MeToabl MAaHOPaMHOW CNEKTPOCKOMUU

Jlekuuns 4.

CkaHupoBaHue Lenbto. Pe3atenn nsobpaxeHnun. NMaHopaMHble
cnekTporpadsbl B 6nmxHeM UK. PaboTta ¢ cuctemamm AO.
Cnektporpadsl: PIFS, KCWI, OASIS, OSIRIS, SINFONI, KMQOS,
MUSE, KMOS, npnbopsl JWST, npoekTbl BlueMUSE n HARMONI.
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Figure 1.  The concept of SNG observations.
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Figure 1.

The pure narrow-line images. (a) Ha, (b) [NII]65834, (c)
[OIIT}5007A and (d) integrated sections.
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Figure 2.

The VO diagram of 3C 120. Each plot shows the line ratios
of integrated spectra at the regions shown in Fig.1(d). The solid lines
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CkaHupoBaHue wenblo: NGC 6857
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i
O.B. Eropos

M. M. Vuceti€ et al.: Revealing the nature of emission nebulae in dwarf galaxy NGC 185

Vucetic et al 2019
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Fig. 10. Two-dimensional velocity map in the Ha line of the cen-
tral 40" x 40" of NGC 185, constructed from three slit positions for
high-resolution spectra, with objects denoted as in Fig. 2. Contours
denote He intensity from narrowband imaging. Assuming that helio-
centric velocity of the galaxy is —203.8kms~! (McConnachie Z 2),
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“Pe3aTtenn” - A4aBHO UCMOSb3YIOTCS B CMEKTPOCKOMNUn
BbICOKOIro pa3pelleHus

CucTembl 3epkan unm npuam

i

e = —

image of an echelle spectrum of CI Cam obtained with the image slicer at A

H3C BTA (npu3ameHHbIN pe3aTenb)
HangeHos v gp 2007;Man4yk n gp 2007

Tala et al 2017
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Pe3satenu ansa 3D cnekTpockonuu

TGP b LI i - Weitzel et al. (1996)

Fig. 1. The working principle of the 3D image slicer. The upper box represents the field of view with the original image. The
image is horizontally cut into 16 strips, demonstrated here with 5 strips only. The single strips are then optically rearranged in
the way shown to form a stair-like long slit
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PIFS: Palomar Integral Field Spectrograph

Oxnaxpgaembin LWeneson 6nok ontumaneH anga HaonwgeHun B UK.
[lnata 3a 9T0 — TPYAHOCTN U3rOTOBSIEHUS (NPeLEe3NoHHasa arimasHas

obpaboTka) 1 IOCTUPOBKN TOHKUX MNACTUH.
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telescope

Murphy +99



PIFS: Palomar Integral Field Spectrograph
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KCWI: Keck Cosmic Web Imager Integral Field Spectrograph

Notable features of KCWI include:

* very high efficiency

* extremely accurate sky subtraction
(nod-and-shuffle)

* flexible image resolution

* flexible spectral resolution

* officially supported Python pipeline

________________________________

Table 3. KCWI Slicer-Grating Spectral Resolu- ."; i
tion Table F .2
ke

g 3

E3

Slicers o 1E"

Grating Small Medium Large *

8.25"x 20" 16.5"x 20" 33"x 20"

BL 5000 2500 1250

s

NE&S Mask :
BM 10000 2000 2500 Exchanger Bonn Shutter ;
BHx 20000 10000 5000 “._  CCDCamera Articulation Stage .

Morrissey et al. 2018
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KCWI: HII region NGC 5455 and NGC 5471 in M101

R~16700 (M
(FWHM 0.3A at 5000) |
slice width 0.35" e | &

FOV 3x(8.4*20.4)




CneKkTpoCcKonus C CUCTEMaMu aanTUBHON OMTUKK
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OASIS (3.6 m CFHT) - “ctapwuu 6pat SAURONa") [;l ' Ta,

(Optically Adaptive System for Imaging Spectroscopy)
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TIGER-mode R. Bacon etal 2001

Spatial configurations
| Spatial sampling | Field of view
| 0.09" | 27" x3.7"
| 0.14" | 40" x5.5"
| 026" | 74" x103"
| 0.42" | 12.0" x 16.7"
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Keck OSIRIS (OH-Suppressing InfraRed Imaging Spectrograph)
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Keck OSIRIS

Comerford et al 2017: ranaktnka B MOMEHT NEPEKITIOYEHNS aKTUBHOCTH

Paa flux distribution (top middle), and Paa yeteity (top right)
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SINFONI - Spectrograph for INtegral Field Observations in
the Near Infrared (VLT)

