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    Abstract     The Super Cryogenic Dark Matter Search (SuperCDMS) experimental 
program is underway. The Soudan experiment is currently taking data with a 10 kg 
detector payload, and a generation 2 experiment at SNOLAB with a 200 kg payload 
has been proposed. First results from the SuperCDMS Soudan experiment are 
expected in 2013. The Soudan and SNOLAB experiments will reach a sensitivity to 
the WIMP-nucleon cross section of 5 × 10  − 45  cm 2  and 8 × 10  − 47  cm 2 , respectively, for 
WIMP masses around 60 GeV/c 2 . Using new low-threshold techniques, both exper-
iments are expected to achieve world-leading sensitivities to WIMP masses between 
2 and 10 GeV/c 2 . In this paper we give an overview of the SuperCDMS experimen-
tal program and report on the discrimination capability of our new iZIP detectors.  

15.1         SuperCDMS Overview 

 Measurements from the cosmic microwave background, supernovae, and large scale 
structure, among others, are fi t by a simple six-parameter concordance model of 
cosmology [ 1 ]. This model requires cold dark matter, a non-baryonic form of matter 
that accounts for 82 % of the matter content of the Universe. One of the favored 
candidates for this form of matter is the Weakly Interacting Massive Particle (WIMP), 
which arises naturally in many theories for physics beyond the standard model. 

 A worldwide experimental search for potential interactions between cosmological 
dark matter particles and underground detectors is ongoing. The Super Cryogenic 
Dark Matter Search (SuperCDMS) experiment uses arrays of germanium crystal 
detectors operated at millikelvin temperatures to search for these rare interactions. 
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Discrimination between signals and backgrounds is done through the measurement 
of both the ionization and thermal phonon signals produced by each event in a crys-
tal. These two signals are measured by multiple ionization electrodes and phonon 
sensors on the top and bottom faces of the crystal. The timing, pulse shapes, and 
relative amplitudes of these high signal-to-noise measurements encode a wealth of 
information about each event. Since the ratio between the ionization and phonon 
signals (called the yield) is different for electron and nuclear recoils, these measure-
ments allow excellent event-by-event discrimination between these two type of 
interactions. The modular design allows for accurate measurement of the back-
ground rejection capability and the background levels at the individual crystal and 
sub-assembly levels, allowing accurate predictions of the sensitivity of future exper-
iments well before the experiment is under operation. 

 The SuperCDMS Soudan experiment is currently operating an array of 15 Ge 
detectors with a total mass of 10 kg at the Soudan mine in Minnesota. We expect the 
fi rst results from this experiment in 2013. Both a “standard” near-zero-background 
analysis with maximum sensitivity for WIMPs of around 60 GeV/c 2  and a 
“lowthreshold” analysis with non-zero background optimized for the sub-10 GeV/c 2  
mass region will be performed. The expected sensitivity of both analyses are shown 
in Fig.  15.1 .

   SuperCDMS Soudan is the fi rst experiment to use our new iZIP detector technol-
ogy. These detectors have a new sensor layout which provides excellent discrimina-
tion suffi cient for a near-zero background experiment with a mass of several hundred 
kilograms. To exploit this capability, a new experiment is needed. 

 SuperCDMS SNOLAB is a proposed 200 kg payload of 100 mm diameter, 
1.4 kg mass germanium detectors in a new lower-background set up with a sensitivity 
of 8 × 10  − 47  cm 2  to 60 GeV/c 2  WIMPs. The experiment would follow the successful 
CDMS philosophy of building up the mass through a set of towers of 6 detectors 
each, which can be individually tested at test facilities. A set of 24 towers arranged 
in a low-background cryogenic copper shield (the “SNObox”) would form the core 
of the experiment, surrounded by a set of external room-temperature shields made 
of polyethylene or water and lead. An active neutron veto detector is also being 
considered. Two penetrations would be used for to connect the cryogenic stages to 
a dilution refrigerator and to route the electronics wiring. A pre-conceptual design 
is shown in Fig.  15.2 .

