MeToabl MAaHOPaMHOW CNEKTPOCKOMUU

Jlekuusa 2.

MynbTn3paykoBble criekTporpadbl, KOMOMHALMS NMH3A-BONOKHO.
MeToabl N3y4YeHUs NapaMeTpPoOB 3BE3HOro HaceneHus ranakTuk
(Kpocc-koppensumoHHasa TexHuka, nnkckne nuagekcel, LOSVD,
noaroHka cnektpoB). CnekTporpadbl TIGER, SAURON, MPFS,
PMAS, VIMOS, SCORPIO-2/IFU.
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TIGER: Traitement Intégral des Galaxies par I'Etude de leaurs Raies

Xsky
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TIGER MODE OF . LAYOUT

x10-x20, pasamep NUH3bI 1-2 MM
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TIGER at CFHT (Bacon + 1995) — onucaHue u pe3ynbTaThl

UepHaga aobipa B AHgpomeae (seeing~0.9")

R. Bacon et al.: Sub-arcsecond 2D photometry and spectrography of the nucleus of M 31

aresec

Mode Spatial sampling Field of view
Imaging 0.16 arcsec 40 x 40 arcsec”
Spectrographic 0.39 arcsec T % T arcsec’
Spectrographic 0.61 arcsec 10 x 10 arcsec?
Spectral resolution Central wavelength Wavelength range
1300 5010 A 540 A
1400 5330 A 540 A
1800 6850 A 540 A
370 6320 A 2400 A
540 7575 A 2400 A :
—-5.0 0.0 5.0
arcsec
[‘eonorns Mapca (1) Fig. 24. Stellar velocity field of the
[OuHamuka ranakTuk Bacon et al. ::'WWP‘“ m?dﬂLIW;E'hsl ?{-? 10
o SUPCTMAssive Dia & 1508~
CendpepTa, QSO, pagnoranakTuku. . (1994) ®

locities) compared to the observed
one (grey level). Isovelocity step is
20 km.s™!
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[ncnepcmsa cKkopocTen

(A= Xo)?

2072

[(N) = Iyexp(— ) |

FWHM =2vV2In20 ~ 2.3548c

Ecnn Bce npodunnu rayccoBcKue, To Nerko y4nTtoliBaeTcs

yLUMPEHNE NHCTPYMEHTAsIbHOro Npodounss
(onpegensgem rno NMHMAM Heba unu namnbl CrekTpa cpaBHEHUS):

; , KannbpoBOYHbIN CNEKTP
Oreal = \/ fff,bs — 0 fmm- NoaxoauT, TOSIbKO B Criyvae
TeneueHTPUYECKOM 3aCBETKU
(xo4 ny4en TOT XKe, 4TO U Ans
obbekral)
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[Ipobnembl co 3Be3aamu rnpu HM3KoM (R=A/dA<1000-5000)
pa3peLlleHnn B ONTUYECKOM AMana3oHe

IMUccuUKM rasa: nMHUN He oveHb MHoro, 6nenabl (Ha+[NlI], [S1l]) nerko pasgenstoTcs,
LUMPWHBLI 3a npeaenamMmun sapa He odeHb Benunkun (0<50 km/c)

3Be3aHble abcopbumn: MHOro CIlMBAKOLLIMXCSA NUHUIA, ONieHabl AaXKe Ha BbICOKOM
paspeLleHnmn, KOTOPOE U HHE OYEHb MOMOraeT, Tak Kak 3aMeTHoe yLUMpeHue (nyd
3pEHUSA NpPoXoauT Yyepes ToNcTbin Auck, 6banmox), 0>100 km/c

SG00 o500 BO0L £500 FC00



[psiMas NoAroHKa: NonynsiLMOHHbIN CUHTE3

flux F, (arbitrary units)
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(spectral energy digtribution)
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MeToabl onpeaeneHms napaMeTpoB 3BE3AHOI0 HAceIeHUS]

1) PazgenbHO, NCNOMNb3ysa pa3Hble TEXHUKMU:

KuHemaTtuka (v, 0) — Kpocc-koppensuus ¢ lwabnoHom
BospacTt (T), meTtannuyHocTb (Z) — N0 MoAensam JIMKCKUX MHOEKCOB

2) NMpamasa nogroHka Habngaemoro cnekrTpa MoAaenbio 3Be34HOro
HacerneHus c ydeTom line-of-sight-velocity-distribution (LOSVD):

KuHemaTtuka: v, o, h3, h4, wBapulwmnnbgoBCKME ANHaAMMNYECKne Moaenm
T, Z: B pamkax SSP (single stellar population)
unn gaxe nogpobHon SFH (star formation history)

