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dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

ZEKIVQVTAC ATTO €EIKOVEC KAl (PACHATA O POTOYPAPIKES TTAAKES



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

Integral Field Units (IFUs): ©TOopACUATOYOAPOI- TTAEOV €ival TO OTAVIAPVT Opyava O¢

OAa Ta cLYXPOoVa OTITIKA/LTTEPLOPA TNAcokOTIA. Ta IFU eival Ta BacikOTEpa Opyava OTa
HEYAALTEQAQ £TTiyEIA KAl SIACTNHIKA TNAECKOTIA AOYW TNC ATTOSOTIKOTNTAC TV TTAPATNENTEWY
(eIKOVEGHXAPTES TALTOXEOVA) TTOL CNUAIVEl AiYOTEQA overheads xPOVoUL YIa BABUOVOUNTEIS
KABWGS TO KOOTOG ETIXEIPNTEWYV €ival LYNAO. EISIKA Ta SIacTNUIKG TNAECKOTTIA, £XOLV KOOTOG
ETTIXEIPNOEWV XINGSwY Ebpw ava wpa.



dedopeva IFU (pdTOpETRIA KOl PACUATOOKOTTIA)

IFUs: BaciovTal o€ apXEC TOOO (PWTOUETPIAC 00O KAl (PATHUATOOKOTIAC, YIA TIC OTTOIEG
Oa pIANoCOoLE, Kal Ba doLpE TTapasdelyuata aro IFU , Tov cuvévalovy Ta TTAPATTAV®. Ti
BaBpovounosc oxediaopog mapaTnENong Kal eTe€epyaacia TTRETTEl VA YiVOLY OoTe va
TTAPOLUE XPNOIHES METPNTEIC;



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

H apxn Aeirovpyiag eival kata Baon N idia og oxeon Pe evav ‘amAo’ paouaToypAaPo.
[1.X., DacuaToypAaPpocS TTRICHATOC — PacileTal OTO SIAPOPETIKO eikTn SIBAQCNC U ava A.
ATIAQ eTAVOAQUPAVOVTAI TTOAEC POPEC OI SIATAEEIC, TT.X., TTOAAATTAQ TTPICHATA.

oa

B (Hartmann), A,B,C, o1aBepég
u/\ — A + —_— ' ' e )\ '
\—(C TTOUL TIEPIYOAPOLY TO KABE LAIKO

d¢ _ 2sinj (_ B ) [VIaKA SlacTopd,
d\  cosi; (A—=C)?/) do/d\=6¢/du* du/dA
- OTO 6@ /du LTTEICEQXETA
N YEWUETPIA TOL TTPICHUATOC



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

H apxn Aeirovpyiag eival kata Baon N idia og oxeon Pe evav ‘amAo’ paouaToypAaPo.
[1.X., DacuaToypAaPpocS TTRICHATOC — PacileTal OTO SIAPOPETIKO eikTn SIBAQCNC U ava A.
ATIAQ eTAVOAQUPAVOVTAI TTOAEC POPEC OI SIATAEEIC, TT.X., TTOAAATTAQ TTPICHATA.

oa

Youxva, o¢ IFUs xpnoiuottoliovvTal



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

dpayuara diffraction grating - TOL Young.
H16¢a eival va eicQyoupe £ETPA UNKOG TTOL TTPRETTEN VA KAALPOEI atTO HIa §€0UN PWTOC.

B sinB ¢cival 10 £ETPA PNKOG (TTOL AVTIOTOIXEI O€ KABLOTEPNON PACNG) TWV AKTIVLV
TTOL TTEPACAV ATTO TNV KATW OXIOUN.

EVIOXULTIKA) CLOUROAN: B SiN@ = mA, AT A1 RN |

£POOOV Ol 2 SECUEC PWTOG EXOLV idla paon. OSSN ‘ \



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

dpayuara diffraction grating - TOL Young.
H16¢a eival va eicQyoupe £ETPA UNKOG TTOL TTPRETTEN VA KAALPOEI atTO HIa §€0UN PWTOC.

B sinB ¢cival 10 £ETPA PNKOG (TTOL AVTIOTOIXEI O€ KABLOTEPNON PACNG) TWV AKTIVLV
TTOL TTEPACAV ATTO TNV KATW OXIOUN.

EvioxLTIKA CLUPROAN: B SING = MA,
KaTtaoTpemTIKA GLUPROAN: B SiNB = (M + 1/2) A OTTOL M AKEPAIOG



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

dpayuara diffraction grating TOL Young.
TO TTOONYOLUEVO YPAPNUA APOPOVLTE UOVOXPWHATIKO PG (TT.X., aTTO laser)

Normalised intensity

 uIs

AV TO PWG TTOL TTERATEI SEV EIVAI HOVOXPWUATIKO, TOTE YIa TAELEIC TTEQIBAaoNS mM>0
LEYIOTA O€ SIAPOPETIKA B OTE VA IKAVOTTIOIEITAI TO B SinB = mA.

