MeToabl MAaHOPaAMHOW CNEKTPOCKOMUU

Jlekyusa 3.

[lpenmMyLLecTBa U HeAOCTATKM CnekTporpadoB C BOSIOKOHHbIM
6noKkoM. 'ekcaroHasibHOe pacronioXeHue 3neMeHToB. KapThl
NapaMeTpoB MOHM30BAHHOIO rasa. Cnekrporpadbl U MNPOEKThI:
INTEGRAL, GMOS, CALIFA, VIRUS-P. MHoroobbekTHas
naHopaMHagqa cnektpockonuda: MaNGA, SAMI



JINH30BbIM PacTp VS BOSTOKOHHbIN 610K

+ 100% nokpbITUE NonNs 3peHUs

+ 3KOHOMUSI HAa ONTUKE Nepebpoca

+ MOXHO caernaTtb KBadpaTtHbIn spaxel
+ 6onbLoe none (Ho 3a cyer
crnekTparnbHOro gnanasoHa)

| l - HeahbdekTnBHoe ncnonb3oBaHune NMN3C
- OrpaHn4yeHne cnekTpanbHOro a-Ha

+ adbpekTnBHOE Ucnonb3oBaHme MN3C (nnoTHas
yrnakoBKa CMeKTpoB)

+ MOXXHO J1erkKO pa3BeCTU CBET Ha HECKOMbKO
cnekTtporpadoB

+ yOooOHO 3aBOAUTb CMEKTP HOYHOro Heba

+ OTKa3 OT ONTUKN YBENNYUTESEN

+ MHOroO6bLEKTHAsA CNEKTPOCKOMNUS

- MOTEPU CBETA MeXOY BONIOKHAMM
- Bce npobrnemMbl BONOKOHHOW ONTUKM
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“HaunBHbIN" B3rnaa Ha CBETOBOAbI: “"MPOBOAUT CBET Kyaa XOTUM”

Ho peanbHOCTL CIOXHee...



HeMHoro Teopumn: YncnoBas anepTypa BOSIOKHA

[TonHOEe BHYTPEHHE

E e cladding
full acceptance | OoTpaxXeHne TOJIbKO B
e .~ . npepenax onpeneneHHoro
| T = yrna K onTM4eckom ocu
Ng Al — / (orpaHuyeHne Ha
. core cBeTocuny)

Yucnosasa anepTypa = CMHYC MakCUMarbHOro BXOAHOTO yrna ( ny=1):
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Y : TunnyHble BENNYUHBI
TO AaeT Anda CBETOCUIbI. NA=0.1-0.3
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[Mpn NA=0.22 nonyyaem orpaHM4eHne Ha MakCcUMarbHY BXOAHYHO ceBeTocuny F/2.3,
YTO BbINOSIHUMO.
Ho npobnema ¢ “perpagaumen” BbIXogHOW CBETOCUIIbI
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[derpagauns @okanbHOro OTHOLLUEHUS
Focal Ratio Degradation (FRD)

Ha Bbixoae yron pasxoxgeHus nyden ctaHoButcs 6onbLue.
[nnHa n n3rnbbl BONOKHa OKa3blBalOTCSA BaXXHbIMU A1A
: ‘NnepemMeLlunBaHUSA” My4yKkoB, 3alleiwmMMn Nog pasHbiMm
Flo — et - - yrnamu.
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Figure g. Origin of the FRD in optical fibres
Figure 10. Loss of efficiency by FRD

scrambling fiber - “xopoluee nepemelunBaHme ceeta’:
TepsieTca MHdopMaumsa O pacnpenesieHnn SpKoCcTn Ha
BXO[€E B BOJSIOKHO
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BnugaHue nsrmba Ha FRD

Ahsolute flux (%)

Absolute flux (%)
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N3rmnbbl, paccesHmne Ha
HeoaHOPOAHOCTAX cpeabl,
neopmaunm KpyveHus — Bce
NpuBOAUT K Aerpagaunm BbIXO4HOro
dooKkanbHOro OTHoLLEHUA!

