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ABSTRACT

We present new spectra obtained using Keck/KCWI and perform kinematics and stellar
population analyses of the shell galaxy NGC 474, from both the galaxy centre and a re-
gion [rom the outer shell. We show that both regions have similarly extended star forma-
tion histories although with different stellar population properties. The central region of
NGC 474 is dominated by intermediate-aged stars (8.3 + 0.3 Gyr) with subsolar metallic-
ity ([Z/H]= —0.24 + 0.07 dex) while the observed shell region, which hosts a substantial
population of younger stars, has a mean luminosity-weighted age of 4.0 + 0.5 Gyr with solar
metallicities ([Z/H]=—0.03 + 0.09 dex). Our results are consistent with a scenario in which



2 OBSERVATIONS AND DATA

We obtained spectroscopic data from the central and shell regions
of NGC 474 with the KCWI during the nights of 2017 September
19 and October 18. We used the BM grating centred at A, = 4800 A
and the medium image slicer to obtain spectral data with nomi-
nal resolution R~4000. This configuration spans the spectral re-
gion 4360 — 5230 A and has a 16.5” x 204" field-of-view. We
therefore obtained data with spectral resolution FWHM = 1.2 A
or Ti~32 km s~ at A.. We observed the galaxy centre for 600 s
and a region of the prominent eastern shell for a total of 4800 s,
with both regions shown in Figure 1. Our observed shell region
was chosen to have maximum brightness along the shell but free
of compact, point sources such as globular clusters or foreground
stars. We also observed a dedicated blank field for accurate sky
subtraction.
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Figure 1. Combined image of NGC 474 from archival CFHT/MegaCam g, r and i images. The image shows the spectacular system of stellar shells and
plumes in NGC 474 and covers 11’ x 5.5" which corresponds to 94 x 47 kpc at the distance of NGC 474. The spiral galaxy NGC 470 is at a projected distance
of ~47 kpe away from NGC 474, The orange and green rectangles, each equivalent to 2.4 x 2.9 kpe, show the central and shell regions we have observed with
Keck/KCWI, respectively. For reference, the black circle is the | effective radius isophote and the white horizontal line has a length of 5 kpe. The observed
shell region is at a physical distance of ~30 kpe away from the centre of the galaxy.
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Figure 2. Lefi: Sky subtracted, median normalized Keck/KCWI spectra from the galaxy central region (upper panel) and the outer shell region (lower panel)
of NGC 474, with best-fit STECKMAP models shown as black spectra in both panels. Residuals from the best-fit are shown in the lower part of each panel
(shifted by —0.3 in the lower panel for display purpose only), and the prominent absorption features within the rest-frame spectral range have been identified
and labelled. Note the relative strength of the Hf feature in the lower panel compared to the upper panel, hinting at the presence of a substantial, younger stellar
population in the outer shell region. Right: Age-metallicity relations from the galaxy centre and the outer shell region. The width of each band corresponds to
the stellar mass fractions at different ages. The bands highlight the different chemical evolutionary histories of the galaxy centre and the outer shell region.
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Figure 3. Star formation history from the galaxy centre (orange color) and the outer shell region (green color). Both regions of NGC 474 experienced extended
star formation but peak star formation at different epochs. The left panel shows cumulative mass fraction as a function of lookback time. The orange and green
bands show the standard errors around the mean values obtained from Monte Carlo simulations. The horizontal line shows how long it takes to build up 50 per
cent of the total stellar mass. The right panel shows the normalised star formation rate. The outer shell region experienced a more recent peak of star formation
rate (in the last ~2 Gyr) than the central region of the galaxy.

Parameter centre Shell

Vies [km s '] 2324+ 6 2325+ 8
o [km s 134 + 6 18+ 9
Age mass [Gyr] 83403 7.1 405
[Z/H] naes [dex] =024 £0.07 -0.03 + 0.09
Age ym [Gyr] 7.2+04 40403

[Z/H] y [dex]  =0.14 £ 0.08  —0.16 + 0.06

Table 1. Summary of results from kinematics and stellar population anal-
yses from both central and shell regions. Parameters with mass and lum
subscripts are mass- and luminosity-weighted, respectively.
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Revealing the formation mechanism of the shell galaxy NGC474

Jérémy Fensch! 2, Pierre-Alain Duc?, Sungsoon Lim*, Eric Emsellem? >, Michal Bilek?, Patrick Durrell®, Chengze

(7 O A R

6

10

with MUSE*

Liu’, Eric Peng®?, and Rory Smith!®

Univ. Lyon, ENS de Lyon, Univ. Lyon 1, CNRS, Centre de Recherche Astrophysique de Lyon, UMRS5574, F-69007 Lyon, France
email: jeremy.fensch@ens-lyon.fr

European Southern Observatory. Karl-Schwarzschild-Sir. 2. D-85748 Garching, Germany

Observatoire Astronomique de Strasbourg (ObAS), Université de Strasbourg - CNRS, UMR 7550 Strasbourg, France

University of Tampa, 401 West Kennedy Boulevard, Tampa, FL 33606, USA

Univ. Lyon, Univ. Lyonl, ENS de Lyon, CNRS, Centre de Recherche Astrophysique de Lyon UMRS5574, F-69230. Saint-Genis-
Laval, France

