MeToabl MAaHOPAaMHOW CMEKTPOCKOMNUM

Jlekuuns 1.

O 4yém 3ToT Kypc? BBeaeHue:
npobs1eMbl KITACCUYECKOWN LLIENEBOW CMEKTPOCKOMNN, NMOHATUE
Kyba aaHHbIX. IcTopmst MeETOAQ, OCHOBHbIE TUMbI CNEKTpOrpadoB.



O yeM 3TOT KypC?

- PaccMoTpuM pasHble peanusaumn metoga 3D cnekTpockonuu («Bce
Kflaccuyeckme cnektporpadbl MOX0XW Apyr Ha Apyra, a BOT
NaHOpPaMHbIE...>»)

- U 10, uTO Aenaetca (n aenanocb) Ha BTA B 3TOM Hanpas/fieHUN
» OcHoBHble naen o6paboTkun, aHanM3a n BU3yasinsaumm AaHHbIX

- Mpnmepbl NnpuMeHeHus (bosblue Yynop Ha BHeranakTunyeckmne
NccneaoBaHns N MaccoBble 0630pbhl).

- [IpuHUMNbI U3MEPEHUS DU3NYECKMX NAPAMETPOB ranakTUK U TYMaHHOCTEN
(KMHeMaTuka, XMMCoCTaB, NapamMeTpbl MIOHMU3ALMN, 3BE3AHOE HACE/IEHNE)

CBs13b C KypcoM «MHOropeXXMMHbIN oKasnbHbIM peaykTop BTA» :
- HanoMHunM 6a30Bble MOHATUS (CrnekTporpadg, LWMPOKOLLETbHOCTb)
- CkaHupyowmmn nHtepdepometp ®abpu-llepo



3a4yeM 3TOT KypcC?

Cenvac 3D-cnektporpadbl — Ha MHOMMX CpeaHux 1 6onbLUMX Teneckonax
(Ha 6-m teneckone bTA: SCORPIO-2/IFU & FPI)

B 6nuxanwem (Hageemcs) byayLuem:
NIRSpec n MIRI Ha 6opTty JWST

Piate-IFU: 815412702 Cube Quality: Good
o =
OBJRA, 437904849573 -0.177841101" 978
|
o OTKpbITble AaHHbIe 0630poB
DAP
(CALIFA, MaNGA, SAMI...)
Spectrum in Spaxel (j,))=(37,37) at RA, Dec = (43.790485, -0.17786110000000122)
— Flux— Mode! Fit
z SpHfire, g rfMAﬁM/W ‘M
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3anncK 1 MaTepuarsnbl — CCbINIKM Ha MOEN CTPaHUYKe

https://www.sao.ru/ha/moisav (Tam e 1 Kypc No peayKTopy CBETOCHIbI)

Anekceu MouceesB Switch to English R

OcHoBHas Cv My6nukayuu KoHdepeHuyuu @ TYAEHTbI CeMbs

3apaecteyiTe! 3T0 NM4Has cTpaHuyka Anekces Mowuceeea, A4.¢.-M.H., BegyLwiero
Hay4HOro COTpyaHWKa Hawew Jlabopatopuu . A - OTBETCTBEHHbIM 32 MeTod HabnaeHwn
SCORPIO-2 Ha 6-m Teneckone CAO PAH. Takke s pyKOBOXY acTpoiu3n4eckum
cemuHapom CAO PAH, fBNsOCL YNeHOM peaKonneruy XXypHanos "AcTpoduanyeckum
BronneteHb” u "Galaxies", BxoXy B gucceprauvoHHbiv coset [] 002.203.01 CAO PAH.

Mowu Hay4Hble MHTEpeck! Nexar B 06nacTu BHeranakTU4eckoi acTPOHOMMM C
0coBeHHbIM BHUMaHUEM Ha TeXHWKY HabnioaeHwi:

* Mopdonorva v KhHemMaTvKa ranakTuk pa3nyMyHbIX TMNOB: NEKyNApHbIe,
B3aUMOAeNCTBYILWMe, ranakTvky C NONAPHLIMK KONbUaMu U T.4.

