MeToabl MaHOPaMHOW CNEKTPOCKOMNU

Jlekuuns 4.

CkaHnpoBaHue Wwenbto. Pe3atenn nsobpaxeHnn. NaHopaMHble
cnekTporpadsbl B 6nmxHeM UK. PaboTta ¢ cuctemamm AO.
Cnektporpadsl: SINFONI, MUSE, KMOS, npunbopsl JWST.
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CKaHMpOBaHMe LLesblo.
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CkaHnpoBaHue wenbto: NGC 6857 | ;.. 1000 + 0.7 m A3T-8
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Pe3satenu anga 3D cnekTpockonuu

#i s B ; - 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 wav shown to form a stair-like long slit
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PIFS: Palomar Integral Field Spectrograph

LLinpnHa otoenbHbIX wenen — 0.67"

Murphy +99
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PIFS: Palomar Integral Field Spectrograph

Oxnaxpgaembin Weneson 6nok ontumaneH Ang HaonwgeHun B UK.
[lnata 3a 9T0 — TPYAHOCTN U3rOTOBIIEHUS (NPEeLEe3NoHHasa armasHas
obpaboTka) N IOCTUPOBKN TOHKUX MNACTUH.
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PIFS: observations of IRAS 08311-2459
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Near InfraRed observations of the
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CneKkTpoCcKonusl C CUCTEMaMM aanTUBHON OMTUKK

Yr Star
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Schematic diagram of adaptive optics

* AO pabotaet npenmyiectBeHHO B VK

* CnekTpockonus ¢ ASIMHHOW LLENbo
30ecb HepauuoHarnbHa (noteps
NPOCTPaHCTBEHHOW MHGOpMaLnK +
CITOXXHOCTb MO3ULIMOHNUPOBaHUS

:> 3D-cnekTpockonus
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SINFONI - Spectrograph for INtegral Field Observations in
the Near Infrared (VLT) oc atte:

_ _ Detector
Light entering from :
Spectral range: (1.1 - 2.45 um) the AOmodule g pSpectrometer
: , e Camera
Field of View | Spatial Scale | Mode | Limiting Magnitudes
88" 125x250mas | noAO | J=20.2 H=19.9 K=17.9 H+K=19.6
3'x3" 50x100mas NGS | J=19.4 H=19.6 K=18.8 H+K=19.8
0.8"0.8" 12.5x25mas | NGS | J=17.8 H=18.7 K=18.3 H+K=19.2

i Gra_ltimg wheel vy

>0 mator mirror .;:'

- -

Eisenhauer + 2003
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LleHTp NanakTuku B MHMpPaKpaCHOM Anara3oHe

g 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
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SINFONI: ranakTu4yeckum LeHTp

NACO 10.06.04: H (40mas)
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SINFONI: k actpomeTpumn nobaBneHsbl ny4vyeBble CKOPOCTYU
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SINFONI: mMacchl YepHbIX Ablp B APYrUX rajakTukax
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SINFONI: 0630p ranaktuk Ha z~2 (SINC, 62 galaxies in Ha)
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SINFONI/SINS

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

BO3MOXHOCTb MNPSAMOro cpaBHEHNA C BNU3KMMK rariakTUKamu.
BzK-15504: SFR=150 Msun/yr

0.5"

(4kpec) -
-260(+33)

.

+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
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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

u (] [0'[a] Gl = = G EE EE
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KMOS: MHOrokpaTHOE YBEMYEHME YNC/Ia Lienen

2 hours of VLT time

— FHT- NEJ—CFHT—1770

[

-1 —2[flz 4 5



KMQOS 3D 550 ranaktuk Ha 0.6 <z < 2.7

SFR [Mgyr~']

Ha z=1-2 O0OnbWWHCTBO ranakTuk
“rmaBHOW nocnegoBaTenNbHOCTU’
perynsapHo BpatllaroLmnecs OUCKK

(Wisnioski + 2015)
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KMOS: B nanekux ranakTmkax MeHbLLE TEMHOW MaTeEpPUN?
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Genzel et al., 2017, Nature
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KMOS: B nanekux ranakTmkax MeHbLLE TEMHOW MaTeEpPUN?
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MUSE: slicer & spectrograph
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MUSE: paboTa ¢ AaHHbIMU

(N=4 stack, no SKY

]

