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Dark Matter

@ Observations of SN CMB and galaxy clusters have
provided three stringent constraints on {2\ and (25

Spergel et al. (2003)

@ Results favor (Qy, 24) ~ (0.3,0.7)

@ Baryonic matter constrained by CMB and BBN
Op = 4% £ 0.4% = Qpm = 23% £ 4% Qpmh® = 0.113 £ 0.003
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WIMP

® Thermal freeze-out abundance of DM can be related to
thermally averaged WIMP annihilation cross section
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@ Typical weak cross section is
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SUSY Essentials

Rotations w= angular momentum operators L;

|

Spqcefime symmetries = Boosts = boosts operators K i

Translations = momentum operators [,

SUSY is the symmeitry that results when these 10 generators
are further supplemented by fermionic operators (),
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All SM particles have R, = 1 and all superpartners have R, = —1

Conservation of [ -parity implies IT R, = 1 af each vertex
w Vvielding an elegant way to forbid profon decay in SUSY models
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Dark Matter Detection

@ Neutralino LSP (" ) are prime candidates for dark matter

Goldberg, PRL 50, 1419 (1983)

@ Annihilation hindered because of p-wave barrier
@ Direct Detection in CDMS, XENON, COUPP, KIMS, eftc.

@ Indirect Detection:
excess of 7, ¢,V from dense astrophysical environments

@ ID via monoenergetic gamma-rays from N 2
are loop induced in the MSSM and for the bino are small

(BR ~ 0.1%)

Bergstrom, Ullio, NPB 504, 27 (1997); PRD 57, 1962 (1998)
Bern, Gondolo, Perelstein, PLB 411 86, (1997)
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x"x"s-wave annihilation into gauge bosons

@ s-wave annihilation demands that " have same helicity

@ Since X'x” is the A term of a chiral superpotential WW
and the two gauge bosons (~ F?) are in the F term of
the same or different WW there is a violation of
R-symmetry by two units = Ar =2

® R-charge deficit related to Euler characteristic of the
string worldsheet y =2 — 2g — h via |Ar| < -2y = x <0

@ Therefore require 5
Yot o]

Thursday, July 1, 2010



Topology

Antoniadis, Narain, Taylor, NPB 7729, 235 (2005)
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Topology

Antoniadis, Narain, Taylor, NPB 7729, 235 (2005)
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SM from intersecting D-branes
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Stacks, boundaries, and effective interactions

@ Effective Lagrangian calculable from topology of
compactified dimensions if gaugino and gauge boson
vertices are attached to two different boundaries

@ Additional non-topological contributions if emitted gauge
bosons are in same stack as gauginos and vertices are
attached to same boundary

4 N

Log = 3¢ENM3FO3) (TrWW) (TrWW)|gg + h.c

3 ~
= < g2NM3FO3) (Te)\) (TrFF) 4 h.c

. J

® N = 6 = number of stacks traced out in empty boundary

o F(03) = 3NF(©3) = genus zero topological partition function
on a worldsheet with A = 3 boundaries
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Constraint from relic abundance

To generate measured re

requires annihilation ratfe

lic density( Qpyh? =0.113 +0.003

[<O'/U>‘eﬂ‘ = O'U|WW—|—O'U‘99—|—O'U‘BB\
L 3 x 107°° em?’ /s

m\

/

for each gluon or W pair

[O"U|Win'

ov h

— 9'g"’
4
C ~ 2 1 Tr. o
= — (3 3NF<0>3>) X
A ( i M2 \ M,
To account non-topological contributions to x’x” — BB define
i ; M(BB)
— 371/3
MOV ) Relic constraint is

r

\[1+O.083(C21)]( )2( )6< >4< )2

Thursday, July 1, 2010

77(0,3)
2.8

mXO/MS
0.9

2 TeV
M

Js
0.2

Y
Y

1

J




Smoking Gun

@ Rewrite cross sections in terms of v, Z, W—, ¢

O'fU‘,y,7 e O'U‘W3w3 (Siﬂ2 HW CCosz HW)Q
oV|z7 = ov|wsws (0082 Ow + € sin” ¢9W)2

0|z = ov|wsws 2 cos® Oy sin® Oy (1 — ()?

O'U‘W—kw— =% 20'1)|W3W3

oV| g9 = 8 0V|waws

@ For ( =~ 1 obtain nearly 10% branching into 77
large number of gamma rays with energy ~ m,o
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H.E.S.S and Galactic Center
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H.E.S.S. Collaboration, Nature 439, 695 (2006)

Thursday, July 1, 2010



Gamma-ray Flux from annihilation in GC

Do ~ 8.5 kpe oo = 0.3 GeV/cm?®

N

1 Ds p? dN
~ _ = © @ f
O E) = [ 5 0 > o)y G

m

T=1/AQ) | J@)dQ
YANY/

O

I@) = (Dord) ™ [ (e vt
=0
r® = {4+ DZ"'— 2¢D¢, cos

ANy /dE. @ normalized photon spectrum per annihilation via channel f

—

p(Z) = dark matter density at generic location & wrt to GC



Spectrum

S
NFW, mpo=1 TeV_

f—
o
|

Qo

= & HESS 2004

T HESS 2003 : ]
: % s iz 11
F q I T

f—
o
|

N©

(GeV em™® s71)

—
-
|

—

o

o

|
f—
—

&~
Ea
§®)

\
1
O

Typical SUSY Case
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L.A.A, H. Goldberg, D. Hooper, D. Marfatia and T. R. Taylor, PLB 683, 321 (2010).
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Direct Detection

@ The (dimension 7) interaction operator relevant for DD is

QCD coupling strength

£ = % o Gy
-
i MS(SNggF(O’?’)/ZL)_l/?’ gluon field-strength tensor

@ The spin independent elastic scattering cross section is
pro’ron-WIMP coupling

4 3 > 956 md
:——mf (mefTG> = — % fig
7T 9 AS o

reﬂec’rs the gluon content of the nucleus and is measured fo be ~ 0.83
Jungman, Kamionkowski, Griest, PR 267, 195 (1996)

& For M. =2 TeVi= =" 5 0cy o~ 10"* cm?

well below current limits ¢ < 2 x 10~% cm? @90%CL

CDMS Collaboration arXiv:0912.3592



Remarks and Conclusions

@ We constructed a model that generates a supersymmeitric
R-symmetry violating effective Lagrangian which allows for
s-wave annihilation of neutralinos
(once gauginos acquire mass via an unspecified mechanism)

® The model allows for a neutralino relic abundance consistent
with the measured dark matter density

@ The branching fraction to monochromatic gamma rays is
orders of magnitude larger than in the MSSM

@ A very bright and distinctive gamma-ray line that may lie
within the reach of current or next-generation gamma-ray
telescopes is predicted
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