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CDMS: The Big Picture
Use a combination of discrimination and shielding to maintain 

a “<1 event expected background” experiment with low temperature 
semiconductor detectors
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eDiscrimination from 
measurements of ionization 

and phonon energy.

Keep backgrounds low as possible 
through shielding and material selection.



Background discrimination:
How is it done? The Phonon Signal

Athermal phonon

Cooper pairs

Quasiparticles transport 
energy to the TES

Trapping region

Hot TES
electrons

Interaction site

TES

Ge Absorber

Al Collection Fin

Electron-phonon decoupling 
determines thermal conductance G

R

T

TES



Background discrimination:
How is it done? The Ionization Signal

Electrons and holes are drifted across the 
crystal by an electric field of a few V/cm



This the 
superconducting 

thermometer
1x250 μm



The CDMS Shielding Scheme
Surround detectors with active 
muon veto

Use passive shielding to reduce !/n

Overburden reduces µ-induced 
neutrons

Polyethylene for low-energy 
neutron

 Lead and Copper for gammas

5 Towers now installed 
and taking data
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Ionization Energy [keV]
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Energy Resolution

Fits of the lines 10.36 keV, 8.9 keV and 9.7 keV in the phonon and 
ionization channels for a single detector.



Background Rejection:
Yield

Calibration with 133Ba (!) 
source results in the blue 
(high yield) electron recoils

Calibration with 252Cf (n) 
source results in the red (low 
yield) nuclear recoils

Surface electron recoils also 
have low yield (green)

Mis-identification of electron 
recoils < than 1 in 10-4



Background Rejection:
Pulse Shape

Phonon Timing: wrt Charge Pulse

Delay + RiseTime in !s
C

ou
nt

s

Cut chosen at a level to contribute ~ 0.5 
event total leakage to WIMP candidate

Bulk EventsSurface Events

Faster down conversion of athermal 
phonons at surface provides faster 
phonon signal for "s



Background Rejection:
Combined

3

! "! #! $! %! &!!
!

!'(

&

&'(

)*+,-./01*234/56*78
9,
1
-:
;
<-
,
1
/=
-*
.>

/

/

!"! !&! ! &! "!
!&!

!

&!

"!

?!

@,2A;.-:*>/B-A-13/C;2;A*<*2/5µD8

@
,
2A
;
.-
:*
>
/=
-*
.>

/

/

&??
E;/EF.6/G;AA;D

&??
E;/HF2I;+*/0J*1<D

"("
KI/@*F<2,1D

&??
E;/EF.6/G;AA;D

&??
E;/HF2I;+*/0J*1<D

"("
KI/@*F<2,1D

FIG. 1: The power of the primary background discrimina-
tion parameters, ionization yield and timing, is illustrated for
a typical detector using in situ calibration sources. Shown
are bulk electron recoils (red points), surface electron events
(black crosses) and nuclear recoils (blue circles) with recoil
energy between 10 and 100 keV. Top: Ionization yield ver-
sus recoil energy. The solid red lines define bands that are
2σ from the mean electron- and nuclear-recoil yields. The
sloping magenta line indicates the ionization energy thresh-
old while the vertical dashed line is the recoil energy analysis
threshold. The region enclosed by the black dotted lines de-
fines the sample of events that are used to develop surface
event cuts. Bottom: Normalized ionization yield (number of
standard deviations from mean of nuclear recoil band) versus
normalized timing parameter (timing relative to acceptance
region) is shown for the same data. Events to the left of the
vertical red dashed line pass the surface-event rejection cut for
this detector. The solid red box is the WIMP signal region.
(Color online.)

