinates of our sources and their
spectroscopic redshift. Using these coordinates | correlate the sources of our sample
with these of SWIRE CDFS field. From this correlation 8 ULIRGs and 2 HLIRGs are
identified. One of the ULIRGs is fitted with a cirrus template.

Measuring the emission lines from 17 suitable spectra | plot two emission line
diagrams which classify the 17 sources as star-forming, composite or AGN according
to their position in the diagrams. The results are compared with the SED fitting of the
sources. Finally, 1 used Lacy et al (2004) (23) and IRAC-MIPS colour-colour
diagnostic diagrams to isolate AGN from star-forming sources. The results are also
compared with spectroscopically results for narrow and broad line AGNs.

5.2 Cross-Correlation with SWIRE CDFS field

Since our sources were selected from SWIRE CDFS field we expect all of their
coordinates (DEC-declination, RA-right ascension) to have a SWIRE correlation. The
first step to accomplish the cross-correlation is to determine the RA/DEC coordinates
of our sources. Using the coordinates from the FITS header and the information about
image, field and view size (§3.3.2) of the EFOSC2 camera we can calculate the
RA/DEC coordinates of each source. The second step is to use a cross-correlation
algorithm which looks for connection between our sources and CDFS field’s sources.
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The rationale for calculating of RA/DEC is to convert the pixels of the image to
arcmin. The image size (2060 x 2060) is known from the parameters of EFOSC2
CCD#40 Table 3.3. From the same table we know the Pixel Size = 0.157 x 0.157
arcsec®. So, the magnitude of image is 2060 x 0.157 = 323.42 arcsec or its size is
Field Size = 5.4 arcmin®. Because of the adaptor orientation (and hence the slit
orientation) of ESO telescope, our images have the directions which are shown in the
Figure 5.1 below. As the orientation of right ascension lies on the x-axis and the
declination lies on the y-axis we can measure the (x, y) position of slits and convert
the results to arcsec. After this, we compare the arcsec results with the RA/DEC of the
central point and finally we calculate the coordinates of each object via [5.1] equation.

)

« slit

CCD y-axis

CCD x-axis

Figure 5.1: Schematic view of slit’s orientation on the CCD compared with the East/West
orientation. Orientation of the slit = 90 deg from north through east.

We will use as an example the MOS2 field of view. Inside the header of the object for
this mask, we can find the values of RA/DEC coordinates for the center point:

RA = 03h 35m 29s or 53.8708 deg
DEC =-28d 45m 00s or -28.75 deg

The pixel coordinates of the central point are (1030, 1030). We create a table with the
pixel coordinates (X, y) of the slits for each mask. Using a simple equation to convert
the pixels to arcsec and summing the result to the upper RA/ DEC values we calculate
the RA/DEC of each slit. The coordinates of the center point for each slit are the
coordinates of our sources.

RA = [(Xcenter' X|) 0157/3600] + RAcenter [51&]
DEC = [(Ycenter 'Y|) 0157/3600] + DECCenter [51b]
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Figure 5.2: Plot of objects’ position on the CCD for mos#2. The axis presents both
the coordinates in pixels and degrees.

Sources of mos#2 | Coordinates (pixels) Coordinates (arcsec)

slits X y RA DEC
1 415 1773 53,9022 -28,7380
2 551 549 53,8960 -28,7912
3 727 885 53,8890 -28,7766
4 839 237 53,8838 -28,8049
5 967 333 53,8782 -28,8007
6 1063 1013 53,8740 -28,7710
7 1199 1381 53,8681 -28,7550
8 1399 1405 53,8594 -28,7539
9 1583 69 53,8513 -28,8122

Table 5.1: The coordinates of the sources of mos#2 view field in pixels and arcsec.
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For each source of Table 5.1 we expect to have a counterpart to the SWIRE
catalogue. The cross — correlation between our optical catalogue and SWIRE CDFS
field catalogue was undertaken using the TOPCAT Java program (158) which
provides most of the facilities that astronomers need for analysis and manipulation of
source catalogues and other tablets. To combine the two catalogues we have to
specify what counts as a match between the positions indicated by their RA and DEC
coordinated matches to within one unit. The match between the sources implements a
nearest — neighbor cross correlation method which find the closest match

[5.2]

We have applied a search radius of 0.4 arcsec. For all 51 sources were found a
SWIRE counterpart. For the 37 of our sources a search radius lower than 0.4 arcsec
was used for the cross-identification and for 4 of them we used a radius of 4 arcsec so
for a rate of ~80% we have a high correlation. Of the rest 10 sources, the 4 applied a
radius of 7-9arcses and 6 and the other 6 a search radius higher than 10 arcsec.

Using a nearest — neighbor cross correlation method we can quantify the expected
rate of random associations by randoming the source catalogue (SWIRE) but keeping
its source density constant (159). To achieve this we apply various coordinate shifts
greater than radius.

RAGshifted = RA £ X [5.38.]

DECsiftes = DEC Y [5.3b]

Any systematic error in our positions should show up as a systematic offset between
our positions and the Spitzer positions. The mean position offset between Spitzer and
our sources’ positions, averaged over all sources with Spitzer identification, is 0.002
and 0.003 degrees in Right Ascension and Declination respectively.