‘ | Image-slicer ' Detector
Light entering from
Spectral range: (1.1 - 2.45 um) the AOmodule , Spectrometer
& Camera
Fid of View | Spatial Sal | Wods | _ Limting Negnudes
8"xB" 125x250mas | noAO | J=20.2 H=19.9 K=17.8 H+K=19.6 .
33" 50x100mas NGS | J=19.4 H=19.6 K=18B.8 H+K=19.8 ~ g "'%P 'C'Wh‘-‘9| 1 ’
0.8"0.8" 12.5x25mas | NGS | J=17.8 H=18.7 K=18.3 H+K=19.2 3&”;
lter-wheel

-AK)

~ %‘ =
% Grating wheel

.

‘olﬁ' ator mirror

Eisenhauer + 2003

Moucees, «MemoOdbI naHopamHoU criekmpockonuu», 2021, nekyusi 4



LleHTp NanakTuku B MHPpPaKpaCHOM Anarna3oHe

. 10 light days .

Combined H- K- and L-band adaptive optics image of the Galactic Center obtained with

http://www.mpe.mpqg.de/ir/GC



SINFONI: ranakTn4yeckum LeHTP
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SINFONI: k actpomeTpumn nobaBneHsbl y4vyeBble CKOPOCTU
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SINFONI: mMacchl YepHbIX Ablp B APYrUX rajakTukax

NGC 4486A (Nowak +07)
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SINFONI: 0630p ranaktuk Ha z~2 (SINC, 62 galaxies in Ha)

n BX GI0(2.21) MD 41 (2.17) C?h
{0 L PO K20-8(222)  sa126192(1.50) LSpeyg;
potd®” ed X i pf% ‘On

150
o nd . . U svueoa)

d ‘+.i-+ll+ll+ll+ll+l|* - -It"] -.I‘: Ith
= [D3a 6004 (2. 39! H |
: %%

FCTE TRy T .,

BX 502 (2. lh]

1ﬂr
—-i—-1n

. &
TesssEsmEssEEmEn

20 0 = K20-5 (2.23) SAI2 6339 (2.29)
-170

AEEEEEEEEEE R

: 7 ‘ "7 -3
: D3a 6397 2c ”':',}5'2” Al D3a 7144 (1.65) '8
(151 i . 120

5 - | 30

" D3a 15504 {].JH:I "

' {.IK-'I‘J-TI '2-‘13' ' =120 E!-."\ "i'l;fq [-1, 3‘] GE 167 (2.58)

: : 240 " BX 405 (203)
E E K20-9 |;"'1'|-1] - a0
: H:u 170 | _,

311

BX452 tE.EH’:

L 200 AP . . o BX 404 (2.03)
m! K20-6(2.24) 35 ¥ SA12 8768 (2.19) : 2
, HF_‘ ., 45,
70
-5

Euh"ﬂ]?["‘-ﬁ] 4 G

g

=]
ST IR

& D3a 4751 (2.27)

aEEEREESEES By
0

ZCTR2941 (2.18) § 'i : s

s
.
H
:
5

.-+ll+ll+ln-+u 5

BX528 (2.27)

160
GE 2113 (1.61)

-30 i' % ,"_’_

merger




SINFONI/SINS

3Be3goobpasoBaHue B NMnHMN Ha Ha z=2.38 ¢ paspelieHnemM 1.2 Knk —

BO3MOXHOCTb NPAMOro CpaBHEHNSA C BNU3KNMU ranakTnkamu.
BzK-15504: SFR=150 Msun/yr

FWiHiM

-260(£33)

“ : 0

+400(=130)
Hydrogen recombination line emission of Ha of the massive star-forming galaxy BzK-15504
eleven billion light-years away (redshift z = 2.38). The observations were carried out with
SINFONI in adaptive-optics mode, resulting in an angular resolution of = 0.15 arcsec, or a
mere 1.2 kpc (4000 light-years, indicated by the grey filled circle) at the redshift of
BzK-15504. The top left panel is a color-composite map of the integrated Ha line emission,
showing from blue to red the ionized gas that is blueshifted to redshifted relative to the
systemic velocity of the galaxy. The other panels are channel maps showing the spatial
distribution of the Ho emitting gas moving at different velocities (given in km/s) relative to




KMOS: K-band Multi-Object Spectrograph

* 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 um range

— 1000 spectral elements (R~3600)

— £=0.3 * telescope * atmosphere
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KMOS: MHOrokpaTtHoe yBenmyeHme 4yncia obbekToB

2 hours of VLT time
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KMOS 3D 550 ranaktuk Ha 0.6 <z < 2.7

SFR [Mgyr~']

KMOS®

z~2

Ha z=1-2 O0nbWWHCTBO ranakTuk
“rmaBHOW nocnegoBaTenNbHOCTU®
perynspHo BpaLlalroLLmnecs ONCKK

B (\\isnioski + 2015)

. -100

O'(fo) —-200




KMOS: B nanekux ranakTmkax MeHbLLE TEMHOW MaTeEPUN?