(1) — npocTo, HagexHo, paboTa C HECOSTHEYHBIM XMMCOCTaBOM, HO BO3MOXHa
cuctemMaTtuka c O

(2) — 6bonblle BaXXHbIX MapaMeTpPoOB, HO BO3MOXHA CUCTEMATUYECKaS
owmnbka, BblpoXXaeHNe BO3pacT-MeTanSIM4HOCTb



KnHeMaTuKa 3Be34: KpoCcc-Koppenauums

[nsa “BHeEranakTM4eckoro” cnekTpasibHOro paspeLlieHme
(R= 1000-2000) 3Be3gHble nuHUK 6rieHAnpytoTCa + pearnbHas

ancnepcus CKoOpocTen
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Kpocc-KoppensaunoHHasa TeXHUKa

CrexkTp rajakTHKH MOZKeT OBIThH HpeicTaBieH KakK CMEeMeHHbI 10 CKOPOCTH CIeKTp mad-
JIOHA, CBEPHYTHII ¢ HeKOTOpoil (pyHKIMeH vimupenus, o0VCI0BIeHHON BHYTPEHHUMW JBUZKE-
HUAMH 3Be3/] B rajakTHKe BI0OJIb Jvia 3PeHus:

G(n)= ol (n)e B(n—v)

1 n?
B(n) = oy &P (_F) - MpocTas rayccoBckas PYHKLNA YLLIMPEHNS

3/1eCh U M 0 — UCKOMBIe CKOPOCTh U JIHCIIePCHs CKOpPOoCTeil BOJAL JVia 3peHusd

MeTto,1 Dazupyercs Ha Kiaccuueckoi ctatbe Tonry & Davis (1979) u ocHOBaH Ha BbIYUHC-
JIeHUU HOPMAaJIN30BaHHON KPOCC-KOPPEISIHOHHON (DYHKINK:

> G(m)T(m —n)

N 040t

C(n)=(T(n)eT(n))e B(n—wv)
Kpocc-koppensiumMoHHas oyHKLUMSA CNEKTpa ranakTuku 1 3Be3abl SIBIISIETCA CBEPTKO

aBTOKOpPpPENSUNOHHON OYHKUMK cnekTpa 3Be3abl-abnoHa T(n), koTopasi HeceT nHopmaunio
00 annapaTHOM KOHType cnekTporpada, ¢ dyHKumMen yumperus B(n)

C(n) = G(n) ® T(n)
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Kpocc-KoppensaunoHHasa TeXHUKa

MozkHO TIOKa3aTh, UTO €CIH TeHTPAJIBHBI THK KPOCC-KOPPeIalMoHHOi (hOVHKIIMNA TpeIcTaB-
JIAETCA TayCCHAHON ¢ auctepcueil pu:

C(n) = coexp (—@) |

2 (1.17)

a MUK aBTOKOPPeIAHOHHON (DVHKINH clIeKTpa 3Be3/bl-11a0/10Ha — rayecuatoil ¢ ucnepeneti
T, TO KBa/IpaT JUCTIEPCHH CKOPOCTEeH BBITHCAAETCS KaK:

o’ = —1° (1.18)

[pu s1om 7/v/2 apasiercss aucnepeneii rayccuaHbl, onUChBaomeil anmapaTHbii KOHTYD
cuexkTporpacda. Ha npakruke, u3-3a orsmansg (opwvel uKa OT rayccoBCKOr0, BKJIaa HH3KO-

1 _EI i T T T I T 1_|:|- [ T T T T T T T T T T T T T T T ]
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Auto—correlation: TxT
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Cross—correlation: GxT

10000




[Mpobnembl 3TOU TEXHUKU

- oTNNYMa dyHKUMK yumpeHnust B(n) oT rayccmnaHbl, 3aBUCUMOCTb
OMCMNEePCUN CKopocTen oT LwabnoHa

- Npobnema yyeta Bapuauma annapaTtHoro npodunsis o noJsito:
paccBeTHOE HEDO, CrEKTPbI KanMbpoBOYHOM Namribl (HEe TOYHOE
cooTBeTcTBUE!), pacdokycupoBaHHas 3Be3ga onTuMaribHoro
creKkTparbHOro Kracca (Mnv gsuratb 3Be34y No pacTpy MUKPO3payKkoB)

CnekTtp ranaktnkm E-SO B uenom noxox Ha 3se3ay K0O-K5!