5.3 Redshifts Determination

In this step | determined the redshifts using the RVIDLINES task of IRAF. This task
measures radial velocities from spectra by determining the wavelength shift in
spectral lines relative to specified rest wavelengths (160). The basic usage consists of
identifying one or more spectral lines, entering the rest wavelengths, and computing
the average wavelength shift converted to a radial velocity. Additional lines can then
be automatically added from a coordinate list of rest wavelengths. The presence of
CIV, [CIH] 21909, Mgll, NeV, [OH] A3727, Hp, [Ol11] 44959, [OI11] A5007, He, [N1I]
L6583 strong lines was used to indicate by visual inspection the redshifts. As input
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file in RVIDLINES task we use the one dimensional, wavelength calibrated spectra
extracted with the APALL task §4.8. Among our spectra there are objects with single,
two or more clear emission lines. In the case of single emission line objects we fit this
line with [O11] 23727 or Ha which leads to an ambiguity in the line identification and
hence in the redshift. With this method, we derived 51 redshifts of a total of 62
observed objects, a success rate of 87%. Three of our sources are found to have
redshift 0. The redshift of the remaining 8 sources could not be determined because of
very noise or bad quality of spectra or due to wavelength calibration problems (5 4.7).

Zspec RAEFOSCZ DECEFOSCZ R'A\SWIRE DECSWIRE
0,105 53,90076 -28,55739 53,90161 -28,55703
0,121 52,95274 -29,11290 52,95244 -29,11197
0,123 53,89800 -28,78620 53,89868 -28,78730
0,129 52,95911 -29,07826 52,95974 -29,07763
0,148 54,01750 -29,06787 54,01748 -29,07099
0,150 53,84930 -28,81220 53,84968 -28,80605
0,159 52,92413 -28,51571 53,92202 -28,51607
0,189 52,96072 -29,06597 53,95655 -29,06657
0,190 53,98070 -29,13356 53,98101 -29,13304
0,196 53,96614 -29,12763 53,96315 -29,12663
0,215 53,87403 -28,76900 53,87317 -28,76646
0,219 53,53437 -28,90871 52,53240 -28,91036
0,222 53,99456 -29,12902 53,99476 -29,12846
0,225 53,87773 -28,56516 53,87761 -28,56575
0,230 52,97306 -29,13164 52,97290 -29,13081
0,240 52,94062 -29,12546 52,94030 -29,12444
0,245 52,96931 -29,08603 52,97382 -29,08512
0,250 52,02990 -29,13732 52,93029 -29,13667
0,277 53,88227 -28,51108 53,88167 -28,50775
0,334 53,91497 -28,57990 53,91504 -28,57975
0,349 53,13119 -29,58012 53,13042 -29,58141
0,374 53,10642 -29,53965 53,10551 -29,53903
0,401 52,96690 -29,11559 52,96708 -29,11634
0,404 53,86610 -28,75000 53,86671 -28,75010
0,422 53,13938 -29,57999 53,13869 -29,58168
0,453 53,13100 -29,57337 53,13062 -29,57173
0,453 53,89100 -28,77160 53,89032 -28,77241
0,455 53,88810 -28,51936 53,88812 -28,51983
0,494 53,10223 -29,58256 53,10141 -29,58341
0,495 53,12821 -29,50694 53,12842 -29,50604
0,500 53,97224 -29,09648 53,97141 -29,09606
0,500 54,00668 -29,06273 54,00726 -29,06173
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0,513 53,10040 -29,58291 53,10141 -29,58341
0,517 53,85740 -28,75890 53,85664 -28,74893
0,527 53,99770 -29,11088 53,99850 -29,11020
0,581 53,91855 -28,57483 53,91941 -28,57417
0,595 53,88380 -28,80490 53,88358 -28,80332
0,649 52,97530 -29,11088 52,97496 -29,11054
0,824 53,89403 -28,52504 53,89372 -28,52510
0,827 53,90420 -28,73300 53,90610 -28,73170
0,828 52,96460 -29,10643 52,96419 -29,10775
0,890 53,88022 -28,51936 53,88404 -28,80030
0,958 52,56567 -28,85123 52,56635 -28,85217
0,993 52,92736 -29,10294 52,92822 -29,10374
1,270 52,56419 -28,86649 52,56335 -28,86774
1,670 53,98170 -29,13356 53,09552 -29,55385
2,060 53,12028 -29,51479 53,12022 -29,51629
2,197 53,97224 -29,09648 53,09144 -29,55847
2,240 53,90329 -28,53539 53,90302 -28,52660
2,746 53,87519 -28,53760 53,87761 -28,53736
3,190 52,93608 -29,08603 52,93562 -29,08486

Table 5.2: The first column gives the redshifts we had derided from our 54 sources. The
second and third columns show the RA/DEC coordinates (degrees) we had calculated for
these sources after applying the systematic offset correction. The fourth and fifth columns
show the RA/DEC coordinate of SWIRE after the cross-correlation.

5.4 Redshift Distribution

Figure 5.3 shows the redshift distribution of our spectroscopic sample. Using the
redshift distribution diagram it is possible to see how the number of galaxies changes
with redshift. In addition most of the 51 sources targeted, at a rate of 74.5%, were at

. The max peak of the sources is found at z ~ 0.1 - 0.3. A secondary peak
appears for galaxies at z ~ 0.4 - 0.6. One smaller peak appears at 0.8-1 and some
sources are found at z ~ 2.0-2.3. The source with the highest redshift is this one with z
~ 3.2. Sources with these redshifts have prominent Lya lines. Sources are strong Sy,
emitters and as a result they lie at lower redshifts. Figure 5.4 shows the R-band
distribution for the extragalactic sources. There are two peaks at 19.5 < Rpag < 20.0
and 20.5 < Rmag < 21.0. Sources are bright enough so that we can observe them with
ESO 3.6m.
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Figure 5.3: The redshift distribution of our spectroscopic sample.
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Figure 5.4: R-band distribution for the 51 extragalactic sources.

5.5 Spectra and Object Classes

The sources of our sample have been characterized using both optical and infrared
templates. For the remaining of this I will use the 51 sources which the redshifts were
successfully determined. According to the bolometric infrared luminosity our sample
contains 11 LIRGs (~22%) ( solar luminosities). Among them there are 8
ULIRGs and 2 HLIRGs ( and solar luminosities). Based on
the infrared templates 11 out of 51 sources (22%) are fitted with a cirrus, 11 (22%)
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are fitted with a starburst, 4 are fitted with a dust torus (8%) and the rest of the
sources are either single band infrared excess or no excess. According to the optical
templates only one source is fitted with a QSO template. Of the rest 50 galaxies 8
(16%) are classified as ellipticals and 42 (84%) as spirals.

