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DM interpretation due to Sun and Earth’s motion

DAMA’s 8.9σ annual modulation in single hit rate 

Bernabei et.al.
Eur.Phys.J. C56(2008)



Elastic heavy WIMP interpretation
 excluded by other searches

DAMA

Aprile et.al.
arXiv: 1005.0380



Inelastic Dark Matter (iDM)
Tucker-Smith & Weiner 

Phys.Rev. D64 (2001) 043502 
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Heavy elements are favored
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inelastic

elastic
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CRESST experiment

might have seen less events than typically
predicted by iDM in the 10 - 40 keV region

pre
limi

nar
y

W. Seidel - WONDER 2010 Workshop



XENON100

only 11 live days of exposure for calibration run

strongest current limits on DM 

XENON100 collaboration
arXiv: 1005.0380



XENON100

only 11 live days of exposure for calibration run

strongest current limits on DM 

Decisively
 CONFIRM

 or
REFUTE

 iDM hypothesis

XENON100 collaboration
arXiv: 1005.0380



What affects predictions for 
Dark Matter Direct Detection ?

Astrophysical uncertainties

 Local DM velocity distribution

Particle physics uncertainties

DM interactions & scattering kinematics

Detector uncertainties
Target nucleus form factor & quenching factor



scattering rate in iDM is highly sensitive to velocity distribution 
dR

dt
∝

∫ vesc

vmin

d!v
f(!v + !vearth)

v

standard assumption: Maxwell-Boltzmann distribution

f(!v) ∝ (e
− v2

v2
0 − e

− v2
esc
v2
0 )Θ(|!vesc − !v|)

standard procedure: benchmark velocity parameters      and               

narrows the parameter space and limits the predictions

broader and more sensible procedure:

marginalize over unknown velocity parameters

Astrophysical uncertainties

v0 vesc



Astrophysical uncertainties

numerical simulations of galactic DM structure:

significant departure from Maxwell-Boltzmann distribution

observations of Saggitarius stellar tidal steam

triaxial Milky Way halo?

Law & Majewski
Ap.J. 714 (2010) 229-254

substructures and streams?

symmetry axes of halo and disk unrelated?



Astrophysical uncertainties

Investigate 3 scenarios:

Standard Maxwell-Boltzmann

marginalize over      andv0 vesc

Local stream f(!v) = δ3(!v − !vstream)
marginalize over magnitude and direction of !vstream

Axisymmetric halo f(!v) ∝ e−αL2
ye
− v2

v2
0 Θ(|!vesc − !v|)

f(!v) ∝ e
− v2

v2
0 Θ(|!vesc − !v|)

marginalize over      ,         andv0 vesc α



Astrophysical uncertainties
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Uncertainties in iDM particle properties

Cross-Section dependence on momentum transfer

σ ∝ σ0 (e.g. sneutrino)

Dark Matter Form Factor (sign of compositeness)

(e.g. CiDM)σ ∝ σ0q
2

σ ∝ σ0q
4



Uncertainties in iDM particle properties
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Uncertainties in iDM particle properties
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Uncertainties in iDM particle properties
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Detector uncertainties

Quenching Factor for 127I

f(v), through
〈 dσ

dER
v
〉

=
∫

vmin

d3vf("v + "ve)v
dσ

dER
, (5)

where the Earth’s velocity in the galactic rest frame
"vE(t) is defined as in [13], except with the most re-
cently updated values of the Sun’s peculiar velocity [30].
Typically, the vdf is taken to be Gaussian, isothermal
and isotropic in the galactic frame. This ‘Standard Halo
Model’ (SHM) is:

f(v) ∝
(
e(−v/v0)

2
− e−(vesc/v0)

2
)
Θ(vesc − v), (6)

where vesc is the galactic escape velocity and v0 is the
velocity dispersion. We assume that the range of escape
velocity is consistent with that found by the RAVE stel-
lar survey: 480 ≤ vesc ≤ 650 km/s [15], and do not
place any constraints on v0. The standard procedure
when evaluating direct detection rates is to benchmark
the halo, choosing the SHM for a particular v0 and vesc.
Benchmarking the dark matter vdf underestimates the
range of possibilities for iDM given the lack of significant
constraints on the vdf. For example, the vdf inferred
from the Via Lactea N-body simulation varies signifi-
cantly from the SHM hypothesis [16, 18, 31], especially
in the high velocity tails.