15.2        SuperCDMS Detectors 

 A schematic of the new interleaved Z-sensitive Ionization and Phonon (iZIP) detec-
tors used for SuperCDMS Soudan is shown in Fig.  15.3 . Phonon and ionization 
sensors are lithographically deposited on the top and bottom surfaces of a highpu-
rity 76 mm diameter by 25 mm thick germanium crystal. The sensors meander 
around the surface, forming an interleaved pattern with four individual phonon 
sensors (three in the center, one forming a ring at the perimeter) and two charge 
channels (an inner channel and a thin outer ring at the perimeter). The thick lines in 
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the schematic are the phonon meanders, while the charge lines are very thin and are 
barely visible in the fi gure.

   The phonon sensors on both sides of the crystal are operated at a potential of 0 V, 
while the charge channels are biased at +2 V on the top surface and −2 V at the 
bottom. This creates a fairly homogeneous vertical fi eld in the bulk of the crystal, 
while the top and bottom surfaces have a complex fi eld structure as shown in 
Fig.  15.3  (right). When events occur near the surface of the crystal, they experience 
a fi eld that is predominantly in the transverse direction. The electrons and holes 
created follow this fi eld and are sensed only by the electrodes on that surface. Events 
happening in the bulk see a vertical fi eld and thus ionization signals are produced 
both on the bottom and top ionization channels. A measured asymmetry in the 
charge signals between the top and the bottom sensors thus indicates the event is a 
surface event. Phonon sensors on both sides measure the total energy and contain a 
trove of information in their pulse shapes and timing which we are only beginning 
to study but which already shows discrimination potential between surface and bulk 
events and also between electron and nuclear recoils. 

  Fig. 15.1     Left : Recent upper limits (90 % C.L.) on the WIMP-nucleon spin-independent cross 
section versus WIMP mass are shown from  top  to  bottom  for CDMS II Soudan [ 2 ,  3 ] ( blue solid ), 
EDELWEISS II [ 4 ] ( green solid ), combined CDMS-EDELWEISS II [ 5 ] ( magenta ), and 
XENON100 [ 6 ] ( black solid ). The  blue fi lled  region indicates the region where CRESST II reports 
a signal [ 7 ]: 1-sigma allowed region ( dark blue ), 2 sigma allowed region ( light blue ). The  red dotted  
portions of the graph indicate the regions where DAMA reports a signal [ 8 ]: 90 % C.L. ( red ), and 
99 % C.L. ( dark red ). The  colored  regions show the current cMSSM regions (with recent LHC and 
Higgs constraints) predicting where WIMPs may be found, assuming fl at priors: Strege et al. [ 9 ], 
at 68 % ( green ), 95 % ( light green ), and 99 % ( cyan ) C.L. Also shown are projected sensitivities 
for the SuperCDMS Soudan experiment ( dashed red ) and the proposed SuperCDMS SNOLAB 
experiment with a 200 kg payload for 4 years running ( dot-dashed red ); these assume no back-
ground subtraction. Finally, low-threshold SuperCDMS Soudan ( dot-dashed blue ) and SuperCDMS 
SNOLAB ( dashed blue ) projections are also shown.  Right : Same fi gure, except zoomed-in on the 
low WIMP mass region, highlighting the reach of SuperCDMS with its low energy thresholds 
(Color fi gure online)       
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  Fig. 15.2    Pre-conceptual design of the new SuperCDMS facility at SNOLAB. The dilution 
refrigerator on the  left side  of the diagram provides the cooling for the thermal layers surrounding 
the detectors ( center ). An additional cooling unit and electronics breakout box are to the  right . The 
neutron veto detector under consideration would be inside the Pb shielding, which is surrounded 
by a massive polyethylene (or water) shield       