OTHOCUKTENbHAasA Aerpagauns
cunbHee Ansg MeHee CBEeTOCUIbHbIX
BXOJHbIX My4KOB.

B cpaBHeHUM C knaccnyecmm
cnekTporpadom, bonee xecTtkue
TpeboBaHMA Ha cBeTOCUNY
KonnumMmaTopa v Kamepbl
cnekTporpada (CnoxHee n Oopoxe)

https://spectroscopy.wordpress.com
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[loTepu Ha NPOMNycKaHMEe BOIOKHA

Absolute Transmission

PeanbHbi npumep ¢ IFS VIRUS (Murphy +08)

Transmission WITHOUT Coverplates (Mean) Transmission WITH Coverplates (Mean)
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Haunbonee KpUTUYHO B CMHEN HYaCTu CreKTpa.
EcTb elle 1 ppeHeneBckMe NoTepun Ha Topuax (MOXHO yopaTb NPOCBETIIEHUEM)
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[lmamMeTp BOJIOKHA

OcHoBHag obnactb npumMeHeHuns - HEactpoHomus
TununyHble pasmepsbl: 120-250 pm

=> Ha BbTA a10o 1-2" B ookanbHOW NSIOCKOCTU, MOXHO
paboTatb Oe3 yBenuuutens. = .

Ho TOT XXe anameTp okasbiBaeTCs KPUTUYHLIM, KOrga e I
cTapaemcs 3anosfiHUTb LWenb MioTHeE: — B
[docTtaTo4yHo, 4TObbI N306paxeHne BONOKHa B LWENN
npoeumpoBarnocb B U3obpaxeHne gnameTpom 4-5 px
(*13.5)=54-68 ym, yto TPebyeT xopoLuen
LLUMPOKOLLIENbHOCTU crekTporpada, T.e. CBETOCUNbHON
Kamepbl (CM. Jlekums 2 “GokarnbHbIN peayKkTop)
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[MpobnemMa dakTopa 3anosIHEHUS BXOAHOrO Mosis

Tak kak Hannimne o60NoYKN — NPUHUMNNANbLHO, TO APdeKkTUBHEE
ynakoBaTb BOJIOKHA B XryTe rekcaroHanbHo (“coTbl”)




TexHonorns Mmenkmnx cmewenmmn (dithering)

Cbemka B Tpex NONOXXEHUAX MpY rekcaroHarbHOM yrnakoBKe BOJIOKOH MO3BOMSAeT
3HAYUTENbHO YNy4YlWNTb NOCTpoeHHoe PSF B ntoroBom kybe

(Kelz +: VIRUS-IFU)

Moucees, «Memodbi naHopamHou criekmpockonuuy, 2025, nekyusi 3



NIHTepecHoe pelleHune - “crniiaB/ieHHble CBETOBOAbI”
HEXABUNDLES (Bland-Hawthorn et al. 2011).

Strongly-fused (Bryant+11) Lightly-fused (Bryant+14)
Filling factor >90% Filling factor <87%

Figure 1. An image of the 61-core fully-fused hexabundle taken

with non-uniform illumination to show the shape and position of Figure 1. One of the 61-core lightly-fused hexabundles. The

the cores. Cores 1—16, 17— 31, 32 —46 and 47 — 61 were grouped : i 3 Sl
interstitial holes are filled with soft, low refractive index glue.

R0 e rm e el o i il Pkl Shaosoomcs e The cores are 105pum in diameter and 115pm with cladding.

100pm in diameter. The cores are distorted from circular in order
to increase the fill-fraction.

