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CDMS II Results

Upper limit at the 90% C.L. on 
the WIMP-nucleon cross-
section is 3.8 x 10-44 cm2 for 
a WIMP of mass 70 GeV/c2

Note:  An improved estimate 
of our detector masses (~9% 
decrease) was used in 
calculating these limits.
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Inelastic Scattering

Disfavor all DAMA/LIBRA 
allowed region except for 
WIMPs of mass ~100 GeV 
with mass-splittings 
~80-140 keV

Shown are only regions for 
which CDMS II and 
XENON10 are not 
compatible with DAMA/
LIBRA at the 90% C.L.
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Closer Examination of 
Observed Events
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Event Yield, Timing and Energy
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FIG. 2: Ionization yield versus recoil energy for events pass-
ing all cuts, excluding yield and timing. The top (bottom)
plot shows events for detector T1Z5(T3Z4). The solid red
lines indicate the 2σ electron and nuclear recoil bands. The
vertical dashed line represents the recoil energy threshold and
the sloping magenta dashed line is the ionization threshold.
Events that pass the timing cut are shown with round mark-
ers. The candidate events are the round markers inside the
nuclear-recoil bands. (Color online.)

ate the pre-blinding misidentified surface event estimate.213

Therefore, a refined calculation, which accounts for this214

effect, produced a revised surface event leakage estimate215

of 0.8 ± 0.1(stat) ± 0.2(syst) events. Based on this re-216

vised estimate, the probability to have observed two or217

more surface events in this exposure is 20.4%. Inclusion218

of the neutron background estimate increases the prob-219

ability to have observed two or more background events220

to 23.3%. These values indicate that the results of this221

analysis cannot be interpreted as significant evidence for222

WIMP interactions. We nonetheless note that we lack223

sufficient additional information to definitively reject ei-224

ther event as a signal event.225

To better quantify the consistency of the candidate226

events with the nuclear recoil and surface event hypothe-227

ses, we performed a likelihood ratio analysis using dis-228

tributions for yield and timing of these two event classes229

from calibration and WIMP-search multiple-scatter data230

to calculate the likelihoods. We found that, in the case231

of T1Z5 (T3Z4), 2.5% (0.01%) of surface events have a232

likelihood ratio less consistent with the ionization-side233

surface event hypothesis and 0.24% (0.02%) of surface234
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FIG. 3: Normalized ionization yield (number of standard de-
viations from mean of nuclear recoil band) versus normalized
timing parameter (timing relative to acceptance region) for
events passing all cuts, excluding yield and timing. The top
(bottom) plot shows events for detector T1Z5(T3Z4). Events
that pass the phonon timing cut are shown with round mark-
ers. The solid red box indicates the signal region for that
detector. The candidate events are the round markers inside
the signal regions. (Color online.)

events have a likelihood ratio less consistent with the235

phonon-side surface event hypothesis. Similarly, ∼75%236

of neutron events have likelihood ratios more consistent237

with the neutron hypothesis. A correction for the afore-238

mentioned timing reconstruction remnant, which has not239

been made for the likelihood ratio analysis, would in-240

crease the consistency of the T3Z4 event with the surface-241

event hypothesis.242

To quantify the proximity of these events to the243

surface-event rejection threshold, we varied the timing244

cut threshold of the analysis. We would have had to re-245

duce our exposure to WIMPs by 28% in order to achieve246

zero events in the signal region, corresponding to an ex-247

pected leakage of 0.4 surface events.248

We calculate an upper limit on the WIMP-nucleon249

elastic scattering cross-section based on standard galac-250

tic halo assumptions [10] in the presence of two events at251

the observed energies, without background subtraction,252

using the Optimum Interval Method [22]. The result-253

ing limit shown in Fig. 4 has a minimum cross section254

of 7.0 x 10−44 cm2 (3.8 x 10−44 cm2 when combined255

with our previous results) for a WIMP of mass 70 GeV.256
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vertical dashed line represents the recoil energy threshold and
the sloping magenta dashed line is the ionization threshold.
Events that pass the timing cut are shown with round mark-
ers. The candidate events are the round markers inside the
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Therefore, a refined calculation, which accounts for this214

effect, produced a revised surface event leakage estimate215

of 0.8 ± 0.1(stat) ± 0.2(syst) events. Based on this re-216

vised estimate, the probability to have observed two or217

more surface events in this exposure is 20.4%. Inclusion218

of the neutron background estimate increases the prob-219
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analysis cannot be interpreted as significant evidence for222
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ther event as a signal event.225
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events have a likelihood ratio less consistent with the235

phonon-side surface event hypothesis. Similarly, ∼75%236

of neutron events have likelihood ratios more consistent237

with the neutron hypothesis. A correction for the afore-238

mentioned timing reconstruction remnant, which has not239

been made for the likelihood ratio analysis, would in-240

crease the consistency of the T3Z4 event with the surface-241

event hypothesis.242

To quantify the proximity of these events to the243

surface-event rejection threshold, we varied the timing244

cut threshold of the analysis. We would have had to re-245

duce our exposure to WIMPs by 28% in order to achieve246

zero events in the signal region, corresponding to an ex-247

pected leakage of 0.4 surface events.248

We calculate an upper limit on the WIMP-nucleon249

elastic scattering cross-section based on standard galac-250

tic halo assumptions [10] in the presence of two events at251

the observed energies, without background subtraction,252

using the Optimum Interval Method [22]. The result-253

ing limit shown in Fig. 4 has a minimum cross section254

of 7.0 x 10−44 cm2 (3.8 x 10−44 cm2 when combined255

with our previous results) for a WIMP of mass 70 GeV.256
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What More Can We Say?

