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ABSTRACT

We present the first constraints on stellar mass-to-light ratio gradients in an early-type
galaxy (ETG) using multiple dynamical tracer populations to model the dark and
luminous mass structure simultaneously. We combine the kinematics of the central
starlight, two globular cluster populations and satellite galaxies in a Jeans analysis
to obtain new constraints on M87’s mass structure, employing a flexible mass model
which allows for radial gradients in the stellar mass-to-light ratio. We find that, in
the context of our model, a radially declining stellar-mass-to-light ratio is strongly
favoured. Modelling the stellar mass-to-light ratio as following a power law, T, ~ R—#,
we infer a power-law slope g = —0.54 +0.05; equally, parameterising the stellar-mass-
to-light ratio via a central mismatch parameter relative to a Salpeter IMF, a, and scale
radius Ryy, we find o > 1.48 at 95% confidence and Ry = 0.35 = 0.04 kpe. We use
stellar population modelling of high-resolution 11-band HST photometry to show that
such a steep gradient cannot be achieved by variations in only the metallicity, age, daust -
extinetion and star formation history if the stellar initial mass function (IMF) remains
spatially constant. On the other hand, the stellar mass-to-light ratio eradient that we
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Figure 1. Left: Normalised probability distribution functions for the deprojected 3D luminosity profiles of the dynamical tracer popula-
tions as a function of radius. Uncertainties are included, but are small. The stellar profile is modelled with a Nuker profile as in Equation
1; each globular cluster population follows a Sérsic profile in radius. Right: Line-of-sight velocity distribution of satellite galaxies as a

function of projected radius, with the running median (solid line) and 3o tracks (dashed lines) shown.



S.(R) = Y.(R)I.(R) (4)

for projected radius K. To assess the sensitivity of our infer-
ence to the assumed form of T, ( R). we consider two profiles.
Firstly, we consider a power-law (PL) profile in which

log T,(R) =log T, 1+ plogR, (5)

with power-law index p, and T, i1 representing the stellar
mass-to-light ratio at a projected distance of 1 kpe from

In reality, however, there exists some covariance be-
tween Mgy and T,(R) that is important to explore; we
therefore consider a second Salpeter-to-Chabrier (SC)
model in which T, tends to a finite value centrally and
becomes Chabrier-like at large radii:

Tich — Qs Tss
R? + R3,

for stellar mass-to-light ratios assuming Salpeter and
Chabrier IMFs T, ., T, s inferred from photometry (see
Section 7). mismatch parameter relative to a Salpeter IMF

T. (R] = ﬂfaT*,a + RE {ﬁ:}



We model the photometry following the methods of

Auger et al. (2009); Oldham et al. (2017). We use the com-
posite BCO3 stellar population models (Bruzual & Charlot

2003) to compute apparent magnitudes in the 11 filters on
a grid of stellar age T, metallicity £, dust extinction Ty
and time constant 7 of an exponentially decaving star for-
mation history, and construct a spline interpolation model



* The novel result from this modelling is that we
can rule out a stellar mass-to-light ratio that is
constant with radius with >99% confidence.
We nd an IMF mismatch parameter. Stellar
M/L is a declining function of radius and

becomes Chabrier-like by a radius of roughly 3
kpc.
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Figure 2. Inference on the dark, stellar and total mass profile
in the anisotropic model. At radii < 10 kpc ~ R., the stellar
mass dominates, whereas beyond this, the dark halo becomes the
main contributor to the potential. Our kinematic data extend
from ~ 10 pc to 1 Mpc, which is the radius range spanned in this
Figure. Note that we include systematic uncertainties as described
in Section 5.
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(ii) Multi-band, high-resolution photometry indicates
that such a strong stellar mass-to-light ratio gradient cannot
be achieved by varving only the metallicity, age, dust extine-
tion and star formation history of the stellar population if
the IMF remains fixed. On the other hand, the stellar mass-
to-light ratio gradient that we infer is consistent with M&7
having an IMF which is Salpeter-like in the central ~ 0.5
kpc and becomes Chabrier-like at ~ 3 kpec.

(iv) Taken together, M87's dark matter core and radially-
varying IMF can be explained coherently if the galaxy
formed its central stellar populations in un-Milkyv-Way-like
physical conditions — leading to the stellar mass in this re-
gion having a bottom-heavy IMF — and subsequently ac-
creted material from more Milkyv-Way-like systems at larger
radil, in a process which both ingrained a stellar-mass-to-
light ratio gradient and dyvnamically heated the halo to cre-
ate a dark matter core.



