


INDIRECT DETECTION

* Indirect searches also promising for low masses, even for smooth halos

DAMA parameters, NFW, J ~ 4 Fermi Discovery Reach
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HIDDEN CHARGED DM

» This requires that an m, particle be stable. |s this natural?

MSSM
m, sparticles, W, Z, t
~GeV q, |
0 pevyvG

Flavor-free MSSM
O(1) Yukawas

m,, sparticles, W, Z, q, I, z(or 7)

0 g,y,v,é

* |If the hidden sector is a flavor-free MSSM, natural DM
candidate is any hidden charged particle, stabilized by exact
U(1)gy Symmetry; natural choice is X = hidden stau
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HIDDEN CHARGED DM

Feng, Kaplinghat, Tu, Yu (2009)

« Can DM have hidden charge? Many modifications to the standard CDM
picture

— Bound states form (and annihilate) in the early Universe
— Annihilation is Sommerfeld enhanced at low velocities

— Compton scattering X yv" - X y" : DM stays in kinetic contact with the
thermal bath to lower temperatures

— Rutherford scattering XX = XX: self-interacting, collisional dark matter

« Constraints
— Enhanced annihilation shouldn’t destroy the WIMPIless miracle
— Enhanced annihilation in protohalos shouldn'’t violate bounds

— Delayed kinetic decoupling shouldn’t erase too much small scale
structure

— Enhanced self-interactions shouldn’t violate bounds on collisional DM

13 May 09 Feng 24



BOUNDS ON SELF-INTERACTIONS

Feng, Kaplinghat, Tu, Yu (2009)

« Hidden charged particles
exchange energy through N S
Rutherford scattering | L

x

* Non-spherical galaxy cores *
- DM can't be too e -

. . 10-8 -:::: ..... L EJRH=O1 tane~1 -
collisional, require 01 tan~10 |

E/(dE/dt) > 1070 years 107° =

102 102% 10" 10° 10" 10°  10°  10*
my [GeV]

* Annihilates through weak (to neutrinos) and EM (to photons)
* my~1GeV (100 GeV) allowed for tand ~ 10 (1)
« Qualitatively different conclusions from U(1)-only case

Ackerman, Buckley, Carroll, Kamionkowski (2008)
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BOUNDS ON ANNIHILATIONS

 Atlow v, annihilation is

Sommerfeld enhanced by a/v M, 2 33 (Tia /10 MeV) ™ Me

(v/c) ~ 6.0 x 107 (M, /M) "> (2. /200) "/

« Strong constraint from
protohalos, formed at z ~ 200

with low velocity dispersion

Kamionkowski, Profumo (2008) ;4 ;

1072

107

 Bottom line

— With connectors: annihilationto ™ — =01 tan0~10 :
visible particles > my <10 GeV 10 £oy=0.1 tano~1 1

. o . -6 _,,—""'///'/ = ~ -
— Without connectors: annihilaton ", . ,  Se=08tant~1 4
. . -3 -2 -1 0 1 2 3 4
to hidden particles, no 07 gen e one ot o
constraints :
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CONCLUSIONS

» Dark matter may be in a hidden sector

 WIMPless dark matter
— Present in standard particle physics models (SUSY)
— Generalizes WIMP miracle to MeV <m, <10 TeV, 108 < a, < 0.1

— In contrast to WIMPs, is naturally consistent with (and motivated by)
the new physics flavor problem

 Signals
— With connectors: DAMA, SuperK, Fermi, ...
— With hidden charge: collisional dark matter
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