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ABSTRACT

We present a full-spectrum-fitting analysis of the central kinematics and chemistry of the Andromeda
dwarf satellite galaxies M32 and M110. We use an MCMC routine to fit high-resolution, near-infrared,
integrated-light spectra from APOGEE with empirical simple stellar population (SSP) templates con-
structed from individual APOGEE stellar spectra. This yields the best-fitting mean radial velocity,
velocity dispersion, metallicity, o abundance, and age for each spectrum. In general, our results are
consistent with literature values where available, and we explore possible reasons where offsets are
measured. This study was presented in a poster at the 243rd meeting of the American Astronomical

Society in January 2024.
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1. INTRODUCTION

Galaxies are complex, gravitationally-bound struc-
tures of stars, gas, and dust that provide insight into
aspects of the universe’s evolution. Our Local Group
hosts dozens of galaxies with stellar masses spanning
~ 105 — 10 Mg, making it invaluable for studying
these systems and enhancing our understanding of ob-
servations of distant galaxies.

We target the central regions of two dwarf satellite
galaxies, M32 and M110, that orbit around the An-
dromeda galaxy (M31). M32 (NGC 221) is a compact
elliptical galaxy whose origins and evolutionary scenario
have long been the subject of debate (e.g., D’Souza &
Bell 2018). M110 (NGC 205) is an elongated dwarf el-
liptical with signatures of recent star formation at the
center (e.g., Monaco et al. 2009).

This Research Note describes a spectroscopic analy-
sis of the mean stellar dynamics and chemistry in the
central ~2"of these satellite galaxies. In Section 2,
we describe a Markov-Chain Monte Carlo (MCMC)
fitting routine to fit Simple Stellar Population (SSP)
spectral templates to near-infrared APOGEE spectra,
to determine the best-fitting mean velocity, velocity
dispersion, metallicity, o abundance, and age of these
galaxy centers. In Section 3, we compare our findings
with literature values and place them in context.

2. METHODS

Integrated-light observations of the centers of M32 and
M110 were taken as part of APOGEE-2 (Majewski et al.
2017; Zasowski et al. 2017). M32 was observed for 60
ten-minute visits, and each visit spectrum had a suffi-
ciently high signal-to-noise ratio (SNR). M110 was ob-
served for 48 ten-minute visits; these individually had
much lower SNR, so we combined eight visits apiece into
six spectra.

We employ the APOGEE Library of Infrared SSP
Templates for data analysis (A-LIST'; Ashok et al.
2021), which span a grid of population [M/H], [a/M],
and age. We use The Cannon (Ness et al. 2015; Casey
et al. 2016) to interpolate between A-LIST grid points,
based on a training set of templates with luminosity
fraction > 0.32, |ATeg| < 500 K, [M/H] > —1.0, and
age < 6 Gyr (Ashok et al. 2021).

Using the emcee package (Foreman-Mackey et al.
2013), we run an MCMC routine to determine the single
best-fitting (interpolated) template and kinematics for
each spectrum. The A-LIST [M/H] values range from
—0.8 to +0.2, and [a/M] from 0.0 to +0.3. We run
emcee with 30 walkers for 400 iterations, and use pPXF
(Cappellari 2017) to evaluate the likelihood of each. We
take the best-fitting parameters to be the median values
for the final 200 iterations, with uncertainties being the

L https://github.com/aishashok /ALIST-library


http://orcid.org/0000-0001-8203-6004
http://orcid.org/0000-0001-6761-9359
https://github.com/aishashok/ALIST-library

Research Notes of the AAS

2
. . . . SR
. T 5.5
0.22f ‘f.*:g % s I
Voo . 5.0
0.20f } -
4 H4.5
EO.lS* 1440
E M110 b
0.16f _,i,_ 4435
0.14f 143.0

—0.10 -0.05 0.00 005 010 0.15
[M/H]

Age(Gyrs)

I 2.5
0.12f
1 L 2‘0

©2025. Published by the American Astronomical Society

T T T T

0.0fF M2 110 ;* 4

o5k NGC 144{ + i

NGC 18%{

E—l.O' And 1
E + And*
= And%_
=1.5F H
* M31 satellite galaxies >*
/\nd% * M3156
_2.0F Milky Way 57 i
: This work:M32 !
Anﬂl% Y This work:M1102
& o 107 10° 109 10® 10T 10T

Stellar Mass (M)

Figure 1. Left: Best-fitting [M/H] and [a/M] for different SSP ages. Right: M32 and M110 [M/H] values from this work, with
stellar masses ([1] Richstone & Sargent (1972); [2] Hannah et al. (2021)), along with those of other M31 satellites, ([3] Kalirai
et al. (2010); [4] Vargas et al. (2014)) M31 and the Milky Way ([5] Watkins et al. (2010); [6] Gibson et al. (2023); [7] Cunha

et al. (2007)).

standard deviations. To verify consistency with litera-
ture ages, we analyze each spectrum with age fixed from
2 to b Gyr with a four-dimensional MCMC. Results are
shown in the left panel of Figure 1.

See Gibson et al. (2023) for a detailed description of
similar data processing (Section 2.2), A-LIST interpo-
lation (Section 3.2), and full spectrum fitting (Section
4.2).

3. RESULTS & CONCLUSIONS

We find a ~20 km s~! velocity offset in both galax-
ies compared to the range reported before, with V =
—180 £ 16 km s~ for M32 (compared to Kalirai et al.
2010; Howley et al. 2008) and V = —22040.013 km s~*
for M110 (compared to Howley et al. 2013). This may
be due to slight differences in the positions of the aper-
tures, as the velocity structure at the galaxy centers is
complex. However, the central velocity dispersions are
consistent with literature: oy = 69.0 £ 2.3 km s~! for
M32 and oy =21.2+0.2 km s~ for M110.

For chemical abundances, the M32 [M/H] results are
consistent with Howley et al. (2008); Nguyen et al.
(2018). In M110, we find [M/H] = —0.06 £ 0.01, higher
than other works (e.g., Rose et al. 2005; Schiavon et al.
2004). For M32, the « abundances are higher than
expected, with [a/M] = +0.21 £+ 0.006 (compared to
Nguyen et al. 2018; Kalirai et al. 2010). This issue may

be related to the higher age that was determined for this
galaxy. For M110, our [a/M] = +0.15 result is consis-
tent with literature (Schiavon et al. 2004).

Our derived age of M32 is higher than Nguyen et al.
(2018) and Kalirai et al. (2010). From our 4D MCMC
results, the closest best-fitting age is 5 Gyrs, consistent
with the best-fitting age from the 5D MCMC. For M110
our derived age seems consistent with literature (Schi-
avon et al. 2004). The closest best-fitting age from the
4D MCMC is 3 Gyrs (Figure 1).

Galaxies’ masses and metallicities follow a trend in
which more massive galaxies tend to have higher [M/H],
possibly due to a more prolonged star formation and
enrichment history (e.g., Tremonti et al. 2004). This
is consistent with our results (right of Figure 1), as we
compare a set of dwarf galaxies along with the Milky
Way and M31.

Galaxies’ present-day chemodynamical structures are
tracers of their chemical evolution and formation his-
tory; full-spectrum modeling of integrated-light spectra
is useful for complementing the ages and chemistry of
galaxies for which we also have resolved-star data.
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