RA DEC z' R S | log(Lg)’ | Optical* | IR’ | alp2® | alp4’
Single
53,8731 | -28,7664 | 0,215 | 17,42 0 11,09 Sbc band 1 0
excess
53,9947 | -29,1285 | 0,222 | 20,76 | 1356,15 | 11,66 E’ M82 | 0,55 0
53,8817 | -28,5077 | 0,277 | 20,18 | 306,37 11,81 Sbc A220 0 1
(7]
9 | 53,1387 | -29,5820 | 0,422 | 22,51 253 11,24 Scd Torus | 0,4 0,6
|
= 1539714 | -29,096 | 05 | 22,78 | 43438 12,56 Shc A220 0 1
53,9061 | -28,7317 | 0,827 | 21,48 | 700,66 11,63 Shc cirrus | 0,35 0
Single
52,9282 | -29,1037 | 0,993 | 22,94 | 193,58 11,14 Scd band 1 0
excess
Single
53,8776 | -28,5373 | 2,746 | 22,73 | 264,95 12,78 Scd band 1 0
excess
& | 53,8840 | -28,8003 | 0,89 | 21,55 | 108087 | 13,03 E' Torus | 0,25 | 0,75
o
T | 52,9356 | -29,0848 | 3,19 | 19,96 | 1740,18 | 13,18 Qso M82 | 0,85 | 0,15

! Spectroscopic Redshift

Observed 24um fluxes in mJy

®Bolometric Infrared Luminosity (1-1000um) (Ho = 72 km s™* Mpc™?, 2. =0.7)
* Optical SED best fit

> Infrared SED best fit

® Fraction of Starburst contribution at 8um

" Fraction of AGN contribution at 8 um

Table 5.3: Properties of the 8 ULIRGs and 2 HLIRGs with available spectra from our
sample.

Ultra/Hyper Luminous Infrared Galaxies

Our spectroscopic sample contains 8 ULIRGs and 2 HLIRGS. Table 5.3 summarizes
the main properties of these objects. Most of the 10 galaxies are fitted with a spiral
template (7/11), 2 are fitted with a young elliptical template and one HLIRG is fitted
with a QSO optical template. According to the infrared templates 2 sources are fitted
with a dust torus (1 ULIRG and 1 HLIRGS), one ULIRGs appears to be cirrus fitted,
4 sources seem to be a starburst and the rest are single band excess. Two of the
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sources seem to contain a powerful AGN, 3 seem to be powered by a starburst and 5
seem to be powered both by a starburst and an AGN.

Seven of the sources show at least 2 strong emission lines and strong continuum.
Two of them show strong Lya and CIV broad lines and the others show strong Ha and
SII narrow lines. One of the spectra has a single emission line which is fitted with an
Mgll line. Three are noise spectra and their redshift was estimated fitting Ha line for
two of them and Mgll line for the third. Although, we have included them in our
sample because their spectroscopic redshifts seem to agree with the photometric ones
and one of these sources seem to be ULIRG cirrus. Three of the sources have been
classified as broad line objects and 5 were used for the emission line diagnostics. One
of them was classified as starburst, two as AGN and one as starburst from the
[NI]/Ha versus [Ol11]/Hp and as LINER from the [SHI]/Ha versus [O1H]/Hp.
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Figure 5.5: Optical spectra of the 8 Ultra Luminous Infrared Galaxies and 2 Hyper Luminous
Infrared Galaxies found in our sample.
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ULIRG (53.9714, -29.096): This is the brightest example (R=17.42) in the sample of
U/HLIRGs. This is the only source among ULIRG which does not have detection in
24um band of IRAC. As it can be seen by its spectra there are strong and broad Mgll
and [SI1] doublet lines. Ha, [NII] doublet and [Oll1] doublet lines are weaker. This
source lie at z = 0.215. Both optical and IR SED fitting imply the presence of a
starburst. The emission line diagnostic classified this object as a starburst from the
[NI]/Ha versus [OI]/HpS and as LINER from the [SH]/Ha versus [Ol11]/HS because
of the strong [SII] line.

ULIRG (53.9947, -29.1285): The R-band magnitude of this source is R=20.76. It is a
very strong 24um emitter with detections in all IRAC and MIPS bands. As it can be
seen by its spectra from the Balmer series there is a very strong Ha line, a weak Hd
and Hg, Hb are possible. Weaker lines just as [NII] doublet, [Olll] doublet, [Oll]
doublet, [SI1] doublet and [NII] doublet also exist. This source lie at z = 0.222. IR
SED fitting implies the presence as a starburst. The emission line diagnostic classified
this object as an AGN.

ULIRG (53.8817, -28.5077): The bright R-band magnitude of this source is R=20.18.
It has detection in all IRAC and MIPS bands except 70um. Although it is a noisy
spectrum and we have results only from the red grism we can detect Hd and Hg lines.
[NeV] and [Nelll] lines are also visible and [NelV] is possible. This source lie at z =
0.277. Photometry suggests that this object is an AGN.

ULIRG (53.1387, -29.5820): The R-band magnitude of this source is R=22.51. This
source is an 24um emitter. As it can be seen by its spectra there are more than 3 clear
detected lines. Very strong Ha, [NII] doublet and [SII] doublet are visible. Hb and
[OI11] doublet are also detected but they are much weaker. Hd and [NelV] and very
strong Hel are also detected. The emission line diagnostic classified this object as a
starburst. The appearance of the broad Mgll line implies the presence of an AGN. In
agreement with SED fitting this is a composite object with clear presence of both an
AGN and a star-formation component. This source lie at z = 0.422.