TomoOeTOLE KAUEPA O€ KATTOIA ATTO TIG TTAPATTIAVE TAEEIG -> IOXL/A -> pACUA
KAl HIANIOTA PE peEYaALTEPN SIacTToPd 000 avePRaivel N TAEN (WE AQVTITIUO OTNV 10XY).



sedopéva IFU (pdTOpETPIO KAl (PACHUATOOKOTTIA)

Mo¢g karaokevaderal, avTi yia 2 oxiouég, paaciovral TNV AavAKAAoN TOL PWTOC ATTO
(METOANIKEG) €TTIPAVEIEC UE TTOANATTAG «OKAAOTIATION TTOL €I0AyoLV "exira light path” .

O1 akTiveG gival TAPAAANAEG €0C OTOL AVAKAQOTE N 11 KAl PETA TTAAI OTAV AVAKAQOTEI N 2N,

To £€TPa PNKOG TTOL £XEl SIAVLBEI eival

d sinG, - d sinB,,, Kal TTOAI UTTOPOLE VA £XOLUE
EVIOXUTIKN N KATAOTEETTTIKA CLUPOAR, avaAoya
UE TN YVia avakAaong. MNa evioXLTIKA:

dsin©,- dsinB®,, =mA

H 1TapAywyocs TNG oxeéong Sivel TN YwVIAKN
S1Ia0TTOPA, AAUPBAVOVTAC LTT'OYIV OTI O€ KABE
(PACHATOYPAPO TO PWC TTEPTEI HE KAOOPITHEVN
0. AYVOWVTAG TO TTPOCNUO TTOL APOPA OTNV Ha
KatevBouvon, éxovpe, d cos B,,60,,= m 6A -
a = blaze angle

->80,,/6A=m /(d cos 6,,) oxnua wikipedia

ANA. TO KOBE UNKOC KOUATOC EXEl EVIOXLTIKN
OULUPROAN YIa AAAN Ywvia B,,, divovTag pacua.
-> UEYOAEG YWVIES KaI TAEEIG, MEYAALTEON AVAALON TOL PACHATOG.



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

Tn yowviakn diactropd (dg N 66,,) HTTOPOLE VA TNV JETATOEWOLE € KAl PNKOS TOEOL
(~ WNKOG €TTi TOL AVIXVELTN PAC YIA HIKOEC YWVIES), APA TENIKA O€ YOAUMIKA SIacTTopd
XPNOIUOTIOIVTAG TNV ECTIAKN ATTOCTACN f, TOL TEAIKOVL KABPETTTN/PAKOL TTOL £0TIALEI
KQlI TTAAI TO PG ava A OTovV

AVIXVELTN.
dae f do
dx "% d)

Av O1TOL dl BAAOLIE TO PNKOG KOPATOG TOL PWTOG A, TOTE EXOLIE TOV OPICUO TNG
daocpartikng avaivong N SIaKPITIKAGS IKavoTnTag ¢pacuarog — spectral resolution R
resolving power, R = A/AA.

OuUNBEITE €TTIONC ATTO TOV OPICHUO TNG EPLOPOUETATOTTIONG OTI V= CZ = C ANA
ApEa N SIGKPITIKN IKAVOTNTA eKppaouEvn o€ TaxuTnta eival Vi = ¢/R ~ 3*10° / R km/s.



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

YovévalovTag TmpicuaTa Kal ppayuaTa: grism (grating prism)

OTTIKO cLOTNUA PE PPAYHA KAI TTIOIOKA, SIATETAYUEVA E TETOIO TOOTTO WOTE OF
ETTAEXDEV UNKOG KOPATOG TO PWG VA TTEPVAEI ELOLYPAPUA. TOTE, UTTOPEI UIA KAUEQT
va XPNOIWOTToINGE eVAAAE VIO PWTOUETPIA N PACUATOCKOTTIA

[1.x., WFC3 grism &ebopuéva



dedopeva IFU (pdTOpETRIA KOl PACUATOOKOTTIA)

[la TN paocuarookomia, Tepav Tou «dispersive elementy, SnA. ToL TTEICUATOG/PEAYUATOC,
XEeIalOUAOTE KAl PIa UAOKA, TTOL UTTAOKAPEI TO ONUA ATTO TOV OLEAVO EKTOC TNC OXICHNS
TTOL JAG evIaPEPEl. ANIG Ba exoue slitless spectroscopy, SnAadn Ba okedaoTel

TO PWC OAWYV TWV AVTIKEIUEVWV OTNV €KOVA, SIAXWPICHEVRV XWPIKA UOVO OTOV £&va aova.




dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

[la TN paocuarookomia, Tepav Tou «dispersive elementy, SnA. ToL TTEICUATOG/PEAYUATOC,
XEeIalOUAOTE KAl PIa UAOKA, TTOL UTTAOKAPEI TO ONUA ATTO TOV OLEAVO EKTOC TNC OXICHNS
TTOL JAG eVEIAPEPE OTTWG (PAIVETAI OTNV EIKOVA.

[1a va utTel N JAoKA PE TN OXIOHN, XPNOIMOTIOIOVVTAI KABETTTEG YVIA VA CLYKAIVEI TO (PWC
OTNV TTERIOXN TNG MACKAG KAl VA ATTOKAIVEI TTAAI JETA, OANICC Ba ETTPETTE N YACKA VA UTTEl
UTTOOOTA ATTO TO TNAECKOTTIO HE EEDRTTOAYUATIKES SIACTACEIG, TT.X., YIO TNAECKOTTIO 8 UETPV.

uoljpuwloul pIdS

X Spatial
information



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

[la TN paocuarookomia, Tepav Tou «dispersive elementy, SnA. ToL TTEICUATOG/PEAYUATOC,
XEeIalOUAOTE KAl PIa UAOKA, TTOL UTTAOKAPEI TO ONUA ATTO TOV OLEAVO EKTOC TNC OXICHNS
TTOL JAG eVEIAPEPE OTTWG (PAIVETAI OTNV EIKOVA.

