MeToabl MAaHOPaMHOW CNEKTPOCKOMUU

Jlekuuns 4.

CkaHupoBaHue Lenbto. Pe3atenn n3obpaxeHnn. NMaHopaMHble
cnekTporpadsbl B 6nmxHeM UK. PaboTta ¢ cuctemamm AO.
Cnektporpadsl: PIFS, KCWI, OASIS, OSIRIS, SINFONI, KMOS,
MUSE, KMOS, npunbopsl JWST.
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Figure 1.  The concept of SNG observations.
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1.88-m Okayama Astroph. Observatory

LLenb wunpnHon 1.8", TOYHOCTL
yctaHoBku< 0.3"

[Mpobnembl Bapnaumin aTMocepHbIX
yCcrnoBun peluaeTcs godaBneHmem
HabnogeHnn ¢ NnoBopoTom Ha 90°

Kosugi +95

Hy=T75km/secMpe
IkEnc

j Pt}

e L @ﬁ _,E ; i
.||:|L o o I__"“' 1 _.1. T ..-:x_-;::
" sl iem - (a) Ha '] E : {c) [Dmlﬁﬂnm
{arcsech a
-ig B b -1 -.:Iﬂ
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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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 Hea intensity from narrowband imaging. Assuming that helio-
O.B. EFOpOB centric velocity of the galaxy is —203.8 kms~! (McConnachie Z 2),

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

Vucetic et al 2019 Moucees, «MemodbI naHopamHoU criekmpocKkonuuy, 2021, nekyusi 4




“Pe3aTtenn” - aBHO UCMOSb3YIOTCS B CMEKTPOCKOMNUn
BbICOKOIro pa3pelleHuns

CucTembl 3epkan unm npuam

Fiber B = — = .
Input beams — — =
Fiber A T —— e — e e
e S ———
Cutput e
Beam AE—— B

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

Tala et al 2017 :
H3C BTA (npuameHHbIN pe3aTenb)

HangeHos v gp 2007;Man4yk n gp 2007
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Pe3satenu ansa 3D cnekTpockonuu

g et PR w gt . Weitzel et al. (1996)

T

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

Oxnaxpaembin LWeneson 6nok ontumaneH anga HaonwgeHun B UK.
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PIFS: Palomar Integral Field Spectrograph

LLinpnHa otoenbHbiX wenen — 0.67"
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PIFS: observations of IRAS 08311-2459
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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-
tion Table

Slicers

Grating Small Medium Large
B.25"x 20" 16.5"x 20" 33"x 20"

L

NE&S Mask #

BL 5000 2500 1250

e

/
B

BM 10000 5000 2500 Exchanger Bonn Shutter
BHx 20000 10000 5000 “._  CCDCamera Articulation Stage .-

CEE R R R R R EE R R R R R R TR SR R R R R R R

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

R~16700

(FWHM 0.3A at 5000)
slice width 0.35™
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CneKkTpoCcKonusl C CUCTEMaMM aanTUBHON OMTUKK
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Schematic diagram of adaptive optics

* AO paboTtaet npenmyuiectBeHHO B UK
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OASIS (3.6 m CFHT) - “crapwmn 6pat SAURONa")
(Optically Adaptive System for Imaging Spectroscopy)

Today, I would be much more cautious before adding new constraints to a proposed instrument.
I have learned that apparent “flexibility” often compromises the instrument’s stability, and 1t
is always better to build an instrument that performs a few tasks exceptionally well rather than J§
many tasks poorly. A PI must have his/her own vision and sometimes should be able to take
some distance with “committee recommendations™ or “friends suggestions”.

OASIS was built at the Lyon observatory with oversight from CFHT. While its mechanical ‘-
structure was designed to support all the requested modes, limited funding and lower [Sg
prioritization meant that only the imaging and TIGER modes were fully realized. Significant

(Bacon 2024) A

TIGER-mode Bacon et al 2001 - Yoy i
Spatial configurations
| Spatial sampling | Fieldof view | [SEEEEFTIUR AN 5
| 0.09" | 27" x3.7"
| 0.14" | 40" x5.5"
| 026" | 74" x103" |
| 0.42" | 12.0" x 16.7" |

Moucees, «MemodbI naHopamHoU criekmpocKkonuuy, 2021, nekyusi 4



OASIS (3.6 m CFHT) - “crapuumii 6paT SAURONa”") M

(Optically Adaptive System for Imaging Spectroscopy)