ULIRG (53.9714, -29.096): The R-band magnitude of this source is R=22.78. It has
detection in all IRAC bands and in 70um MIPS band. As it can be seen by its spectra
there are at least 4 clear detected lines. Very strong [Oll] and broad Ha are visible.
[NII] doublet and [SII] doublet lines are also strong. [Olll] doublet and Hbeta have
weak detection. Also, visible lines are these of Ne series ([NeV], [Nelll] and [NelV]).
This source lie at z = 0.5. Photometric results agree with the emission line diagnostic
which classify this object as an AGN.

ULIRG (53.9061, -28.7317): The R-band magnitude of this source is R=21.48. This
source is a strong 24um emitter. Its spectra is quite noisy and only Mgll line can be
identified. Nonetheless, we have included it in our sample because the value of its
spectroscopic redshifts seems to agree with the photometric ones. This source lies at z
= 0.827. Both optical and IR SED fitting imply the presence of a starburst. This is the
only ULIRG cirrus source in our sample.

ULIRG (52.9282, -29.1037): The R-band magnitude of this source is R=22.94. This
source is a strong 24um emitter. As it can be seen by its spectra only the Mgll line
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can be detected. [CIII] and [NeV] lines are partially detected. Nonetheless, we have
included it in our sample because the value of its spectroscopic redshifts seems to
agree with the photometric ones. This source lie at z = 0.993. Both optical and IR
SED fitting imply the presence of a starburst, in agreement with the presence of the
narrow Mgll line.

ULIRG (53.9061, -28.7317): The R-band magnitude of this source is R=22.73. This
source is a strong 24um emitter. As it can be seen by its spectra, a very strong broad
Lya line is detected. This source lies at very high redshift z = 2.746. The presence of
this line implies the presence of a strong AGN. Optical SED fitting implies the
presence of a starburst.

HLIRG (53.9714, -29.096): The R-band magnitude of this source is R=21.55. It is
the strongest 24um emitter in our sample with detections in all IRAC and MIPS
bands. As it can be seen by its spectra there is a very strong [Oll] line. Hb and [Oll1]
are also visible but weaker. These lines indicate the presence of both starburst and
AGN events. The source lies at z = 0.89. Optical SED fitting imply the presence of a
young elliptical galaxy and the IR SED fitting an AGN dust torus.

HLIRG (52.9356, -29.0848): This is the brightest example (R=19.96) in the sample
of HLIRG at very high redshift (z = 3.19). We have clear detection of at least 2 broad
lines Lya and CI1V, the detections of three more SiV, Sill and SilV and the detection of
a strong and narrow CII line. The clear presence of these lines makes it almost certain
the presence of a very strong AGN. Optical SED fitting presents this object as a QSO
and IR SED fitting as a starburst so it is probably a composite object.
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Figure 5.6: Spectra with available [SII], He, [OlII], HB, [NII] lines, used to estimate line
ratios. Three of these spectra are presented in Figure 5.5 because they have been classified as
ULIRGs. The redshift range of these sources is from 0.12 to 0.5.
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Figure 5.7: Spectra with and without all [SIl], Ha, [OII], HE, [NH] lines
available.

Figure 5.7 Shows the spectra of all objects which are not classified as U/HLIRGs and
couldn’t be used for the emission line diagnostic. With some exceptions, they are
noisy spectra or single emission line objects. In this case the line is assigned to [Ol1]
(161). Their comparison with photometric redshifts is rather good which make the
assignment of the [OII] lines rather logical. Because of the detection of [Oll] as a
single emission line we expect that these sources exhibit star forming activity.
According to the SED fitting these objects are fitted with a starburst template or in
some cases there is no IR - excess.

Among them, there are spectra with very good quality enabling us to accurately
identify spectral features and derive redshifts. Two out of four sources with z > 2 are
objects with clear broad lines. The first of them (z = 2.183) is a faint source (R =
23.48) and has no IR - excess according to the IR SED fitting. The second source (z =
2.197) is fitted by a cirrus template. The strong broad lines imply the presence of a
strong AGN. The other two sources from this redshift region have no IR - excess.

Six of these spectra have strong Hbeta and [OIlll] double lines. Four of these
sources present a strong [OIl1] line. Their spectra imply the presence of star-forming
domination in agreement with SED fitting. According to IR SED four sources are
fitted with a starburst and the remaining to have no excess.

5.6 Comparison with SWIRE photometric results

Photometric redshifts provide an excellent tool for studies of the evolutionary
properties of galaxies. Their value against spectroscopic redshifts is clear, especially
in the case of faint galaxies, for which spectroscopic observations are difficult or
impossible. Moreover, photometric methods can estimate the redshifts faster than
spectroscopic methods and can be applied to much fainter magnitudes since the bin
sizes are larger. The disadvantage of photometric redshifts is that their present lower
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precision is lower than spectroscopic and seriously affected by the number and type of
photometric bands used (162).

The photometric redshift identification is carried out either by using the broadband
continuum shape and/or absence of spectral breaks (like Balmer Break) or the onset of
the Lya forest and Lyman limit which enter optical wavebands at high redshifts (163).
Although methods based on polynomial fitting (164) and artificial neural networks
(165) have had some success in determining photometric redshifts, in this work the
template-fitting method is used (166) (167). In this method (168) the observed galaxy
fluxes, in the band, are compared to a library of reference fluxes,

, Where T is a set of parameters that account for the template galaxy’s
morphological type, age, metallicity and dust. The observed fluxes are fitted to the
library fluxes using  minimisation. As well as deriving redshifts, the procedure
produces information on spectral (template) types.

