
Recent Results from WIMP-search 
analysis of CDMS-2 data

Zeeshan Ahmed
California Institute of Technology

for the CDMS collaboration

The 2009 Europhysics Conference on High Energy Physics
July 16, 2009



Zeeshan Ahmed EPS HEP 20092

Caltech
Z. Ahmed, J. Filippini, S. R. Golwala, D. Moore, 
R. W. Ogburn

Case Western Reserve University
D. S. Akerib, K. Clark, C. N. Bailey, D. R. Grant, 
R. Hennings-Yeomans, M.R. Dragowsky

Fermilab
D. A. Bauer, F. DeJongh J. Hall, L. Hsu, D. Holmgren, 
E. Ramberg, J. Yoo 

MIT
E. Figueroa-Feliciano, S. Hertel, S. Leman, K. McCarthy 

NIST
K. Irwin

Queens University
W. Rau

Santa Clara University
B. A. Young 

Stanford University
P.L. Brink, B. Cabrera, J. Cooley, M. Pyle, S. Yellin

Syracuse University
R.W. Schnee, M. Kos, J. M. Kiveni 

Texas A&M
R. Mahapatra

University of California, Berkeley
M. Daal,, N. Mirabolfathi, B. Sadoulet, D. Seitz, B. Serfass, 
D. Seitz, K. Sundqvist

University of California, Santa Barbara
R. Bunker, D. O. Caldwell, H. Nelson, J. Sanders

University of Colorado at Denver
M. E. Huber

University of Florida
T. Saab, D. Balakishiyeva

University of Minnesota
P. Cushman, L. Dong, M. Fritts, V. Mandic, X. Qiu, O. Kamaev, 
A. Reisetter

University of Zurich
S. Arrenberg, T. Bruch, L. Baudis, M. Tarka 

CDMS Collaboration



Zeeshan Ahmed EPS HEP 2009

 Motivating Dark Matter & WIMPs

• Evidence for dark matter on 
various scales

• Galaxies

• Galaxy clusters

• Large scale

• WIMPs (among other models) 
are particularly well motivated

3

Abell 2218

Identification of Dark Matter 2008 August 19

The Dark Matter ProblemThe Dark Matter Problem

!! Dark matterDark matter  hypothesis explains many observationshypothesis explains many observations

!! Modifying gravity still viable, but notModifying gravity still viable, but not  favoredfavored

Bullet Cluster
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Direct Detection of  WIMPs
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Spherical Isothermal Halo
Max. Boltz. v distribution, 

<v>~230km/s
 

“See” Nuclear Recoils
<Er>~30 keV,  < ~1event/kg/100days

RARE EVENT SEARCH
Build a good mousetrap!
• Choose target material to “see” recoils

• Discriminate NRs from ERs 

• Reduce background
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CDMS-2 in a nutshell
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Ge & Si target masses

ER
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NR signal

Ephonon
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Event by event discrimination of nuclear 
and electron recoils using ionization and 

phonon signals

Control Backgrounds by going 
underground, using clean materials and 

shielding

Allow <1 background 
event to maximize 
discovery potential
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ZIP: Z-sensitive Ionization & Phonon Detectors
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Al Collector
W Transition-
Edge Sensor

Ge or Si

quasiparticle
diffusion

phonons

250x1μm 
W TES 

380x60μm 
Al fins 

RTES 
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T (mK)Tc ~ 80mK

~ 10mK

Tungsten 
Transition Edge 
Sensor (TES)

Phonon readout: 4 quadrants of 
superconducting Al phonon absorbers 
and W Transition-Edge Sensors 

Charge readout: 2 concentric 
electrodes for measurement 
and fiducial volume

bias

E

A
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D

@40mK

7.6 cm

1 cm
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Basic Discrimination principles
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FIG. 1: Ionization yield versus timing parameter (see text) for
calibration data in one of our Ge detectors. The yield is nor-
malized to unity for typical bulk-electron recoils (dots; from
133Ba gamma rays). Low-yield 133Ba events (+), attributed to
surface electron recoils, have small timing parameter values,
allowing discrimination from neutron-induced nuclear recoils
from 252Cf (◦), which show a wide range of timing parameter
values. The vertical dashed line indicates the minimum tim-
ing parameter allowed for candidate dark matter events in this
detector, and the box shows the approximate signal region,
which is in fact weakly energy dependent. (Color online.)

of true nuclear recoils, with the ionization-based fidu-
cial volume and phonon-timing cuts imposing the high-
est costs in signal acceptance, both measured on neutron
calibration data, as shown in Figure 2. The exposure of
this analysis is 397.8 kg-days before and 121.3 kg-days af-
ter these cuts (averaged over recoil energies 10–100keV,
weighted for a WIMP mass of 60GeV/c2).

