MeToabl MaHOPaMHOW CNEKTPOCKOMUU

Jlekyusa 3.

[lpenmylLLecTBa U HeAOCTaTKU CNeKTporpadoB C BOSIOKOHHbIM
6n10KoM. 'ekcaroHasibHoe pacronoXxeHue 3neMeHToB. KapThl
NapaMeTpoB MOHM30BAHHOIO rasa. Cnekrporpadbl U MPOEKThI:
INTEGRAL, GMOS, CALIFA, VIRUS-P. MHoroobbwekTHas
naHopaMHaga cnektpockonua: MaNGA, SAMI
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JINH30BbIM PacTp VS BOSTOKOHHbIN 610K

+ 100% nokpbITUE NONs 3peHUs

+ 3KOHOMUSI HAa ONTUKEe Nepebpoca

+ MOXHO caenaTb KBagpaTHbIW spaxel
|+ 6onbLioe none (Ho 3a cyeT
NeKkTparnbHOro gManasoHa)

- HeapdbekTnBHOE ncnonb3oBaHue MN3C
- OrpaHn4YeHme CnekTpanbHOro a-Ha

1

+ adbpekTnBHOE Ucnonb3oBaHme MN3C (nnoTHas
yrnakoBKa CMeKTpoB)

+ MOXXHO J1EerKO pa3BeCTU CBET Ha HECKOSbKO
cnekTtporpadoB

+ yOooOHO 3aBOAUTb CMEKTP HOYHOro Heba

+ OTKa3 OT ONTUKN YBENNYUTESIEN

+ MHOroO6bLEKTHAsA CNEKTPOCKOMNUS

- NOTEPU CBETA MeXOY BONIOKHAMM
- Bce npobremMbl BONOKOHHOW ONTUKM




“HaunBHbIN" B3rnaa Ha CBETOBOAbI: “MPOBOAUT CBET Kyaa XOTUM”

Ho peanbHOCTbL CINOXHeEe...



HeMHOro Teopumn: YncnoBas anepTypa BOSIOKHA

[TonHOEe BHYTPEHHE
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e e yrna K ontTu4eckomn ocu
Hrh / (orpaHuyeHune Ha
" core cBeTocuny)

YncnoBas anepTtypa = CMHyC MakKCMMalibHOIro BXoA4HOro yrna.
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UTo maeT Onga CBETOCUIbI:
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[Mpn NA=0.22 nonyyaem orpaHM4YeHEe HA MakCUMarbHY BXOAHYIO cBeTocuny F/2.3,
YTO BbINOMHMMO. HO npobriema ¢ BbIXOAHOW CBETOCUNON!



FHO Input
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Figure 1. Loss of efficiency by FRD
Fi 4

Figure g. Origin of the FRD in optical fibres




BnugaHue nsrmba Ha FRD

Polymicro STU 200um 10m FREE

100

N3rmnbbl, paccesHmne Ha
HEOQHOPOAHOCTAX cpeapbl,

» nedpopmaumm KpyyeHusa — Bce

60 | 4 NPUBOAUT K Aerpagauum BbiXxogHOro
dooKasibHOro OTHoLLeHus!

Absolute flux (%)

o 1 2 3 4 5 OTHOCUTENbHas Aerpagaums
Fl output cuIbHee Ans MeHee CBETOCUITbHbIX
BXOAHbBIX MYYKOB.
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Polymicro STU 200um 10m Bend R15mm

100 B cpaBHeHUM C knaccnyecmm

%0 crnekTporpadom, 6onee xectkune
TpeboBaHNA Ha CBETOCUNY
Konnumartopa 1 Kamepbl
cnekTporpada (CnoxHee n Oopoxe)

Absolute flux (%)
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[loTepu Ha NponyckaHMe BOJTIOKHA

Absolute Transmission

PeanbHbi npumep ¢ IFS VIRUS (Murphy +08)

Transmission WITH Coverplates (Mean)