One important refinement of the photoz code is the consideration of extinction for
galaxies. Madau (169) used a single dust absorption correction of :
except for galaxies in the redshift range 0.75 - 1.75 where the equivalent extinction at
2800A was used. There are galaxy evolution models (170) which include evolution of
dust exaction with time. In order to allow variation in extinction from galaxy to
galaxy, extinction needs to be solved as an additional free parameter to redshift. Dust
absorption was corrected for by assuming that colour deviations in their sample
galaxies were entirely due to dust absorption, based on the empirical relation between
far-infrared emission and the observed UV spectrum slope (171). It is found that the
inclusion of  as a free parameter caused significant increases in aliasing (172). In a
similar technique developed these aliasing problems were reduced by setting several
Av priors (167).

5.6.1 Template SEDs

The choice of the number and types of template to use is very important. The choice
of too many templates may lead to a significant number of aliases and degeneracy.
On the other hand, using too few templates the redshift code will be unable to
represent the real sources. The latest version of the ImpZ code (157) uses 15
templates; eleven galaxy templates, E, Sab, Sbc, Scd, Sdm, starburst and a young
elliptical galaxy, and three AGN templates. The empirical templates for E, Sab, Sbc,
Scd, Sdm galaxy template were based on Yoshii & Takahara observations (173), for
starburst template on Calzetti & Kinney (174) and for the young elliptical on C.
Maraston (175). Two fits were generated for the elliptical template: E1 and E2. E1
fits the small UV bump (1.000 — 2.000A) present in elliptical, a feature that is due to
emission from planetary nebulae (173). E2 consists only of the two oldest SSPs
(Simple Stellar Populations) and fails to fit this UV bump. For this reason, E2 was not
used as a template but is plotted in Figure 5.8 to compare the two elliptical templates.
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Figure 5.8: The six galaxy templates used (13). Dashed lines show the original (14)
templates; solid lines show the SSP generated versions, along with extension into the far-Uv
(sub-1.000A). For the elliptical template, two SSP generated fits are shown, which diverge
below around 2.000A. Line E1 fits the UV bump that is due to planetary nebulae, whereas
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Figure 5.9: The various AGN templates that were investigated. The solid line labeled ‘SDSS’
is the mean SDSS (Sloan Digital Sky Survey (15)), quasar spectra, shown here with the Zheng
et al. (1997) (16) UV behavior, ‘UVHST’, and extended into the IR. The solid line labeled
‘RR1’ and the dotted line ‘RR2’ are the empirical AGN templates based on Rowan-Robinson
(1995) (17) , shown with either a drop-off in the UV or a rise in the UV. The 912-A Lyman
limit has been indicated, as is the slope of a power-law continuum with o = -1.5.
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As well as galaxy templates, the inclusion of AGN templates were investigates to
allow the photometric redshift code to identify quasars - type objects as well as
normal galaxies. For this type of galaxies the technique relies on the identification of
continuum features such as the 4.000A break. The majority of quasars can be
characterized in the UV-optical region as a featureless continuum. Overlaid on this
continuum are a series of (mostly) broad emission line features which contain a
significant amount of flux (176) (177). Also, at higher redshifts the result of Lya
forest absorption imprint an additional redshift-dependent feature onto the continuum.

5.6.2 Spectroscopic Comparison

Reliability and accuracy of the photometric redshifts are measured via the fractional
error for each source, examining the mean error , the rms
scatter o, and the rate of ‘catastrophic’ outliers 1, defined as the fraction of the full
sample that has : : and o, are calculates
as follows:

and

with N being the number of sources with both spectroscopic redshifts and photometric
redshifts.

Figure 5.10 shows a comparison of Versus from the
sample of 51 sources with available spectroscopy. With red is presented the only
reported by the photometric optical template fitting QSO. For the whole sample, the

total rms scatter, o, is 0.260, with —— and the rate of outliers is 19.6% (10

sources). The only QSO from our sample is one of these ‘catastrophic’ outliers. The
main bulk (5/10) of ‘catastrophic’ outliers lies at zpnot ~1. The Zgec Which we
determined for these sources is lower than zpne. All of these sources have at least 3
clear lines and their spectroscopic redshift determination is quite secure. From the 6
sources with high spectroscopic redshift (zsec > 1.5) there are three catastrophic
outliers. Two of them have secure redshifts with at least three lines detected and the
third is a faint source which redshift is identified using Lya line.
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Figure 5.10: Photometric versus spectroscopic redshift for all sources with available
spectroscopic redshifts from our sample. The straight lines represent a 10% accuracy in
log(1+2). Red cycles are sources fitted with a QSO template.

5.7 Emission Line Diagnostics — BPT diagrams

A suite of three diagnostic diagrams has been proposed to classify the dominant
energy sources in emission-line galaxies (18). These diagrams are known as BPT
(Baldwin, Phillips & Terlevich) diagrams and are based on the four optical line ratio
[OI]/HB, [NH]/He, [SH]/Ha and [OI]/Ha. These diagrams use strong, optical lines of
close proximity in the ratios, limiting reddening and spectrophotometric effects, and
are able to distinguish different classes of ionization (178). Even though our spectra
are not flux calibrated, these pairs of emission lines were originally chosen to be close
in wavelength. As a result the line ratios are accurately determined even for
uncelebrated spectra. These ratios are not the only available to separate the different
classes. The emission spectra of galactic HII regions and planetary nebulae can be
classified according to intensity ratios such as [OI1] A3727/[Ol11] A5007.