To avoid bias, we performed a blind analysis. An event
mask was defined during initial data reduction to re-
move events in and near the signal region from WIMP
search data sets while developing the analysis. This mask
was based on primary quantities not subject to refine-
ment during the analysis process, keeping the event selec-
tion constant throughout the analysis process described
above. After WIMP selection criteria were finalized, the
masking was relaxed to cover only the actual signal re-
gion to aid in background estimation.

Surface events mainly occur due to radioactive contam-
ination on detector surfaces, or as a result of external
gamma ray interactions releasing low-energy electrons
from surfaces near the detectors. A correlation analy-
sis between alpha-decay and surface-event rates provides
evidence that 210Pb (a daughter-product of 222Rn) is a
major component of our surface event background [12].
Surface events generated in situ at Soudan, either from
calibration with a 133Ba source or naturally present in
the WIMP search data, were studied to understand the
surface event leakage into the signal region. We estimate

5 10 15 20 25 30 35 40 45 50
0

0.2

0.4

0.6

0.8

1

Recoil energy (keV)

N
u

cl
ea

r 
re

co
il

 a
cc

ep
ta

n
ce

 

 
Quality, Singles, Veto

Fiducial volume

Nuclear recoil band

Phonon timing

FIG. 2: Nuclear-recoil acceptance efficiency for event-specific
cuts (i.e. excluding discarded data periods) as a function of
recoil energy, averaged over all detectors used in the current
analysis, weighted by their individual livetimes. The four
curves represent the cumulative efficiencies at various stages
during the analysis, culminating with the final efficiency (bot-
tom) used to generate Figure 4.

the surface event leakage based on the observed num-
bers of single- and multiple-scatter events in each detec-
tor within and surrounding the 2σ nuclear-recoil region.
The expected background due to surface interactions in
this WIMP search analysis is 0.6 ± 0.5 events.

Neutrons induced by radioactive processes or by
cosmic-ray muons interacting near the apparatus can
generate nuclear-recoil events that cannot be distin-
guished from possible dark matter interactions on an
event-by-event basis. Monte Carlo simulations of the
cosmic-ray muons and subsequent neutron production
and transport have been conducted with FLUKA [13],
MCNPX [14] and GEANT4 [15] to estimate this cos-
mogenic neutron background. Normalizing the results
to the observed veto-coincident multiple-scatter nuclear-
recoil rate leads to a conservative upper limit on this
background of <0.1 events in our WIMP-search data.

Additional Monte Carlo simulations of neutrons in-
duced by nuclear decay were based on gamma-ray mea-
surements of daughter products of U and Th in the ma-
terials of our experimental setup and the assumption of
secular equilibrium. The respective background estimate
is <0.1 event, dominated by the deduced upper limit of
U in the Pb shield. Direct measurements of U in Pb [16]
from the same source as the Pb used in our shield suggest
a considerably lower contamination.

After all analysis cuts were finalized and leakage esti-
mation schemes selected, we unmasked the WIMP search
signal region on February 4, 2008. No event was observed
within the signal region. Figure 3 is a compilation of the
low-yield events observed in all detectors used in this
analysis. The upper panel shows the ionization yield dis-
tribution versus energy for single-scatter events passing
all data selection cuts except the timing cut. The four
events passing the timing cut shown in the lower panel
are outside the 2σ nuclear-recoil region.