Genzel et al.,

2017, Nature
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KMOS: B nanekux ranakTmkax MeHbLLE TEMHOW MaTeEPUN?

Reinhard Genzel
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KMOS Redshift One Survey (KROSS)

Home Team Data Publications Movies

Datacubes and data products for the 586 H-alpha detected galaxies in the KROSS survey
Datacubes for all 586 galaxies [1.2Gb] (posted. 24/04/2013)

H-alpha intensity maps [2.7Mb]

H-alpha velocity maps [1.0Mb]

Halpha line-of-sight velocity dispersion {sigma) maps [1.3Mb]

Johnson et al. 2018 (arXiv:1707.02302) combined with Harrison et al. 2017 (arXiv:1701.05561)
+ Version 2 (fits table) {posted: 17/07/2017)
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MUSE: slicer & spectrograph
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MUSE: paboTta ¢ AaHHbIMK

N=4 stack, no SKY

]

0OBJ

oBJ

OBJ

OBJ

24 kapgpa c N3C 4x4
cobupatoTcsa B 0auH Ky6
Cblpble gaHHble — 820 M6
ATorosbin pasmep:
315x315 x 3680 px - 2.6 Gb

Pabo4asa ctaHuus:
32 cores

256 GB RAM
Disks: 2x11 Tb

BblunTtaHme Heba — nocTpoeHune
Moaenn no namepeHHom LSF
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Jlekunsa 4
I'Ipo6neMa MHTEPNONALNN “MHoropeXmumMHbIn poKanbHbIN PeayKTop...”
[[eomeTpuyeckme npeobpasoBaHns — NOPTAT NCXOQHOE N30bpakeHue,
TaK KaK BbIMOJTHAETCA MHTEePNONAunsa Ha PUKCUPOBAHHYHO
KOOPANHATHYHO CETKY

Casur dx=0.3 px

120f - - - —] 120
100F : 160f

ankE _ BOF
B0 : &0
40 ] 40
20F ; 20F
of f of
—20f : i S - : -
0 2 4 & & o 2z 4 & 8

NckyccTBeHHOE pa3bueHne Ha 6onee Mernkne NUKCenn — nuilb YaCTUYHO peluaeT
npobriemMy, CUIbHO 3arpykas Bbl4MCIUTESIbHbIE PECYPCHI



He 06bekT K KannbpoBkaM, a KannbpoBKM K 06BbEKTY!

Ob6paboTtka coBpemeHHbix IFU (MUSE/VLT n 1. 4.) - uaes coxpaHeHus

nepBoHa4YanbHOW gUCKpeTn3aumm
T.e. BMmecT0 2D FITS-n3obpaxeHus (3anuce | B kaxxgom nukcene) —
nepexopn Kk Tabnuuam, rae Kpome |, B Kaxxgom nukcene eLe 3anmcaHsol

npeobpasoBaHHble koopauHaTthl (X',y')

'-.l 1 1 i
V2 \ \ . B wuTore, nuwb ogHo npeobpa3oBaHne —
'. ' ' SKCTPaKLUUs NMHeapu3oBaHHOro crnekTpa, nocne
' '| BblYMTaHUS HeDGa 1 ncnpaBneHus 3a KpuBble

— '.
| - —1 | |
___J[___'l | 1 nponyckaHus!
| ‘ 1T T .
e 1__‘1“-- Ho TpebyeTcsa cneunanmanpoBaHHbIn codT, B
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BbluntaHme oHa Heba: MoaennpoBaHue crnekTpa
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- 3Haem LSF, noctpoeHa agekBaTHass 4YMcneHHasa Modenb criekTporpada
- NOAroHKa rNOTOKOB B rpynnax JINHUN:

For the determination of the emission line fluxes, the known atmospheric emission lines
(van der Loo & Groenenboom 2007; Osterbrock et al. 1996) are grouped by the originating
molecules (OH, [O I], Na I, O,) and the upper transitional level into twelve groups. Within
each group, the emission flux ratio is fixed. The line fluxes for each group are then taken into a
fit routine, minimizing the error of the differences between neighboring bins:

. 2
2= (‘M (Lp) 2N

- A AA

Sky Subtraction for the MUSE Data Reduction Pipeline

(Streicher + 11) Moucees, «MemoObI naHopamHoU criekmpockornuu», 2021, nekyus 4



BbluntaHme oHa Heba: MoaennpoBaHue crnekTpa
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subtraction for one slice. The blue dots show the original simulated data from the
Instrument Numerical Model. the ereen dots the residual flux after subtraction.
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Sky Subtraction tor the MUSE Data Reduction Pipeline
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MUSE views the Orion Nebula

MUSE views the Orion Nebula Bl -

Watch later Share

Watch on BB Youlube

Moucees, «MemodbI naHopamHoU criekmpockonuuy, 2021, nekyusi 4



MUSE: TymMaHHOCTbL OpUOHa

6 X 5 arcmin red: [S 1] 6731

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

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

red: [O Ill] 5007
» — green: [O 1l] 7320
RS - blue: [O 1] 6300

TIGER the first map:1988
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“Meny3bl” B cKOMMeHusixX ranakTuk (ram pressure stripping)

30T 3
20 K]
S 10—\ -, g
& O &
= -10 o
~20 =
3oL o e T ) B
-60 —40 —20 0 20 40 60
arcsec -
E 210] ST N TR . 160
- 20/ SRR T o I o
8 10‘ 5 - g P \: _80
Z  0f T 3 £ 4-160
s _10l N = |{=240
50 50 < §-320
| k gl ~400
—80L ~ 4 Ea WENFSC N, ~480
—60 —40 —20 0 20 40 60
Arcsedc
— — - 160
;g L o £ | 140
_M120
e 10+ “;g 100
¢ 0 £ M8o
- 10 gigs
Poggianti+17: -20}. . _ : -
PaccueT yaepxuBaroLLmx cun n nodoBoro gaBneHus, _3960 T _2(;‘ 530 40' eTo 0
BbIMETaHMe BO3MOXHO, TONbKO Ana r>20 KnK, YTO U HAONAAeTCH..  arcsec

[MpumepHO 15% rasa NOKUHYIO ranakTuky



MUSE: rny6okun 0630p

1'x1' nonsa sHyTpn UHDFS

27 yacos akcnosunumnmn: 54x30 muH , seeing 0.66"

- PasHble opuneHTauum nons, TwartenbHoe noctpoeHne PSF no 3se3gam

HeoxuaaHHo: La — rano 6onbLimne v Kpyrrbie!

[MpoucxoxgeHne rarno:
PaccesiHne dOTOHOB OT ranakTuku
Ha YaCTUYHO HENTPANbHOU MeXranakTUyecKo!
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MUSE: apantmuBHaga onTuka B “onTuke”!

Narrow Field Mode (Not offered yet. To be offered with GALACSI)
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Moucees, «MemoObI naHopaMHOU CrIEKMPOCKOMUU, , lekuusi 4



MUSE: aganTtuBHaga onTuka B “onTuke”

MUSE-AO view of the starburst-AGN connection: NGC 7130
J. H- Knapen‘*”t S. Comer6n®, and M. K. Seidel’

MUSE Narrow-field mode (NFM) + AO GALASCI
FOV 7.6" 0.025px
Seeing 0.6-1" => AO made: 0.15-0.5”

B HST F555W ';HST&SW ALR'M CO(6-6) - MUSE
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arXiv:1812.00809

Moucees, «MemoOkI naHopaMHoU criekmpockonuu», 2021, nekyus 4



CJ'IGD,YI'OLLI,VIVI npoekT: BlueMUSE Jeanneau et al
ArXiv:2101.07605
Proc SPIE 11447,

BlueMUSE to be included in the VLT2030 instrumentation plan,
with a Phase A to be started by 2022

Table 1. BlueMUSE Top Level Requirements summary table, ordered in decreasing prionty.

Wavelength range 350 - 580 nm

Spectral resolution R = 2600, average ~ 3500 over the full wavelength
range

Transmission (incl. telescope and atmosphere) | > 17% and average > 29% owver the wavelength
range

Field-of-view > 1 arcmin® (goal: 1.4 x 1.4 arcmin?)