The division of AGN and Star-forming (SF) galaxies on the BPT diagram use
diagnostics lines. For the [SII]/Ha versus [OlI]/HS and [NII]/Ha versus [OlI]/HpS
diagrams the theoretical work of Kewley & Dopita (2002) (20) provided a maximum
starburst line and clear division between AGN and SF galaxies with all galaxies lying
above this line to be dominated by an AGN.
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The work of Kauffmann et al. (2003b) (19) provided a clearer delineation between
AGN and SF galaxies due to the large sample of SDSS galaxies. The result was an
empirical relation dividing pure star-forming galaxies from Seyfert-HIl composite
objects whose spectra contain significant contributions from both AGN and star
formation (22):

In the [SH]/Ha versus [O111]/HS diagram, the AGNSs lie on two branches: on the upper
one Seyfert galaxies while LINERs lie on the lower one. The division between the
two AGN branches takes effect via the Seyfert-LINER classification line (22):

In order to appear in the BPT diagram, our sources must have all 5 lines: [Oll1], Hp,
[NI], He, [SIT]. We have identified a total of 19 sources with these lines. The flux in
each emission line is measured using the NOAO IRAF SPLOT task, fitting a Gaussian
function to each emission line. Diagnostic line ratios for [NIl] A6583/Ha, [SI]
A6716+16731/Ha and [O111] A6300/Hp are plotted in Figure 5.11 — 5.12 and the data
summarized in Table 5.4.

Figure 5.11 shows the [NII]/Ha vs [OI]/HP diagnostic emission line diagram for
our sample of 19 sources. The extreme (20) and pure (19) star-forming lines are
shown as green and blue solid lines. Galaxies that lie below the pure star-forming
lines are classes as HII region-like galaxies. Galaxies that lie in between the two
classification lines, extreme and pure star-forming lines, are known as composite
objects being ob the AGN-HII mixing sequence. Composite galaxies’ spectra are
likely to contain significant contributions from a metal-rich stellar population plus an
AGN. Everything that lies above the blue line (20) is classed as AGN. Ho et al. 1997
(21) defined a new classification scheme which is represented by the red solid lines.
Adding these lines to the previous two classification lines we separate the
classification scheme in four parts. As Hll-region are classified the sources which lie
below the Kewley line and left from the red line. Seyfert sources lie at the upper left
box and the LINERs at the low right box. Figure 5.12 shows the [SII]/Ha vs
[OlN1]/HS diagnostic emission line diagram for the sample 19 sources. The Kewley
classification line (20) provides an upper limit to the star-forming sources on this
diagram. The blue line (22) provides a division between Seyferts and LINERs
sources. The red lines represent the Ho et al. 1997 (21) classification line in [NI1]/Ha
vs [OI11]/Hp diagram.
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Figure 5.11: The [NII]/Ha vs [OlI1]/HpB diagnostic emission line diagram (18) for our
sample of 19 sources with available lines. The green line (19) is the pure star
formation line and the green circles represent the star formation sources. The blue line
is the extreme starburst line (20) and the blue triangles represent the composite
sources. The red line is the Seyfert/LINER line (21) and red circles are the AGN
sources.
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Figure 5.12: The [SH]/Ha vs [OI11]/Hp diagnostic emission line diagram (18) for the sample
19 sources. The green line is the AGN/Starburst line (20) and the blue line is the
Seyfert/LINER line (22). We use the symbols of [NII]/Ha vs [OllI]/HB diagnostic for the
sources to compare the results of the two diagrams.
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According to the two BPT diagrams and the above classification we can separate
the sources which lie on them in five categories depending on their position in both of
diagrams. The following inequitions shows the regions that the sources of the five
categories lie and they result from the equations of classification lines from the above
three works.

1. Star-forming galaxies lie below the pure starburst line in the [NI]/Ha vs
[O11)/Hp diagram and below the AGN/SF division line in the [SII]/Ha vs [OIII/HS
diagrams.

2. Composite objects lie between the pure and extreme starburst lines in the [NI1]/Ha
vs [OlI1]/Hp diagram.

3. Seyfert galaxies lie above the extreme starburst line in the [NIl]/Ha vs [OHI]/HS,
and above the AGN/SF division line and Seyfert/LINERs line in the [SII]/Ha vs
[O111)/Hp diagram.

4. LINERs lie above the extreme starburst line in the [NII]/Ha vs [OlI]/Hp diagram
and below the Seyfert/LINERSs line in the [SH]/Ha vs [OZII]/Hp diagram.
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5.7 Emission Line Diagnostic — BPT diagrams

5. Ambiguous galaxies are those that are classified as one type of object in the
[NI]/Ha vs [OlI]/Hp diagram and as another type of object in the [SHI]/Ha vs

[O111)/Hp diagram.

According to the above five classes of the object which are based on both of the
diagnostic diagrams we found 6 pure star-forming galaxies, 3 Seyfert galaxies, 1
LINER, 6 composite objects of which 4 appear as star-forming objects and one as
LINER on the [SII]/Ha vs [OllI]/Hp diagram, and 1 ambiguous galaxy (SF object
based on [NI]/Ha vs [OllI)/HB diagram and LINER based on [SII]/Ha vs [OlI]/HS
diagram). The agreement between the two diagnostics is in a rate of ~ 94% (16/17) as
there is only 1 case which was classified differently in the two diagrams. The spectra
of these objects are available in Figures 5.5 and 5.6.