Transmission WITHOUT Coverplates (Mean)
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Hanbornee KpUTUYHO B CMHEWN YaCcTu CNeKTpa.
EcTb ewe n dpeHenesckne notepu Ha Topuax (MoOXHO ybpaTb NPOCBETNEHNEM)
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[lmamMeTp BOJIOKHA

OcHoBHag obnactb npumMeHeHuns - HEactpoHomus

TununyHble pasmepsbl: 120-250 ym

=> Ha bTA ato 1-2" B pokanbHOM NNOCKOCTN, MOXHO
paboTtaTb 6€3 yBenuunTens. )

Ho TOT e anameTp okasblBaeTCsl KpUTUYHbIM, KOrga =
cTapaemcsi 3anofHUTb LWerb NIOTHEE: —T132
[ocTtaTo4yHo, 4TObbLI N306pakeHne BOMNMOKHA B LWWENN |
npoeuunpoBanocb agnameTpom 4-5 px (*13.5)=54-68 ym |

- I ||7[

4YTO TPebyeT XopoLlen LNPOKOLLENTbHOCTH il
cnekTporpada (cm. Jlekuma 2 “dokanbHbI pegykTop) |




[MpobnemMa dakTopa 3anosIHEHNS BXOAHOrO Mosis

Tak kak Hanuimne o60NoYKM — NPUHUMNNANbLHO, TO 3PdeKkTUBHEE
ynakoBaTb BOJIOKHA B XryTe rekcaroHanbHo (“coTbl”)

(IFU MaNGA)



TexHonorua menkmnx cMewenunn (dithering)

Cbemka B TpEX NOJIOKEHUAX MNMPU rekcaroHanbHou YNaKoBKeE BOJIOKOH MO3BOJIAET
3HAYNTEJIbHO YJTYHLLNTb NMNOCTPOEHHOE PSF B utorosom Ky6e
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NIHTepecHoe pelleHue - “criiaB/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
the cores. Cores 1 —16, 17— 31, 32 —46 and 47 — 61 were grouped
together at output on four glass plates. Each of the cores are
100pm in diameter. The cores are distorted from circular in order
to increase the fill-fraction.

Figure 1. One of the 61-core lightly-fused hexabundles. The
interstitial holes are filled with soft, low refractive index glue.
The cores are 105pum in diameter and 115pm with cladding.
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HabntoaeHus co cMelleHneM B 3X NOSTOXEHUSAX

Single point Dithered data
MNI]/H SIH NIIH SIIH
L 0.00 IR 0.2 A e 0.00 b 0.2
-0.08 A - -0.08 0.1
wl I ] 0.0 wl A ] 0.0
6 ~0.16 Y 6 -0.16 ?
& L] & . ) -0.1
o -0.24 2L o ~0.24 ' _' =1
i % - -0.32 r " ~0.3
-0.4 -
il | H-040 | ;| H il -0.40 | . ] i g“;
-0.48 —-0.6 -0.48 —njr.-;
: : -0.56 : : -0.7 - - ~0.56 - —0.7
Ol o}
[Ol}/Ha 5 _[OnYHg . _[O/Ha i [OI)/HS o
-0.8 0.30 _0.8 _o.g
] . 554 . i
6 oh i PRy 0.15 gl o im... |} .1 0_.,
‘ gre =12 > ‘.33232;‘}3311 il  a '{_
o} @ & ' 13208% ;3 ~0.15 e 4 -‘ i P
: i -1.4 f.a 3 6 —0.30 =14 -‘ .l =1.4
oo G A ’ v af ot
Bt _"__ 1 * [ 4 G & 1 —0.45 5" ﬁ =1.6 . =16
-1.8 -0.60 . -1.8 _‘l- -1.8
- - =2.0 - L =0.75 . . . L i
-6 o " -6 0" a" 5" " 5" =2.0 I o 5" =-2.0
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
Idata. Bl?mk spaxels D'?"“P'G"d o apecum where the S/N in the emission lines data. Again, the blank spaxels are those without spatial coverage or sufficient
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INTEGRAL on 4.2-m WHT

