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Direct detection of Dark Matter
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Generically, the spin-independent elastic scattering cross section of dark
matter with a nucleus is written:
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aq are the dark matter’s couplings to quarks and fT are hadronic

matrix elements.
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Neutralino down-type quark coupling:
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So and ¢, relate the scalar mass and gauge eigenstates
In large tan (3, sin(8 — «) ~ 1, significant Ni3, and light m g

2
aqg __ —9291N13N11 tan B ¢
mg 4me%I

(2

A. Belikov (University of Chicago) CoGeNT, DAMA, and Light DM. May 2011

N? tan 8 27100GeV\? /o \!
~ 1.7 x 107 em? [ 23 =
A S TP AN ma 1

4/11



Superpotential:
1 &2 2 2 2 & 2 1 A3
W = §,usS +pH, Hy+ NSH, Hg + ng
Soft Lagrangian:
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The lightest neutralino is mostly S provided that |2ks + pg| is much
smaller than |u + As|, My and M.
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For k = 0.6, s =6 GeV, us ~ 0, A = 0.1, large tan 3, large M, large Mo,
and 11 =150 GeV the lightest neutralino is singlino-like (N = 0.974) with
myo ~ 7.2 GeV.

hq is singlet-like: in the limit A — 0 the singlet decouples from the MSSM
and my, is determined by Bg, m?g s, K, s and A

Gd _ gg/iN125 tan BFsFy
mq 8me%1

where F; and Fj are the singlet and the down fractions of the h;.
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F2 = 0.85 of h; easily allows it to evade the constraints from LEP Il and
the Tevatron.
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XX — bb (or, to a lesser extent, to 71 77) through the s-channel exchange
of a higgs boson. s-channel exchange of the same scalar higgs, hi, as
employed for elastic scattering:
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where g, is the number of relativistic d.o.f. available at freeze-out,

(o,0,0v) is the thermally averaged annihilation cross section at freeze-out,
and Tro is the temperature at which freeze-out occurs.
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All that is difficult to realize within NMSSM but possible within a more
generic singlet extension

1 N PPN
Wemtra — 5,“552 + ,uHqu

1
L = v3S + B, H,Hy + 53552
Just NMSSM:

P.Draper et al, Phys.Rev.Lett.106:121805,2011
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XENON100 exclusion plots

WIMP-Nucleon Cross Section [cm?]
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Vary couplings to protons and neutrons f, and f,

Vary the parameters of the thermal distribution of dark matter in the
halo and the distribution itself

Implications of CoGeNT and DAMA for Light WIMP Dark Matter.
A.L.Fitzpatrick, D.Hooper, K.M.Zurek Phys.Rev. D81 (2010) 115005

Isospin-Violating Dark Matter. J. L. Feng, J. Kumar, D. Marfatia, D.
Sanford, arXiv:1102.4331

A. Belikov (University of Chicago) CoGeNT, DAMA, and Light DM. May 2011 10 / 11



Models in which the MSSM is extended by a chiral singlet superfield
contain a light singlino-like neutralino, which interacts with nuclei through
the exchange of a largely singlet-like, scalar higgs. Such a neutralino can

possess an elastic scattering cross section capable of generating the

observations reported by CoGeNT and DAMA/LIBRA.
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