Surface Electron 
Recoils

Accept as WIMP candidates

Bulk  Electron 
Recoils

Reject bulk electron recoils using y=Q/Erecoil 

•Events within 10 micron “dead layer” have 
poor charge collection

•Electrons, x-rays low energy gammas from 
contamination of surfaces surrounding 
detectors

Surface
Bulk

Reject surface events using 
promptness of phonon pulse

0 10 20 30 40 50 60 70 80 90 100
0

0.5

1

1.5

Recoil Energy (keV)

Io
ni

za
tio

n 
yi

el
d

133Ba photons & electrons

252Cf neutrons

Surface Events



Zeeshan Ahmed EPS HEP 2009

Background Control in CDMS-2
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Soudan Underground Lab

RF shielded class 
10,000 clean room

Plastic scintillator muon vetoPassive shielding

Low Activity Lead

Polyethylene

µ-metal (with copper inside)

Ancient lead

40 cm

22.5 cm
10 cm
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• 30 detectors installed and operating in 
Soudan since June 2006.

• 4.75 kg of Ge, 1.1 kg of Si
• Seven Total Data Runs:
•  R123 - R124:
• taken: (10/06 - 3/07) (4/07 - 7/07)
• exposure:  ~400 kg-d (Ge “raw”)
• PRL 102, 011301 (2009)

•  R125 - R128
• taken:  (7/07 - 1/08) (1/08 - 4/08) 

                         (5/08 - 8/08) (8/08 - 9/08)
• exposure:  ~ 750 kg-d  (Ge “raw”)
• Under Analysis

•  R129:
• taken:  (11/08 - 3/09)

CDMS-2 @ Soudan
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Blind Analysis:
Event selection and efficiencies were calculated without looking at the 
signal region of the WIMP-search data.

 

Event Selection:
• Energy threshold (10-100 keV)
• Veto-anticoincident
• Single-scatter
• Inside fiducial volume
• 2-sigma Nuclear Recoil
• Phonon timing
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PRL 102, 011301 (2009)

CDMS-2 : First Five Tower Result

R123-4 WIMP-search Data
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Neutron Backround
Poly Cu (α,n):  < 0.03
Pb (fission):  < 0.1
Cosmogenic: < 0.1 (MC 0.03-0.05)
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398 raw kg-d
121 kg-d WIMP equiv. @ 60 

GeV/c2  (10 - 100 keV 
analysis energy range)

Estimated number of  background events to 
pass surface cut in Ge

Surface Background

0.6+0.5
−0.3(stat.)+0.3

−0.2(syst.)

CDMS-2 : First Five Tower Result
PRL 102, 011301 (2009)
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FIG. 3: Top: Ionization yield versus recoil energy in all de-
tectors included in this analysis for events passing all cuts
except the ionization yield and timing cuts. The signal re-
gion between 10 and 100 keV recoil energies was defined using
neutron calibration data and is indicated by the curved lines.
Bulk-electron recoils have yield near unity and are above the
vertical scale limits. Bottom: Same, but after applying the
timing cut. No events are found within the signal region.

Figure 4 shows the Poisson 90% C.L. upper limit on
the spin-independent WIMP-nucleon cross section de-
rived from this data set (upper solid curve), based on
standard assumptions about the galactic halo [7]. The
minimum lies at 6.6×10−44 cm2 for a 60GeV/c2 WIMP.

Our previous data from Soudan [10, 11] have been re-
analyzed [17] yielding a slight improvement in sensitiv-
ity over our previous publications (upper curve in Fig-
ure 4). A combined limit from all Soudan data (lower
solid curve in Figure 4), using Yellin’s Optimum Interval
method [18] to account for observed events, gives an up-
per limit of 4.6×10−44 cm2 at 90% C.L. for a WIMP mass
of 60GeV/c2, a factor of ∼3 stricter than our previously
published limit.

We also analyzed our data in terms of spin-dependent
WIMP-nucleon interactions. Under the assumption of
spin-dependent coupling to neutrons alone and using the
Ge form factor given in [23], we find a minimum upper
limit of 2.7 × 10−38 cm2 (1.8 × 10−38 cm2) at 90% C.L.
for this data set (combined Soudan data).

