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Ev|dence and Prope.rt|es of 8| THEDISRUPTION OF A DWARF GALAXY: Debris in the form of RelatlonShlp to the

coherent shells .is observed in many elliptical galaxies, and-is believed to be formed by

Qs Su bstructu re S8 the disruption of a satellite galaxy on a nearl){ radial orbit. Fardal t.at ?I. 2007 postulate Giant Southern Stream

s that the NE and Western “shelves” observed in Andromeda are:a similar phenomenon,
| *Figtre 2: A klnemaﬂcally cold and have been created by the progenitor of the giant southern stream (Fig. 1). They . i Figure 5: The spatial distribution of
population is observed in the : T simulate the interaction of a dwarf galaxy with Andromeda, with the satellite’s orbit Fardal et al. (2007) Simulation fields with observed substructure

Combined L ! i
i‘hffmfffgh‘{?,',ﬁ:,',‘y’d,g',ﬁf'm','::‘g‘f,':, 8 Single £/l Double=Jaussinif chosen to reproduce the observations of the giant.southern'stream and the ‘NE shelf. matches the spatial location of the

M31 RGB sample. The,data is inconsistent R0 This orbit also reproduces the Western shelf, and NE shelt predicted southeast shelf (blue

i the “amedgurmlkelinctTRRIIAE ? 6 (Fig. 5) which would be the most visible ‘in thé, southeast. : particles). The location of our KeckIDEIMOS
Gaussian fit (a 2 test returns Pc1%). The 1 masks, superimposed on a map of the particles

distribution is well-fityby a Sum of 2 t 3 This fourth “southeast shelf” would be the p in the Fardal et al. 2007 simulations, in standard
a kil hot i - i M31-centric coordinates. Particles approaching
which is the underlying, inner spheroid of z % their first pericentric passage form the giant
M31 (blue dashed curve, o,,,=128.9 km s), 0 L o T (O L southern stream (green). Particles approaching
and 2 snemaicaly cold component o0 I DISCOVERY OF SUBSTRUCTURE: Using spectra of Andromeda red giant % s 3 shot e Pariles on ol thrd pericot
comprises 19% of the tofal population. branch stars obtained with the DEIMOS spectrograph on the Keck Il 10-m telescope (Fig. }L passage form the Western shelf (magenta).
St: dentified M31 d giant: - - - - The thi feat by the M31 st:
using the diagnostic mothod of Gilbert 1), we have discovered a kinematically cold component along the southeast - count map In Fig. 1 (1bata et al. 2005). Partcios
al. (2006), without using radial velocity, 3 minor-axis of Andromeda with the same spatial and kinematical properties as : ol e fourtn. ::t"gizf"'jngsaif‘ e";’;;:j

: the southeast shelf predicted in the Fardal et al. (2007) simulations (Figs. 2-6). this feature passes through fields 123 and f135,
. f o q i N and is a good match to the edge observed in the
Fieid 11 * Figure 3: The velocity dispersion of The most likely explanation for the SE minor-axis substructure is that it is the forward CFHT/MegaCam star count map in Fig, 1.
Sl the substructure decreases with' continuation of the giant southern stream. As such, it will add significant observational

increasing radial distance, from constraints to the existing observations, and will

M31. The tine of sight velocity distribution of . It also sheds light on the discovery of a significant

M31 RGB st: in“the 3 fields i hich_the . f . . .
Kinematically cold component s clearly detectéd, intermediate-age population at 12 kpc along the SE minor axis (field H11, Brown et al.

Figure 6: The shape of the oBserved
substructure in.the Ry -V, plane is

. . o 8 A . a classic feature of a shell system. *
with the best dodble-Gaussian fit to gach field 2003) and the remarkable similarity in the ages and metallicities of stars in this Top: The line of sight velocity istribution of M31

{black salld curvesys e yelosky o PergioRie] “spheroid” field and a field on the giant southern stream (Brown et al. 2006). B nction offaistdnce alongir §

the cold component (red *dashed curves) * minor axis. The Substructure forms a distinctive
decreases with increasing radial distance' (also * | triangular shape in the R, -V, plahe, which is *
shown in Fig. 6). The hot componént (blue the signature of a shell system. Bottom: v,,, vs.
dashed curves) was held fixed at the bestit minor axis distance for particles from the Fardal
Field 123 | o values from the fit to the combined data set (Fig. 3 et al. 2007 simulation of the merger of a dwarf
R=18 kpo | 2). The cold component comprises 44% of the * + _ 2 - | galaxy with M31. Green particles are debris from
population in fields H11 and 116, and 31% of the ’ X n_ the giant southern stream, red particles aré part
population in field f123.  Not shown:. tie . « L0 o | of the NE shelf, blue particles are part of the
individual fields without detected substructure 4 H A ) predicted “southeast shelf,” and black particles
show no sign of a decreasing spheroid velocity . are from the bulge+disk+stellar-halo of M31. The™s
N bt p
T — dispersion with radius (out to R, ; = 30 kpc). . . Sy [ ’ 3 distribution of southeast shelf particles is a good
Velocity (km/s) ey match with the observed substructure.

Number of Stars

Figure 3: The stars associated with the [ e, - - i . g ~ 2 o B - — i [, 3 Figure 7: .The velocity distribution of field
cold component are more metal-rich \ A S A : : — f135 is consistent with at least 2 cold

than the M31 spheroid stars. The [Fe/H] : A Field 11355 lept with being'drawn
i from either a single or double Gaussian.The simulations
distribution of stars with velocities within 1o (v,

and outside £20 (v,,,,,) of the mean velocity of the ‘c"f,][,) NE shelf - SCSMEE “Western 5 G il X ! predict that this field should have significant contaminatjon
component in the three fields in which it is observed. from the giant southern stream, as well as the sputheast
The v, (substructure) [Fe/H] distribution is highly shelf. /.anle Ganfssnan isa good fit to the data, consisting
contaminated (32.5%) by spheroid stars. The Vg, of M31’s underlying spheroid (black dashed. curve),” the
(spheroid)  [Fe/H]  distribution  has  minimal southeast shelf (blue dashed curve), and (potentially) the
from the . After glant southem stream (green Washed curve), The width of the
for the effects of spheroid contamination, the mean most negative Comeonent is s-gf"'lca"tlv wider (0=55 km_s“)
[Fe/H] of the substructure is ~ 0.2 dex more metal-rich than other observations of the giant southern stream. Kalirai
than the mean [Fe/H] of the spheroid ((Fe/H),,,= -0.52, et al. 2006 folind two cold components in a¥field at a similar
(FelH), = -0.72). radial distance as f135 along the giant southegn stream
(H13s); the location and width of the two components from

H13s are shown as arrows and horizontal lines.
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