194.1 kg-days.147

Neutrons with energies of several MeV can gener-148

ate nuclear recoils that are indistinguishable from pos-149

sible dark matter interactions. Sources of neutron back-150

grounds include cosmic-ray muons interacting near the151

experimental apparatus (outside the veto), radioactive152

contamination of materials, and environmental radioac-153

tivity. Monte Carlo simulations of the muon-induced par-154

ticle showers and subsequent neutron production have155

been conducted with GEANT4 [15, 16] and FLUKA [17,156

18]. The cosmogenic background is estimated by mul-157

tiplying the observed number of vetoed single nuclear158

recoils in the data by the ratio of unvetoed to vetoed159

events as determined by cosmogenic simulation. This160

technique resulted in 0.04
+0.04
−0.03(stat.) predicted events in161

this WIMP-search exposure.162

Samples of our shielding and detector materials were163

screened for U and Th daughters using high purity ger-164

manium counters. In addition, a global gamma Monte165

Carlo was performed and compared to the electromag-166

netic spectrum measured by our detectors. The contam-167

ination levels thus determined were used as input to a168

GEANT4 simulation to calculate the number of neutrons169

produced from spontaneous fission and (α, n) processes,170

assuming secular equilibrium. The estimated background171

is between 0.03 and 0.06 events. It is dominated by U172

spontaneous fission in the copper cans of the cryostat for173

which the screening and gamma simulation gave similar174

results.175

Two independent populations of surface events, nat-176

urally present in the WIMP-search data, provided two177

methods to estimate the expected number of misiden-178

tified surface events background. In the first method,179

the number of misidentified surface events was calculated180

by multiplying the fraction of multiple-scatter events in181

the WIMP-search data passing the timing cut (“pass-182

ing fraction”) and residing inside the 2σ nuclear-recoil183

band with the number of expected single-scatter events184

inside this band. The second method estimated the pass-185

ing fraction from multiple-scatter events surrounding the186

nuclear-recoil band (“wide-band events”). This method187

requires substantial corrections, however. Events on the188

ionization and phonon sides have different yield distri-189

butions and timing cut passage fractions. Using a wider190

range of yield makes an estimate sensitive to these differ-191

ences. Additionally, the wide-band events have a differ-192

ent energy distribution from nuclear-recoil band events.193

We correct for these effects by using the face and energy194

distributions of the observed single-scatter nuclear-recoil195

events from previous analyses. A third, independent esti-196

mate was made using low-yield multiple scatter events in197

133
Ba calibration data, again adjusting for differences in198

energy and detector-face differences.” All three estimates199

were consistent with each other and were thus combined200

to obtain an estimate of 0.6± 0.1(stat) events misidenti-201

fied as surface-events prior to unblinding.202

Upon unblinding, we observed two events in the WIMP203

acceptance region at recoil energies of 12.3 keV and 15.5204

keV. These events are shown in Figs. 2 and 3.205

The candidate events occurred during periods of nearly206

ideal experimental performance, are separated in time by207

several months, and occur in different towers. However,208

detailed study revealed a reconstruction remnant that de-209

grades timing-cut rejection of surface events with ioniza-210

tion energy below 5 keV. Such events are more prevalent211

in WIMP-search data than in the data sets used to gener-212

Combined electron recoil mis-identification < 10-6



Background Reduction:
Nuclear Recoils
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Wimp Search Data
WIMP Search Exposure

Total raw exposure is 612 kg days

WIMP Search Exposure

Total raw exposure is 612 kg-days

some detectors 
not analyzed for 
WIMP scatters

recorded data

WIMP scatters

periods of poor 
data quality 

removed

this work

Data taken 

2008 result

from 9/08-
3/09: 
primarily an 
engineering

PRL102, 011301(2009)

9

engineering 
run

All recorded data

Some detectors not 
analyzed for WIMP 
scatters

Periods of poor data 
quality removed

Total raw exposure is 612 kg-days



Surface Event Background

Combined Estimate = 0.6±0.1 (stat) 

• 133Ba
• 252Cf

Sample 2
Use singles and 

multiples just outside 
NR band

Sample 3
Use singles and multiples 
from Ba calibration in 

wide region

Expected Surface “leakage” =
NSideband

pass cut

NSideband
fail cut

Ndata
fail cut*

Sample 1
Use multiple-scatters

in NR band



0.03 - 0.06 events

0.04+0.04-0.03(stat)

Neutron Background
Cosmogenic:

Radiogenic:

NMCvetoed, SS, NR

NMCunvetoed, SS, NR Ndatavetoed, SS, NR* =

3 vetoed, single 
scatter events

- Materials measured using conventional HPGe detector @ 77 K
- Spectra confirmed by Monte Carlo
- Contamination levels used as inputs to Geant4 simulation.  