&0

an

Amroesas
1
km/s
nrcaec

km/ s

ArcEaC

are manitold. 1'he primary 1ssue was the overly optimistic pertormance expectations tor PUEOQ,
the adaptive optics system. Commissioning measurements showed a two-fold improvement in
FWHM in the visible range (Veran et al. 1997), but in practice, such performance was rarely
achieved with OASIS. The lack of bright natural guide stars was often the culprit, and guiding
on galaxy nuclei did not yield good results. The PUEO system introduced 30% throughput
losses, and with the small spatial sampling, we were working in a detector noise-limited regime,
which is far from ideal. Additionally, the time required to set up PUEO and close the loops was
significant, leading to efficiency losses. A critical analysis of the expected PUEO performance
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Keck OSIRIS (OH-Suppressing InfraRed Imaging Spectrograph)

Spectrograph
£ N TuTtaH:
Collimator optics
p {ThRA)
Cold Lenslet array Adjustable | CTpaTOCCpepa
stop | mask
Keck 11 AQ ' Fixed
focus grating
Filters
Re-imager collimator R1 Camera Pupil plane i _
(singlet) {singlet) Re-imaged “amera optics —
focal plane (TMA)
% J\ ) (B
Y ¥ Detector —= f§
Re-imaging optics s NOBEPXHOCTb:
Format rectangular IFU, lenslets
Wavelength {(pm) 1.0 — 2.4
Spectrograph
pectrograp ~3800

resolution (R)

Simultaneous sky
coverage

none in the IFS itself, though there is a
simultaneous imager channel

Field of view

0.32"x1.28" — 4.8"x6.4" depending on
camera setting

Spatial element size

0.020", 0.035", 0.050", 0.100"

Larkin + 2006

\4

A

0.9 arcsec
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Keck OSIRIS

Comerford et al 2017: ranaktnka B MOMEHT NEPEKITIOYEHNS aKTUBHOCTH

Paa flux distribution (top middle), and Paa yeteeity (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
el = Camera
Sptial Scale | Mode | Limiting Wagnitudes
8"xg" 125x250mas | noAD | J=20.2 H=19.9 K=17.9 H+K=19.6

3"x3" 50x100mas NGS | J=19.4 H=19.6 K=1B.8 H+K=19.8

0.8"x0.8" 12.5x 2bmas NGS | J=17.B H=18.7 K=1B.3 H+K=19.2

%

-,

Eisenhauer + 2003
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LleHTp NanakTuku B MHMpPaKpaCHOM Anarna3oHe

B 10 fight doys ~

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

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



SINFONI: ranakTu4yeckum LEeHTP
Eisenhauer et al. (2005),

SINFONI 18.08.04: K(75 mas)
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SINFONI: k actpomeTpuun nobaBneHsbl y4vyeBble CKOPOCTYU
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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)
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SINFONI/SINS

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

BO3MOXHOCTb MPSAMOro cpaBHEHNA C BNU3KMMK raniakTUKamu.
BzK-15504: SFR=150 Msun/yr

-

.
{ pC ) WIHN
/ 26033 ™™

. r

+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 Ha 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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Tpu cnektporpada, no 8 IFU B kaxxaom

KMOS

Spectral direction

uonoalip |eneds

l.ll..lllll.lll."l'll f—

e “im e -ruw -
!..IIDG.IIJ.I iil.ll.l.l.l.li.l l!hill!-..r

8N4l

Znai * ana "

sndl | yndl ' gn4l

¢ N4l

L N4l

Moucees, «MemodbI naHopamHoU criekmpocKkonuuy, 2021, nekyusi 4



KMOS: MHOrokpaTtHoe yBenmyeHne 4Yncia obbekToB
2 hours of VLT time
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KMOS 3D 550 ranaktuk Ha 0.6 <z < 2.7
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KMOS: B fanekux ranakTmkax MeHbLLE TEMHOW MaTEPUN?
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Genzel et al., 2017, Nature
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viv

KMOS: B fanekux ranakTmkax MeHbLLE TEMHOW MaTEPUN?
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Awards

Reinhard Genzel

Otto Hahn Medal (1980)
Balzan Prize (2003)

Shaw Prize (2008)

Crafoord Prize (2012)

Tycho Brahe Prize (2012)
Fellow of the Hoyal Socisty
Harvey Prize (2014)

Mobel Prize in Physics (2020)
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KMOS Redshift One Survey (KROSS)

Home Team Data Publications Movies

Datacubes and Data Products

Datacubes and data products for the 586 H-alpha detected galaxies in the KROSS survey
Datacubes for all 586 galaxies [1.2Gb] (posted: 24/04/2018)

H-alpha intensity maps [2.7Mb]

H-alpha velocity maps [1.0Mb]

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

Catalogs (Version 2)
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: paboTa ¢ AaHHbIMU

(N=4 stack, no SKY

]