Moucees, «Memodsi naHopamHoU criekmpocKonuuy, 2025, nekyus 3




HabntoaeHus co cMelleHneM B 3X NOSTOXEHUSX

Single point Dithered data
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Figure 4. Spatial maps of the emission line ratios derived from the pointed Figure 5. Spatial maps of the emission line ratios derived from the dithered
1riala. B]:?nk spaxels D'?"ESPG"d . specm? where the S/N in the emission lines data. Again, the blank spaxels are those without spatial coverage or sufficient
in question was not high enough to obtain a good fit. These maps are used to S/N to fit the necessary lines. These are used to construct the IDDs in Figure 8.

Fogarty + 12

Moucees, «Memodsi naHopamHoU criekmpocKonuuy, 2025, nekyus 3




INTEGRAL on 4.2-m WHT

Arribas et al. 1998
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INTEGRAL: Einstein Cross
Mediavilla et al. (1998)

Cuctema 00paboTkun 1 BU3yanusaumm ocHoBaHa Ha rekcaroHanbHOM PacnonoXeHUn
CMEKTPOB:
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KapTnpoBaHue B reKCOroHasibHbIX KOOpAUHATaXx.

INTEGRAL: Arp 299 (Garcia-Marin+2006)

Ad(arcsec)

Adlarcsec)

HST/WFPC2 FB814W

Continuum A8480

Continuum 34430

KapTbl pucyem
KOHTYypamu
(3anNONHEHHbIMX UK
HeT), onupasicb Ha
OpPUrMHanbHYIO CETKY.

CpaBHeHMe pasHbIX
KapT — TOXe 9TUM
METOLOM.

Ho yauwe
9KCTPanonupyroT Ha
bonee Menkyto
KBagpaTHYI CEeTKY
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KapTupoBaHue ynbtpasapkmx UK-ranaktuk
HST F160W CONT. Halpha VELOCITY DISP. VELOCITY FIELD
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Colina, Arribas, Monreal 2005
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KnHeMaTuKa rasa: rayCCoBCKUN OUTUHI

MeToabl NoBbILWEHNS TOYHOCTU N3MEPEHUN
(6onbLue NUHUK, OTHOCUTENBLHO MEHbLLE NapamMeTpoB):

- lns pybneTtoB — pukcupyem NonyLnMpuHY, pacctodaHue (B wkane v!)

3 |El,y6J'IeTbI C N3BECTHbIM OTHOLWLEHNEM aMIJINTY .

[O111]A4959,5007, [NI[]A6548,6583

- MoxxHo, BooOLLe, Bce Habntogaemble NuHUM UTMpoBaTb B MPEANONOXKeHUM

OJVHAKOBOW CKOPOCTM U Anuchepcum

(M1 oTAEenNbHO 3anpeLleHHble 1 banbMepoBCKue)
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HeoAHO3HAYHOCTb C/TOXKHOIro rayCCMpoBaHUA

PasnoxeHne Ha KOMMOHEHTLI — B paMKax 3agaHHOU MOAESNN, cornacytoulencs c
apyron nHgpopmaumen ob obbekTe

AOAHACDBEB u jnip.

4000 5000 6000 7G00 Isophotes of continuum + map EW(NaD)

4940 4960 4980 5000 5020 6550 6600

( 66500 6700
Wavelength, A Wavelength, A

Mrk 938 — BeTep 13 akTMBHOro sgpa
A B amuccun, n B abcopbumm
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HenapaMeTpuyeckme MeToabl

flux FA

velocity (kmy/s)

' Uput= UmaxT D-5mea.-:l7

Coba, PhD thesis 2021
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velocity (kms)

Wgo =— Yoo — V1o

Vout— w,g[lflﬁ.

Vo — coaepxuntcsa 10% noTtoka B NUHUMK...




MIOHM30BaHHbIW ra3 B rasakTukax

OreKTpoHHasa Temnepartypa:
Te: [OIlIl] (M959+A5007)/A4363
[O 1] (A3727+3729)/(A7320+7330)

OnpepneneHne Ppuanyecknx napameTpoB
MOHN30BAHHOIO ra3a rno OTHOLLEHUIO
NOTOKOB B JIMHUSAX C pa3HbIMU YCIIOBUAMMU

BO36Yy>XAeHWS ONEKTPOHHas NAOTHOCTb:
n:[S ] A6717/A6731

s B MMM S o A I Obunue TaxenbixX 3arIeMeHToB Z:
 NGC 4485 ] (A3727+3729)/HB, [NII]A6583/Ha...