Arribas et al. 1998

-

P 3fiber bundles:

i R T ) Mode FOV (uxu) @ (u)

_ SBl | 7.80x6.40 0.45

T - sB2 | 16.0x12.3 | 0.90
sB3 | 33.6x29.4 2.70




INTEGRAL: Einstein Cross
Mediavilla et al. (1998)

Cuctema 06paboTk/ 1 BU3yanusaumm OCHOBaHa Ha rekcaroHanbHOM PacronoXKeHnn
CNEKTPOB:
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KapTnpoBaHue B reKCOroHasibHbIX KOOpAUHATaXx.

INTEGRAL: Arp 299 (Garcia-Marin+2006)

Adlarcsec)

HST/WFPC2 FB14W

Continuum A8480

Continuum 34430

KapTbl pucyem
KOHTYypamu
(3anONHEHHbIMM UK
HeT), onupasicb Ha
OpPUTrMHanNbHYIO CETKY.

CpaBHeHne pasHbIX
KapT — TOXE 9TUM
METOLOM.



KapTupoBaHue ynbtpasapkmx UK-ranaktuk
HST F160W CONT. Halpha VELOCITY DISP. VELOCITY FIELD
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IRAS 15206+3342: starburst in merger

Arribas & Collina (2002) .
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T A bent tidal tail of about 15-20 kpc in
s = 07 ’\*‘\_" projected length connects the inner arc-
» “2 8 - ” shaped chain of star-forming knots with a
4 . -_.._.--|___:_‘_'._3__- remnant stellar system located at about 20
B =E o kpc from the nucleus. The gas in the tidal tail

is flowing inward the inner disk.
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KMHeMaTuKa rasa: rayCCoBCKUN OUTUHI

MeToabl NOBbILLWEHNS TOYHOCTU N3MEPEHUN
(6onbLlue NUHUK, OTHOCUTENBLHO MEHbLLE NapamMeTpPoB):

- lna oybnetos — oukcmpyem nonyLmMpuHy, pacctosiHue (B Lwkane v!)

- ly6neTbl C U3BECTHbIM OTHOLLUEHMEM aMMNUTYA:

[OI111]A4959,5007, [N11]A6548,6583

- MoxHo, BooOLLe, BCe HabnogaemMble NMUMHUN PUTUPOBATL B NPEANOSIOXeHUN
OAMHAKOBOW CKOPOCTM N Ancnepcun

(Mnv OTAENBHO 3anpeLUeHHbIE U BanNbMEPOBCKUE) o s

7550

Observed wavelength (&)



HeoAHO3HAYHOCTb C/TOXKHOIro rayCCMpoBaHUA

PasnoxeHne Ha KOMNOHEHTLI — B paMKax 3ajaHHOW MOLENN, CorfiacyoLllencs ¢
apyron nHgopmaumen ob obbekTe :
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HenapaMeTpuyeckme MetToabl

flux FA

velocity (kmy/s)

' Uput= UmaxT D-E’mea.dv

Coba, PhD thesis 2021
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velocity (kms)

Wgp = Vop — V10

Vout— T.Ug[p)/l.g.




MIOHM30BaHHbIW ra3 B rasakTukax

OnpepneneHne Ppuanyecknx napameTpoB

MOHN30BAHHOIO Na3a Nno OTHOLWEHUIO

NMOTOKOB B JIMHUAX C Pa3HbIMA YCINOBUAMU

BO36Yy)XAeHUS

r NGC 4485
8 - Sm/Im

o [Olll]
6 ;—]

Kepnicutt, 1992
4500
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Ha+[NII]
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|
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OnekTpoHHas Temnepatypa:
Te: [Oll] (A4959+A5007)/A\4363
[O 11] (A\3727+3729)/(A\7320+7330)

ONEKTPOHHasA NNOTHOCTb:
n:[SH] A6717/N6731

Obwunue TaxenbiX 3a1eMeHTOoB Z:
(A3727+3729)/H[3, [NII]A6583/Ha...