[1a va utTel N JAoKA PE TN OXIOHN, XPNOIMOTIOIOVVTAI KABETTTEG YVIA VA CLYKAIVEI TO (PWC
OTNV TTERIOXN TNG MACKAG KAl VA ATTOKAIVEI TTAAI JETA, OANICC Ba ETTPETTE N YACKA VA UTTEl
UTTOOOTA ATTO TO TNAECKOTTIO HE EEDRTTOAYUATIKES SIACTACEIG, TT.X., YIO TNAECKOTTIO 8 UETPV.

H uQoKa OTREPETAI ) UTTOEEI VA £XEI TIOANEC OXIOUEG.
H xwpikn TAnpopopia owdletal YOVo Kata Tov 1 afova.




dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

'Eva RAua mapartépa - IFU data:

‘OUWC N e1I0EPXOPEVN OTO TNAECKOTTIO TTANPOPOPIA eival ToIoSIAoTaTn (2 dfoveg yia Beon
oTov oLPAVO, 1 aova yia A). TS PTTOPOLUE TWEA VA PBAAOLE TTOAAOLG TETOIOLG
PACHATOYPAPOLGS Al WOTE VA UTTOPECOLE VA EXOLUE PACUATA YIA KAOE pixel;

H mTaAaioTepn yeBodog: image slicer - avrikaBioTovue Ta slits TNG TTpoNyoLUEVNG CENISAC
HE CVOTNHIA KABPETTTWY LTTO YWVIA JETAEL TOLG, TO OTTOIO OTEAVEI TO (PWC T€ SIAPOPETIKN
KATELOLYON AVAAOYQ E TO TTOL NEBE. AVTIKABIOTOVE ETTIONG, TOV PAKO PETA TN OXIOUN
UE CLOTNHIA TTOAWY PAKWYV, TTOL O KABEVAC

eoTmialel TO PG TNG AVTIOTOIXNG WELSO-OXICUNG.

MAONIOTQ, N YVIA gival TETOIA WOTE TO PWS VA
EI0EOXETAI OEIPIAKA OTOV (PACHATOYPAPO.



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

'Eva RAua mapartépa - IFU data:

EVAANQKTIKN pEB0SOG: XpNnon SISIAcTAToL MAEYHaTog pakayV (lenslets),

oL ‘SlaxwEICoOLY' TO INPUT ATTO TO TNAECKOTTIO O€ LTTO-TTEQIOXEG KAl TO €AV OE LTTO-AITAYS.
H BEATIOTN pEBOSOGC cLVEEONG €ival TO PWC ATTO Ta lenslets va odnyeital 6To pacuaATOoYPAPO
UE OTITIKEC IVEG, ETO1 WOTE N EIKOVA OTNV Ei0050 TOL PACPATOYPAPOL VA ETAVASIOPYAVOVETAI

OQV £va PEYAADTEQO YOAUMIKO pseudo-slit.

EoTw, Twpa, OT £€xovue TTapel IFU dedopéva (akaTepyaoTa) Kal BEAoOLPE VO TA AVAADCOULE. ..



dedopeva IFU (pdTOpETRIA KOl PACUATOOKOTTIA)

BaBuovounaoeic Kal YeETPNoEIC — SIapOETIKOI TOTTOI frames:

« Dark: €kBeon pE KAEIOTO KAEIOTOO 1N KAEIOTO BOAO XWPIC PWG. ITOXOG: N METOPNON TOL
BePUIKOL BOPLROL TNG KAPEPAGS, SNA. TOL OKOTEIVOL PeLUATOC (dark current).

- Maipvouvpe TOOEG PETPNOEIC OTOI KAl O SIAPOPETIKOI XPOVOI EKBECNC OAWYV TWV
EIKOVWV TTOL Ba TTAPOLWE KATA TN SIAPKEIQ TNG VLXTAG.

- Ta dark coutrepiAapBavouy 1o bias, SnA. oTaBeO oA TTOL PETPAUE BETOVTAC
TNV KAPEPQA o€ 6eSopEvN TACH, JE OTOXO O SIAKLUAVOEIC TOL BOPLROL va PNV &ival
YOPW Ao To 0 (ONUEION: TO EANEIA € XAVETAl KATA TN YNPIOTTOINCN WIAG EIKOVAC).

AlOPBwoN: apaipeon dark ammo TNV €IKOVA, TT.X., YOAQEIa.

* Flat: XpnoIwotrolvTag AQUTTa CLVEXOLC KAl OUOYEVH PWTICHUO OTO BOANO, EAEYXOLUE
TNV ATTOKPION TOL KABE pixel TS Kauepac (apopd kal TNV quantum efficiency aAAa kai
TO gain, TNV ATTOSOTIKOTNTA TNG METATPOTING € /analog-to-digital units).