0OBJ

0oBJ

0OBJ

oBJ

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

Pabo4yasa ctaHuus:
32 cores

256 GB RAM
Disks: 2x11 Tb

BbluntaHne Heba — NnoCcTpoeHue
Moaenn no namepeHHom LSF
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Jlekumns 4
I'Ipo6neMa MHTEPNONALINA “MHOropexxmmMmHbIn pokasrbHbIN peaykTop...”
[[eomeTpunyeckme npeobpasoBaHNa — MNOPTAT UCXOAHOE N3obpaxeHune,
TaK KaK BbINOMHAETCA MHTEPNONSAUns Ha OUKCUPOBaHHYHO
KOOPAWHATHYI CETKY

Caosur dx=0.3 px

120f - - - — 120
100F : 160f

an b _ BOF

il &0
40 40

20F 1 20
of i o
—20f 3 —20F . . . .
0 2 4 & =8 o 2z 4 & 8

NckyccTBeHHoe pa3bueHune Ha bonee Menkne NMKCenmn — nullb YacTUYHO peLuaeT
npobnemy, cUNbHO 3arpy»as BblMUCNUTENBbHbIE PECYPChI
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He 06bekT K KannbpoBkaM, a KannbpoBKkM K 06BbEKTY!

Ob6paboTtka coBpemeHHbIx IFU (MUSE/VLT n 1. 4.) - uaes coxpaHeHus
nepBoHa4anbHOW ANUCKpeTMU3aumm

T.e. BMmecT0 2D FITS-n3obpaxenHus (3anuce | B kaxxgom nukcene) —
nepexop K Tabnuuam, rae Kpome |, B KaXkaom Nukcerne ewle 3anucaHol
npeobpasoBaHHble KoopauHaThl (X',y')

|
\\%erﬂ___ \ \'. . Bwurore, nuwb ogHo npeobpasosaHne —

T_ \_ 9KCTpaKLUMsa NMHeapu30BaHHOIoO cnekTpa, nocne
h‘“lﬁm . 1 '| BblYMTaHUS HeDa 1 ncnNpaBreHus 3a KpuBble

|
| | _]—f__" nponyckaHna!

gt l__j B i Ho TpebyeTtcsa cneumnannanpoBaHHbin codT, B
1- _
f | | [T TOM uucre 1 Ans BU3yanusaLmm Ha pasHbIX
| /Z___ | }/_%_ﬂ | aTanax o6paboTku
/ | T

(Jlekumnsa 4 “MHoropeXXumHbIN poKanbHbIN PEOYKTOP...”)
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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/

R. Bacon et al.

400 e 2

N—

800 <

O ;

| / red: [O 1] 5007
- 0.5 arcsec o L . green. [O ”] 7320
0 200 400 600 blue: [O 1] 6300
Figure 7 : Monochromatic map in [NII]-Ha
of the nuclear region of M 51 —
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“Mepny3bl” B CKOMMeHusixX ranakTuk (ram pressure stripping)
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MUSE: rny6okun o630p Wisotzki + 15

1'x1' nonsa sHyTpn UHDFS
27 yacos akcnosunumnmn: 54x30 muH , seeing 0.66"
- PasHble opmneHTauum nons, TwartenbHoe noctpoeHne PSF no 3se3gam
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MUSE: aganTuBHaga onTuka B “onTuke”

Narrow Field Mode (Not offered yet. To be offered with GALACSI)
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Near-Infrared Spectrometer (NIRSpec):

BbIXo4 B KocMoc B 2018!

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 pexxmumoB HabnoaeHnm
3’x3” ¢ pa3dueHuem 0.1”

Pupil mirror array
with Relay 2 at the centre

_._._,.-l"'

- "ﬂ;james Webb Space Telescope

Moucees, «MemoObI naHopaMHoU criekmpockonuu», 2017, nekyusi 4



Mid-Infrared Instrument (MIRI)

4 IFU — otaenbHO Ans pasHbiX gnanas3oHoB B obnactn 4.9- 28.8 um

-314
FOV name FOvV

A-range (um) (arcsec)

-316
Channel 1 33=37

4.89-7.66

-318
Channel 2 42=48

-390 7.49-11.71

V3 (arcseq)

Channel 3 &= &2

-322 11.53-18.05

Channel 4 7.2=79

-324
17.66-28.45

-408 -500 -502 -504 -506 -508

V2 (arcsec)
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