Department of Physics & Astronomy. Youngstown State University, Youngstown, OH 44555

Department of Astronomy, School of Physics and Astronomy, and Shanghai Key Laboratory for Particle Physics and Cosmology,
Shanghai Jiao Tong University, Shanghai 200240, China

Department of Astronomy, Peking University, Yi He Yuan Lu 5, Hai Dian District, Beijing 100871, People’s Republic of China
Kavli Institute for Astronomy & Astrophysics and Department of Astronomy, Peking Umiversity, Y1 He Yuan Lu 5, Hai Dian
District, Beijing 10087 1. People’s Republic of China

Korea Astronomy and Space Science Institute (KASI), 776 Daedeokdae-ro, Yuseong-gu, Daejeon 34055, Korea



MUSE! Okcno3numa 5 yacos

GC 1

®

v« GC2
®cc3
« 1 ®

] "

' -

GC 4-L133

6C 5-L129

‘ Gce‘fl?u_z
« B

Stellar

KY N shetl

pointings

-y

MUSE

pointings

@.

SAURON
pointing

Fig. 1. Left: True color image constructed from the MUSE data using as colors the g.r and i filters of Megacam@CFHT. The locations of the

letected PNe are shown with blue ci

es. In green are shown the detected GCs. GC 4, 5 and 6 were part of L17 sample. their number in that



CoBceM gpyrasa moaesnb 3Be€3HOro
HaceneHus

* eMILES - oueHka oTHOLLEeHUS MarHus K
Xenesy. Ho HMXe cnekTpanbHoe pa3pelleHme.

* OnaTtb OTOENbHO KMHEMATUKA U 3BEe3gHOoe
HaceneHue; PA3HbIE Habopbl napameTpoB: Ans
KnuHemaTukn 1 agontneHbin, U
MYNbTUNNUKATUBHLIN NONMHOM JlexaHapa, a
nnsg 3Be3HbliX HAaceneHnn — TOJ1bKO
MYIbTUNNNKATUBHLIN.

* U Tonbko cpegHue napameTtpsl, HUKAKOW
NcTopumn 3Be34000pa3oBaHMS, XOTS OTHOLLEHNE
curHan/wym anst o6ono4vku 65!



normalized flux

normalized flux

—p2sd

=0.50 =

=0.25
=0.50

Hy, n opyron cnekrpanbHbIn
OovanasoH

150 ¢

125
0.75
0.50
0.25 :

0.00 TSR T il

5000 5500 6000 6500 7000 7500 8000 8500

150

125

100

0.75
050 Shell - zoom

0.25

0.00 T rsieeb -

4800 4300 5000 5100 5200 5300 6500 6550  GG00 6650 6700 8500 8550 B600 8650 8700 8750 8800
AlA] ALA] A[A]



[Tonyumnnca Bo3pacTt 0605104KKN TOT XKe,
a MeTannM4YHOCTb Ha NopagoK HUXe!

Table 1. Results of the full spectra fitting procedure.. For the GCs, the §/N is measured in the neighborhood of the Ho line and given in units of
pix~!. For the PNe, the §/N is integrated over the [OII]sp7 line.

Name RA (J2000) DEC (J2000) S/N Velocity Age M/H GC: Mass [M,]
[h:m:s] [h:m:s] [km.s~!] [Gyr] PNe: Msg7 [mag]

Shell - - 65.0 2307.6+27 3.5510% —0.83700 -

GCI  O01:20:19.1987 03:25:49.4674 139 22947+54  14Ifp5,  -1.0757 250x 107 +589x 10°

GC2  01:20:19.2836  03:25:40.4404 26.9 2298.0 + 4.8 n.sajﬁ;?; 022435  5.91x10° +224x10°

GC3  01:20:18.8817 03:25:34.9047 6.6 2307.6 +17.4 - - -

GC4  01:20:19.2141  03:25:20.0695 17.5 2304.0 + 8.7 12.59j§-¥1 —1.69j§:i% 1.21 x 10° £ 221 x 10*

GC5  01:20:18.6095 03:24:40.3496 19.4 2267.5+28.4 89173% 173401  1.35x 10° +3.51 x 10*

GC6  01:20:19.1119  03:24:30.7437 9.4  2320.0 +49.5 - - -

PNT  01:20:18.7024 03:25:57.4425 4.1 2287566 - - 387+ 0.09

PN2  01:20:17.6471 03:25:28.4427 4.1 22756 + 6.5 - - -4.10 + 0.08

PN3  01:20:19.7309 03:25:21.2427 4.8 2317263 - - -3.42+0.10

PN4  01:20:18.0078 03:25:13.2424 3.7 22945+ 7.8 - - -3.32+0.11

PN5  01:20:18.3818 03:24:54.6427 4.2 23025+ 6.8 - - -3.99+0.11

PN6  01:20:17.4201 03:24:48.0424 6.9  2286.0 £ 4.6 - - —4.46 + 0.07

PN7  01:20:18.8894 03:24:48.0424 2.8  2350.7 + 8.3 - - -3.98 +0.12

PN8  01:20:17.9410 03:24:47.6425 6.8 2316.8 +4.0 - - —4.51 + 0.08
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