  Fig. 15.3     Left : Phonon and ionization sensor layout for iZIP detector deployed at Soudan. The 
two faces are instrumented with interleaved ionization and phonon sensors. The phonon sensors 
are arranged to give 4 phonon readout channels for each face, an outer sensor surrounding three 
inner ones. The small    yellow rectangle is the approximate location of the cross section shown on 
the  right .  Right : Magnifi ed cross section view of electric fi eld lines ( red ) and equipotential con-
tours ( blue ) near the bottom face of a SuperCDMS iZIP detector. The ionization electrode lines 
( yellow squares ) are narrower than the athermal phonon collection sensors ( green rectangles ) 
(Color fi gure online)       
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 Combining the total phonon signal, charge signal, and charge asymmetry allows 
an impressive rejection of surface events, which were the dominant background of 
the previous CDMS II experiment. To measure the rejection capability of these new 
detectors, two of the detectors in SuperCDMS Soudan are exposed to a  210 Pb source 
that emits about one electron per minute. Alpha particles and  206 Pb nuclei are also 
ejected from the source and land on the detectors. Figure  15.4  shows the ionization 
yield on the y-axis, which is the ratio of ionization to phonon signals and is normal-
ized to 1 for electron recoils. Figure  15.4  (left) shows phonon energy on the x-axis. 
In this plane, bulk electron recoils (blue) form a band around a yield of 1, while 
nuclear recoils lie in the green band around a yield of 0.3. All the red points are from 
the  210 Pb source. The band around a yield of 0.7 and extending downwards is from 
the surface beta events. The band around a yield of 0.2 is from  206 Pb nuclei imping-
ing on the detector. One can clearly see the  206 Pb endpoint at 103 keV, serving as an 
independent check on the nuclear energy scale calibration.

   Figure  15.4  (right) shows the same data (except for nuclear recoils, which are 
shown in green events instead of a band) in the yield vs. charge symmetry plane. 
The events near zero on the x-axis had the same ionization signal on both sides; 
these symmetric events are thus generated in the bulk of the crystal. Events near ±1 
happened at one of the two surfaces. The red events from the  210 Pb source divide 
into two populations, the betas at higher yield and the  206 Pb events at lower yield. 

  Fig. 15.4     Left : Ionization yield versus phonon recoil energy for the same data, with 2 σ  ionization 
yield selection of neutrons indicated (area within  green lines ). The  curving black line  is the ioniza-
tion threshold (2 keV) and the  vertical black line  is the recoil energy threshold (8 keV nr ). Electrons 
from  210 Bi ( red dots  at moderate ionization yield extending above 60 keV),  210 Pb ( red dots  at mod-
erate ionization yield below 60 keV), and  206 Pb recoils ( red dots  at low ionization yield 
below ∼100 keV) are distinctly separated.  Right : Nuclear recoils from  252 Cf ( green , low yield) and 
bulk electron recoils ( blue , high yield) have symmetric ionization response between the side 1 and 
side 2 of the iZIP. Surface events from the  210 Pb source ( red ), which is installed on side 1 of the 
detector, have an asymmetric response. Gammas and neutrons ( blue  and  green markers ) have a 
symmetric response. Outer radius events have been removed using the measured response on the 
guard electrode (Color fi gure online)       
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Since the actual rate of  206 Pb expected in the SNOLAB experiment is extremely 
small, we concentrate on the beta population. Out of 79,059 beta events, zero leak 
into the nuclear recoil region defi ned by these two plots. For an analysis threshold 
of 8 keV, in the absence of any measured leakage, a conservative upper bound is 
placed on the beta leakage of <2.9 × 10  − 5  leakage events at the 90 % confi dence 
level. This    in not the fi nal analysis of this data set, and as cuts are improved and 
more data is taken, a lower fi nal limit is expected. With expected surface event rates 
of around 50 events/kg/year, this result already demonstrates detectors capable of 
several hundred kg-year exposure before running into leakage from surface events.  

15.3     Conclusions 

 The SuperCDMS Soudan experiment is taking data and fi rst science results are 
expected in 2013. This experiment will be sensitive to the region recently explored 
by XENON100, and will cover new parameter space in the low-mass region. Results 
from the new iZIP detectors at Soudan show impressive discrimination of surface 
events, paving the way for the SuperCDMS SNOLAB experiment, which if 
approved will begin construction in 2014.     
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