The CDMS II Results

2 EVENTS 
OBSERVED!

612 raw kg-days.
194.1 kg-d WIMP equiv. 

@ 60 GeV/c^2 
(10 -100 keV analysis 

energy range)

Data unblinded November 5 , 2009 for 14 Ge ZIP detectors

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 
Y

ie
ld

T1Z5 
10/27/07

T3Z4 
08/05/07



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
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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
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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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Revised Surface Event Estimate



The CDMS II Results: 
In more detail

Events 
passing 
the cuts

Events close 
to the cut 
boundaries



Can we make the event go away?

Estimated Surface Event Leakage from 133Ba
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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.



Likelihood Analysis

Compare nuclear scatters from neutron calibrations to electron 
scatters from gamma calibrations.

Likelihoods only for detectors that recorded candidate events.

Three independent methods to construct likelihood distributions

Binned/unbinned

distribution fitting/no fitting

2D (yield, timing) / 3D (yield, timing, energy)
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Question 1:  What is the probability (over the 
entire distribution) of observing one surface 
electron event with a nuclear scattering 
likelihood greater than the candidate events in 
these detectors?



Question 2:  What is the probability that a true 
nuclear recoil in the acceptance region is as close 
to the cut boundaries as the observed events in 
these detectors? (in acceptance region)
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" !"$) "$) !+$)



Question 3:  What is the probability of an 
electron recoil appearing to look more like a 
nuclear recoil in the acceptance region of these 
detectors?

!"#$% &'()$*+$$#, -'(.+%/(0%
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" (#$) *#$)



Final Comments on the Analysis

Two events observed

Consistent with 0.9 ± 0.2 events expected from known 
backgrounds

Probability of observing 2 or more events is 23%

Neither are golden events

Likelihood encourages suspicion about one event

Event reconstruction encourages suspicion about the other event

No obvious errors to exclude either event



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

No background subtraction (i.e. 
using the 2 events)

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

Sensitivity curve assuming: 
0.8 ±0.1(stat.) ±0.2(sys.) surface events 
0.04 +0.04 -0.03 cosmogenic neutrons
0.04 −0.06 radiogenic neutrons

The CDMS II Results
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Science 26 March 2010: 1619-1621



See Sebastian Arrenberg’s 
talk for an interpretation 
of the CDMS II results 

from an inelastic 
scattering perspective



Electron Recoil Analysis:
The Electron Recoil Spectrum

Electromagnetic signatures in CDMS 
detectors: possibly new physics.

Similar to the standard analysis:

Keep the electron-recoil events.

Do not impose the timing cut.

Low recoil energies particularly interesting.

Understand the backgrounds well.

Several lines due to cosmogenic activation.

Line widths (energy resolution) well 
understood.

Look at the 2-8.5 keV window.

Feature at 6.54 keV likely due to de-
excitation of 55Mn (cosmogenic activation).

PRD 81, 042002 (2010)

Observed Electron-Recoil Spectrum
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Energy = 8.98 keV (65Zn)
Rate = 0.73 ± 0.1 events/kg/day

Energy = 6.54 ± 0.1 keV
Rate = 0.44 ± 0.09 events/kg/day



2 2.5 3 3.5 4 4.5 5 5.5 6
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

DAMA

Ge

NaI (Z2 scaling)

Energy [keV]

R
at

e 
[e

ve
nt

s/
kg

/d
ay

]

2 3 4 5 6
0

0.02

0.04

0.06

0.08

DAMA

Ge

NaI (Z2 scaling)

Energy [keV]

R
at

e 
[e

ve
nt

s/
kg

/d
ay

]

Electron Recoil Analysis:
The Low Energy Spectrum

Can attempt a comparison with DAMA/
LIBRA signal, in the interpretation of 
electromagnetic energy deposition by 
WIMPs.