CDMS has maintained high dark matter discovery po-
tential by limiting expected backgrounds to less than
one event in the signal region. These results from our
Soudan measurements set the best WIMP sensitivity for
spin-independent WIMP-nucleon interactions over a wide
range of WIMP masses. Our new limits cut significantly
into previously unexplored regions of the central param-
eter space predicted by supersymmetry.

The CDMS collaboration gratefully acknowledges Pa-
trizia Meunier, Daniel Callahan, Pat Castle, Dave Hale,
Susanne Kyre, Bruce Lambin and Wayne Johnson for
their contributions. This work is supported in part
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FIG. 4: Spin-independent WIMP-nucleon cross-section up-
per limits (90% C.L.) versus WIMP mass. The upper curve
(dash-dot) is the result of a re-analysis [17] of our previously
published data. The upper solid line is the limit from this
work. The combined CDMS limit (lower solid line) has the
same minimum cross-section as XENON10 [19] (dashed) re-
ports, but has more sensitivity at higher masses. Parame-
ter ranges expected from supersymmetric models described
in [20] (grey) and [21] are shown (95% and 68% confidence
levels in green and blue, respectively). Data courtesy of [22].
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Upper limit at the 90% C.L. on the 
WIMP-nucleon cross-section is 

4.6 x 10-44 cm2 for a WIMP of  mass 60 
GeV/c2
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CDMS-2 : First Five Tower Result
PRL 102, 011301 (2009)
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WIMP Mass [GeV/c2]
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~2.5 times more 
total exposure

Baltz, Gandolo 2004
Roszkowski et al. 2007, 95 % CL
Roszkowski et al. 2007, 65% CL
CDMS II T1+T2 Ge reanalysis
Zeplin III 2008
XENON 10 2007
CDMS II 2008 Ge
CDMS II 2008 Ge Combined

Raw Exposure
•R118-R119 = ~120 kg-d
•Run 123-124= ~400 kg-d
•Run 125-128 = ~750 kg-d

Results expected
late Summer 2009

CDMS-2 : Projected Sensitivity (2009)
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CDMS-2: Calibration Data Preview (2009)
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Previous Analysis Current Analysis
PRL 102, 011301 (2009)
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Data Quality and preliminary cuts defined!
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CDMS-2: Timing Discrimination Preview (2009)
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TeVPA 2009 13

Promising Surface Event
Rejection

Aiming for ~X2 better rejection of surface events to keep up with exposure
potential and stay a <1 background experiment

Note: Ba/Cf exposures are different between datasets and
hasn’t been corrected for here
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Surface Event
Discrimation

CDMS 2009 Calibration Data

TeVPA 2009 13

Promising Surface Event
Rejection

Aiming for ~X2 better rejection of surface events to keep up with exposure
potential and stay a <1 background experiment

Note: Ba/Cf exposures are different between datasets and
hasn’t been corrected for here
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signal region

•
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• 133Ba surface

• 252Cf n-recoil

Timing Parameter (µs)

Io
n

iz
a

ti
o

n
 Y

ie
ld

(shown for 1 zip)

Timing Parameter (µs)

- 2008  133Ba surface

- 2008 252Cf neutron

- 2009 133Ba surface
- 2009 252Cf neutron

Surface Event
Discrimation

CDMS 2009 Calibration Data

Aiming for x2-3 better surface event rejection 
to keep expected background <1 event

Stay Tuned...
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 SuperCDMS Soudan
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• CDMS-2 target exposure acquired

• 15kg Ge experiment to succeed CDMS-2 with 
target reach of 5 x 10-45 cm2 at 60 GeV/c2

• Detectors x2.5 more massive

• Phonon and Ionization sensors modified for 
better surface event rejection

• First SuperTower already installed

CDMS-2 Tower SuperTower
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• Data taken between Oct. 2006 and July 2007 has been analyzed 
and a cross section limit of < 4.6 x 10-44cm2 (90% CL) was placed 
for a WIMP of mass 60 GeV/c2.

• CDMS II finished taking data on March 18, 2009.  We are currently 
analyzing the last data sets.

• SuperCDMS Soudan will replace CDMS-2 and will extend reach 
to 5 x 10-45 cm2 at 60 GeV/c2.

• The first SuperTower has been built and has been commissioned 
at Soudan.

Summary


