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We consider experimental signatures of WIMPless dark matter. We focus on models where the
WIMPless dark matter candidate is a Majorana fermion, and dark matter scattering is predominantly spin-dependent. These models can be probed by IceCube/DeepCore, which can potentially
find 3σ evidence with ∼ 5 years of data.
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1. Introduction

2. WIMPless Dark Matter
WIMPless dark matter is a hidden sector particle with mass at the hidden sector soft SUSYbreaking scale [1]. The thermal relic density is set by the annihilation cross-section, ρ ∝ hσann. vi−1 ,
4
which in turn is determined from dimensional analysis, hσann. vi ∝ mg 2 . To get the correct relic
density, one must have hσann. vi ∼ 1 pb. The “WIMP Miracle" is the remarkable coincidence that,
for g = gweak and m = mweak , the annihilation cross-section is indeed ∼ pb. In the WIMPless
scenario, both the MSSM sector and the hidden sector receive the effects of SUSY-breaking through
gauge-mediation from the same SUSY-breaking sector. The soft scale is thus set by the gaugecoupling, yielding the relation
g2 g2weak
Mmess.
,
∝
m mweak
F

(2.1)

where g and m are the coupling and soft SUSY-breaking scale of the hidden sector, F is the SUSYbreaking vev, and Mmess. is the messenger mass scale. The WIMPless dark matter candidate thus
naturally has approximately the same annihilation cross-section (and relic density) as a WIMP.
This is a very robust result, essentially determined by dimensional analysis and the powercounting of gauge interactions. The relic density calculation does not depend on whether the
2

PoS(ICHEP 2010)438

WIMPless dark matter [1] is a robust and versatile scenario in which the dark matter candidate
is a hidden sector particle whose mass is at the hidden sector soft-SUSY breaking scale. Although
the dark matter candidate can be either a boson or fermion and its mass can vary over a wide range
<
(10 MeV <
∼ mX ∼ 10 TeV), it automatically has the approximately correct relic density to match
cosmological observations. The versatility of this scenario implies that specific models can have a
wide variety of possible signatures, detectable using many different dark matter search strategies.
WIMPless dark matter signatures depend on whether the candidate is a boson or fermion. If
the WIMPless candidate (the lightest particle stabilized by a hidden sector symmetry) is a scalar,
this WIMPless candidate can have a much large spin-independent scattering cross-section (σSI )
than one would expect from neutralino WIMPs. Models of this type have been studied [2] as a way
of explaining the recent data of the DAMA, CoGeNT and CRESST experiments [3]. Signatures of
these models can be studied at detectors such as the Tevatron, the LHC, Super-Kamiokande, and
liquid scintillator neutrino detectors [4].
In these proceedings we focus on a different signature which can be found in a complementary
set of models: spin-dependent scattering. Several detectors exist which are sensitive to the spindependent scattering cross-section (σSD ). But bounds on σSI are much tighter than those on σSD ,
because spin-independent scattering receives an A2 enhancement from coherent scattering in the
heavy nuclei of a detector. Most dark matter models will be probed first by σSI -sensitive detectors,
so it is worth considering which classes of models will probed first by σSD -sensitive detectors.
An interesting class of such models are WIMPless dark matter models in which the dark
matter candidate is a Majorana fermion. In these proceedings, we will study models of this type
and consider detection prospects for IceCube/DeepCore.
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WIMPless candidate is a boson or a fermion. When the WIMPless candidate is a Majorana fermion,
an interesting feature is that the dark matter-nucleon scattering cross-section may be largely spindependent. WIMPless dark matter can couple to Standard Model matter through Yukawa couplings
V = λLiỸL X̄PL fi + λRiỸR X̄PR fi + h.c.

(2.2)

L

R

where
(p)

(n)

(p)

(n)

(p,n)

∆u = ∆d = 0.78 ± 0.02 , ∆d = ∆u = −0.48 ± 0.02 , ∆s

= −0.15 ± 0.02 .

(2.4)

are spin-structure functions. We will focus on the case where dark matter couples dominantly
to the first generation quarks. If the WIMPless candidate is a Majorana fermion, then the only
diagrams contributing to spin-independent scattering are those involving mixing of the 4th generation squarks, ỸL and ỸR . The spin-independent scattering cross-section is thus proportional to
Re(λL λR∗ )2 . If squark-mixing is small, or if λL  λR (or λR  λL ), the dark matter-nucleon scattering cross-section will be largely spin-dependent.

3. Tests at IceCube/DeepCore
The IceCube detector (with the DeepCore extension) is expected to soon have among the
best sensitivity to σSD [5], obtained through bounds on the neutrino flux from dark matter which
annihilates after being captured in the sun. Detection prospects at IceCube/DeepCore for such
models were studied in [6], including the effects of neutrino propagation through the sun and
vacuum. Detection prospects for the τ τ̄, τ̃ τ̃ ∗ and ν̃ ν̃ ∗ annihilation channels are shown in Figure 1.
In particular, it was found that 3σ -evidence of models with reasonable Yukawa couplings (λu,d ∼
0.5) could be found with 5 years of running time. As expected, the DeepCore extension is most
important for low-energy neutrinos, resulting from either low-mass dark matter annihilation, or
from annihilation to superpartners whose decay chain results in lower energy neutrinos. For higher
mass dark matter, the best detection prospects arise from the events fully-contained within the
IceCube volume.

4. Conclusion
WIMPless Majorana fermion models contain a class of well-motivated dark matter candidates for which IceCube/DeepCore may very well be a discovery experiment. The relative detection prospects at IceCube/DeepCore, as opposed to direct detection experiments such as CDMS
or Xenon100, depend on the magnitude of 4th generation squark-mixing, as well as the relative
strengths of the λL and λR Yukawa couplings. A detailed study of these cross-sections, and their
effect on detection prospects, is currently underway [8].
3
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where the fi are Standard Model fermions. Dark matter-nucleon scattering arises through coupling
to Standard Model quarks, and in general WIMPless dark matter can couple to all generations.
The scattering cross-section can be determined from the Yukawa couplings above. The spindependent part of the scattering cross-section (assuming no squark mixing) is given by
"
!
#

 2
2|
m2r J + 1
|λLi2 |
|λRi
(p)
(n)
σSD =
,
(2.3)
∑ m2 − m2 + m2 − m2 hS p i∆i + hSn i∆i
4π J
i
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X
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Ỹ
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and the decays τ̃ → τ χ̃10 , ν̃ → ν χ̃10 . We assume that the sneutrino Yukawa couplings are flavor-independent.
The dark grey region (IC upward), blue region (IC contained), and the light brown region (DC) indicate
detection prospects using the upward throughgoing sample from IceCube, the muon sample fully contained
within the IceCube volume, and muon sample fully contained within the DeepCore volume, respectively.
The solid black line is the bound from Super-Kamiokande [7]. (Figure courtesy of Danny Marfatia and
Enrico Sessolo.)
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Figure 1: 3σ detection prospects for Majorana fermion WIMPless dark matter annihilating exclusively to
τ τ̄ (left), τ̃ τ̃ ∗ (middle) and ν̃ ν̃ ∗ (right). We assume mτ̃1 = 137 GeV, mν̃ = 111.5 GeV, mχ̃ 0 = 94.5 GeV,