To determine the constraints on model parame-
ters, we perform a global χ2 analysis. We evaluate the
predicted number of events at CDMS [8], XENON10
[25, 26], CRESST [23, 24], ZEPLIN-II [20], ZEPLIN-
III [21, 22], and the XENON100 calibration run [33].
We also calculate the annual modulation amplitude in
the first twelve bins of DAMA (2-8 keVee) [1–3]. The
modulation in bins from 8-14 keVee are combined into
one bin with -0.0002±0.0014 cpd/kg/keVee. Any model
that over-predicts the number of events at the null ex-
periments by 95% is also excluded. The DAMA am-
plitude is fit by marginalizing over the halo parameters
(v0, vesc, . . .) and dark matter parameters (m, δ, σ, . . .).

Inelastic Dark Matter at CRESST

CRESST’s recent run offers a great opportunity
to discover iDM, however, if the preliminary results
hold, CRESST will have difficulty excluding iDM in a
model independent way. There are two key challenges
for CRESST that each have to do with sensitivity of
CRESST to moderate nuclear recoil events. The first is-
sue is that 183.8W is a large nucleus and as such, its nu-
clear form factor deviate from unity at a relatively low
energy a has a near-zero at roughly 50 keVnr1. Even

1 The several isotopic species of 183.8W smear out the form fac-
tor zero, but each species has a broad loss of sensitivity to
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FIG. 1: CRESST09 (left)Colors: regular iDM (blue), green
(FF iDM), red (streams)

by 30 keVnr, the a nuclear recoil spectrum behavior is
dominantly determined by the nuclear form factor. This
article uses the Helm/Lewin-Smith form factor parame-
terization for CRESST which is accurate to roughly 10%
accuracy.

The second challenge for CRESST is that their high
nuclear recoil energy signal window is not as clean as
their low energy signal region. The preliminary results
presented at the WONDER conference indicate that the
signal region above the nuclear form factor zero will not
be effective at setting limits. If this turns out to be the
case and their signal window is between 10 - 40 keVnr,
then this will make it extremely difficult to test iDM in a
completely because DAMA’s signal may lie dominantly
on or above the zero of the nuclear form factor. This
article illustrates three separate manners that iDM’s rate
at CRESST can be significantly altered.

DAMA’s Energy Calibration Uncertainty

DAMA only detects its recoil events using scintilla-
tion. Nuclear recoils typically only deposit a small frac-
tion of their energy into scintillation light and that frac-
tion of light is known as the quenching factor, QI . The
quenching factor relates the electron equivalent energy
(measured in keVee) in terms of the equivalent nuclear
recoil energy (measured in keVnr)

Eee = QI(Enr) Enr (7)

where the energy depedent on the quenching factor is left
explicit. There is experimental uncertainty in the mea-
sured quenching factor for 126.9I [34]. The four primary
measurements of QI are:

Recoil Energy (keV) QI Reference
22-330 0.09± 0.01 [35]
40-100 0.08± 0.02 [36]
10-71 0.086± 0.007 [37]
40-300 0.05± 0.02 [38]

O(50keVnr) nuclear recoils.

2

Several independent measurements
found 0.05 ≤ qI ≤ 0.09

Bernabei et.al.  PLB389 (1996)

Pecourt et.al.  ApJ11 (1999)

Tovey et.al.  PLB433 (1998)

Fushimi et.al.  PRC47 (1993)

qI

q =
Escintillation

Enuclear recoil



Detector uncertainties
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Detector uncertainties
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Detector uncertainties
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Detector uncertainties
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Detector uncertainties
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Summary and Conclusions

Uncertainties on the DM velocity distribution, DM form factor 
and 127I quenching factor have a dramatic impact on predictions 
for direct detection

In light of that, it is unlikely that the next CRESST data release 
will rule out iDM in a completely model independent way.

XENON100 data from this summer will decisively exclude of 
confirm iDM. 

In case it confirms iDM, it might tell us a lot about properties 
of the dark matter particle and our Milky Way halo.
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