CcTOYHUKHN MOHN3aLUNUN Ta3a.
[NII]A6583/Ha
[SI]\6717,6731/Ha

[O [1]A5007/Hp

Mexx3Be3aHoe nornoLeHue:



Diagnostic based on emission lines fluxes
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mechanisms
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LOG ([OlNI]/HB)

BPT=(Baldwin, Phillips & Terlevich 1981) anarpammsi

Kewley+06

Seyfert

FCI

LOG ([NII}/Ho)

Seagull-diagramm :)

2.0 1.5 =1.0 0.5 00 05
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0.5 00 O.
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To e, HO ¢ MoAeNnsaMn yaapHOW MOHU3AL MM
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T.e. KapTa OTHOLLUEHUN NINMHUIN MO3BOSAET onpeaenTb TUM UCTOYHMKA MOHU3aLUKn
rasa B pasHbix obnacTtsax Habnogaemoro nong:

* 3Be34000pa3oBaHue
* yaapHble BOSIHbI

* Y®-KOHTUHYYM OT aKTUBHOIO ranakTu4eckoro siapa




A. Smirnova and A. Moiseev
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region A ¥
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log([OII]A5007 /HR)
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oof
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-0z l7 . 1 ‘ Figure 8. Map of the [Om]A5007/HfB (a) and [Su]A6731/6717 (b) line
0708 _O'Eioa(o['su]_/ol_"i)_o'z 0.1 00 ratios. The [Om]A5007 isophotes are overlapped. In the case of sulphur




Heckonbko ncesgoLlenem

r ;1-_?_"5. A

e = Focal planea
e d

Entrance of the
spectragraph
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Arribas & Mediavilla (2000):
Mepexon OT 3 WensM K OHOM:
Mpourpsbiw B FOV — BbiMrpbil B AA

Kaxxpgas wernb — cBou cnekrporpad
(VIMOS — nekums 2)

IFU c oBymsa ncesgoLlensmm:

SCORPIO-2 (Afanasiev et al 2018)

GMOS (Allington-Smith et al 2002)
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Gemini Multiobject Spectrograph GMOS IFU Example Data: NGC 221

Reconstructed Image

[MepBbin 3D cnekTporpad Ha 8M Teneckone

JINH3bI+BOJIOKHA
Projected diameter of .
L 0.2
individual lenses c
| " 1l 1} |
y field: Sky field: ject field: Dbject field:
Twoslit mods all fibers used (half in each field) for maximum FOV, but with =5y E;Lgli e e g gt
limited spectral coverage
Raw CCD Mosaic
Block J
. 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” FQV 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) . e
[GMDS-S\ON}I'] _-ur'ﬁz—-—-—: :
DL\jen S S e
“Sky" FOV 5" x 3.5" (500 lenslets) 5" x 1.75" (250 lenslets) blocks
EEERRS S %— m— -
e e | eeb—
Block 1 g z e
Chip gaps
R sli « T | B slit

BbluntaHme Heba YacTMK NnepekniyYeHnaMm mexay o6 bekTom n Hebom, ¢ 04HOBPEMEHHbIM
cMmelleHnem 3apsiga Ha N3C

Moucees, «MemodsI naHopamHoU criekmpockonuuy, 2021, nekyus 3



AKTUBHbIe aapa ranaktuk: bTA (NOIM)+ GMOS

HST [0 1] [0 1] flux

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

74"
< > CALIFA:
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PPAK — Mo3auka cnektpoB B ranaktmke NGC 628

| NGC 628




Flux

CALIFA: nekoMno3mumsa CrnekTpoB

20

10

\f F"h‘ﬂ WWM Wn' WWWW{%
i —

SSP (single stellar population):
- KNHemMaTuKa 3Be3[ (velocity, o)
- BodpacT (T), meTannuyHocTtb (Z)

.~\

, [0 SMUCCNOHHBIM NMTUHUAM:

l{'{l

l r[+[' *-EIIIIEI I:II:I IIIEIEI ESEII:I

Wavelenath (A)