8 + Sm/Im -
{

[OllN] 1 NCTOYHMKM MOHU3aLmmn rasa:
Ol HaH NI [NIA6583/Ha

| . [SI]A6717,6731/Ha

[O 11]A5007/HB

|

=]
T 'I'_' -1 T__{_T_ -

Mex3Be3aHoe NOorrnoLleHune:

~ : Ha/HB.....
[ HB 4
L pee e e I N
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OHM30BAHHbIN ras: ANarHOCTUKaA
] I I I I I ] 1 I
[Oil] Ha+[Nil]
A49549 5005 AESE3,ESE3 starburst
Siy [ ]
A1400 AZTZET
CIY
I‘“'J‘"‘-* HE [sm] |
24881 [Si] hEIEEE_.
A440 G731 »9068 .
"'-—-.nl"*-"-l--—-.-.-..qu'——‘—h—J‘_,__h,_-L.LL
2000 4000 6000 8000

wavelength (A)

PekomMmbuHaunoHHble NMHUK Bogopoada: Ha, Hf

3anpeLyeHHble nmHum noHos: [Ol], [Oll], [OIl], [SH], [NI]

Pa3pelueHHblie nuHum noHos: CIV, Si IV,
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NOHN30BaHHbIN ra3: AMArHOCTUKA
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LOG ([OllI)/HB)

MloHN30BaHHbIN ra3: BPT-anarpamMmsi

] I ] ] ] I I[E "]I I I HﬂlIl‘[N"]I ] I ] ] I
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To Xe, HO ¢ MoAeNnsaMN yaapHOW MOHU3AL MM

log([OIIl]/H3)

i POl & i
& ] %y ".\Q’ Q\éQ -
= @ 6\ e &
'\% o e N = %Qﬁ\b
4 & e B & i
Shock frac. e” Sx i e
0% i ° . ‘q\‘;ﬁ B
20% 1]
40%, . ]
— 60%
— 80% + -
\ — 100%
—0.5 0.0 0.5 —1.0 —0.5 0.0 0.5 —2.F —20 -15 -1.0 -05
log([NIl)/Ha) log([SII)/Ha) log([Ol)/Ha)

T.e. KapTa OTHOLLUEHUN NNHUIN MO3BOSIAET onpeaennTb TUM UCTOYHMKA MOHU3aLUK
rasa B pasHbix obnacTtsax Habnogaemoro nong:

* 3Be34000pa3oBaHue
* yaapHble BOSIHbI

* Y®-KOHTUHYYM OT aKTUBHOIO raniakTM4eckoro sapa
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KapTbl obnacten ¢ pa3HbiM BO3by)KaAeHNEM

A. Smirnova and A. Moiseev
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Figure 8. Map of the [O1m]A5007/Hp (a) and [S1]A6731/6717 (b) line

70.770.6705 ~04 ~0.5 ~0.2-0.1 0.0 ratios. The [Om]A5007 isophotes are overlapped. In the case of sulphur

log([S!l]/Ha)
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KapTbl obnacten ¢ pa3HbiM BO36yXaeHNEM

spatially resolved BPT diagram / excitation map
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HeckonbKo ncesgoLlenem

Kaxxpgas wernb — cBou cnekrporpad
(VIMOS — nekuus 2)

IFU c oBymsa ncesgoLensmm:

/ — SCORPIO-2 (Afanasiev et al 2018)

GMOS (Allington-Smith et al 2002)