TemM He MeHee, 04YeHb yCTOM4YMBAsA TEXHUKA U3MEPEHUIN NyYEBbIX
ckopocTen!
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Bapuauun koHTypa no nonto: MPFS (Moiseev 2001)

He—MNe—Ar lamp (T, km/s) HD 109519 (7, km/s) Twilight sky (T, km/s)
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Figure 9: MPFS maps for the galazy NGC 2950. a — the continuum image (the surface brightness logarithm
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JINKCKMe UHAEKChI: onpeaeneHue

Myb5177

1.0 1.1

Lick Observatory Stellar Library

(Worthey et al. 1994 I\
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Moucees, «MemoObI naHopamMHoU criekmpockonuu», 2025, nekyusi 2



_ MPFES
JInkckmne nHaekcol: T & Z Sil'chenko et al 2010
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NGC 5631 LOSVD (PA=115) NGC 5631 LOSVD (PA=115)

CnoxxHast popma LOSVD
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Figure 1. LOSVDs of M 104 at different points of the TIGER field,

and the corresponding best gaussian fits (pointed lines): note the asym-

metries of the profiles close to the major axis. The central panel shows 3

the reconstructed TIGER image. Sil'’chenko et al 2009

Emsellem et al 1994
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OyHKUMa 'aycca-IpMunTa

and quite good parametrization of the velocity distribution profile is the truncated
Gauss-Hermite (GH) expansion (Gerhard, 1993; van der Marel & Franx, 1993):

y l(u—V)zNGH [U—V}
hmH
V2ano mZ:U e

where H,, are the physicists Hermite polynomials, /i, are the Hermite coefficients

GH(”?Y? V,U,hm)z ’ (210)

2

exp

and Ngy is the order of the truncation corresponding to the total number of mo-

VAN DER MAREL & FRANX

O6bI4HO opraHnymnsatoTca N=4,

% npu atom h0=1, h1=0, h2=0
- h3 - acnmmeTpus
h4 - HerayccoBOCTb
=
Y
N I | I
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Flux arbitrary units

6000
Wavelength (A)

I: asp156 template library. This library includes 156 templates with 39 stellar
1 Myr to 13 Gyr) and 4 different metallicities (Z/Z = 0.2, 0.4, 1 and 1.5).

[Ans noaroHkn — 6MbnMoTekn CnekTpoB (pearibHbIX 3BE34 NI CUHTETUYECKUX)

N
Sy = > w;Fin () 107 @ G(vy, 0,)

7=1

where F} is the flux at wavelength A of the 5 template; A, is the extinction in mag-
nitudes at A (parameterized by the value at the V-band): w; is the coefficient of the
7' template in the final modeled spectrum; IV is the total number of templates; the

term G(v,, 0,) describes the line-of-sight velocity distribution of the SSP assuming
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Pa3Hble koAbl 1 Habopbl bubnnoTek 3ee3n

SSP:
UlySS (Koleva et al 2009):

STARSLIGHT (Cid Fernandes et al 2007):
pPXF (Cappellari 2017):

NBurst (Chilingarian et al. 2007)

Bo3spawaet nonHoe LOSVD ( v, g, h3, h4)

Ho TpebyeTtcsa 3HaHue LSF (line spread function) no nosnto — BO3MOXHO
NOAroHKOW cymepeyHoro Heba (cnektp ConHua 3HaemM XOpPOoLLO U C OYEHb
BbICOKMM paspeLueHnem)


http://ulyss.univ-lyon1.fr/
http://www.starlight.ufsc.br/
http://www-astro.physics.ox.ac.uk/~mxc/software/

Penalized Pixel-Fitting (pPXF)
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Figure 1: Stellar and gas kinematics fit with pPXF. The black line (mostly

- |hidden by the fit) is the relative flux of the observed spectrum. The red line is the
DPXF fit for the stellar component, while the orange line is a fit to the gas emission
lines. The green symbols at the bottom are the fit residuals, while the blue lines is
the gas-only best-fitting spectrum. The main absorption and emission features are
indicated at the top of the plot (taken from Cappellari 2017).
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SAURON: Spectroscopic Areal Unit for Research on Optical Nebulae

44x35 kBaapaTHbIX JIMH3, (.94"

WHT 4.2-m
Bacon et al (2001)

Moucees, «Mern._ _
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Table 1. Current specification of SAURON on the WHT.