Te, [O/H], TN noHnsaumm

CneKTpbl CONPOBOXAAOTCA “cnekTpamu owmnboK” - BaXKHO A9 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 ansg 600 ranakTtuk B cBO6OAHOM A0CTYre
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CALIFA: npobnemsbl (nnaTta 3a 60nbLUoe none)

Hu3koe cnekTpanbHOe 1 NPOCTPaHCTBEHHHOE pa3peLleHne MOXEM

NnPonyctTnTb MHOIo MHTEPECHOIO B NoJsie 3peHns
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VIRUS-P (visible Integral-field Replicable Unit Spectrograph - Prototype)

Hill et al 2008
43 McDonald 2.7 m
« FOV 1.7x1.7 arcmin
246 fibers, 4.2"
e

Resolution Spectral Coverage Range of coverage

53 A <2240 A 3400 - &850 A

16A 609 A ~3400 - ~6000 A
C1L0A -420 A 3400 - 4395 A
| L5A | 650 A ~5500 - 6850 A
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MaNGA: Mapping Nearby Galaxies at APO > 5.1 APO

SDSS-IV Dissects 10,000 Galaxies
E.z in Nearby Universe
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SDSS: N306paxkeHuns — apencdoBoe CKaHMPOBAHME

SDSS CAMERA
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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
1r 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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v
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=
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MaNGA-+SCORPIO-2= Totoro °
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F'mangaid = 1-24145

10

—10F

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

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

Kybbl, KapTbl NapaMeTpoB, UHTEPAKTUBHbLIN aHaNus...

0.2

7 ergfemiish)

Flux [10°
[=]
e

5650 6700 6750

I Toggle Lines On l Toggle Rest-Frame

AB00
Observed Wavelength [Angstroms)

0.15 ; r\ ; y
,.‘.a.la'.‘._ﬂ__..'...? — "".."'-‘.,____.- ——r e HJ\\‘A(_;} st W o e u¥a .1..'|=_¢'.. 'A‘::_/W\._.f_

Spectrum in Spaxel (j, i}=(48,47) at RA, Dec = (258.8441116696383, 57.4342698581077)

— Flux — Madel Fit

L
L

G850 &S00 6350

T

stellar vel: HYBL10-GAL-MILESHC emline gflux ha 6564: HYB10-GAU-MILESHC

¥2 e

[1:} L1

& &

&0 &

L l Lo 56

52 5 52

48 K = 4B
- o . l o = ai = 08
T z 25 ok
% 38 E 36 s
& a & m 0.6

ZB 5 28

24 i 2 4

20 o 20

16 B 16 0.3

12 I 12 i

8 — R g

4 4

o &

D RSP PP g P 3
Spaxel X Spawe| X

Spaxel ¥

Bit:1

specindex d4000: HYB10-GAL-MILESHC

Spawel X

Moucees, «MemodbI naHopamHoU criekmpockonuuy, 2021, nekyus 3



MARVIN

MaNGA: OTKpbITbIK A0

Kybbl, KapTbl napameTpos, v

ik

e Fam-17

(=

@ DAP Maps

stellar vel: HYBL10-GAL-MILESHC

What is Marvin?

100

Marvin is a complete ecosystem designed for overcoming the

= ‘ } - challenge of searching, accessing, and visualizing the MaNGA
i E ! ~ ‘.',‘_' W data. It consists of three components: a Web App, a Python
: . ‘ ./ package of Tools, and an API. Marvin combines these
. | wl % components to provide a seamless experience when using
: S - MaNGA Data. A complete description of Marvin is available in
5,,. ,{-"‘ B 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)
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SAMI galaxy survey
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SAMI Hector-l

Number of 13 21
hexabundles

Field diameter 1
(degrees)

Coverage 15" 15-30”
diameter on
each galaxy

Survey size by 13,800 20,600
2027

Hector-2
50

15-30” (2R, on
90% of galaxies)

50,000

Hector-3dF
~90

15-30” (2R, on
90% of galaxies)
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