* [poueccsl 06paTHOW CBR3K B ranakTukax: Bo3gercreve obnacrew
3Be3000pa30BaHnA Ha MeX3Be3qHyH cpeay, ranakTUyecKkui BeTep.

o [@nakTvKu C aKTUBHLIMW ROPaMK U KX OKPYXEeHUEe: KOHYCa MOHW3aUWK,
BO3OENCTBUE [KETOB Ha ra3osyo cpeay.

o MeTtoabl 3D-CNeKTpOoCKONMK: MHTErpanbHO-NoNeBbIe CNeKTporpadmel,
CKaHvpyrLwwme uHtepgepomeTpel @abpu-lfepo, nepectpaveaemMbie HUNLTPLI.

[MOCTORHHO UCNONb3YeMbIe CChIKK:

7 |

E-mail: moisav@sao.ru, moisavi@gmail.com

Web
Pabouwii TenedoH:+7-87822-93-396 Plot
Digitizer

Mou 6noru u 6ubnuomeTpusn

® f wwie ()
O zen  WWEWEF Scholar

livejournal facebook Bxowrakre  Twitter UCTUHA Res. gate
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LLlenb: cnekTporpad Kak Teneckonuyeckas cucrteMa

| b AL s (f2/Dy)

) D, D, o (f1/Dn)
T Image
slit v of slit

Cnektporpad CTpOUT CEPUID MOHOXPOMAaTUYECKUX WN306pa)KeHMU BXOAHOM
LLEeNN, NO3TOMY AN HAaC BaXXHO TOJIbKO TO, YTO pPELUETKA Pa3BOAUT Jlyun C
pa3HbIMWU AJIMHaMU BOJH, T.€. 06/1agaeT Aucnepcren.

Detector |

AN

Cwm. Jlekyuro 2
"MHoz2opexxumHbIt ghokarnbHbIt pedykmop..”
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LLlenb: BbI6Op LLUMPUHDI

Ha npakTtuke, “HopManbHas wenb” — 370 wenb, FWHM kotopou (B
NpoeKuun Ha AeTeKTop) paBHaeTcs 2.5-3 nukcens

(D2/ f2)
(Dr/fr)

«— f,— o (D2/ f2) _
I D1/ F1)

J Image

of slit
LLinpnHa “HopManbHOM LWenn” — NponopLUnoHanbHa CBETOCUNE
KaMepbl, @ YeM CBETOCU/IbHEE KaMepa — TeM 6onblle C HEN

npobnem.

(2.5 +3) [px]

C Apyrov CTOpOHbI, YeM Wnpe wWwenb (B YrinoBon Mepe), TEM nydlle y

OnTuManbHas LMPOKOLLENBHOCTb — KOrAa LUMPWHA HOPMasibHOM LLENU
DABHSIETCS NPOCTPAHCTBEHHOMY pa3peLleHnto Ha Teneckone (B HaLLMX

YC/TOBUSIX 3TO pa3Mep 3Be3/HbIX N30bpaxxeHun — seeing)



B=2.0" B=3.0"

LLlenb: noTtepu ceeTa

[MonpaBka 3a WeNb 3aBUCUT HE TOSIbKO OT
KayecTBa M306paXeHnn, HO n OT
TOYHOCTU HaBeAeHUS

Pacyet notepb ceeta Ha 1" Wwenu Ans AByX BApUAHTOB (PYHKLUM pacnpeaenieHus:
SOR" " ] G108 e L
Gaussian: Moffat:
* (1+(r/p)?)”

exp(-ré/20°)

60

Flux (%)

Flux (%)

Ax (arcsec)

Ax (arcsec)

Cm. Jlekyuro 2
"MHoz2opexxumHbItU ghoKarbHbIU pedykmop..”

u cmamabto Moucees (2008AstBu..63...70 )



ATMOCdepHas ancrnepcus

OHa xe anddepeHumnanbHas pedpakums

aTMoCdepbl: U3MeHeHue yria pedpakumm d
CBETOBOrO Jly4a OT ero AJ/IMHbI BOJHbI. A

ATMocpepHas amucnepcnsa n CAO:

Cnekn-uHteppepometp bTA nmeet
KOMMeHcaTop aTMochepHOM ANCNEPCUM

Hapo ctapatbcsl, uTobbl Wenb cnekTporpada coBnaaasna C HanpaBneHneM
aTMocdepHon aucnepcum, T.e. bbiia BepTUKasbHa.