HE mode LE mode

Spatial sampling 027 094
Field of view 9 x11” 33 x 41"
Spectral respluton (FWHM) 28A I6A
Instrumental dispersion (opy) 90kms : 105kms ™!
Spectral sampling 1.1 jhpix '#
Wavelength range 4500-T000 A
Initial spectral window 4760-5400 A
Cahbraton lamps MNe, Ar, W
Detector EEV 12 2148 X 4200
Pixel s1ze 135 pm
Instrument Efficiency 35 per cent

Total Efficiency 14.7 per cent

T [ 7 7 =



Micrcpupi]

Arc

Lens Array - Raw Data

# Continuum

IFUs

ESO 08
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MPFS (version 2) = Multi Pupil Field Spectrograph

AdpaHackeB 1 ap. 1994-1996
10x16 nuH3, N3C 530x580
Yeenuuutenb — 1.3, 0.65, 0.45"

B.B. Bnactiok

Opeumyuiectsa “TUTPUHOWN” cxembi:

- NPOCTOTa peanusauunu

(ECTb TEXHOSTOMNU LUTAMMOBKM

pacTpoB, XoTs y Hac B CAO — HabopHbIe)
- OTHOCUTESTbHO BbLICOKOE MPOnycKaHue

[Mpobnembi:

- HaJO0 KaK-TO 3aBOAMTL ctoga dOH Heba

- OrpaHUYEHHbIN CrieKkTparnbHbIA Anana3oH
(CNeKTpbl NepeKpbIBAKOTCS)

- HeadhPEeKTMBHOE NCMOSIb30BaHWE nnoLwaan
getektopa (MHOro cBoboaHOro MecTta)

=> cneuyannanpoBaHHbie Npnbopsl,
NPENMYLLLEECTBEHHO OISl U3YYEHUS KWHEMATUKM
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O ponu Teneckornos cpeaHero pasmepa (2.5-4 M)

CFHT 3.6 m Calar-Alto 3.5 m AAT 3.9 m

D,OCTyI'IHOCTb ANg ANUTErNbHbIX 3KCNEPUMEHTOB + MeXXayHapoaHoe CoTpyaAHNYEeCTBO
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SAURON: Spectroscopic Areal Unit for Research on Optical Nebulae

44x335 kBaapaTHbIX JIMH3, (.94"

T

] -|Iv:- - o 0 F] . 1]
a) arcsee
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[Mone ckopocTen BpallaloLLEerocs Ancka
Vrot

line—of—sight velocities

N

| aresec

—§ L'd S50
[ emis)

NGC 4365
Davies et al 2001

- 3 10 20 i}
a) arcsee
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NGC7742: the galaxy with a counter-rotation gaseous disk

[OIIL/HP

HST/WFPC2 10
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de Zeeuw et al. 2002
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SAURON, ATLAS-3D

N3yyeHne 6nusknx ranaktuk paHHux tunoe c IFS (SAURON, MPFES)
APUHUMNNANLHO WU3MEHWUIO Haln NpeaCcTaBneHnss 0 KMHeMaTU4eCcKu
BblEJIEHHbIX MO4CUCTEMAX B HUX.

260 ranakTtuk
Bce naHHble
OOCTYMHbI

Maps of the observed velocity of the stars in the volume-limited sample of 260

early-type galaxies of the ATLAS3D survey. Red/blue colours indicate stars
IVIOULEES, «IVIEITIVUDI I1dHUPAMHOU GlHEKITIPOCKOMUUy, 2025, nekyusi 2



https://www-astro.physics.ox.ac.uk/atlas3d/

MNeoprui ¢eopocsesny BopoHo#

Ayenkn BopoHoro (Voronoi binning)
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Left: Four-coloring of Voronoi binning; Middle: Unbinned versus Voronoi binned
stellar kinematics from Integral-Field Spectroscopy (Cappellari & Copin 2003);
Right: VVoronoi binning of abundance from X-ray data (Sanders et al. 2004).
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7 KapTbl BbIMNAAAT BOT TaK
Cappellari & Emselllem (2004)
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80th: Integral-field spectroscopy is coming...

“An Integral Field Spectrograph (IFS) for
Large Telescopes”

Georges Courtes 1982 ( Proceedings of
IAU Colloqg. 67, held in Zelenchukskaya,
USSR)

[IpoOJieMbl MYYKOB CBETOBOJIOKOH:

MPFS): 1. ®akTOp 3a00JTHEHUS:

Multi Pupil Fiber Spectrograph (
Afanasiev et al. (1990, 2001)
2. CormacoBaHue anepryp

16x16 lens/fibers array
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MPFS=Multi Pupil Fiber Spectrograph