Measured line ratios

Spectroscopic

Spectroscopic

Redshift Classification | Classification
log(INII]/Ha) | log([SIT)/Ha) | log([OTI]/HB) |  [NI]/Ha vs [SH]/Ha vs
[OI]/HB [O1]/Hp

0,105 -0,18086 -0,69420 0,18255 Com SF
0,121 -0,03740 -0,11134 0,23972 AGN LINER
0,123 -0,50915 -0,85109 0,16726 SF SF
0,129 -0,47651 -0,52570 0,33803 Com SF
0,15 -0,47890 -0,29215 0,80163 AGN AGN
0,19 -0,39989 -0,46649 -0,28342 SF SF
0,196 -0,66873 -0,55505 0,36735 SF SF
0,215 -0,46908 0,13914 -0,56978 SF LINER
0,222 -0,24145 -0,28832 -0,03445 Com SF
0,225 -0,33368 -0,87866 0,12281 Com SF
0,23 -0,65032 -0,77579 0,01681 SF SF
0,24 -0,31846 -0,01862 -0,04321 Com LINER
0,25 -0,22736 -0,32795 0,78759 AGN AGN
0,334 -0,35182 -0,27243 -0,42541 SF SF
0,422 -0,57586 -0,36138 -0,14857 SF SF
0,50 -0,24979 -0,38895 0,62659 AGN AGN
0,219 -0,37840 -0,83710 -0,03396 Com SF

Table 5.4: Based on the [NII]/Ha vs [OllI}/HB diagram from the 17 sources with available
lines we have found 7 pure star-forming sources, 6 composite sources one of which appear to
be a LINER, 4 AGN objects one of which appears to be LINERs. Based on the [SII]/Ha vs
[OlI}/Hp diagram we have found 10 pure star-forming objects, 3 AGN sources and 3

LINERs.

According to ImpZ code there are 5 sources in our sample best fitted with a cirrus
infrared template. According to both emission line diagnostics 3 of them are pure
star-forming sources and one is AGN dominated. The fourth source is classified as
composite based on [NII]/Ha vs [Olll]/Hf diagram and as a star-forming based on
[SH]/Ha vs [OH]/Hp diagram. For the 4 sources that are classified as star-forming or
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composites, star-burst activity contributes between 15 - 25% to the 8um emission. For
the cirrus source that appear to be narrow-line AGN, infrared SED fitting show no
evidence of the presence of a torus.

Seven sources are best fitted with a starburst infrared template. For the 4 sources
that were identified as star-forming from spectroscopy, template fitting finds a
dominant star-forming component that contributes for three of them 100% to the
infrared emission and for the fourth 55%. The rest two sources are fitting with a
starburst infrared template but with a single band. Spectroscopically, the first is an
ambiguous source and the second an AGN-LINER.

Four sources are fitted with a torus template. Two of them are also classified as
AGNSs in the emission line diagnostic. One of them appears to be composite with
LINER presence in the [SII]/Ha vs [OllI])/HS diagram. In the case of the fourth
source, which spectroscopically is classified as a star-forming, has identified a strong
torus component contributing 60% and a starburst contributing the rest 40%. Finally,
there are two sources which have no excess in the IR SED fitting and based on
emission line diagrams are classified as composite in [NII]/Ha vs [OIl1]/HS diagram
and as starburst in [SH]/Ha vs [OI1]/Hp diagram.

5.8 Color - Color Diagrams

Studies with the Infrared Space Observatory (ISO) have shown that the strong mid-IR
continuum associated with AGN provides a unique tool which we can use to
distinguish AGN from starbursts. The three main contributors to galactic continuum
emission at mid-IR wavelengths are light from very small dust grains in HII regions
(179), polycyclic aromatic hydrocarbon (PAH) emission (180), and power-law
continuum emission, which is, in particular, the dominant component in the mid-IR
spectra of type I active galactic nucleus (AGN) mid-IR spectra (181). The spectral
energy distributions (SEDs) arising from each of these is sufficiently distinct to allow
discrimination of AGNs from star-forming galaxies based on their mid-IR SEDs
(182).

In order to distinguish our sources between AGN and starbursts we will perform
Lacy’s infrared diagnostic diagram. In Lacy et al. (2004) (23) is presented a technique
for selecting obscured AGN using only mid-infrared colors. The advantage of this
technique is that type-1 and type-2 AGN can be selected using the same criteria,
removing the uncertainty involved when type-1 and type-2 objects are selected in
different ways. For the Lacy diagnostic we require sources that have detections in all
four IRAC bands, 3.6um, 4.5 um, 5.8 um and 8um. In our sample 21 sources have all
the available detections. For the rest of the 51 sources we used the lower value of
IRAC detections for each band.
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Figure 5.13: IRAC color-color plot using data from SWIRE for our sample. Red lines are the
AGN area which is defined by Lacy et al (2004) (23). Sources that lie in this area are those
expected to be AGN dominated from the infrared colors. Red diamond represents the source
which is fitted with a QSO optical template.

For the IRAC-MIPS diagnostic, sources are required to have detections in IRAC’s
Channels 1 and 3, 3.6um. 5.8 um, and MIPS’s 24 um band. This requirement limited
the number of our sources to 29. Figure 5.13 shows the Lacy diagnostic for our
sample. Sources that lie within the red lines are those expected to be AGN dominated
from the infrared colors. Figure 5.14 shows the IRAC-MIPS color-color plot for the
29 sources with 24um emission. Almost 66% of the sources that were not fitted with a
QSO template lie within the AGN area in the Lacy diagram. About the same rate of
sources (18/29) which were not fitted with a QSO template lie within the AGN area in
the IRAC-MIPS color-color plot.

Figure 5.15 shows the IRAC colour-colour plot using the same sources with these
of Figure 5.13 combined with information obtained from the spectroscopic
diagnostics. In this sample are found 4 narrow line AGNs and 8 broad line AGNs.
Almost all of the broad line objects, except one, lie within the AGN area. Only one of
these objects is fitted with a QSO template, the only QSO fitted object in our whole
sample. From the remaining sources three has no excess in the IR SED fitting, one is
fitting using a single band excess with a starburst and the SEDs of the last two objects
are composite and show both an AGN and a starburst component with starburst for
one and AGN for the other dominating in 8um. 3 out of 4 narrow line AGNs lie
outside the AGN area and all of them along the same log[Sss/S36] coordination. Two
of these objects are fitting with a cirrus template with one of them being the source
which lies in the AGN area. The remaining two sources show star-forming
domination in 8um. One of them is fitting with a starburst template and for the other a
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single band excess is using. The only LINER of our sample lies out of the AGN
region. About the half of the star-forming sources, based on emission line diagnostic,
lie out of the AGN region and the other half within the AGN region.
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Figure 5.14: IRAC-MIPS color-color plot using data from SWIRE for our sample. Red line
distinguishes between AGN and star-forming galaxies. Red diamond represents the source
which is fitted with a QSO optical template.