Onsa SCORPIO/SCORPIO-2 370 03HayaeT, 4to PA(table)=132°
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CpaBHEHME LENEBON M MAHOPAMHOM CMEKTPOCKOMUn

(MJIMHHAA 1HeJIb) 3D

Moucees, «Memodbi naHopamHou criekmpockonuuy, 2021, nekyus 1



CpaBHEHME LENEBON M MAHOPAMHOM CMEKTPOCKOMUn

— ; 3D
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CpaBHEHME LENEBON M MAHOPAMHOM CMEKTPOCKOMUn
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CpaBHEHME LENEBON M MAHOPAMHOM CMEKTPOCKOMUn
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CpaBHEHME LENEBON M MAHOPAMHOM CMEKTPOCKOMUn
3D
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CpaBHEHME LENEBON M MAHOPAMHOM CMEKTPOCKOMUn

(MJIMHHAA 1HeJIb)
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Ky6 naHHbIX
v 1

JInHHAs 1Ienb

Muarepdepomerp Pabpu-Ilepo
Cnekrporpadsl
MuTerpansHOTo
TOJIS

| lMepesit ky6

’ OaHHbIX (8 onMmuke):
~ Tully (1974) f




®parMeHT Kyba AaHHbIX

Relative Intensity
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MPFS: J1004+4112
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Popovic, Afanasiev et al
2020, A&A, 634, A2



MPFS: J1004+4112

k-

Popovic, Afanasiev et al
2020, A&A, 634, A2
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TepMuHonorus

- 2D (bidimensional) cnektpockonus K koHuy 90r — Havany 00x
npespaTtunacb B 3D (tridimensional)... MeToa He MeHsnICcH, HO
6osnbluee Yncno pa3MepHOCTEN BbIMMSAAEN0 CONMUAHEN, KyD BCe-TaKu

- Cenyvac 4aule roBopsaT npocto «3D», nnn «integral-field», ecnn 3To
He nHrepcdepometTp ®abpu-rfiepo nnm He dypbe-cnekrporpad

- IFS=Integral-field spectrograph/spectroscopy
- IFU=Intergal Field Unit

- Ky6 paHHbIX (data cube) — npuwen n3 paanoacTpoHOMmnKM, BMeCTe C
MHOroMepHbIM FITS

- Spaxel = Spatial pixel — npocTpaHCTBEHHbIN 3NIEMEHT



OcHOBHbIe acTpodU3nYecKne NpUNoXeHUs

1. IlenTpanbHble 001aCTU OJU3KMX TaJIaKTHK:

- IBUKCHUSI MIOHU30BAHHOTO Ia3a v 3BE3]
- 3B€3JJHOE HACEJICHUE, XUMUYECKHU BBIJICIICHHBIE AApa
- AGN: xapaKTE€pUCTHUKHU ra3a BOJIM3M aKTUBHOTO s/Apa

2. Jlamexue 0ObEKTHI:

- DBOJIONUA paJAOTaATaKTHK
- Monn30BaHHBIN Ta3 B 000J10YKaxX KBa3apoB
- [’ paBuTalIMOHHBIE TUH3BI

3. Hamia I'amakTuka:

- IKEThI U3 MOJIOJBIX 3BE€31, 00bEKThl XepOura-Apo
- TYMAHHOCTH BOKpYT MaccuBHbIX 38311 (WR u LBV)
- OCTaTKH B3PbIBA CBEPXHOBBIX

4. COekTpoCKonus 3B€37000pa3HbIX 0OBEKTOB HAa IPKOM (DOHE

- INIAHCTAPHbBIC TYMAHHOCTH, YHUKAJIbBHBIC 3BC31bl B IPYI'UX
raJJakTukax



cTopusa meTtoaa: BHOBb, nepBbiM 6bin G. Courtes...

Courtes (1960s) — Bo3poxaeHne HabntoaeHnn c 3tanoHoM ®abpu-lepo
Courtes (1980) — onncaHa naes cnekTporpada MHTErpanbHOro nons
Courtes (1982) — naes BonokoHHOro 6/10ka B COYETAHUN C IMH30BbLIM
Bacon et al (1988) — TIGER (nnH3b1)/CFHT

Afanasiev et al (1990) — MPFS (nnH3bl + BOoNoKHA)/BTA

[danee Be3ae, Ha 60MbLWINX U MasnbIX Teneckonax.
B kocMoce — 6yaeT Ha JWST



PusLICATIONS OF THE ASTRONOMICAL SOCIETY OF THE Paciric

92:8558-862, December 1580

[lpoToTun IFS

A FIBER-OPTICS DISSECTOR FOR SPECTROSCOPY
OF NEBULOSITIES AROUND QUASARS AND SIMILAR OBJECTS

Vanderriest (1980):
2.2m Mauna Kea
Total of 205 fibers, 100mu core

C. VANDERRIEST®

Observatoire de Paris-Meudon, Meudon, France

860 C. VANDERRIEST
0 Il 4959-5007 Night Sky Lines
Successive
rows of
main field [~

(object)
\ y Sky
/

Vi

169-field + 36-sky

Fent_q d’emree_
du spectrographe —

Configuration « Argus »