Big uncertainty – how does cross section 
change between Ge and NaI?

Assume Z2 dependence.

Scale CDMS (Ge) rate to estimate total 
rate in NaI.

Compare with total rate observed by 
DAMA at the 3.15 keV peak.

Observe large discrepancy.

Could be reduced if the 40K (leading to a 
3.2 keV line) contamination is understood .

PRD 81, 042002 (2010)

Low Energy Electron-Recoil Spectrum



Electron Recoil Analysis:
Solar Axion Search

Axion-photon coupling:

In the Coulomb field of the nucleus: 
a!!

Standard solar model gives the axion flux:

Coherent Bragg diffraction: momentum 
transfer equal to reciprocal lattice vector.

For a given direction (sky location) there 
are preferred recoil energies.

Complex modulation pattern, dependent 
on incident/recoil energy.
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PRL 103, 141802 (2009)

Time and energy dependence of solar 
axion conversion rate for ga!! =10GeV-1

dΦa

dEa
=

6.02× 1014

cm2 s keV

�
gaγγ × 108
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Electron Recoil Analysis:
Solar Axion Search

Similar studies also done with crystal 
detectors:

SOLEX,COSME,DAMA...

CDMS II angular orientation is well 
understood:

Uncertainty of 3° dominated by the 
relative tower-cryostat orientation.

Place a new 95% C.L. on the axion-photon 
coupling:  ga!! < 2.4 x 10-9 GeV-1 

Applies to axion mass below 0.1 keV.

Larger masses suppressed in the solar 
axion flux. PRL 103, 141802 (2009)

Limits on the axion-axion coupling ga!!
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Electron Recoil Analysis:
Galactic Axion Background

Apply the analysis to galactic axions.

Non-relativistic, axio-electric coupling.

Signal appears at the axion rest mass.

Place an upper limit on gaee at each 
axion mass.
  gaee < 1.4 x 10-12 for a 2.5 keV axion

Incompatible with galactic axion 
interpretation of DAMA signal.

55Mn feature at 6.54 keV not 
subtracted (no direct constraint on 
this contribution). PRL 103, 141802 (2009)

Limits on the axio-electric coupling gaee

!"#"

$!#%

$&'()*

%&+,-.)(/0-12&3

#,33.45(678
9
:

g a
ē
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The CDMS Program overview
CDMS II (finished)

Last CDMS II data taken March 18, 2009

SuperCDMS @ Soudan (funded)

March 19, 2009:  warm up to install and commission first SuperCDMS detectors

Fabrication of detectors for SuperCDMS Soudan (~13 kg Ge) project underway

SuperCDMS SNOLAB (PASAG endorsed)

Project proposal in 2011 for ~100 kg Ge experiment

GEODM (NSF DUSEL “S4” funded)

GErmanium Observatory for Dark Matter (1.5 tons Ge) proposed for Dusel



SuperCDMS 
@ Soudan

Run 130 
configuration

Supertower: five 1-inch thick 
mZIP Ge detectors + two 1-cm 
thick CDMS II ZIP  detectors or 
three 1-inch thick iZIP detectors

Supertower 1 (ST1) Engineering 
Run 130 at Soudan completed 

Summer 2010:  deployment of 
iZIP tower for validation run

ST2 (mZIP) fabricated, testing 
nearly complete

ST3, 4 & 5 (iZIP) in the 
fabrication pipeline

Start of operations ! 2011



SuperCDMS Soudan:
Baseline Detector Design

CDMS II Ge:
7.5 cm diameter,
1.0 cm thick, ~230 g

SuperCDMS Ge:
7.5 cm diameter,
2.5 cm thick, ~600 g

Increase thickness (2.5 x)

Better surface/volume

Increase manufacture speed



SuperCDMS Soudan:
mZIP Detector Design

Optimized Al Fin design 
(increase Al coverage)

‣ Enhance phonon signal to noise

Optimized phonon sensor layout

‣ Better rejection of surface events

“BMW” “Mercedes”



SuperCDMS Soudan:
mZIP Detector Design

New metric compares start times of 
inner 3 channels to the start time of 
outer channel, breaks degeneracy.

