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Discoveries of Milky Way dwarf satellite galaxies
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Past: Sloan Digital Sky Surveys (SDSS) : ~20

Now: Dark Energy Survey (DES), Pan-
STARRS, SMASH, MagLite, Gaia, HSC...

Future: Large Synoptic Survey Telescope
(LSST)
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Measuring the DM contents of
Milky Way dwarf galaxies

« Measuring velocity of individual star in
the systems to infer dark matter content
(dynamical mass)

Spherical Jeans Equation :

DM subhalo profile
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Effects of J-factor on
WIMP annihilation cross section limits

Annihilqt)ion cross section
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Dark matter particle mass

Magnitude of J-factor
— Spatial proximity

— Stellar velocity dispersion (higher the values,

higher the DM content)

Uncertainties of J-factor

— Stellar velocity measurement sample size

— Velocity measurement precision
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Improving J-factor measurements
with current & future
spectroscopic follow-up facilities
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Constructing DM velocity distribution
in dSphs

Assuming NFW profile N-body simulation Stellar kinematics
Reticulum II \ Segue 1

7

2.5

-
-
-
- .
-
-

.
.

.t .
. . s
------------
""""""""""""""
-----------------
----------

R
.
.

8 10 12 14 16 18 20 ;2 10 15 20 25 30 35
Vinax[Kkm /s] Vinax[Kkm /s]
MYW, Cherry, Strigari and Horiuchi (2018) " N — seouum 1|
Boddy, Kumar, Strigari, MYW (2017) — et

ry)

f(v)x v2 (r

o 1 0 dQPDM dW¥
fDM(e) _ \/§7T2 . d\IJQ c_ U

DM velocity distribution function

v [km/s]



Sommerfeld-enhanced J-factor
for Milky Way satellite galaxies
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Sommerfeld-enhancement can change the
order of J-factor among satellite galaxies

Boddy, Kumar, Strigari, MYW (2017)
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Dark matter velocity dispersion

DM velocity dispersion (NFW profiles)

Reticulum I1

N-body simulation

Stellar kinematics
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Eddington Formula
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Resonantly produced sterile neutrino mass
bound from satellite phase space density

Liouville’s theorem:
p Coarse-grained phase-
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particles, the phase-space density cannot
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MACHO (MAssive Compact Halo Object)
dark matter limits

The star cluster in Eridanus Il or any compact dwarf galaxies could
be dynamically heated by MACHO and therefore expand/dissolve.
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Conclusion

Milky Way satellite galaxies are compelling targets for dark matter searches
due to their proximity, high dark matter content, and low astrophysical
backgrounds.

Satellite galaxies stellar kinematic measurement affect the precision of dark
matter content determination. It has direct impacts on indirect detection limits of
WIMP dark matter model.

The DM phase space information can be derived from stellar kinematics. It can
provide useful constraints on various DM models such as velocity-dependent
annihilation channel, sterile neutrino, and MACHO DM.



