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The Cryogenic Dark Matter Search experiment (CDMS) employs low-temperature Ge and
Si detectors to detect WIMPs via their elastic scattering interaction with the target nu-
clei. The current analysis resulted in zero observed candidate events. The analysis sets
an upper limit on the spin-independent WIMP-nucleon cross-section of 6.6× 10−44 cm2

(4.6× 10−44 cm2, when previous CDMS Soudan data is included) at the 90% confidence
level for a WIMP mass of 60GeV. To increase the sensitivity, new one inch thick de-
tectors have been developed which will be used in the SuperCDMS phase. SuperCDMS
25kg will be operated at SNOLAB with an expected sensitivity on the spin-independent
WIMP-nucleon elastic scattering cross-section of 1× 10−45 cm2.

1 Introduction

The Cryogenic Dark Matter Search (CDMS) experiment operates 19 Ge (250 g each) and 11
Si (100 g each) detectors at the Soudan underground laboratory (MN, USA) to search for non-
luminous, non-baryonic Weakly Interacting Massive Particles (WIMPs), that could form the
majority of the matter in the universe [1, 2] . Each detector is a disk 7.6 cm in diameter
and 1 cm thick. The detectors are operated at cryogenic temperatures ∼ 40 mK to collect
the athermal phonons created upon an interaction in the crystal in four independent sensors.
In addition the electron hole pairs created by a recoil are drifted in a field of 3 V/cm (Ge),
4 V/cm (Si) towards two concentric electrodes lithographically patterned on one flat side of the
crystals [3]. In the analysis events from the outer part of the detectors are removed by a fiducial
volume cut based on the partitioning of energy between the two concentric charge electrodes.
The simultaneous measurement of the phonon and ionization recoil energy of an interaction
in the crystals not only allows an accurate measurement of the recoil energy independent of
recoil type (nuclear/electron recoil), but also allows the discrimination between nuclear and
electron recoils by the so called ionization yield parameter, which is the ratio of the ionization
and phonon recoil energy, providing a rejection factor of > 104. Nuclear recoils produce fewer
charge pairs, and hence less ionization recoil energy than do electron recoils of the same recoil
energy. The ionization yield for electron and nuclear recoils is determined from 133Ba and 252Cf
calibrations respectively, providing the bands shown in Fig.1.
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Figure 1: Ionization yield as a function of the recoil energy (left panel) and phonon-timing parameter
(right panel) for calibration data in a germanium detector. Three different classes of events are iden-
tified: 133Ba gamma-calibration bulk (blue dots) and surface (red crosses) events, as well as nuclear
recoils (green circles) from 252Cf neutron-calibration data. In the left plot the nuclear - (green line) and
electron-recoil band (blue/dashed) are shown with the analysis threshold (dashed/vertical) of 10 keV
and the ionization threshold (black/dot dash). The vertical dashed line in the right plot indicates the
position of the timing cut, efficiently cutting out surface events.

2 Backgrounds

In addition passive shielding, consisting of lead and polyethylene layers, are used to reduce
external gamma and neutron backgrounds, leaving decays of radioactive contamination inside
the shielding as the dominant natural background. Monte Carlo simulations with the GEANT4
Toolkit of the radioactive contamination ( isotopes of the 238U and 232Th chain as well as
60Co and 40K ) of materials inside the experimental apparatus match the observed background
spectra very well, revealing no unidentified spectral lines, which would indicate an additional
contamination. The whole experimental setup is surrounded by an active scintillator veto to re-
ject events caused by cosmogenic muons or showers. Neutrons induced by radioactive processes
or cosmogenic muons interacting near the experimental apparatus, can generate nuclear recoils
which cannot be distinguished from possible dark matter interactions on a event-by-event basis.
Monte Carlo simulations of both sources give an conservative upper limit of < 0.1 events in the
current WIMP-search data from each source.

Particle interactions may suffer from a suppressed ionization signal if the interactions occur
in the first few microns of the crystal surfaces. For events interacting in the first few microns
the ionization loss is sufficient to missclassify these as nuclear recoils. These events, referred to
as surface events, can be identified as a third population between the electron and nuclear band
in Fig.1. Surface events mainly occur due to radioactive contamination on detector surfaces, or
as a result of external gamma ray interactions releasing low-energy electrons from surfaces near
the detectors. A correlation analysis between alpha-decay and surface-event rates provides
evidence that 210Pb is a major component of our surface event background. The remaining
surface-event rate is compatible with the rate expected from photon induced events [4].

To discriminate surface events against nuclear recoil events the timing properties of the
phonon pulses are used. The two parameters used in the analysis are the delay of the slower
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phonon signal with respect to the ionization signal and the risetime of the leading phonon pulse
(which is the one with the highest amplitude). Since surface events have faster delays and
risetimes than bulk nuclear-recoils, these two parameters are used to cut out surface events and
select nuclear recoils. This cut, based on the sum of risetime and delay provides good surface
event rejection, improving the overall rejection of electron recoils to > 106. The cut is designed
for each detector independently on calibration data only as shown in Fig.1. Only single scatters
with a timing parameter value greater than the cut value are considered as WIMP candidates.
A single scatter is required to deposit energy in one and only one detector. In the analysis the
signal window is constrained by the 2σ nuclear recoil band.