C. VaNDERRIEST, G. COURTES, J. DONAS J. Optics (Paris), 1984, vol. 15,
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Georges Courtes

Co cBOMM $OKanbHbIM peayKTopoM KypTec HeoaHOKPaTHO Npuesan i

KpynHenwmnn B Mmupe. ®oto u3 cbopHuka "Mcropua CAO PAH B dotorp
7 A B 3

' \$ o 1

£4 |

’
-

J

Pomo 4. Habmooamenvnas xomanoa, euinoanscuwan na bTA 0bzop owaco63eez0000-
pazoeanun ¢ caraxmuxax M31 u M33. Cnpaea nareso: "nanawa" K. Kypmec, C.H.
Hooonoe, Il. Cuean, B.JI. Apanacwves, B.E. Kapauenyeca, A. Ilemu, I J]. Kapauenyee

u K. bviecmexc.

https://moisav.livejournal.com/494842 .html

24 avril 1925 - 31 octobre 2019

L'Académie des sciences a le |
faire part du déces de Georges
le 31 octobre 2019, a l'age
quatorze ans. Il avait été
I'’Académie le 8 mars 1982,
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An Integral Field Spectrograph (IFS) for Large Telescopes
Courtes 1982:

Instrumentation for Astronomy with Large Optical
Telescopes,

Proceedings of IAU Collog. 67, held in
Zelenchukskaya, USSR, September 8-10, 1981

t, «MemoOdbI naHopamHoUu criekmpockonuuy, 2021, nekyus 1



An Integral Field Spectrograph (IFS) for Large Telescopes

Courtes 1982:

Instrumentation for Astronomy v
Telescopes,

Proceedings of IAU Colloq. 67,
Zelenchukskaya, USSR, Septer
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Figure 1. Integral Field Spectrograph: The array of lenses 1 is placed in the telescope focal plane
and produces a chequer pattern of exit pupils; the focal reducer L0102, equipped with a Carpenter
prism-grating P, gives a two-dimensional distribution of the spectra corresponding to each pupil.




using them in series with a multi-lens array. The flux ¢}; admitted at
the front end of a fibre bundle is limited for two reasons:

(1)

for a hexagonal distribution of fibres (Figure 2), @#; is less
than the incident flux @ and even in the most favourable case
¢1- 0.89¢o

(8]

the diameter of the most efficient area is related to the type
of fibre used but is always smaller (dotted circle in Fig. 2)
than the fibre diameter| (in the mode of reflection or refractive
index variations). Other losses are due to defects of the
circular contour of the fibres.

Figure 2. Hexagonal distribution of fibres; the zone of high efficiency

at the entrance to each fibre is the core denoted by a dotted
circle.



ABSTRACT: A combination of an array of small lenses together with fibre
optics can be used to produce a high transmission spectrograph which can
record the spectra of many image elements simultaneously. Such a design

may play an important role in ground based observations preparing for
the NASA-ESA Space Telescope programmes.

Figure 3.
transmitted to a spectrograph slit,

Integral Field Spectrograph (IFS) showing the application in which all image elements are

The components shown are: the field lens in the focal plane of
the telescope, the enlarging lens, the secondary field lens, the array of square shaped lenses, and

the fibres going from the exit pupil to the slit.




TIGER: Traitement Intégral des Galaxies par I'Etude de leaurs Raies

Yced CCD

MHUKPO3PAYKH

MHUKPOJHUH3bI

Bacon et al. (1988, 199)5)




Bacon + 1988: nepsbie pe3ynbtathl 3.6m CFHT (Bcero 4 umtnpoBaHus B ADS!)
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Figure 4 : Raw image in spectrographic mode