0oBJ

0oBJ

OBJ

0BJ

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

Pabo4yasa ctaHuus:
32 cores

256 GB RAM
Disks: 2x11 Tb

BbluntaHne Heba — NOCTpoeHne
Moaenn no namepeHHom LSF
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Jlekumns 4
I'Ipo6neMa MHTEPNONALIN “MHOropexxnmMHbIn pokasibHbIN peaykTop...”
[[eomeTpunyeckme npeobpasoBaHNa — MNOPTAT UCXOQHOE N3obpaxeHune,
TaK KaK BbINOSHAETCA MHTEPNONsauns Ha OMKCUPOBaHHYHO
KOOPAWHATHYI CETKY

Caosur dx=0.3 px

120f - - - — 120
100F : 160f

an b _ BOF

il &0
40 40

20F 3 20
of : kb
—20k ; —20F . . . .
o 2 4 & =& o 2z 4 & 8

NckyccTBeHHoe pa3bueHune Ha bonee Menkne NMKCenn — nullb YacTUYHO peLuaeT
npobnemy, CUNbHO 3arpy»as BblMUCNUTENbHbIE PECYPChI
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He 06bekT K kKannbpoBkaM, a KannbpoBkM K 06beKTY!

Ob6paboTtka coBpemeHHbix IFU (MUSE/VLT n 1. 4.) - uaes coxpaHeHus
nepBoHa4anbHOW AUCKpeTM3aLmm

T.e. BMmecT0 2D FITS-n3obpaxeHus (3anuce | B kaxxgom nukcene) —
nepexon K Tabnuuam, rae Kpome |, B KaXkaom Nukcerne eule 3anucaHol
npeobpasoBaHHble KoopauHaThl (X',y')

ll'n
T,
\Q -_IY__ \ \'. \____,_- B utore, nuwb oaHo npeobpasoBaHne —
9KCTPaKLUMA NMHeapu3oBaHHOrO CrekTpa, nocrne
| | BblUMTaHNA Heba 1 UcrpaBneHns 3a KpuBble

______II | |
___J[___j(_ 71 npomnyckaHus!
|

— Ho TpebyeTtcsa cneumnannanpoBaHHbin codT, B
| | T TOM uucne u Ans BU3yanusauum Ha pasHbIX

L _/___— 4 — 'J____fl'“‘ﬁ'l aTanax ob6paboTku

(Jlekuusa 4 “MHoropeXXumHbIn poKanbHbIN PEOYKTOP...”)

Moucees, «MemoOdkl naHopamHoU criekmpockonuu», 2021, nekyus 4



BbluntaHme oHa Heba: MoaennpoBaHue crnekTpa
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- 3Haem LSF, noctpoeHa agekBaTHass 4ucrneHHasa Modenb criekTporpada
- NOAroHKa NOTOKOB B rpynnax JIMHUNA:

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 (Ap) _ Al

- Al AA

Sky Subtraction for the MUSE Data Reduction Pipeline

(Streicher + 11) Moucees, «MemooObi naHopamHoU criekmpockonuu», 2021, nekyus 4




BbluntaHme oHa Heba: MoaennpoBaHue crnekTpa
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Figure 2.  (a) Modelling the LSF in the sky subtraction. The black line shows A
the LSF, the blue dots are the original data of one slice. (b) Residuals after the sky Wﬁ\felength [ ]
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.
MOCIJIE

Sky Subtraction for the MUSE Data Reduction Pipeline

(Streicher + 11) Moucees, «MemoOdkI naHopamHoU criekmpockonuu», 2021, nekuus 4




MUSE views the Orion Nebula

MUSE views the Orion Nebula & ~»

Watch later Share

Watch on [EB Youlube
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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/

. Bacon et al. red [O ”I] 5007
green: [O 1] 7320
blue: [O 1] 6300

TIGER the first map:1988
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Figure 7 : Monochro
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2020 Jackson-Gwilt Medal
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“Meny3bl” B cKOnneHusix ranakTuk (ram pressure stripping)
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MUSE: rny6okun 0630p Wisotzki + 15

1'x1' nonga sHyTpn UHDFS
27 yacosB akcnosunuunmn: 54x30 muH , seeing 0.66"
- PasHble opuneHTauum nons, TwartenbHoe noctpoeHne PSF no 3se3gam