Focal plane

\

Target location

Entrance of the -
specirograph : -

. - Filter (Arhs)
- )
—..ﬁl"ﬂ-\.n‘—{-' ry 3 Detectar f//

by Rahy Rahy A

, |
Arribas & Mediavilla (2000): \F\

Mepexon OT 3 WensM K OHOM:
Mpourpsiw B FOV — Bbinrpbill B AA
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Gemini Multiobject Spectrograph

[MepBbin 3D cnekTporpad Ha 8m Terneckone

NMNH3bI+BOJIOKHA

Projected diameter of
individual lenses

0.2"

all fibers used (half in each field) for maximum FOV, but with

Two-slit mode o
limited spectral coverage
; half the number of fibers and FOV for extended wavelength
One-slit mode
Coverage
Fields of View (FOV): two-slit mode: one-slit mode:
"Object” FOV 5" x 7" (1000 lenslets) 5" x 3.5" (500 lenslets)
Nod & Shuffle FOV 5" x 5" (700 lenslets) 5" x 2.5 (350 lenslets)
[GMDS~S\c:nI1.r}
"Sky" FQV 5" x 3.5" (500 lenslets) 5" x 1.75" (250 lenslets)

GMOS IFU Example Data: NGC 221

Reconstructed Image

Sky field: Sky field: Dbjcl:t field: Db_je[‘t field:
Left (B)  Right (R) Left (B) slit Right (R} slit
Raw CCD Mosaic
Block 1 ¥ Block B

Sky .
blecks BE

Object
blocks

Block 1 : S St Block
: " Chip gaps

R slit “« B slit
Wavelength

BbluntaHme Heba YacTMK NEPEKNIOYEHNSAMU MEXOY 0O BEKTOM U HEBOM, C O4HOBPEMEHHbIM
cMeweHnem 3apsana Ha N3C
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AKTUBHbIe aapa ranaktuk: bTA (NOIM)+ GMOS

HST [0 111] [0 1] flux

Keel et al 2017
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Calar Alto Legacy Integral Field spectroscopy Area survey

< = > CALIFA:
' A PMAS/PPAK 3.5 m Calar Alto
331 spaxels (2.7 arcsec)

-t 1 & _k_a -
‘,.*III

65" [1Ba anana3soHa:
4300-7000 AA R=850
3700-5000 AA at R=1650 NGC7716
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PPAK — Mo3auka cnektpoB B ranaktmke NGC 628
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Fluy

CALIFA: nekoMno3mumsa CrnekTpoB

A v J WWW SSP (single stellar population):
ﬂllﬁ'm I WW '] - kmHemaTuka 3Besg (velocity, o)
|

- BodpacT (T), meTannuyHocTtb (Z)
Ml

: T~

v A _'

W |

r , [0 SMUCCUOHHBIM FTMHNAM:

- Wwwhdwit Te, [O/H], Tvn noHn3aLmK

1 | 1 L L 1 | L 1 L L 1 L L
4000 4500 S000 2500 G000 Gal0

20

1

Wavelength (A)

CneKTpbl CONPOBOXAAOTCA “cnekTpamm owmnboK” - BaXKHO AN9 OLEHOK OLLIMBOK
MOZENbHbIX NapaMmeTpoB

HDU Extension name Format Content

0 Primary 32-bit float  flux density in units of 10 ¢ ergs' cm™2 A~
1 ERROR 32-bit float 1o error on the flux density

2 ERRWEIGHT  32-bit float error weighting factor

3 BADPIX 8-bit integer bad pixel flags (1 = bad, 0 = good)
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CALIFA: paHHble ans ~900 ranaktuk B cBOOOAHOM AOCTYne
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CALIFA: npobnemsbl (nnaTta 3a 60nbLUoe none)

Huskoe CneKkTpalibHOE 1 rNMpocTpaHCTBEHHHOE pa3peLleHne - MOXXeEM
NnPonyctTnTb MHOIo MHTEPECHOIO B NnoJsie 3peHns

ETA - NoM ERERA S
40 .
CALIFA
20 5
Bl 1
Velocity field 20} :
BB er = . TP G R External regions
238 s | | | | ]
s 40 -20 0 20 40
=20 |
i Inner disc -
o o Moiseev (2008)

