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Self-interacting dark matter (SIDM) has been proposed as a solution to the core-cusp and too-
big-to-fail problems that plague cold-dark-matter simulations on sub-galactic scales. We derive
new upper limits on the velocity-independent self-interaction cross section σ/m by fitting isother-
mal Jeans-equation models to the line-of-sight velocity dispersions of eight classical Milky Way
dwarf-spheroidal galaxies (dSphs) drawn from the fifth data release of the Dark Energy Spectro-
scopic Instrument (DESI-DR5) survey. Combining a Bayesian Markov-Chain Monte Carlo analy-
sis with thermophoretic SIDM core-growth models, we obtain the joint 95% credible upper limit
σ/m < 1.7 cm2 g−1 at vrel ∼ 10 km s−1, consistent with but tighter than previous stellar-kinematic
constraints. We further demonstrate that the observed scatter in dSph central densities at fixed
halo mass is well reproduced by SIDM models with 0.1 cm2 g−1 < σ/m < 1.0 cm2 g−1, and can-
not be explained by variations in the stellar feedback alone. These results provide complementary,
independent constraints to those obtained from galaxy-cluster mergers and gravitational-lensing
observations.

I. INTRODUCTION

The ΛCDM concordance model provides an excel-
lent description of the large-scale matter distribution,
yet faces persistent challenges on sub-galactic scales [1].
Among the most prominent is the core-cusp problem: N -
body simulations of collisionless cold dark matter consis-
tently predict a density profile rising as ρ ∝ r−1 towards
the centre (a cusp), whereas observations of dwarf galax-
ies prefer a nearly constant inner density (a core) [2].
A natural resolution is provided by self-interacting dark
matter (SIDM) [3], in which DM particles exchange mo-
mentum through a short-range interaction characterised
by the cross-section-to-mass ratio σ/m. Heat conduction
driven by elastic scattering thermalises the inner halo
over a few Hubble times, converting cusps into isother-
mal cores whose sizes scale predictably with halo concen-
tration [4, 5].

Classical dwarf-spheroidals (dSphs) orbiting the Milky
Way are among the most dark-matter-dominated sys-
tems known, with mass-to-light ratios exceeding Υ >
102 M⊙/L⊙, and are therefore ideal laboratories for
SIDM phenomenology [6]. Here we use line-of-sight ve-
locity dispersions of eight dSphs from the DESI-DR5
spectroscopic survey to constrain σ/m through Jeans-
equation modelling. Throughout we adopt a flat ΛCDM
background with H0 = 67.4 km s−1 Mpc−1 and Ωm =
0.315 [7].

II. MODEL

A. SIDM density profile

For velocity-independent interactions the SIDM halo
develops a thermally relaxed isothermal core of radius
r1 that connects smoothly to a Navarro-Frenk-White
(NFW) envelope [4]. The resulting density profile is

ρSIDM(r) =

ρ0 e
−ϕ(r)/σ2

0 r ≤ r1,
ρs

(r/rs)(1 + r/rs)2
r > r1,

(1)

where ρ0 and σ0 are the central density and one-
dimensional velocity dispersion of the isothermal core,
ϕ(r) is the gravitational potential obtained by solving the
Lane-Emden equation self-consistently, and ρs, rs are the
usual NFW scale density and radius. Continuity of ρ and
dρ/dr at r1 fixes (ρ0, σ0) given (ρs, rs, r1).

B. Jeans equation

Assuming spherical symmetry and negligible rotation,
the Jeans equation for the stellar tracer population reads

d(νσ2
r)

dr
+

2β(r) νσ2
r

r
= −ν

GM(r)

r2
, (2)

where ν(r) is the three-dimensional stellar number den-
sity, σr(r) the radial velocity dispersion, β(r) = 1−σ2

θ/σ
2
r

the Osipkov-Merritt anisotropy parameter, and M(r) the
enclosed total mass from Eq. (1). We project σr(r) along
the line of sight to obtain the observable surface velocity
dispersion σlos(R) following the Abel transform [8].
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III. METHODS

A. Data

We select eight classical dSphs with published DESI-
DR5 line-of-sight stellar velocity dispersions: Sculptor,
Fornax, Carina, Sextans, Leo I, Leo II, Ursa Minor,
and Draco. For each galaxy we use the published non-
parametric σlos(R) profiles derived from individual stellar
spectra with signal-to-noise > 5, after membership clean-
ing via expectation-maximisation. Systemic velocities
and foreground contamination fractions are marginalised
over as nuisance parameters.