1

08
06 |

04 F

log[Sg.0/Sas]

02 |

-0,4 [ 5 5 5 1 5 5 5 5 1 5 5 5 5 1
-0,5 0 0,5 1

log[Ss 4/S3.6]

Figure 5.15: IRAC color-color plot using the same sources with these of Figure 5.13 Green
circles are sources classified as narrow line AGN from emission line diagnostics, blue circles
are spectroscopically identified broad line AGNs with a non-QSO optical template and red
circle is spectroscopically identified broad line AGNs with QSO optical template. The purple
squares are sources classified as star-forming from emission line diagnostics and the only
LINER is presented as an orange square.
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Conclusions

The goal of this thesis was the study of a sample of SWIRE CDFS field population.
The sample contained a total of 60 objects which were observed with the ESO Faint
Object Spectrograph and Camera (v.2) on the ESO 3.6m Telescope by Dr. Markos
Trichas and Dr. Thomas Babbedge. The data reduction was performed using IRAF.
The main steps of the reduction process were:

Vi.

Vil.
Viii.

X.
Xi.

Create lists of different frames identifying the flat-field, zero and object
exposure FITS (CCDLIST task).

Create a master bias file combining all bias frames into a master bias
(ZEROCOMBINE task).

Apply bias, trim, overscan and zero level correction to all files (CCDPROC
task).

Create a master flat combining the flat field for each mask (FLATCOMBINE
task). Normalize the result along columns (RESPONSE task)

Apply the results of (ii) and (iv) steps to object frames (CCDPROC task).
Because of the multi-object spectroscopic method we used to obtain the spectra
of our sources we have to mosaic these images and cut into slits. It was
accomplished using a simple script (Appendix A).

Remove the cosmic rays (COSMICRAYS task).

Background subtraction — remove the light lines which belong to the sky
spectrum (BACKGROUND task).

Wavelength calibration for each frame. a) Create wavelength scale based on
lamp frames for each grism (IDENTIFY and REIDENTIFY task). b) Fit the
coordinated from each spectrum. The coordinates from the input file are
recorded in a database (FITCOORDS task).

Apply the wavelength calibration to each frame (TRANSFORM task).

Extract the spectrum converting the 2-D spectra to 1-D (APALL task).

The result of the data reduction was the spectra of 54 objects achieving a success rate
of 87.1% in successfully extracting spectra. For 3 of these sources we identified
redshift value 0. For the remaining 8 objects it was impossible to extract a wavelength
calibrated spectra because of errors during the (ix) step or but quality of spectra. The
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optical spectroscopic data of the 51 objects used, directly estimate redshifts and
identify different populations. The cross correlation with SWIRE sources and the
spectroscopic results of our sources provided a highly efficient way in calibrating
photometric redshift techniques and testing template fitting results. To sum up the
results:

8 ULIRGs are found in our sample. 7 out to 8 ULIRGs lie at redshifts lower than
1 (z < 1) and show evidence of narrow line regions. Two of them are AGN
dominated based both on their SED and emission line diagnostic. The rest 5 are
either starburst dominated or composites. The only ULIRG with z > 1 (z = 2.746)
show clearly broad line regions.

2 HLIRGs are found in our sample. The one at z = 3.19 is QSO broad line with
85% starburst contribution to the 8um emission. The other HLIRG at z = 0.89
show evidence both of broad and narrow lines. This object has a starburst
contributing 25% to the 8uum emission.

Only one cirrus ULIRG is found in our sample. Because of the noise nature of its
spectrum we have not clear evidence for its characteristics.

Comparing the spectroscopic with photometric redshifts we found the overall

accuracy of the ImpZ code with rms scatter , —— and 19.6%

catastrophic outliers.

According to the emission line diagnostic we have the clear classification of 10
objects, 6 pure star-forming galaxies, 3 Seyfert galaxies and 1 LINER. The
remaining seven are composite objects and one ambiguous. The agreement
between the two diagnostics is in a rate of 94%.

In the IRAC color-color plot we identified the AGN objects of our sample.
Among our sources there is only one AGN object with QSO optical template
fitting and it lies in the AGN area of the diagram. From the 12 AGN objects with
non-QSO optical template there are 4 with narrow emission lines and the rest are
broad line objects. 3 out 4 narrow line AGNs lie out the AGN region along
l0g[Ss8/S36] = 0.23 axis. 7 out 8 broad line AGNSs lie in the AGN region.

Color — color plots are more suitable for broad line objects than for narrow line
ones. That’s because the 87.5% of broad line AGNs lie in the AGN region but
only 25% of narrow line AGNSs lie in the AGN region.



APPENDIX A

# MOSAIC script to mosaic flat-filed and object frames 2060 x 2060 images into
# 38x1026 slits using a template with the coordinates of slits’ centers.

procedure mosaic (images, mosaic)

string
string
file

struct

begin

end

images {prompt="Images to be mosaiced"}
mosaic {prompt="Mosaic file "}

template {prompt="Template coordinates"}
*imglist

int  x=2060

int y=1026

int nmos =1

int  x1, x2, y1, y2, nimg

string imgfile, tmplt, img, iimg, oimg

# Get the query parameters
iimg = images
oimg = outimg

# Do the mosaicing

imglist = imgfile

for (nimg = 1; fscan (imglist, img) ! = EOF; nimg +=1 {
x1=x+19; yl=y+513
X2=x-19; yl=y-513

imeopy (img, tmplt// " [" //x3//" " [/x2/1" "I IyL 1" 1 v2/ 1",

verbose-)
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