Operational efficiency ¥5% open shutter time

Image quality 0.34" at 350 nm, 0.31" at 580 nm

Stability 0.1 pixel (TBC) within a night (without night cali-
bration)

Spatial sampling 0.2" < spaxel < 0.3"

Spectral sampling = 2 spectral pixel

Moucees, «MemoOdbI naHopamHoU criekmpockonuu», 2021, nekyusi 4



CJ'IG,EI,YI'OLLI,VII‘/JI npoekT: BlueMUSE Jeanneau et al
ArXiv:2101.07605
Proc SPIE 11447,

MaccuBHble 3Be34bl B HALWEN U Apyrnx ranaktukax (ysenudeHne >100x)
Mopdonormus n xumocrtaB KOMeT

[[@3o0Bble TYyMaHHOCTKN, OBMNME 3NIEMEHTOB

[[anakTnku co Bcnbiwkon 30

LSB n Ulta Diffuse ranaktukn: xmumcocTaB, KnHemaTtuka, uctopusi 30

30 u obanpaHue rasa B NIOTHOM OKPY>KEHUN

[NoTeps ranakTMkamMv nanMmaH-KBaHTOB

TedeHMe rasa mexay ranakTnkamu

ITanmaH-anbdra rano Ha MmacwTabax BHYTpM Kunonapceka

NlanmaH-anbga TymaHHOCTU B CKOMJeHUsX Ha 1.9<z<3, nouckK xornogHoun
aKKpeuuu
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Near-Infrared Spectrometer (NIRSpec):

BbIXxo4 B KocMoc B 2021

(— \ .
Pupil mirror array
' ' with Relay 2 at the centre

Slicer mirror array%

Performance wavelength range

0.7 = 5.0 um (functional range 0.6 — 5.0 um)

Operating temperature range

30 — 44K (but with full performance at 293K)

Throughput

>50% (8 reflections)

IFU — oanH n3 pexxmmoB HabnoaeHnm
3’x3” ¢ pa3dueHuem 0.1”

] james Webb Space Telescope




Mid-Infrared Instrument (MIRI)

V3 (arcsecq)
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MIRI pipe-line

Plotl:
Cube Image (@
selected wavelength

Coordinates of
cube pixels

Controls to change
wavelength image

displayed

Glauser et al 2010
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Extracted spectrum

Moucees, «MemoOdbI naHopamHoU criekmpockonuu», 2021, nekyusi 4
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Spectrograph Spectrograph
Input Qutput

e = =
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Figure 1.1: Different types of IFU: Lenslet, Fibres and slicer. Credit: M. Westmoquette,
adapted from [19].

Moucees, «MemodbI naHopamHoU criekmpockonuuy, 2021, nekyusi 4



ELT 39m: HARMONI

High Angular Resolution Monolithic Optical
and Near-infrared Integral field
spectrograph (2027+7)

0.47—2.45 ym

Spectral resolution ~3,500, 7,500, and 18,000 in the NIR and ~3,500 in the VIS bands

Simultaneous spectral range at least one band at a time R~7,500 (i, z, J, H, K), two at R~3,500

four, corresponding to different spaxel scales

LTAO and S8CAO
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1 milliarcsecond (mas) = 0.001"

Moucees, «Memodbi naHopamHou criekmpockornuuy, 2021, nekyusi 4


https://elt.eso.org/instrument/HARMONI

4 cuctemsbl

ELT 39m: HARMONI crniekTporpadgos

20 mas at 1.0 20 mas at 2.2
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VLT AD + SINFONI HARMONI 20 mas LTAD HARMORNI 10 mas LTAD HARMONI 4 mas LTAO

A simulation of how a galaxy in the early universe would look like when ocbserved with vanous instruments on the VLT and the ELT.

Credit: ESO/HARMOMI consortium




[TlocMOTpeTb B cBOOOAHOE BpeEMS

Roland Bacon plenary: Highlights from the Multi Unit
Spectroscopic Explorer (MUSE), a 2nd generation VLT
iInstrument for the VLT

A plenary talk from SPIE Astronomical Telescopes + Instrumentation 2014

16 July 2014 Technology

The discovery potential of
MUSE - Exploring the PN 4361

The ORCA-(uest guantitative CAMOS (gCMOS) camera with
Fhoton Resolving functionality is the leap in scdentific camera

evolution that transfarmes imaging into imagining.

. And going further, we
found that it's a galaxy.

Ha 6701 A (2=0.02) |

Moucees, «MemoOkI naHopaMHoU criekmpockonuu», 2021, nekyus 4


https://spie.org/news/as14_bacon?SSO=1