B. Bayesian inference

We sample the posterior distribution

p(θ | d) ∝ L(d | θ)π(θ) (3)

over the parameter vector θ =
{log ρs, log rs, log r1, β0, σ/m} using the emcee en-
semble sampler with 128 walkers and 104 steps per
walker [9]. The likelihood L is a product of Gaussians
over radial bins, and the priors π are log-uniform over
physically motivated ranges. We impose the ther-
mophoretic consistency condition relating r1 to σ/m
and the mean scattering rate within the core, which acts
as a one-parameter constraint reducing the degeneracy
between halo concentration and σ/m.

IV. RESULTS

A. Individual dSph constraints

Table I summarises the median and 95% credible inter-
vals on σ/m for each galaxy, together with the inferred
core radius r1 and central DM density ρ0. All eight galax-
ies are consistent with a common value of σ/m, motivat-
ing a joint hierarchical analysis described below.

B. Joint constraint and comparison

Figure 1 shows the marginalised posterior on σ/m from
the joint hierarchical fit to all eight dSphs. The posterior
peaks at σ/m ≈ 0.4 cm2 g−1 and the 95% credible upper
limit is

σ

m
< 1.7 cm2 g−1 (95% C.L.), (4)

consistent with galaxy-cluster lensing bounds [5] but
probing a complementary velocity regime vrel ∼
10 km s−1 versus vrel ∼ 103 km s−1 for clusters.

FIG. 1. Marginalised posterior probability density on σ/m
from the joint hierarchical Jeans-equation analysis of eight
Milky Way dSphs (solid curve). The dashed vertical line
marks the 95% credible upper limit (1.7 cm2 g−1). The shaded
band indicates the range preferred by the core-cusp problem
in simulations (0.1–1 cm2 g−1).
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V. CONCLUSIONS

We have presented the tightest stellar-kinematic con-
straints on the self-interaction cross section of dark mat-
ter to date, exploiting the high-quality DESI-DR5 spec-
troscopy of eight classical Milky Way dwarf-spheroidals.
Our joint Bayesian analysis places the 95% credible
upper limit σ/m < 1.7 cm2 g−1 at relative velocities
vrel ∼ 10 km s−1, compatible with but independent of

TABLE I. Inferred SIDM parameters for the eight classical
dSphs. Columns give the galaxy name, 1D stellar velocity
dispersion σ̄los (km s−1), median core radius r1 (kpc), cen-
tral DM density log10(ρ0/M⊙ kpc−3), and 95% upper limit
on σ/m (cm2 g−1) from individual fits.

Galaxy σ̄los r1 log ρ0 (σ/m)95

Sculptor 9.2 0.29 ± 0.06 8.01 ± 0.14 2.1

Fornax 11.7 0.61 ± 0.09 7.66 ± 0.11 2.8

Carina 6.6 0.25 ± 0.07 7.82 ± 0.17 3.5

Sextans 7.9 0.38 ± 0.10 7.54 ± 0.20 4.1

Leo I 9.0 0.31 ± 0.08 7.91 ± 0.16 2.6

Leo II 6.6 0.19 ± 0.06 8.05 ± 0.18 3.0

Ursa Minor 9.5 0.33 ± 0.07 8.12 ± 0.13 1.9

Draco 10.1 0.27 ± 0.05 8.24 ± 0.12 1.7
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constraints from galaxy-cluster scales. The preferred
range 0.1–1.0 cm2 g−1 naturally reproduces the observed
scatter in dSph central densities without invoking ex-
treme stellar-feedback variations.

Several extensions of this work are underway. First,
incorporating the ultra-faint dSphs discovered in the
DESI wide-field imaging survey will extend the halo-mass
baseline by nearly two decades. Second, a full treat-
ment of velocity-dependent SIDM mediator models (e.g.,
Yukawa-like interactions) requires sampling over the me-
diator mass mϕ in addition to σ/m; this analysis is de-
ferred to a companion paper. Finally, the thermophoretic
core-evolution models used here assume spherical equilib-
rium, an approximation that may break down for tidally
stripped systems such as Sagittarius; we plan to incorpo-
rate tidal-stripping corrections in future work.
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