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ABSTRACT (T16)

We report the discovery of Scl-MM-Dw2, a new dwarf galaxy at a projected separation of ~50kpc from
NGC 253, as part of the Panoramic Imaging Survey of Centaurus and Sculptor project (PISCeS). We measure a tip
of the red giant branch (RGB) distance of 3.12 4+ 0.30 Mpc, suggesting that Scl-MM-Dw?2 is likely a satellite of
NGC 253. We qualitatively compare the distribution of RGB stars in the color-magnitude diagram with theoretical
isochrones and find that it is consistent with an old, ~12 Gyr, and metal-poor, —2.3 < [Fe/H] < —1.1, stellar
population. We also detect a small number of asymptotic giant branch stars consistent with a metal-poor 2-3 Gyr
population in the center of the dwarf. Our non-detection of HI in a deep Green Bank Telescope spectrum implies a
gas fraction My;/Ly < 0.02 M,,/L.,. The stellar and gaseous properties of Scl-MM-Dw2 suggest that it is a dwarf
spheroidal galaxy. Scl-MM-Dw2 has a luminosity of My = —12.1 4+ 0.5mag and a half-light radius of
r, = 2.94 4 0.46 kpc, which makes it moderately larger than dwarf galaxies in the Local Group of the same
luminosity. However, Scl-MM-Dw?2 is VCI}' elongated (¢ = 0.66 + 0.06), and it has an extremely low surface
brightness (u,, = 27.7 = 0.6 mag arcsec “). Its elongation and diffuseness make it an outlier in the ellipticity—
luminosity and surface brightness—luminosity scaling relations. These properties suggest that this dwarf is being

tidally disrupted by NGC 253.

ABSTRACT (R16)

We report the discovery of NGC 253-dw2, a dwarf spheroidal (dSph) galaxy candidate un-
dergoing tidal disruption around a nearby spiral galaxy, NGC 253 in the Sculptor group: the
first such event identified beyond the Local Group. The dwarf was found using small-aperture
amateur telescopes, and followed up with Suprime-Cam on the 8 m Subaru Telescope in
order to resolve its brightest stars. Using g- and R.-band photometry, we detect a red giant
branch consistent with an old, metal-poor stellar population at a distance of ~3.5 Mpc. From
the distribution of likely member stars, we infer a highly elongated shape with a semima-
jor axis half-light radius of (2 &+ 0.4) kpc. Star counts also yield a luminosity estimate of
~2 x 10°Loy (My ~ —10.7). The morphological properties of NGC 253-dw2 mark it as
distinct from normal dSphs and imply ongoing disruption at a projected distance of ~50 kpc
from the main galaxy. Our observations support the hierarchical paradigm wherein massive
galaxies continuously accrete less massive ones, and provide a new case study for dSph infall
and dissolution dynamics. We also note the continued efficacy of small telescopes for making
big discoveries.




Introduction

- ACDM model — ;8] D [&EFIFZ L 7 2 5

c INSREAMNEFD, F—OT—/\O—MNEERLTW 2 EITKD,

RNERIRADFEREND

+ Halo substructure (Z1RIGAVR DIE/NERIA A stellar streams) DNFET 53T

+ Local Group W R MNRA D HFERA (FR/NVERIAT) D

Rl &

ETIL EDLLBNE

k=2

- e.g.M8I,NGC3109, MI01; ZE DR (/R OFER

e B TIVEIEARE

+ Milky Way D£8R random infall TOFHE L D 70N

— AR ETIVICEBIEDEE?

- BRI DR A

- J{EERT D low-surface brightness imaging + resolved stellar maps

«+ INOIFR (10 - 50 cm) BiEEE + TIRODBRIMICCDA A T I L B iHR




Discovery of Scl-MM-Dw?2 (T\ 6)

* PISCeS Survey DSS Image
(Panoramic Imaging Survey of Centaurus and Sclptor) - :

- Magellan Clay 6.5 m Telescope (Las Campanas)

- Megacam (FoV:24’ x 24’ / 0”.16 pixel)

+ Observation: 201 | - 2014

- PSF:0”7.65-1".0

- g &rband, 6 x 300 s — 26 - 27 mag

- BRI DR

. IS BREBEREIE (W diffuse light) = BRE TR

2. RGB stellar map % fURDAIN A Y O 7D SER L. RA (deg) (T16)

NGC 253 & [AIEERE IC 3 2 Rk Z g |
+ Scl-MM-Dw2 — #FifzICR DhH > 7= NGC 253 DEER
« NGC 253D JtERAMICH D, 5| EZEF S AR
+ half-light radius & D RAIDEH 5 BEFRE = 1ERL

