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• CoGeNT, DAMA claim signals

• also annual modulation

• Is it (can it be) dark matter?

• constraints from other experiments
• elastic spin-independent with standard halo: 

not a good fit to all experiments 

• could a nongeneric DM model be viable?
• could nuclear and astrophysical uncertainties 

make a big difference? 

questions
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see talk by Kai Schmidt-Hoberg
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dark matter variations
• a number of variations on DM one can consider

• isospin violating couplings

• velocity suppressed interactions

• inelastic scattering

• endothermic, exothermic

• scattering through resonances

• additional momentum dependence 

• light mediators, derivative interactions,...

• leptophilic interactions 

• spin dependent interactions

• ...
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other uncertainties

• astrophysical uncertainties

• vary velocity profiles, vesc, etc

• “integrate them out”
• channeling
• nuclear and atomic physics

• quenching factors, Leff in S1, Qy in Xenon S2

• nuclear form factor uncertainties
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see talk by A. Green

Fox, Liu, Weiner 1011.1915
Fox, Kribs, Tait, 1011.1910
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modulation in CoGeNT?

• fit with no modulation has acceptable goodness-of-fit:

• χ2no mod is 9.5, 16.8, 11.7 for 15 d.o.f. for 3 eng. bands

• χ2no mod=20 for 15 d.o.f. for 0.5-3 keV (17%)
• 2.8σ preference for modulation 
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oscillation period
• CoGeNT 442 days of  live data in 458 day long run
• what is the oscillation period?

• analysis using 
Lomb-Scargle 
periodogram in 
0.5-3.1keVee

• strongest at 365 days

• no evidence for 
diurnal oscillation

6
Fox, Kopp, Lisanti, Weiner, 1107.0717 

Fox, Kopp, Lisanti, Weiner, 1107.0717 
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phase of the modulation
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Schwetz, talk at  PPC11, Cern, June 15 2011 
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variations of phase

• peak at day 152 
in standard 
halo model 
only

• variations 
especially 
pronounced 
for light DM

• if experiments compared within the same 
vmin range the phase should be the  same
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Kuhlen et al., 0912.2358
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phase of the modulation
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• integrating out astrophysical uncertainties

• comparing only the same regions in vmin 
for DAMA [2-6 keVee] and CoGeNT

• assumes elastic
 scattering

McCabe, 1107.0741
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where is the modulation 
signal?

• most modulation signal significance comes 
from high energy bins, above 1.5 keVee

• shown on the right: 
propability of null 
modulation signal 
to fluctuate

• from elastic DM
would expect most 
signal in low 
eng. bins
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Fox, Kopp, Lisanti, Weiner, 1107.0717 

Fox, Kopp, Lisanti, Weiner, 1107.0717 
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comparison with CDMS
• direct comparison can be made to 

CDMS since both Ge

11

CDMS 90% CL limit

prediction from CoGeNT
varied phase
fixed phase

Fox, Kopp, Lisanti, Weiner, 1107.0717 
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elastic spin independent
• tension between modulated and unmodulated rates in CoGeNT

• best fit point to modulation excluded by total rate

• best fit point to total rate almost no modulation in [0.9-3]keV

• has only Δχ2=2.3 compared to null hypothesis
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experiments
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quenching factors
• for eSI CoGeNT (and DAMA) to be consistent with the rest one would need

• Leff drop to zero below measurements

• qNa should be significantly larger

• energy calibration of Xenon10 S2 analysis needs to be off

• CDMS made a major calibration error (in Ge and Si)
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astrophysical 
uncertainties

• with light DM probing high velocities

• varying velocity profiles does not 
improve fits
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inelastic scattering
• best fit modulation spectrum the same as for eSI

• total rate very different from the measured one

• would need nontrivial background

• mismatch between CoGeNT and DAMA persists (assuming fn=fp)

• tension with CDMS low-threshold, Xenon100, CoGeNT total rate
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isospin violating elastic 
spin-independent

• arrange coupling to n and p to cancel contribs, e.g. to Xe

• cannot cancel all elements, if Xe smaller Si larger

17

see talk by F. Kahlhoefer
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isospin violating elastic 
spin-independent

• CoGeNT and DAMA can be made to agree

• poor global fit to all experiments

18Farina, Pappadopulo, Strumia, Volansky, 1107.0715

all data: expect χ2~43

no CoGeNT rate
 expect χ2~8

http://aps.arxiv.org/abs/1107.0715
http://aps.arxiv.org/abs/1107.0715
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isospin violating DM- 
inelastic

• δ>0 no good fit to total CoGeNT rate possible

• below treat it as upper bound only
• allowed region opens up
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isospin violating DM- 
inelastic

• an option with some channeling in DAMA and CoGeNT 
+ exothermic iDM considered

• the global fit still not good

20
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spin dependent - on 
protons

• for SD interactions the sensitivities of experiments change drastically

• depends crucially whether coupling mostly to p or n
• if mostly on protons: CoGeNT no signal, but signal in DAMA 

• for inelastic SD a viable space opens up for DAMA

21
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spin dependent - off 
neutrons

• for Ge in CoGeNT the spin dominated by n
• excluded by CDMS Ge low-threshold

• also excl. by Xenon100 from 129Xe and 131Xe
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light mediators
• additional q dependence if light mediators (m<40 MeV)

• σ~ 1/(m2+q2)2

• no improvement in global fits
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momentum dependent 
scattering

• even in EFT depending on operator can gave 
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velocity dependent

• no improvement, if velocity dependent
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• none of the DM models fit all the data 
well

• would be very interesting to see 
modulation data from CDMS low 
threshold

conclusions
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DMHU11, July 25, 2011J. Zupan   Status of direct detection fits

more comparing with 
cogent

• integrating out astrophysical uncertainties can translate CoGeNT 
modulation rate to other exp.

• below required modulation fraction to be compatible with CDMS-Ge 
and CDMS-Si

28
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DMHU11, July 25, 2011J. Zupan   Status of direct detection fits

comparing cogent and 
dama

• comparison of modulation amplitudes 
without astrophysical uncert.
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channeling
• the effect of channeling
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