Al0PBwonN: didipeon OAWV TV eiKOvVWY e flat yia va AngBei v’ oWIv N Xxapevn pon



dedopeva IFU (pdTOpETRIA KOl PACUATOOKOTTIA)

BaBuovounaoeic Kal YeETPNoEIC — SIapOETIKOI TOTTOI frames:

« Linearity: Ommwc akpipPwg kal yia 1o flat, xonoIuoTToIoVUE OUOYEVH PWTICHUO TOL BOAOUL),
AAAQ YIO ALEQVOUEVO O€ EVTAON PWG, WOTE VA EAEYEOLIE TTOTE N KAWEPA Ba
OTAUATNOE VA ATTOKPIVETAI YPAUMIKA ATTO TNV aLENON TV pWTOViwy. I.X.,
TTOTE BQ £00€ KOPETUOG.

AlopBwonN:
- TO00 TO flat OCO KAl 01 ETMOTNUOVIKES EIKOVEG TTRETTEI VA
TTAEBOLV O€ TTEQIOXES YPAMUMIKNG ATTOKPIONG TNG KAWEPAG.
H pétonon avtn yiveral rpiv ammo 1a flat.



dedopeva IFU (pdTOpETRIA KOl PACUATOOKOTTIA)

BaBuovounaoeic Kal YeETPNoEIC — SIapOETIKOI TOTTOI frames:

« distortion: o1 cikOveG TNV KApepa £xovy distortions €' aTiag Tev oTmIKWY SnNA. Eva
PACHA SV Eival ATTAPAITNTA YOAUMIKO (BAETTE TTAPASEIYUQ).

Balovupue PIia onueiakn TTNynN — Eva OTITIKO VAUA KOVTA OTN KABeuia
PELOOOXIOWN, PWTICOVTAC TNV WAOTE VA IXVNAQTICOLUE TO PACUA.
AIOPBWOoN: KAVOLUE TTOALWVLUIKO fit o€ 2 SiIaoTACEIC, AKOAOLOWVTAC TO EKACTOTE
PpAacua/ypauun kal S1IopOwVOoLPE TNV EKOVA JE AULTO.



dedopeva IFU (pdTOpETRIA KOl PACUATOOKOTTIA)

BaBuovounaoeic Kal YETPNOEIC — SIAPOPETIKOI TOTTOI frames:

« sky: &kBeon OTOV OLPAVO YIA TNV APAIPECN TOL KOTUIKOL LTTORABPOL, CLV KATTOIWY
YPAUMGYV EKTTOUTTNG TNG ATHOCPAIPAG (T1.X., OH) TTAéOV TOL CNPIATOG TNS TTNYNG.
Mpetel va £xel 610 XpOVOo EKBECNC HE TNV EIKOVA ATTO TNV OTTOIA Ba APpaIpeBEl.

Napdbdeyua mapatnpnong yaiadia amo target acquisition kapepa tov Very Large
Telescope: yia va ¢pavei o yala&iag TpeTTel va apalpedei 0 ovpavos UETAKIVVTAG TO TNAECKOTTIO.

H opoAoyia ummopei va aAAafel avaloya JE TIG KIVAOEIG TOL TNAECKOTTIOL, AAAQ CLXVA UIAGUE YIA
nod kal dither. Nod av ¢ival uikpo 10 offset kal 0 otoxog mapapeivel oto field-of-view TNG kAuepag.
Dither av oOx1. ETTiong vmapxel To chop, TTOL XENCIUOTTOIEITAI KLPIWS OTO PASIOPWVIKO KAl KIVEITAI
Eva 6eLTEPELOV PEPOG TNG SIATAENG (SELTEPEVLOV KATOTITOO N AAAO TUNUA).

IRAS23128



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

BaBuovounaoeic Kal YETPNOEIC — SIAPOPETIKOI TOTTOI frames:

« wavelength: Aduma ammo 1 ) meEpPICCOTELA OTOIXEIQ, TTOL PAG ETTITRETTOLY VA
BaBuovounooLUE TO PACUATOCKOTIIKO afova. MTopoLy, OTo LTTEPLOPO, avTi
AQUTTAG va Xpnoluotroinoovue Ta OH ta idia.

faiacia
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sedopéva IFU (pdTOpETPIO KAl (PACHUATOOKOTTIA)

ETTOEVO - KI QKOUA TTIO ONUAVTIKO TTPORANUC UE TNV ATHOCPAINA — YIATI ApoeA TTOAAD
UAKN KOPATOG: ATTOPEO(PNON TOL TTAPATNPOLHEVOL CHHUATOC AOY® (KLEIWS) LEPATUGV!
ALTO €ival TO PACKA TTOL TTEOKLTITEI OTAV APAIPECOLIE PACHA «OLEAVOL) ATTO TTNYNC!



dedopeva IFU (pdTOpETRIA KOl PACUATOOKOTTIA)

MOVO peTa TN 61I0pBWON TNS ATTOPEOPNCNG TNG ATHOCPAIPAC (TT.X., PACEI HOVTEAOUL)
UTTOPOLME VA KATAANEOLUE OTO PACUA ToL YaAaia TG TTapatnenong (NGC6328)
- To TPAYHATIKO CNUA €ival BAPPEVO KATGW ATTO TTOANG CLOTNUATIKA!

cO

bandheads
ATTO QTUOCPAIPEG ACTEPIWY TTOL €ival TTOAD KQVEG
(<3000K kai urropouvv va eminooLy Juoplia)



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

BaBuovounoeic:

telluric star: mapatpNon AoTPOL YVWOTOL PACHATIKOL TOTTOL KAl HETAAANIKOTNTAG
YIO TNV €VPECN TNG ATTOPPOPNONG TNS ATUOCPAIPAG. FiveTal ava 1 wpa.