Aghanacwves u op. (1990, 2001) : ¥
MaccuB nmua3 16 x 16 + 15 Bonokon aus Gona MYJIbTH3PAYKOBbIH OJIOK
Macmtab : 0.5, 0.75, 1 “/nmun3y
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Heckonbko nokoneHun MPFS/IFU B CAO PAH
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MPFS: BUA CnekTpoB

sky spectrum

object spectrum




MPFS: 06paboTka AaHHbIX
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IIponet ranakTuku yepe3 auck Mkn 315

Ciroi et al (2005)
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Mrk 315: B3anMoaencTesmne ¢ Kap/SIMKOBbIM KOMMAaHbOHOM
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o independently rotating disks separated
on systemic velocities on 600 km/s.
s} (Ciroi et al., 2005)
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[1poTMBOBpallieHNe ra3-3se3abl

NGC 3945

V-band image (SCORPIO)

Moiseev et al. (2004)

PerynsapHoe BpalleHue 3Be3[, a B
rase - CMeHa HanpaBlieHUs

. BpalleHus BHYTpu 1 Knk

Velocity fields of stars and gas
(MPFS data)
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BHYTpeHHMe NONAPHbIE CTPYKTYPbI NGC 2217
observer  Bettoni et al. (1990)

NGC 5850
g f

n,eiﬁ? o - Silchenko et al. 1997: Nuclear polar ring in NGC 2841

; ‘ Silchenko & Afanasiev 2000: NGC 7217
Stellar Velocities Gas [NII] Velocities
: )

Moiseev et. (2004)
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y=ollsel, arcsec

2D kinematics of SO galaxies with circumnuclear dust lanes
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Sil'’chenko & Afanasiev (2004): MPFS observations of stars and gas kinematics
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MPFS: TyMaHHOCTb BOKpYr 3Be3abl WR
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MPFS: noHnsoBaHHble 060no4yku B IC1613
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HOI m be rg II U LX Emission line

M
el
! erg/s/em’  50.0+107° erg/s/em’ 38«10

FWHM

ig. 1. CFHT archival H, image of the Holl X-1 region. The MPES
OV and the PMAS mosaic FOV are superposed. The small black and

: T [ |
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VIMOS: ynbTpaspkme peHTreHOBCKNE UCTOYHUKM

Poutanen, Fabrika, Valeev, Sholukhova, Greiner (2013)
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VIMOS/VLT: pa3Bopg xrytos Ha 4 3C

6400 spectra:

54"x54" @ 0.67"/spaxel
27"x27" @ 0.67"/spaxel
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arcsec

aroesce

arcsoc

PMAS=Potsdam Multi-Aperture Spectrophotometer

NGUCS

1.6um ;

3.5-m Calar Alto

16x16 square elements, lmm pitch
0.5 arcsec sampling, 8 x 8 arcsec2 FOV
(.75 arcsec sampling, 12 x 12 arcsec?2 FOV
1.0 arcsec sampling, 16 x 16 arcsec”2 FOV
256 OH-doped fibers, 150um core diameter

MPFS — Obin B34T 3a
NpOoTOTUN

arcsec

arcsec

arcsEaec
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IFU/SCORPIO-2

22x22 anemeHTa (0.7"/nnH3y)
YrnakoBka BOSIOKOH B 2 LLEenu
OTAENbHbIAN KONNMaToP
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IFU (Integral-Field Unit) SCORPIO-2

McnonbayeTtca oTaesibHbIM KonnnmaTtop
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;‘I;@%;CHGKTD oT “Heba”
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404 ADAHACBEB u ap.
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Puc. 7. I1pumep HeoGpaGoTaHHBIX KaapoB u3 HaGopa AaHHbIX, noayueHHsix ¢ pemwerkoil VPHG940@600: (a) OBJ — cnektp
ofwekta Mrk78; (b) NEON — kanu6posoutslii ciektp He-Ne-Ar namnst ; (¢c) ETA — 3TaloHHBIH CNEKTP, CHATHIH ¢ MacKoi
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JICOBO

[TOCTpOEHbI KapTbl pacnpegeneHns
HaceneHna B nape akTuBHbiX ranaktmuk NGC 7682/Mrk 534. C nomowbio AnarHOCTUYECKUX

aunarpaMmm no OTHOWEeHUAM MOTOKOB

Gas velocity map
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9MUCCUOHHBIX FIMHUA NpPOaHanu3npoBaH BKMag pasHbiIX
MCTOYHUKOB (aKMBHOE A4p0, yaapHble BOSHbI, 3Be3foobpa3oBaHue) B MoHM3aumio rasa. B Mrk534
obHapy>XeH KOHYC MOHM3aUUKN U3 aKTUBHOIO sapa, NPOTAHYBLUMWUCA OT HEFO MUHUMYM Ha 8”
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