38

• The two events occur during a time of nearly ideal 
detector performance.

• They are separated in time by several months and 
occur on detectors in different towers (T1Z5 and 
T3Z4).

• They occur on inner detectors where we have a 
stronger handle on our background estimate.
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Data Quality Item Result
muon veto performance good 

neutralization good 

KS tests normal 

noise levels typical 

pre-pulse baseline rms typical 

background electron-recoil rate typical 

surface event rate typical 

radial position well-contained 

single-scatter identification good 

special running conditions no 

operator recorded issues no 
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W&C Dec. 18, 2009 41

Reconstruction Checks

ionization and phonon energies look
good, phonon timing looks good…

Could there be a problem
with the start time of the

charge pulse?

phonon chan A

phonon chan B

phonon chan C

phonon chan D

inner ionization

outer inonization

Candidate 2 (on det T3Z4)

ADC bin

fitted
start
time

What is the
true start

time?
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ADC bin

Closeup of template fit
to ionization pulse
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Reconstruction Checks
ionization and phonon energies 
look good, phonon timing 
looks good, ...

... but could be problem 
with charge start time

T3Z4 Candidate

W&C Dec. 18, 2009 41

Reconstruction Checks

ionization and phonon energies look
good, phonon timing looks good…

Could there be a problem
with the start time of the

charge pulse?

phonon chan A

phonon chan B

phonon chan C

phonon chan D

inner ionization

outer inonization

Candidate 2 (on det T3Z4)

ADC bin

fitted
start
time

What is the
true start

time?

!
2
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th
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 f

it

ADC bin

Closeup of template fit
to ionization pulse

Note:  This effects some events with 
ionization energy < ~6 keV.  It does not 
effect candidate event on T1Z5.

Raw 
Unfiltered 

Data.
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Reconstruction (Cont.)

41

• A refined calculation of the surface background taking into 
account larger errors in the timing estimate a low energy 
produced a post-unblinding leakage estimate of 

• Based on this revised estimate the probability of 
observing 2 or more events is 23% (includes neutron 
+ surface event background).

•  With an improved reconstruction algorithm which includes 
this χ2-fit, this pulse may fail the timing cut, but other events 
may be let into the signal region.
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What Would it Take to 
Exclude these Events?

• Reducing the surface event 
estimate by ~1/2 would 
remove both candidates 
while reducing our 
exposure by 28%

• Additional events would 
not enter the signal region 
until we increased the 
surface event estimate by a 
factor of ~2.
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(no systematic correction applied)

Cut Varying Study
Tightening the cut to
yield ~1/2 the expected
surface events, removes
both events from the
signal region and reduces
the exposure by ~28%

Additional events appear
in the signal region after
loosening the cut to ~2X
the expected leakage

The calculated limit doesn’t
depend strongly on chosen

surface-event rejection cut
value

chosen
leakage
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Final Comments on this 
Analysis

Our results cannot be interpreted 
as significant evidence for WIMP 
interactions.

However, we cannot reject either 
event as signal.
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The Future
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Next Step:  SuperCDMS
• Last CDMS II data taken on March 18, 2009

• March 19, 2009:  Warm up to begin the installation and 
commissioning of the first SuperCDMS detectors.  
Commissioning runs of the first SuperCDMS tower is 
underway.

• Fabrication of remaining detectors for the SuperCDMS 
Soudan project (15 kg Ge deployed in existing Soudan 
setup) underway.  Installation and commissioning summer 
2010.

• Eventual goal:  SuperCDMS SNOLAB (100 kg Ge 
deployed at SNOLAB)
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Sensitivity of Future Detectors

46



SLAC,  Dec. 17, 2009
Jodi Cooley, SMU, CDMS Collaboration

Conclusions

47

• We observe 2 events in the first analysis of  the final data taken 
by CDMS II between July 07 and Sept. 08.  This yields a cross 
section limit of  < 3.8 x 10-44cm2 (90% CL) for a WIMP of  mass 
70 GeV/c2 when combining this result with previous analyses.

• The results of  this analysis cannot be interpreted as 
significant evidence for WIMP interactions, but we can not 
reject either event as a signal.

• The first SuperTower of  detectors has been installed and is 
operating in the Soudan Underground Laboratory. Remaining 
SuperTowers of  detectors are planned to be installed in 
Summer 2010.

• Stay tuned for this coming year.  Several other promising 
technologies (liquid nobles, bubble chambers, ...) will have 
exciting results.