0 200 400 800
Figure 7 : Monochromatic map in [NII]-Ha

of the nuclear region of M 51

Figure 8 : Velocity field from the line [NII] 8584 |

LB T T L T -
200 i AD.U. ] CONCLUSION:
TIGER seems to be a good solution to the problem of integral
150 _ (N) _ field spectroscopy. It allows the obtention of a high spatial resolution
] in a wide spectral range, and can be adapted easyly to any telescope.
- Hg‘l Moreover, as the micro-lenses can have a square section, a perfect
100 _ ) covering of the field can be achieved without any light loss between the
| [omr] 1 elements of the spatial sampling.
S0 T The simplicity of the mechanical and electronical design should
t 4 make TIGER a reliable instrument; this, combined with a very high time-
Angstroem
0 s L T ! Ll — efficiency, gives an instrument well suited for large telescopes and
4500 5000 5500 8000 8500

Figure 8 : Spectrum of M 51 with a medium dispersion (R = 1100)

VLT's, where trouble-free

combined.

operation

and ultimate performance must be

Moucees, «MemodbI naHopamHou criekmpockonuu», 2021, nekyusi 1



SAURON: Spectroscopic Areal Unit for Research on Optical Nebulae

44x35 KBagpaTHBIX JINH3

a) arcsec
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INTEGRAL on WHT
Arribas et al. 1998
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| _.'__ o 3 fiber bundles:
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PPAK — Mo3aunka cnekTpoB B ranaktmke NGC 628

| NGC 628
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Multi Pupil Fiber Spectrograph: nuH3bl + BO/IOKHa

[Ipo0JIEMBI ITYYKOB CBETOBOJIOKOH:: Afanasiev et al (1990, 2001)

1. ®akTop 3amoJIHEHUS:

2. Jlerpaganus aneprypsl:

b

Moucees, «Memodbi naHopamHou criekmpockonuuy, 2021, nekyus 1
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A Multi Unit Spectroscopic Explorer - MUSE

Observational Parameters

l Spectral range (simultaneous) ] 0.465-0.93 pm
Resolving power 2000€0.46 pm
Wide Field Mode (WFM)
Ficld of view ix1 arcmin®
Gain in ensquared energy within
one pixel with respect to seeing _
Sky coverage with AO

Limiting magnitude in 80h 8 = 25.0 (R=3500)
I.e = 26.7 (R=180)

3' MGS seareh diameter

-
‘ Elongated
LGS spot {#«}




MUSE: TymMaHHOCTbL OpUMOHa

6 X 5 arcmin red: [S 11] 6731

Weilbacher et al 2015 blue: Hbeta,
green: [N 1] 6584

http://muse-vlt.eu/science/m42/

Ronald Bacon plenary talk,
EWASS-2019

red: [O Ill] 5007
green: [O 1l] 7320
blue: [O 1] 6300



SDSS MaNGA: Mapping Nearby Galaxies at APO

SDSS-IV Dissects 10,000 Galaxies
in Nearby Universe
.

= .
/ ‘:'..;;..'_,::,::::;:\‘y
$3%

233

$

}§§§§1§izﬁ-




SDSS MaNGA: Mapping Nearby Galaxies at APO

A face-on spiral galaxy seen by MaNGA - the red The same spiral galaxy, now showing circles for the
hexagon shows the coverage of the MaNGA IFU

instrument ‘
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(OaHHble OOMKHbI ObITb OTKPLITHI
K KOHLly 3TOro roga)
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Moucees, «Memodbi naHopamHou criekmpockonuuy, 2021, nekyusi 1



MHOroo6beKTHbIM MAaHOPaMHbIW CnekTporpad

IFU Techniques: Optical Fibres

FLAMES - VLT
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KMOS: K-band Multi-Object Spectroaraph

* Instrument capabilities
— VLT 8m

— 24 MOS probes, 2.8x2.8 arcsec each, sampled at
0.2 arcsec (14 slices)

— 4704 spatial elements total (188 arcsec?)
— 7.2 arcmin diameter patrol field

— 0.8-2.5 umrange

— 1000 spectral elements (R~3600)

— &£=0.3 * telescope * atmosphere




3a4yeM Tak MHOro Bcero? PelueHue pa3sHbiX 3aaau!
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AN INTEGRAL FIELD SPECTROGRAPH (IFS) FOR LARGE TELESCOPES

G. COURTES

Laboratoire d'Astronomie Spatiale du CNRS, Marseille
et Observatoire de Marseille

ABSTRACT:

A combination of an array of small lenses together with fibre
optics can be used to produce a high transmission spectrograph which can
record the spectra of many image elements simultaneously. Such a design

may play an important role in ground based observations preparing for
the NASA-ESA Space Telescope programmes.



https://ui.adsabs.harvard.edu/abs/1982ASSL...92..123C/abstract