Standard star: flux calibrator. NapaTtneeital yia va rmopEcoLE VA AVTIOTOIXNOOLUE TA
PWOTONAEKTOOVIA TTOL AGPapE o€ pon. EEapTaTal kal ammo Ta yeen TOL
TNAEOKOTTIOL AAAG Kal aTTO TN Peadia (seeing). Tiveral TavTa, 1 popaq,

oTNV Apxn N OTO TEAOC TNG TTAPATAENONG.
Qc telluric kar standard star ummopei va xpnoiuottoinBei kai n idia Tnyn.



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

Flux calibration: lNavra yiveral Bacel acTepiod YVWOTNG PONG.

[TOAANEC (POPEC OUWG, N PON SiVETAI KAl TAV PAIVOUEVO PEYEDOGS, APA TTPETTEI VA UTTOPOVME
va SOLAELOLE EITE PE TN IO TTOCOTNTA EITE PE TNV AAAN. YTTAPXOLY 2 CLOTAUATA
AVAPOPAC YIA VA KAVOLUE TN JETATOOTIN 0 M, TTOVTA oav m-my= -2.5 log(f/f;,).

1) Vega mag (KAQOOIKO): N pon Tou Vega o€ KABE UTtavTa avTIoTOIXE O€ UNSEVIKO
(PAIVOUEVO PEYEOOC M.

apa m =-2.5log(f) + zeropoint(v)
Ouwc o Vega ¢ixe 2 TooRANUATA — £XEl EKTTOUTIN OTO IR atto 6ioKO OKOVNG KAl £XEl OON
TTOL KATAVEUETAI PATUATIKA E TOOTTO SLOKOAOUVNUOVELTO. [1'ALTO TO AOYO,
AVTIKATAOTNONKE ATTO AAANO CLOTNUA, TO
2) AB mag (Mo TpoopaTo): 6w TO PNdevikO AB mag avTioToixei por F,=3631 Jy o€ OAa

TQ PNKN KOPATOG. H pory autn eival n idia pe Tov Vega otnv V band — ekei Ta S0VO
ocvoTNuaTta TavTtiCovtall Na avtn TN PO, EXOLUE

" av [f]: erg s~ cm 2 Hz™






dedopeva IFU (pdTOpETRIA KOl PACUATOOKOTTIA)

Napadciypara amo SINFONI data (IR IFU oto Very Large Telescope):

Dark (yIa TO OTITTONAEKTOOVIKO BOPLPRO):

- Acv exovpe {onUavTIKO} onpa €iTe aTo PEoa &ite €€ aTTo TO BOAO.

- TTAIPVOLUE TOOO OCA KAl Ta exposure times TV EKOVWY PAg, YIA OTTOIASNTTOTE

EIKOVA PAG evOIAPEPEI N POI), WOTE VA TA APAIPECOLUE. OLIWC, UTTOPE KAl VA N XEEIQOTOLV:
OTAV APAIPOLUE OLEAVO ATTO £IKOVA, APAIPOLVTAI KAI TA AVTIOTOIXA darks.



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

Napadciypara amo SINFONI data:

Flat (yia Tn S1apopeTikrn atmokpion TV pixel):
-EikOva opoyevoLS pTICUOL BOAOL UE AQUTTIa CLVEXOLG,
— N MEYIOTN TIKA TNG £€VTAONG KAVOVIKOTIOINUEVH OTN Hovada yId va apopd € TTOOOOTO
- eV LTTAPXEI CNUA EKTOG BOAOL (gival KAEIOTOC).



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

Napadciypara amo SINFONI data:

Linearity:

- EA&yxoLpE TTOTE N KAPEPA HAC SV AKOAOLOE YOAUUIKOTNTA OTN METATOOTIN PWTOVIWY OF€ €7,
KQll TTOTE ETTEQXETAI KOPETHOC.

- Kavooupe TOANATTAES PETPNOEIC, PIXVOVTAG OAO KAl TTEPICCOTEQO PWC, OPOYEVWGS TTAVTA
KOTAVEUNUEVO.



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

Napadciypara amo SINFONI data:

Distortion:

- DTICPOS ATTO OTITIKO VAHA YIA VA PJETPNTOLE ATTOKAICEIC TOL OTTTIKOL iXVOLS ATTO
YPAUMIKOTNTA. TO OTITIKO VAUA PTTaIvEl EVOAAE purrpooTta amo kaBe sliflet. ANalel peta n
Oeon ToUL.



dedopeva IFU (pdTOpETRIA KOl PACUATOOKOTTIA)

Napadciypara amo SINFONI data:

Sky subtraction: ESw n diakpitn mAnpogopia apopd ora OH. To KOOUIKO LTTORABED evvIdilO.
(OoTav PAeTovpe OHs, 0 BOAOC gival avoIxTog).



