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Qutline

e Dwarf Galaxies probe dark matter
properties

e Dwarf Galaxies are great targets for
Indirect Detection of Dark Matter

e Constraints and Prospects for Fermi,
Atmospheric Cherenkov Telescopes, and



A Milky-Way DM Halo

[Diemand et.al.]
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A Milky-Way DM Halo

[Diemand et.al.]

Via Lactea Il
Simulation

(only DM, no baryons

visible Milky VWay
galaxy ~30 kpc

some subhalos will
form stars and
ecome dwarf galaxies

. e AL
Rouven Essig Gi.~ S



Known Nearby Dwarf Galaxies

P ® Ml].ky way
UMal inner 100 kpc

‘ “Classical Dwarfs”
(pre-2005)

. “Ultra-faint” Dwarfs
(post-2005, SDSS)

[Geha]



Dwarfs probe Dark Matter Properties

e.g. Missing Satellite Problem in “Cold DM” model
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Dwarfs have common mass scale within 300 pc

"o
5 108 - | | lllllll | | lllllll | | lllllll | 1 | | lllllll l?
7)) - ]
S :
. i Uma II Dra_car Leo I
3-6 o T Cv H[ima : % Cv Iﬁ @i § Sfl B Fnx
107 & _ i TLeo II 2
Q. 2 ¢ %Leo T Umi l =
) m | -
8 - Seg 1 + Com ¢ Her Sex i
) Wi )
5
S 108 1 =
I‘é . Leo IV S
0 ) ultra-faint classical ;
g L1 lllllll L1 lllllll L1 lllllll | | llllllI | I | lllllll Ll
= 107 103 104 105 108 107
Luminosity [Le] [Strigari et.al. 2008]

A new scale in Galaxy Formation?
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Dwarfs have common mass scale within 300 pc
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A new scale in Galaxy Formation?

Also rules out Thermal Warm DM with mass < 1 keV
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Dwarf Galaxies as Targets
for Indirect Detection
of Dark Matter
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Dwarf galaxies: Excellent Targets

Sizeable Signal

Nearby, DM dominated

use stellar kinematics to determine expected flux

low velocity dispersion: VUdwart ~ Vhalo/20

(Sommerfeld enhanced DM annihilation?)

Low Background

high galactic latitude

no intrinsic gamma-ray sources

Any signal would be very suggestive of dark matter



Existing Data

PrLcorv ® Ml].ky way
UMal inner 100 kpc

Dwarf Galaxies
(post-2005)

Dwarf Galaxies
‘ (pre-2005)

[Geha]
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Existing Data

Fermi observes all dwarfs

Dwarf Galaxies
(post-2005)

Dwarf Galaxies

@ (2005
[Geha]
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Existing Data

Fermi observes all dwarfs

Blue: Observed by ACTs

VERITAS, MAGIC
HESS, CANGAROO

Y — rays

38 kpc
CB

Bootesl/'T1
Segue IL
Milky'Way

Galaxy

Wi

TJM&II

Milky Way
inner 100 kpc

80 kpc

Dwarf Galaxies
(post-2005)

Dwarf Galaxies

@ (205
[Geha]
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Existing Data

Fermi observes all dwarfs

Blue: Observed by ACTs

VERITAS, MAGIC
HESS, CANGAROO

Y — rays

lceCube

data coming
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Existing Data T . Milky Way

UMal inner 100 kpc

Fermi observes all dwarfs —

3§kac , .@

Sy R Jit
(Sepei) 80 kpc
23 kpC TUMall
Milky'Way |

. [ Galaxy
Blue: Observed by ACTs
VERITAS, MAGIC
HESS, CANGAROO
v — rays
Dwarf Galaxies
(post-2005)
[Geha] @ “Torc 2008
lceCube
data coming Segue 1 : best target? (MAGIC is analyzing data!)
g Least luminous galaxy known (M/L~1000)

[Geha et.al ]
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Compare Draco & Segue 1

DI"&CO (discovered 1954) Segue 1 (discovered 2006)
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New stellar data

is being analyzed
(~65 stars)

[Simon et. al.]

.~ | data on
= | >700 stellar
1 velocities

- e g A
< O Noy

classical dwarf ultra-faint dwarf

2 determined from
stellar velocities

vV, UV flux x L ~
L3egue 1 ~ 39 LDraco  (preliminary!!)

TN VA~
Rouven Essig Gi.~ S



Constraints and Prospects for

Fermi

Atmospheric Cherenkov Telescopes
lceCube



This Talk:
Focus on
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e Gamma Rays guaranteed from “Final State Radiation”

X ¢ X A
_> ’Y
X ¢ X =
dN,
Ergs, Distinctive spectrum [Beacom etal. (2004)]
[Birkedal et.al. (2005)]
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01 1 __ 10 100 1000”

 Neutrinos guaranteed if £ = 1, T
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Current Fermi & AC T limits

XX—H

[RE, Sehgal, Strigari, Geha, Simon]

FERMI Excl. ACT Excl. (Draco)

Fermi data:

9 months of data

[Farnier, RICAP09]
[Wang, CINC’09]

ACT data:

———L+2‘_T | VERITAS obs. of
PAMELA and Fermi Draco [0810.1913]

| [Meqde et. Ell|.]

uncertainty in

Eoc/pz

m, (GeV)

10*

Fermi better at lower masses,
ACTs at higher masses
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Prospects for MAGIC & VERITAS from Segue 1
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[RE, Sehgal,

XX—u U

Strigari, Geha, Simon]

(Segue 1)
~ (preliminary)

FERMI Excl.

ACT Excl. (Draco)
ACT Prosp. (Segue 1)

PAMELA and Fermi
[Meade et, al.]

(preliminary)
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lceCube Prospects for XX — pp

[RE, Sehgal, Strigari, Geha, Simon]

inice: v,/N — pN  (N=Nucleus)

# of Signal Events

S/VB > 2
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IceCube Prosp. (Segue 1)
ACT Prosp. (Segue 1)
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[see also Sandick, Spolyar, Buckley et.al.]
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How obtain large DM annihilation cross-section!?

Many ways... (e.g Kane etal,, Ibe etal)
SO m m e rfe I d e n h a n C e m e nt [e.g.Arkani-Hamed et.al; Pospeloy, Ritz;
Hisano et.al; March-Russell et.al; Cirelli et.al]

new particle ¢ with m~ 0.1-1 GeV

X\ ¢,L£_ Produces a long-range force
b 9 410 1
S ¢ . oU o = ; large today
X Yg{ v small at freeze-out

Vdwarf 1 signal potentially

Vhalo 20 enhanced at dwarf!

((ocv)saturates when vy S mg/my)
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Segue 1 can constrain Sommerfeld enhancement

[RE, Sehgal, Strigari, Geha, Simon]
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Will probe resonances
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Segue 1 can constrain Sommerfeld enhancement

[RE, Sehgal, Strigari, Geha, Simon]
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Intriguing prospects!
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Summary

Dwarf Galaxies probe DM properties

(structure formation, DM self-interactions, ...)

Great targets for indirect DM detection

(any signal very suggestive)

New (preliminary) stellar data for Segue 1:

possibly best dwarf target for Fermi,ACTs & lceCube

Constrain Sommerfeld enhanced models due to low

velocity dispersion in dwarfs
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