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Particle Dark Matter: WIMPs
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e. g. Zeldovich 1965, Chiu 1966
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How to find the dark matter
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Fermi two-year all-sky map

Credit: NASA/DOE/Fermi/LAT Collaboration




2 year source catalog

o No association o Possible association with SNR or PWN
<~ AGN % Pulsar A Globular cluster
* Starburst Gal ¢ PWN X HMB
+ Galaxy o SNR * Nova




2 year source catalog

2FGL associatiéns

glob. cluster
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WIMP annihilation:Search Strategies

Galactic center: Good

Satellites: Low bkgd, good statistics, source confusion/
source id, low statistics diffuse backgrounds Halo: Good statistics but
diffuse backgrounds

Spectral lines: Good source

id, low statistics

Extragalactic: Good statistics,
diffuse bkgds and astrophysics

Galaxy clusters: Low
backgrounds but low statistics




p Old stars
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[Mateo ApJ 1993; Gilmore et al. ApJ 2007]
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Low mass stellar systems
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A NEW MILKY WAY COMPANION: UNUSUAL GLOBULAR CLUSTER OR EXTREME DWARF SATELLITE?

BETH WILLMAN', MICHAEL R. BLANTON', ANDREW A. WEST?, JULIANNE J. DALCANTON>?, DAVID W. HoGG', DONALD P.
SCHNEIDER', NICHOLAS WHERRY', BRIAN YANNY®, JON BRINKMANN®
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BIG FISH, LITTLE FISH: TWO NEW ULTRA-FAINT SATELLITES OF THE MILKY WAY

, M. G. WALKER'
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Ultra-faint satellites: kinematics
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The Darkest Galaxy: Segue 1
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The Darkest Galaxy: Segue 1
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The Darkest Galaxy: Segue 1
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Willman 1: A probable galaxy
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Kinematics: More detailed look

»Model both the stellar and the dark matter distribution
= Statistics of stellar orbits (velocity anisotropy)
» Assume hydrostatic equilibrium, determine mass

« Warning!: acceptable solutions don’t guarantee consistent
distribution function
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Are satellites gamma-ray sources?

Energy (MeV)

counts / bin
(counts — model)/model
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Stacked Satellite Search

Upper limits, bb channel
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The Darkest Galaxy
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Gamma-ray limits: Seque 1
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Projected limits

o v[cm’ s

| Illllll'l | lllllﬂl | Illllﬂl | Illllﬂl IR

10* 10° 10° 10’ 10°

DM Mass (MeV) Fig. Credits: S. Funk & J. Hinton




Search for Dark Subhalos

p Search for objects that only shine because of dark matter annihilation

p Some satellites could be within a few kpc of the Sun, and their
extension may be resolved by the LAT

) Search criteria:
p More than 20 degrees from Galactic plane
p No counterpart at other wavelengths
p Emission constant in time

p Spatially extended: 1 degree radial extension

p See also Belikov, Hooper, Buckley, 1111.2613




Distance (kpc)

Search for Dark Subhalos
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Search for Dark Subhalos

Upper limits, bb channel
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Fermi-LAT detection of M31

Galactic latitude (deg)
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Fermi-LAT collaboration, Astronomy and Astrophysics, 523, L2




Going forward

(o g I, o0

Fermi-LAT results now rule out thermal relic particle
DM in the mass range 10-25 GeV

More Galactic satellites are out there, and more data 1s
on the way

Stay tuned...