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

Napadciypara amo SINFONI data:

'EkBeon — €iTe yIa AoTEQ!, €iTe yia target (11.x. yaAagia). Inua oTov pacuaTooKoTTIKO+OH.
MG PTTOPOLPE VA TA EEXWPRICOLE;
1) ATTO TO XPOVO TTapaTnENONG (paivetal o oxeon ue Ta OH) kal TN

2) TO PEYEBOG TNG TTNYNG OTN XEIKN (UN PACUATOCKOTTIKN) KATELOLYVON TWV SESOUEVLIV:
O YOAQEIAG EKTETAUEVOGS



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

« Science frame - 0 oTOXOG paC.
KaBopIoTIKOG 0 XpOovog £kBeong oTav oxedlialove Pia TTapaTtnonon:

'ECTG OTI £XOLUE TTNYN YVWOTNC eoNG f Kal TNAECKOTTIO/OpYAVO YVWOTNG evaliconaoiag (10),
O XPOVOG ekBeoNC Ba kaBopIoTE ATTO TO TTNAIKO oNUaTog/60pLRO (S/N) GTO OTToIO
BEAOLIE VA PTACOLE. YTTEVOLUION: oNua/xEovo ~ pon f =L / (4TR?) = ( dE/dt) / (41TR?),
H pon eival oTaBepr) OTO XPOVO, WG ECWTEQIKN TTOOOTNTA TNG TTNYNG.

Ynua/signal (S): S~ f*n* Af, t=n*AT 1O ABPOICTIKO CNUA OTO CLVOAIKO XPOVO TWV EKBECEWY
UIOG EIKOVAG HEYAAGVEI YPAMHMIKA HE TO XPOVO
(T7.X., YIa pon ~10 pwToviwy evepyelag hv /sec, oe 10 sec Ba exovpe 100 pwTOVIQ)

©OPLROG/NVIsE: Tipi?= 02 + Op? ...+ O APA Tyt = N*AT * O > Ojy = (NAT)V2 0
YIQ €EKOECEIC OTABEPOL XPOVOL.

Apa signal/noise ratio:  S/N =f n At/ (nAT)20,= (f /o) (nAT)!/?
To S/N ratio av€dvel pe TNV TeTpayVvikn pia ToL XPOVOL OAOKANPWoNC!
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BAETTOLE oNA. TG EEpovpe OTI eival oNUAVTIKO. Eival auTtd To GHUa AvIXVELUEVO;

E€aptatal ammo 10 TTNAIKO S/N, TO OTTOIO JETPATAI ETTI TNG TEAIKNG £IKOVAG (YIA TO CLUVOAKO
XPOVO £KBEONG): TO CNUA PJETPATAI YVIA TNV EKACTOTE TTEQIOXN EVOIAPEOLOVTOC, O BOPLPROC
ATTO TTEQIOXEG PN AVIXVELONG CNUATOC. TO I610 I0XVEI YIA PWTOPETPIA KAl PACATOOKOTTIA.
KaBe eikova IFU kOPoL Ba £xel TTpopavaws AANO B0pLRO av aAANGEoLIE TN PACHATIKNA TOL
AvaAvbon. MeTa cuvNBWS BEToLE OPIO YIa avixvevon S/N>3 1) S/N>5.
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Aoknon:
Boeite TO S/N ratio ToL KUKAGWUEVOL VEPOLCS XPNOIUOTTOIVTAG TO pAcuA ToL oTa IFU data.

&?dg\fct: l/o“,se - o 4 S-(o'u j(j - 0.5 fm]jj ne b waddon QGQ( A/: ﬁo‘ oS~ 45 M%

L 2
jb\'a S:%,?} v 98 to % z (Qg””;r‘:j

.PP"‘ RIN nahe & Qo0
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¢ va priaovue evav kOPRO IFU yia dedopeva SINFONI
MUSE, kATT amo 10 Very Large Telescope tou ESO

Oié E 1794 2.35316 0.127913
0' 1 1 1 1

2 2.1 2.2 2.3
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Pre-pipeline
« Gasgano:

organising files into directories of calibration files, raw data, etc
(which otherwise come in a single directory, with files named after the observation time)
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Pre-pipeline
+ Before ESOREX (not yet included in the pipeline).

Removal of dark lines related with the detector reading (IDL code provided in cookbook)
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. _ o Pre-pipeline
+ Before ESOREX (not yet included in the pipeline).

Check of file type and exposure time, alternative to Gasgano, also in IDL

Terminal> gdl
GDL> .rshow_header_parameter

GDL> show_header_parameter,"KD/FornaxA/downloads",param="EXPTIME"

Then move files in corresponding directories (flat, dark, science, sky, ...)

Meplypa®n recipes oto manual

https://www.eso.org/sci/facllities/paranal/decommissioned/sinfoni/doc/VLT-MAN-ESO-14700-
4037_v2.0.pdf
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The pipeline
ESOREX installation