Events at large radius have delay times 
similar to events at intermediate radius.
Effect due to phonons reflecting off 
outer cylindrical walls back into central 
region of detector.
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Figure 6: Scatter plot of two different radial metrics.
rp and rd are radial metrics produced from phonon en-
ergy partition and phonon pulse start time informa-
tion, respectively. The scatter plot is colored by the
uncorrected risetime of the primary quadrant pulse
for gamma calibration data in a very thin azimuthal
slice of T2Z5 (R123). (The color bar provides the
color scale; the inset diagram color scheme is not rel-
evant here.) The foldback seen in both radial met-
rics is physical. The outer cylindrical wall reflects
phonons back into the central regions of the detec-
tor, artificially making an event at high radius look
similar to events near the center of the detector. The
∼ 4µs change in risetime seen here is comparable to
the change in risetime between a bulk event and a
surface event. Upper left inset: CDMS II channel ge-
ometry (colors unrelated to risetimes in scatter plot).

posited on the detectors during installation and
we have developed a fix to eliminate this prob-
lem for the future. The other channels of these
two detectors were read out and they served as
multiple-scatter-event vetos for the working de-
tectors 2, 4, and 6. The endcap 1-cm detectors
worked as expected.

Most of the data taken during this run was
calibration data, using a 133Ba gamma source
inserted through the shielding near the copper
cans housing the detectors. The Ba calibration
data is used to characterize position-dependent
behavior across the detector, as well as provid-
ing secondary electrons that mimic the surface

Figure 7: Scatter plot of two different radial metrics.
The vertical axis radial quantity includes information
from the outer phonon channel, new in the Super-
CDMS detector design. This information breaks the
degeneracies seen in Fig. 6 and clearly separates outer
from inner events. The quantity on the horizontal axis
is the same as in Fig. 6.

events which are our limiting background. Af-
ter quality and fiducial volume cuts, the data set
for each working mZIP provided approximately
half a million bulk electron-recoils and a thou-
sand surface events.

In addition to the Ba calibration data, a 252Cf
neutron source was used to calibrate nuclear
recoils. Approximately 28 live days of non-
calibration data was taken, mainly to charac-
terize the backgrounds of these detectors. No
blinding of data or WIMP search analysis was
performed, and we do not report any limit here.

3.2 Summary of Detector perfor-
mance

The three detectors used in this analysis per-
formed well, consistent with tests at surface test
facilities. Surface event rejection will be dis-
cussed in Section 3.4. There were some ad-
ditional issues with specific detectors, some of
which will be resolved before any future use, in-
cluding:

• Phonon channel electronic noise. The noise
performance of detectors 4 and 6 was good,
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SuperCDMS Soudan:
Advanced iZIP Design

Interleaved zip (iZIP) double sided detector
Electrodes interleaved with strips of phonon sensors 
Each side has 2 inner phonon channels and an outer 
phonon channel to reject edge events
Charge channels can veto surface events
Less phonon timing information available for surface 
event rejection
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 iZIP/double-sided detectors with outer phonon channel 

to reject perimeter events.  

In iZIP charge electrodes interleaved with narrow strips 
occupied by phonon sensors.  