—40 =20 i} 20 40

—Aa {arcsec)
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VIRUS-P (visible Integral-field Replicable Unit Spectrograph - Prototype)

Hill et al 2008
4 McDonald 2.7 m
. FOV 1.7x1.7 arcmin
246 fibers, 4.2"
Resolution Spectral Coverage Range of coverage

~2240 A 3400 - 6850 A
~609 A ~3400 - ~6000 A
~420 A 3400 - 4395 A
~650 A ~5500 - 6850 A
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MaNGA: Mapping Nearby Galaxies at APO 5 L

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

15‘.fm
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SDSS: N30bpaxkeHuns — apencdoBoe CKaHMPOBAHME

SDSS CAMERA
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CnekTpbl — BO/IOKOHHAs Macka

1000 cBeTOBOOKOH 3a pa3
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MaNGA: IFUs

MaNGA Technical Details

17 Dark-time observations

17 IFUs in the field, 19 to 127 fibers (12" to 327)
2” fibers, full coverage via spatial 3- point dithering
~ 1400 fibers, R~2000 3600-- 10300AA

17 Fall 2014 - Spring 2020
Yz 17 IFUs per 7 deg” plate
¥ Wavelength: 360-1000 nm, resolution R~2000

¥ 10,000 galaxies across ~2700 deg”, redshift z~0.0:
1¥ roughly 3-hour dithered exposures

1¥ Spatial sampling of 1-2 kpc

v Per-fiber S/N=4-8 (per angstrom) at 1.5 Re
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MaNGA+SCORPIO-2= Totoro

NGA 1-24145
(Satsuki)

W

southern companion
S’ (Mei)

Observed H o
F'mangaid = 1-24145

10}

-10¢

log(flux) (10 " erg s ' cm ?)

Pan et al 2020
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MaNGA: OTKpbITbIM AOCTYN K A@HHbIM

Kybbl, KapTbl NapaMeTpoB, UHTEPAKTUBHbLIAN aHaNN3...
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MaNGA: OTKpbITbIW A0

Kybbl, KapTbl NnapameTpos, v

Spaxel ¥

© DAP Maps

stellar val: HYE10-GAU-MILESHC
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o Fm-17 &
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MARVIN

What is Marvin?

| Marvin is a complete ecosystem designed for overcoming the

-
r challenge of searching, accessing, and visualizing the MaNGA
~ ‘.','_' W data. It consists of three components: a Web App, a Python

‘ . package of Tools, and an API. Marvin combines these
= components to provide a seamless experience when using

MaNGA Data. A complete description of Marvin is available in
the Marvin overview paper, Cherinka et al. (submitted).
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SAMI: Sydney-AAO Multi-object Integral-field spectrograph
SAMI Galaxy Survey: 3400 galaxies, 3.9-m telescope AAO

13 hexabundles (15 “ FOV: 61 fibers x 1.6 arcsec)

AAOmega spectrograph
370-570 nm R=1730
625-735 nm R=4500

Figure 6. The SAMI plug-plate assembly unit mounted on to the Prime
Focus Camera. The white ‘splice box" (top) connects the blue hexabundles
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SAMI: Sydney-AAO Multi-object Integral-field spectrograph
SAMI Galaxy Survey: 3068 galaxies, 3.9-m telescope AAO

13 hexabundles (15 “ FOV: 61 fibers x 1.6 arcsec)
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SAMI galaxy survey
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Ectb B OMbmoteke CAO

N. C. MAMIOTUH OneKTpoHHasi Bepcust — No 3arnpocy

OHU30BAHHBIV A3
B TATTAKTKAX:

OY3NYECKOE COCTOTHME
A XUMMYECKIY COCTAB

i gk
- W e "d
%

Moucees, «Memodsi naHopamHoU criekmpocKonuuy, 2025, nekyus 3