— background field Z 5| W\ fe =5
(B/NRICER T 5 8) =it Magellan Telescope

(http://obs.carnegiescience.edu/Magellan)



http://obs.carnegiescience.edu/Magellan

Color-magnitude diagram (1 [6)
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Stellar dlstrlbutlon (T\ 6)
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Properties of the dwarf (1 |6)
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Discovery of NGC 253-dw2 (R|6)
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Discovery of NGC 253-dw2 (R|6)
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Properties of
the dwarf (R16)

* Structural parameters

- EDZER Nz IRHEEE

TJA4Y T4

Probability density function

- free parameters: (RA, DEC), PA, &, a,;, N.

FEEZERBE (PDF) EXICHK B EZEHA)
* 2, =20+ 0.4 kpc D5|ZIEIFENT=IEE

(€ ~ 0.6 - 0.7)

i

 Ly=(1.6+03)x 10°L, (My=-10.7 + 0.4 [C18Y)
« MODEE/N\EER[/R E E BT B &

NGC 253-dw?2 |33t

FDEICH A XHKEL

(AZEHE D dSph DHFEOKE )
- Disrupting dwarfs & [BERICAN T E

0.1 0

0.05

-

FE7O07 7ML T

€ 6 (degrees)

0.05 0.1

0.6 0.830 40506070
T ——————7——
i i gl Star counts
4+ . N
1 ] E o R
AP BV N B N7 TP PP, WP B b :
p————————t— > [ ]
[ I 1l 5ol Hi T
} R S L=
4 1 1 7 Ii’lodel fit .
o
’ 4 r ™~
| PPy T P, M 1 i | i 1 " L i
1.2 253 1500 3000 0 2 4 6
r,, (arcmin) r, (pc) radius (arcmin)
Property (R | 6) Value
a (J2000) 00:50:17.970
8 (J2000) —24:44:25.875 ]
Ellipticity € 0.64700°
Position angle (deg E of N) 4+ 6
My —-10.7+04
ay, (arcmin) 2'00813
an (kpe) 20+ 04
Ry (kpc) 1.1+ 0.2
o,v (mag arcsec™?2) 262+ 0.8
Disrupting dwarfs 'y
- o® <
n VLSB-A 5”:
2 ' ¥ Ly
© HO87 .. .
P - o NE49%36280 . . 0
[ . Q . - .. a»*
o :; ? - - .SQF. o:, -'.'-:'.
Bo | Ness-awak . LR A
‘_T .\:._‘ g .!.{:: Ll o -
Y “° "'kt KA
TG 2_ ::‘.:.A. :
I P
0.1

Absolute magnitude W,



Analyses and Results

Toloba et al. 2016

23.0 Parameter Value
235l R.A.j (hh:mm:ss) 00:50:17.06 + 4700
' Decl.o (dd:mm:ss) —24:44:58.58 = 7”30
m — M (mag) 27.47 £ 0.21
| D (Mpe) 3.12 4 0.30
M, (mag) —12.1 £ 0.5
24.5 7, (arcmin) 3.24 £+ 0.51
- 7, (kpe) 2.94 + 0.46
25.0 ¢ 0.66 + 0.06
PA (N to E; deg) 31.0 £33
255} 1ty (mag arcsec °) 277 £ 0.6
{14y, ) (mag arcsec 2 28.8 +£ 0.6
260 My (Ms) 1.0 £ 0.4 x 107
s My (M) <12 x 10°
~1.0 =05 0.0 05 Mw/Ly (M>/L:) <0.02

g-r

(T16)

194 . .| dwarf field + difference -
om- 17| 9alaxy
20H — (z/m=-22f T . T . Property Value
21+ 1 1 - a (J2000) 00:50:17.9792
s . _ . -. 3 (J2000) ~24:44:25.8*%1
IS T * Pee, o Ellipticity € 0.647003
23+ Y b + ,/ S - I - Position angle (deg E of N) 4+ 6
IR T My —10.7 +0.4
2 sy Arat T S T | “ ay (arcmin) 20753
25| . apaw HE L URNES o ) J 1 ) an (kpe) 20+ 04
g 0 | TR L I Ry (kpc) 1.1£0.2
26 ce 220 a i "Leh T, ) il oV (mag arcscc'z) 262+ 0.8

0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

(9= 7)o (9- 7)o (9-")o (R16)



 Gas-poor dwarf spheroidal satellite galaxy (T16)
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Discussion & Conclusion
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