3 Results

The current analysis used data ( 397.8 kg-days ) from two periods (run 123 and 124) between
October 2006 and July 2007. Only Ge detectors are used for the current WIMP search. Of
the 19 Ge detectors, three suffering reduced performance from readout failures and one with
relatively poor energy resolution have been left out in the current analysis. The remaining 15
Ge detectors were used for the run 123 analysis. The data taken with eight detectors in run
124 is not considered in this analysis, since they have differences in performance between the
two runs.

Surface events present in 133Ba calibration data or naturally present in WIMP search data,
were studied to determine the surface event leakage into the signal region after the timing cut
is applied. The estimated surface event leakage, based on the observed numbers of single-
and multiple- scatter events within and sourrounding the 2σ nuclear recoil region in each
detector, is in this WIMP search analysis 0.6 ± 0.5 events. After all analysis cuts were fi-
nalized and leakage estimation schemes selected the single recoil blinded WIMP signal re-
gion was unmasked on February 4th, 2008. No event was observed within the signal region.
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Figure 2: Low background events around the 2σ nu-
clear recoil signal region (red band) from all detectors
used in this analysis, failing (blue dots) and passing
(red crosses) the timing cuts. The four events passing
the timing cuts are outside of the nuclear recoil region

The WIMP search data of all detectors
is shown in Fig.2. The four events pass-
ing the timing cut (red crosses in the fig-
ure) are outside of the 2 σ nuclear recoil
signal region. From this data the 90%
CL upper limit on the spin-independent
WIMP-nucleon cross section shown as the
red dashed line in Fig. 3 is derived [5]. The
inclusion of a reanalysis of previous CDMS
data [6](shown as the red solid line), sets
the worlds most stringent upper limit on
the spin-independent WIMP-nucleon cross
section for WIMP masses above 42 GeV/c2

with a minimum of 4.6× 10−44 cm2 for a
WIMP mass of 60 GeV/c2.

To further increase the sensitivity the
total accumulated exposure has to be in-
creased. This can be achieved by increas-

ing the detector mass and the runtime of the experiment. So far the CDMS-II setup has acquired
1500 kg-days of Ge raw exposure (including run 123/124) and is expected to accumulate an ad-
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ditional exposure of ∼ 500 kg-days until the end of 2008. For the SuperCDMS setup new 1 inch
thick detectors have been developed and tested, providing an increase of a factor 2.54 in mass
with respect to the 1 cm thick detectors used in the CDMS-II setup. The redesign of the phonon
readout, which maximizes the active phonon collection are, and new sensor configurations are
expected to improve the discrimination between surface events and nuclear-recoils. The first
two super towers consisting each of six 1 inch thick detectors will be installed at the Soudan site
by 2009 to demonstrate the improved discrimination capabilities, and show that the operation
with a background free signal region can be maintained. At the SuperCDMS 25 kg stage seven
super towers will be installed and operated at SNOLAB. As shown in Fig.3, SuperCDMS 25 kg
aims to reach a sensitivity of 1× 10−45 cm2 at a WIMP mass of 60 GeV/c2.

4 Conclusions

The CDMS-II experiment has maintained high dark matter discovery potential by limiting ex-
pected backgrounds to less than one event in the signal region. The current data sets the worlds
most stringent upper limit on the spin-independent WIMP-nucleon cross-section for WIMP
masses above 42 GeV/c2 with a minimum of 4.6× 10−44 cm2 for a WIMP mass of 60 GeV/c2.
Ongoing runs aim to accumulate roughly 2000 kg-days of WIMP search exposure until the end
of 2008. By this the CDMS-II experiment is expected to reach a sensitivity of 1× 10−44 cm2.
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Figure 3: Upper limits on the spin independent
WIMP-nucleon cross-section from the current anal-
ysis (red dashed) and the combined limit by in-
cluding previous CDMS data (red solid) [5]. Also
shown are the limit from the XENON10 experi-
ment [7] (black solid) and expected sensitivities of
the CDMS-II setup until the end of 2008 (light
gray); two super towers operated at Soudan (dark
gray/solid) and the SuperCDMS 25 kg stage (dark
gray/dashed). Filled regions indicate CMSSM mod-
els [8, 9].

The first two super towers with new 1 inch
thick detectors will be installed at the Soudan
site by 2009 demonstrating the improved dis-
crimination capabilities. The next upgrade of
the CDMS experiment to SuperCDMS 25 kg
operating seven super towers will be installed
at SNOLAB, increasing the sensitivity by one
order of magnitude.

References
[1] D.N. Spergel et al., Astrophys. J. Suppl. 148,

175 (2003).

[2] G. Jungman et al., Phys. Rep. 267, 195 (1996).

[3] T. Saab et al.,Nucl. Inst. and Meth. A 444, 300
(2000)

[4] CDMS Collab., in preparation.

[5] Z. Ahmed et al., arXiv:astro-ph/0802.3530
(2008).

[6] CDMS Collab., in preparation; R.W. Ogburn,
Ph.D. thesis. Stanford University, 2008.

[7] J. Angel et al., Phys. Rev. Lett. 100, 021303
(2008).

[8] E.A. Baltz and P. Gondolo, JHEP 10, 052
(2004).

[9] L. Roszkowski et al., JHEP 07, 075 (2007).

4 Patras 2008