 Less phonon timing information for surface events 

 But now charge channels can veto surface events  

Baseline detector for > 100 kg Ge DM search : iZIP 



SuperCDMS Soudan:
Advanced iZIP Design
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Event type discrimination from 
ionization signal

Bulk events: Equal but opposite 
ionization signal appears on both 
detectors sides (symmetric)

Surface events:  Ionization signal appears 
on one detector side (asymmetric)

Yield discrimination still exists

Phonon timing pulse 
information still possible



iZIP: Surface Event Rejection

Ge Workshop: SuperCDMS/GEODM  Sunil Golwala

Improving Background Rejection

• Interdigitated ZIP (iZIP) design appears to meet needs of SuperCDMS 
SNOLAB and GEODM
• Surface events 

share charge 
differently than 
bulk events:
< 10-3 misid

• High field at
surfaces increases
ionization yield:
0.2 misid !
< 3 x 10-4 misid

• Phonon partition 
and timing 
z position:
< 10-3 misid

• All measurements limited by neutron background in surface test facilities

• Ionization yield and Q/P asymmetry likely uncorrelated; if true, then 
overall misid 10-4 ! < 3 x 10-7, far better than needed for GEODM
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Basic ionization yield improved 
for surface events from 0.2 
(ZIP) to 3 x 10-4 mis-id (iZIP)

Charge side asymmetry: 
< 10-3 mis-id

Preliminary data indicates iZIP is superior to ZIP performance 



iZIP: Surface Event Rejection

Figure 8: Left: Phonon Z delay vs. Θzcharge

for Cd on hole electrode, showing monotonic
event reconstruction in depth away from sur-
faces. Right: Θzphonon vs. Θzcharge for Cd on
hole electrode, showing excellent discrimination
for surface events both in phonon symmetry pa-
rameter and ionization symmetry parameter (Θ
defined as arctan of ratio of quantities from two
sides).

4 Detector Fabrication

The requirements for fabricating successful iZIP
detectors are nearly identical to those for mZIP
fabrication. The important exception is that
we must instrument both sides of iZIP with
phonon sensors, whereas only one side of mZIP
has phonon sensors. In the following sections, we
describe the fabrication and testing procedures,
and in Sec. 4.5 we summarize the requirements

and yields.

4.1 Ge Crystal Specifications

We purchase ultra pure single crystals of germa-
nium from commercial vendors who specialize in
the fabrication of gamma ray spectrometers. The
vendors measure and verify the following specifi-
cations for the detector blanks:

• The single crystals germanium grown in the
[100] orientation and with total acceptor and
donor concentrations below 3×1011 per cm3.
In addition, the dislocation density as mea-
sured using the etch pit density must aver-
age below 5,000 per cm2.

• The detector blanks must be aligned to the
crystalline axes within 2 degrees, must be
>27 mm thick, and must have a diameter
>78 mm.

After delivery to our fabrication facility, the
blanks are processed in our crystal shaping and
polishing shop. The final specifications for shap-
ing and polishing include:

• The outer cylindrical surface of the blanks
are ground and must have a diameter be-
tween 76-77 mm, and be parallel to the [100]
axis within 0.5 degrees. Then, two major
flats are ground parallel to the [110] axis on
opposite sides of the cylindrical crystal and
two minor flats between each of the major
flats. Finally the top and bottom sides are
ground flat and parallel and must be aligned
to the crystalline axes within 0.5 degrees.
The thickness must be between 26-27 mm.

• The polishing is accomplished using a se-
ries of successively finer-grit polishing slur-
ries and both sides must be flat to better
than ten fringes of visible light (∼5 µm) as
measured using an interferometer.

After meeting specifications, the polished de-
tector blanks are stored in a dry nitrogen gas
flushed cabinet for radon gas suppression. The
cabinet is located in a shallow underground
chamber (∼12 m.w.e.) to reduce radioactive ac-
tivation from neutrons.
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Phonon energy partition & timing information: < 3 x 10-3 mis-id
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cabinet is located in a shallow underground
chamber (∼12 m.w.e.) to reduce radioactive ac-
tivation from neutrons.

7



iZIP: Surface Event Rejection

Simple 2D timing cut gives 
surface event background mis-id 
ratio of 1:400 with 43% signal 
efficiency.