HeoxwnaaHHo: La — rano 6onbluve v kpyrnble! E S
N o < 10%
MpoucxoxaeHne rano: : e
PaccesiHue hOTOHOB OT ranakTuKu ; e
Ha 4aCTUYHO HeUTpanbHOW MeXXranakTn4eckol ‘f: 1:'.| 1}11]}1};
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Bacon 2024:
Cpa3sy 2o80opursiu 0 mom, 4Ymo MOXXHO 3aHUMamhbCs CriekKmpockorued anyboKux
rnoseu, usbezas rnpe-cenekyuu obbekmos, kak 8 MOS, Ho:

reviewed, together with technical documentation and the management plan. The science
referees were quite supportive of the nearby galaxy science case but were much less convinced
by our high-z proposal. Their main objection was that MUSE wouldn't be competitive with
MOS because it wouldn't have deeper capabilities and would have a much smaller field of
view, where most of the spaxels would just capture the sky. This skepticism was probably
shared by a large fraction of the high-z community, and MUSE, until its first light, was seen as
a perfect machine for the study of extended nearby objects, but not more.

Wisotzki + 2018
(nekuuga 1) I

=

', o MR

Fig. 1 | Distribution of the observed Lyct emission in the HUDE. The
underlying image is a colour composite obtained by the HST restricted
to the 1’ x 1’ section observed with MUSE. The extended Ly emission

detected by MUSE is sup.erimposed in blue, summed O\Ter the redshift F?gm‘e 9- MUSE ".'?t’?.i‘}ﬁfé’ﬂr” on ﬁ'}é’ UT4 ;MGSJH_TI;E Pft’?ffﬂf??f
range 3 < z < 6 and spatially filtered to suppress the noise. The grey
on January 19, 2014.
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MUSE: apanTmuBHaga onTuka B “onTuke”!

Narrow Field Mode (Not offered yet. To be offered with GALACSI)
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MUSE: apanTtmuBHaga onTuka B “onTuke”

arXiv:1812.00809

MUSE-AQO view of the starburst-AGN connection: NGC 7130
J. H. Knapenuj& S. Comerén®t, 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”

I HST F555W

-10

-20

-20 -10 0 10
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He Tonbko ranaktuku: Ble] cyneprurant MWC 137

Fig. 2. Voronoi diagram of E(B-V) based on the extended nebular
Ha/HP ratio, binned to a signal-to-noise ratio of 200 per polygon. The

.
composite VRI color image (1.7 x 1.7") r
I g
VLT/MUSE discovers a jet from the evolved B[e] star MWC 137 -
( Mehner + 2017) :
Fig.8. Composed image showing the jet in [N11] 6583. The up- .
per and lower panels are velocity-binned images from 600 s expo- . ’ /f
sures (—405 km s~! to —234 km s~! for the upper and 336 km s~
to 507 km s~! for the lower panel). The middle panel is one channel =
map (at —376 km s~!) of a 300 s exposure. Knots along the jet trace are =

Moucees, «MemodbI naHopamHoU criekmpocKkonuuy, 2021, nekyusi 4



He TONbKO raslakTUKu: aMMmaK Ha fOnMTepe

PPAK (2004)
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Near-Infrared Spectrometer (NIRSpec): B kocmoce c 2021

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”

Pupil mirror array
with Relay 2 at the centre

"::James Webb Space Telescope
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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)
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Low power jet-ISM interaction in NGC 7319 revealed by
JWST/MIRI MRS (Pereira-Santaella + 2022)
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MaccoBoe nsy4eHne H, B ranaktmkax

NoHun3oBaHHbIN ra3s — bonee TypbyneHTHbIM, YeM MonekynsapHbii (300 vs 150 km/c)

Dec [arcsec]

RA [arcsec]

OueHka Macca rasa obounx dbpakumi:

(2021). The ratio between Ha and H1 6-5 746 um (Pfa) is
112 at 10000K (Storey & Hummer 1995). We assume that the
electron density, n., in the ionized gas in the shock is between
100cm™ and the upper limit, n.<500 cm‘3, obtained from the
[Fe 1]5.34 pmy[Fe n]4.89 ym >60 ratio (Fig. D.1). The resulting
mass range is M, = (2.4-12)x10° M_.

lot et al. 1999), so we can assume local thermodynamic equilib-
rium (LTE) conditions. Under this assumption, the S(1) to S(6)
transitions can be fit with a two temperature model: a warm com-
ponent with T, =3304+40 K and My, ., =(6.0£1.4)x 10° M, which
dominates the S(1) and S(2) emission; and a hotter compo-
nent with T,=900+60 K and My, 5=(0.44+0. 12)x10° M5 which
dominates the S(3)-5(6) emission (Fig. 5). The higher J transi-

Cemunap VOLGA 08/09/2022, Mouceeg
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Fig. 5: Rotational diagram showing the H, 0-0 S(1) to S(8) tran-
sitions measured at the northern radio hotspot N2 assuming an
ortho-to-para ratio of 3 expected for T;,>200K (Burton et al.
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