. Esorex modules are provided in multiple tar files (make sure to use the compatible version)
. Routines: some generic, some instrument related
. Ideal for the installation is to place all modules in a common directory. Installation order

cd /SciApps/esorex/cfitsio-3370

./configure --prefix=/SciApps/esorex --enable-shared --enable-reentrant
make shared

make install

cd /SciApps/esorex/wcslib-424
./configure --prefix=/SciApps/esorex
make

make install

cd /SciApps/esorex/fftw-334
./configure --prefix=/SciApps/esorex
make

make install

cd /SciApps/esorex/cpl-66

./configure --prefix=/SciApps/esorex --with-cfitsio=/SciApps/esorex --with-wcs=/SciApps/esorex --with-fftw=/SciApps/esorex
--enable-shared --enable-reentrant

make

make install

cd /SciApps/esorex/esorex-312

./configure --prefix=/SciApps/esorex --with-cfitsio=/SciApps/esorex --with-cpl=/SciApps/esorex
make

make install

(optional)

cd /SciApps/esorex/cpl-66/libcext
/configure --prefix=/SciApps/esorex
make

make install
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*  Untar the SINFONI recipes (sinfo-2.5.2) in /SciApps/esorex/lib/esopipes-plugins
and modify the etc/esorex.rc file to include:
esorex.caller.recipe-dir=/SciApps/esorex/lib/esopipes-plugins

* To see the available routines (and thus to test the installation), one needs to type in a terminal
> esorex --recipes

* To access aroutine:
> esorex routine_name INPUT_FILE

** Between some steps, you will need to set system variables in the terminal.

If you have a tcshell for example, you may need to modify your ~/.tcshrc file to include
setenv LD_LIBRARY_PATH ${LD_LIBRARY_PATH}:/tools/esorex/lib:/tools/esorex/cfitsio-3370:/tools/esorex/cpl-66/

Please read the INSTALL/README file of each tarball.

It helps to also add these to the path to run the routines from any directory
setenv PATH ${PATH}:/tools/esorex/gasgano/bin:/tools/esorex/bin
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Running ESOREX

Calibration-related routines: most of the pipeline steps are related to the creation of calib files.
In order, these concern:

(1) the detector linearity
> esorex sinfo_rec_detlin linearitylist

The input file linearitylist contains LINEARITY_LAMP files

linearity/SINFO.2014-09-27T11:23:48.410.fits LINEARITY_LAMP
linearity/SINFO.2014-09-27T11:24:14.344 fits LINEARITY_LAMP
linearity/SINFO.2014-09-27T11:24:38.295 fits LINEARITY_LAMP
linearity/SINFO.2014-09-27T11:25:47.359.fits LINEARITY_LAMP
linearity/SINFO.2014-09-27T11:26:53.151.fits LINEARITY_LAMP

Main output:  out_bp_lin.fits - Non linear pixel map



dedopeva IFU (pTOUETRIA KAl (PACATOOKOTTIA)

Calibration-related routines: most of the pipeline steps are related to the creation of calib files.
In order, these concern:

(2) the creation of master darks
> esorex sinfo_rec_mdark darklist

The input file darklist contains DARK files

dark/SINFO.2014-10-10T11:03:08.976.fits DARK
dark/SINFO.2014-10-10T11:03:30.914.fits DARK
dark/SINFO.2014-10-10T11:03:52.855.fits DARK
dark/SINFO.2014-10-11T10:21:13.667.fits DARK

Main output:  out_dark0.fits - Dark for exposure time 1
out_darkl1.fits - Dark for exposure time 2
out_bp_noise0.fits — Outliers in the dark frames for exp. time 1
out_bp_noise2.fits — Outliers in the dark frames for exp. time 2
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Calibration-related routines: most of the pipeline steps are related to the creation of calib files.
In order, these concern:

(3) the creation of a master flat field
> esorex sinfo_rec_mflat flatlist_bptime600

The input file flatlist_bptime600 contains

flat/SINFO.2014-10-11T11:47:42.668.fits FLAT_LAMP
flat/SINFO.2014-10-11T11:48:49.525 fits FLAT_LAMP
flat/SINFO.2014-10-11T11:49:53.344 fits FLAT_LAMP

out_bp_noise0.fits BP_MAP_HP
out_bp_lin.fits BP_MAP_NL
/SciApps/esorex/sinfo-calib-2.5.2/cal/REF_BP_MAP-fits REF_BP_MAP

/SciApps/esorex/sinfo-calib-2.5.2/cal/SLIT_POS_H_250.fits SLIT_POS

Main output: out_flat.fits MASTER_FLAT LAMP master flatfield image
out_bpmap_sum.fits MASTER_BP_MAP master bad pixel map
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Calibration-related routines: most of the pipeline steps are related to the creation of calib files.
In order, these concern:

(4) computation of the distortion correction matrix
> esorex sinfo_rec_distortion distortion_list 10 11

The input file flatlist_bptime600 contains
distortion/SINFO.2014-10-11T13:55:21.889.fits FIBRE_NS
distortion/SINFO.2014-10-11T13:55:49.828.fits FIBRE_NS
distortion/SINFO.2014-10-11T13:58:05.971.fits FLAT NS
distortion/SINFO.2014-10-11T14:00:18.463.fits WAVE_NS
/SciApps/esorex/sinfo-calib-2.5.2/cal/neonK.fits REF_LINE_ARC
/SciApps/esorex/sinfo-calib-2.5.2/cal/drs_setup_wave.fits DRS_SETUP_WAVE
/SciApps/esorex/sinfo-calib-2.5.2/cal/SLIT_POS_H_250.fits SLIT_POS

Main output: out_flat.fits MASTER_FLAT LAMP master flat field image
out_distortion.fits DISTORTION table computed optical distortions
out_distances.fits SLITLETS _DISTANCE table with computed slitlet distances
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Calibration-related routines: most of the pipeline steps are related to the creation of calib files.
In order, these concern:

(5) computation of the wavelength calibration matrix

> esorex sinfo_rec_wavecal wavecallist

The input file wavecallist contains

wave/SINFO.2014-10-11T11:52:52.511 fits WAVE_LAMP
wave/SINFO.2014-10-11T11:52:15.860.fits WAVE_LAMP

out_flat.fits MASTER_FLAT LAMP
out_bpmap_sum fits MASTER_BP_MAP
out_distortion.fits DISTORTION
/SciApps/esorex/sinfo-calib-2.5.2/cal/neonkK fits REF_LINE_ARC
/SciApps/esorex/sinfo-calib-2.5.2/cal/drs_setup_wave.fits DRS_SETUP_WAVE
/SciApps/esorex/sinfo-calib-2.5.2/cal/SLIT_POS_H_250.fits SLIT_POS

Main output: out_wavemap_ima.fits WAVE_MAP wavelength map image
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Calibration-related routines: most of the pipeline steps are related to the creation of calib files.
In order, these concern:

(5) computation of the wavelength calibration matrix:
Sky can lead to a better result- but need to be provided manually & patterns are repetitive.
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Data reduction routine: last of the (basic) pipeline which does everything to the science frames.
> esorex sinfo_rec_jitter jitterlist_science

- Application of previous corrections (dark, flat, application of distortion & wavelength matrix, bp)
- sky subtraction, reconstruction of 3D cubes, creation of the mosaic from different dither positions.

The input file jitterlist_science contains (at least) the following information:

science_10_11_2014/SINFO.2014-10-11T08:24:21.858.fits OBJECT_NODDING
science_10_11_2014/SINFO.2014-10-11T08:34:56.280.fits SKY_NODDING
science_10_11_2014/SINFO.2014-10-11T08:45:30.706.fits OBJECT_NODDING
science_10_11_2014/SINFO.2014-10-11T08:34:56.280.fits SKY_NODDING

calib_10_11 2014/out_flat fits MASTER_FLAT LAMP
calib_10_11 2014/out_bpmap_sum.fits MASTER_BP_MAP
calib_10 11 2014/out_wavemap_ima.fits WAVE_MAP
calib_10_11 2014/out_distances.fits SLITLETS_DISTANCE
calib_10_11 2014/out_distortion.fits DISTORTION

/SciApps/esorex/sinfo-calib-2.5.2/cal/SLIT_POS_H_250.fits SLIT_POS
/path_file_cdb/ATM_REF_CORR_J 025.fits ATM_REF_CORR (OPTIONAL)
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Data reduction routine: last of the (basic) pipeline which does everything to the science frames.

> esorex sinfo_rec_jitter jitterlist_science

- Application of previous corrections (dark, flat, application of distortion & wavelength matrix, bp)
- sky subtraction, reconstruction of 3D cubes, creation of the mosaic from different dither positions.

The main output

out_cube_objNN.fits cube, NN=00,01,.. - reconstructed from the slitlet position
out_skyNN_med.fits stacked sky image
out_objnod.fits coadded cube (all jitter positions)

If for star, with appropriate keywords, then also

out_ao_performance.fits table with strehl information
out_psf.fits

out_std_star_spectrum.fits table with extracted spectrum and efficiency
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Data reduction routine: last of the (basic) pipeline which does everything to the science frames.

> esorex sinfo_rec_jitter jitterlist_science

NOTES

* Sky subtraction:
worth finding out which is the best sky to subtract from each frame by using sky exposures

other than the immediately next. To do so, one needs to change the order of sky frames in the input file.
(Software by Ric Davies for ABA observing sequence — not ideal strategy for remote observing due to few skies acquired)

* Running one set of on-off positions at a time (instead of all science and sky frames together)
- Will do that anyway if the observations have been executed in >1 nights.
- Adjust the atmospheric correction and the flux calibration for each frame, which vary with time,
- Correct for errors in the dither position: add a manual offset correction due to seeing (if in no AO),
in addition to the CUMOFFSETX, CUMOFFSETY keywords automatically used to shift images
- In the same way, obtain the maximum possible field covered by the data.
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NOT DONE YET!!!!

Things that remain to be done:
- Atmospheric absorption removal:
This includes the extraction of a (high S/N) stellar spectrum,
the removal of intrinsic absorption (that creates artificial emission when divided away),
and the scaling of the spectrum (due to changes in the atmosphere during the integration).
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NOT DONE YET!!!!

Things that remain to be done:
- Flux calibration: stellar counts/second to Jy using known magnitude...
- Merging of data in one mosaic (and corresponding depth map)

These can be done with the aid of external software
or by editing the pipeline files at /SciApps/esorex/sinfo-252/recipes (written in c).
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* QFitsView: 3D-cube display, kinematic maps derivation, ..., alternative to ds9
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Post-pipeline: examining/analyzing the data

MAPPING: Software of IRAM’s PdB interferometer....
(Can facilitate the identification of weak sources by eye @different V, easy position-velocity diagrams)

For a cube converted in, e.g., velocity, in the MAPPING terminal, type
fits SINFONI_velocity_cube.fits to SINFONI_cube.Imv-clean
let name SINFONI_cube; let type Imv-clean; go view

cube Fell pv.lmv—clean
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