More sophisticated !2 timing 
cut gives surface event 
background mis-id ratio of 
1:750 with 52% signal efficiency.

of the analysis, then, is the strongest test of the
success of our design.

The principal tool in separating incomplete
charge collection in surface events from natu-
rally low-ionizing nuclear recoils is the timing
information from the charge and phonon chan-
nels. Traces from events near the surface tend to
have faster rising phonon pulses than those from
events in the bulk. The ionization pulses, which
reach maximum peak height within one digitizer
bin, provide a reliable t0 for each event. There
are many ways to calculate different aspects of
the event timing, and the principle challenge to
analyzers is to find the best combination of these.

The two primary timing variables we have used
in all CDMS analyses are the phonon delay and
the phonon risetime. These variables, with sev-
eral variations, were used in the current analysis.
We also used some newer quantities particular to
this analysis, including the ratio of phonon ener-
gies in the inner and outer phonon channels, and
the width of the top of the phonon pulse.

The timing variables were combined in two dif-
ferent ways. The first, called the simple method,
plots the sum of risetime and phonon delay on
one axis and the width of the top of the total
phonon pulse on the other. Fig. 8 shows the low-
yield surface event background from Ba and neu-
trons from Cf data on this plane. Methods simi-
lar to this have been used as the main published
analysis method in all CDMS II papers.

In a second approach, the timing variables pro-
vided discrimination using a χ2 method. Assum-
ing the distributions of timing parameters are
gaussian for both the surface-event population
and the bulk nuclear recoil population, a χ2 dis-
tance from the surface event and nuclear recoil
populations is calculated for each event. A cut
separating accepted nuclear recoils from rejected
surface events is placed on both χ2 variables.
Figure 9 shows the surface event background
from Ba and neutrons from Cf data in this plane.
Similar methods have been used in CDMS II for
secondary analyses, and so the method itself is
well tested although this particular combination
of variables is new.

A third approach used an energy-dependent
chi2 method, combining only three of the main
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Figure 8: Timing variable vs. width of the top of
the pulse for neutrons from 252Cf and surface events
from 131Ba. The simple timing analysis sets a two-
dimensional cut, accepting values in the upper-right
quandrant.
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Figure 9: χ2 analysis plane for neutrons from 252Cf
and surface events from 131Ba. The cut is shown as a
yellow dotted line, with the acceptance region in the
lower-right quadrant.

timing variables in an effective manner. This ap-
proach had comparable performance to the first
χ2 method with the advantage of using simpler
quantities to calculate the χ2.

The χ2 methods of combining timing vari-
ables resulted in the better surface event rejec-
tion while maintaining higher nuclear recoil effi-
ciency, but the three methods were not inconsis-
tent, as shown in Table 1. These numbers are
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•Neutrons
•Surface Events

•Neutrons
•Surface Events (top face)
•Surface Events (bottom face)
•Surface Events (unknown face)
- Neutrons
- Surface Events (all)



Looking ahead:
Sensitivity Goals

CDMS II

3” x 1 cm ! 0.25 kg/det

16 detectors = 4 kg, ~2 yrs operation

SuperCDMS

3” x 1” ! 0.64 kg/det

Soudan: 25 detectors = 15 kg,
2 yrs ~8000 kg-d
SNOlab: 150 detectors = 100 kg,
3 yrs ~38000 kg-d

SuperCDMS SNOlab & Ge-Observatory 
for Dark Matter (GEODM)

6” x 2” ! 5.1 kg/det

SNOlab: 20 detectors = 100 kg
3 yrs ~ 100,000 kg-d
DUSEL 300 detectors = 1.5 ton
4 yrs ~ 1.5 Mkg-d



Conclusions
We observe 2 events in the first analysis of the final data taken by 
CDMS II between July 07 and September 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 a test run 
was performed in the Soudan Underground Laboratory. 

Advanced interleaved (iZip) detector to be installed for test runs 
underground later this summer (2010).

Exciting times ahead on the DM detection front
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