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Neutrons:  Generated by muons from cosmic showers 
interacting in the shield or cavern rock.
Electromagnetic: 

Bulk:  Primarily electrons emitted from radio-
isotopes in the bulk of the detectors and from photons
Surface:  Photons that interact in the first 35 μm of 
the detector surface and electrons (‘betas’) emitted 
by radioactive contaminants on the detectors or 
surfaces near the detectors.
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Types of Backgrounds



Airborne 222Rn decays to 
210Pb (1/2 life 22 years).

 210Pb decays to stable 206Pb.  

Detector contamination  
from 222Rn can be 
determined by measuring the 
beta and/or alpha particles 
given off during these 
decays.
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Surface Events: Radon 
Contamination

210Pb
22 yrs 

210Bi
5 d

210Po
138 d

206Pb
stableβ

<0.1 MeV

β
1.2 MeV

α
5.3 MeV



We identify alphas by 
reconstructing phonon and 
charge energy for events in 
the MeV energy range.
 Events contained in the 
inner electrode have energy 
consistent with 210Po alpha 
at 5.3 MeV.
Alphas are observed at a 
rate of ~ 0.4/detector/day.
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Surface Events:  
α  Measurements
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Figure 26: We identify alphas by reconstructing the charge and phonon energy estimates in the MeV range (left), as
shown for a Ge ZIP detector in Tower 2. The alphas tend to cluster at 5 MeV phonon energy and 1 MeV ionization
energy. The histogrammed phonon energy (right) for all events contained within the inner charge channel is consistent
with the 210Po alpha at 5.3 MeV energy.

tor/day are single-scatter events, having a hit in one
ZIP detector alone. In this section, we explain why
the bulk of this rate is due to decays of 210Pb de-
posited by airborne radon, with a contribution of
0.044/detector/day from photon-induced events.3

With a half-life T1/2 = 22.3 years, 210Pb is im-
planted into surfaces by a decay chain initiated by air-
borne 222Rn, which itself is a decay product of 238U.
A total of 63 keV is available in the transitions from
210Pb to the 210Bi ground state, which typically liber-
ate one internal-conversion electron per decay, often
with accompanying Auger electrons and/or x-rays,
with total energy near 46.5 keV. The 210Bi daughter
with half-life T1/2 = 5.01 days undergoes β− decay
to 210Po with 1.2 MeV endpoint, but the β-electron
energy distribution is non-standard, and peaks at the
lowest energies. The 210Po then decays with a half-life
T1/2 = 138 days to the stable 206Pb isotope, emitting
an α particle with an energy of 5.3 MeV while the
nucleus recoils with 0.1 MeV.

Our detectors are exposed to radon during fab-
rication, mounting and testing. We observe alpha
particles in our detectors (Fig. 26) at a rate of ∼
0.4/detector/day. We identify the predicted beta
component by looking at double-coincident betas be-
tween nearest-neighbor detectors (see Fig. 27).

A correlation analysis between alpha and beta rates
provides evidence that the bulk of our beta back-

3The photon-induced contribution is obtained from the
147/kg/day photon rate in our 0.25 kg detectors and previ-
ously quoted rate of 1.2×10−3 surface events for every bulk
photon event.

10 30 50 70 90

Double-Scatter Nearest-Neighbor Beta-Beta Event 

Energy Sum [keV]

0

10

20

30

40

C
o

u
n

ts
/4

 k
eV

Figure 27: The broad (wider than detector resolution)
45 keV peak in the sum energy spectrum of beta-beta
coincidences in neighboring detectors. We identify it as
being due to 210Pb. The 210Pb decay is rather complicated
due to the variety of internal-conversion electrons, Auger
electrons, and X-rays ensuing from the decay, a broad
peak at 45 keV is a reasonable expectation.
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Figure 26: We identify alphas by reconstructing the charge and phonon energy estimates in the MeV range (left), as
shown for a Ge ZIP detector in Tower 2. The alphas tend to cluster at 5 MeV phonon energy and 1 MeV ionization
energy. The histogrammed phonon energy (right) for all events contained within the inner charge channel is consistent
with the 210Po alpha at 5.3 MeV energy.

tor/day are single-scatter events, having a hit in one
ZIP detector alone. In this section, we explain why
the bulk of this rate is due to decays of 210Pb de-
posited by airborne radon, with a contribution of
0.044/detector/day from photon-induced events.3
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planted into surfaces by a decay chain initiated by air-
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ate one internal-conversion electron per decay, often
with accompanying Auger electrons and/or x-rays,
with total energy near 46.5 keV. The 210Bi daughter
with half-life T1/2 = 5.01 days undergoes β− decay
to 210Po with 1.2 MeV endpoint, but the β-electron
energy distribution is non-standard, and peaks at the
lowest energies. The 210Po then decays with a half-life
T1/2 = 138 days to the stable 206Pb isotope, emitting
an α particle with an energy of 5.3 MeV while the
nucleus recoils with 0.1 MeV.

Our detectors are exposed to radon during fab-
rication, mounting and testing. We observe alpha
particles in our detectors (Fig. 26) at a rate of ∼
0.4/detector/day. We identify the predicted beta
component by looking at double-coincident betas be-
tween nearest-neighbor detectors (see Fig. 27).

A correlation analysis between alpha and beta rates
provides evidence that the bulk of our beta back-
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Figure 27: The broad (wider than detector resolution)
45 keV peak in the sum energy spectrum of beta-beta
coincidences in neighboring detectors. We identify it as
being due to 210Pb. The 210Pb decay is rather complicated
due to the variety of internal-conversion electrons, Auger
electrons, and X-rays ensuing from the decay, a broad
peak at 45 keV is a reasonable expectation.
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210Pb decays to 210Bi* 
with a branching 
fraction of ~84%
210Bi* decays directly by 
emitting a γ or via 
internal conversion 
electrons which have a 
combined energy of 
45.6 keV
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210Pb       210Bi



Betas from 210Pb decays 
are identified by looking 
for double coincident beta 
events in neighboring 
detectors 

This class of  events 
produce a broad spectrum 
45 keV peak of ‘beta-beta’ 
events, consistent with 
predictions from 210Pb.
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Surface Events:  
β Measurements
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Figure 26: We identify alphas by reconstructing the charge and phonon energy estimates in the MeV range (left), as
shown for a Ge ZIP detector in Tower 2. The alphas tend to cluster at 5 MeV phonon energy and 1 MeV ionization
energy. The histogrammed phonon energy (right) for all events contained within the inner charge channel is consistent
with the 210Po alpha at 5.3 MeV energy.

tor/day are single-scatter events, having a hit in one
ZIP detector alone. In this section, we explain why
the bulk of this rate is due to decays of 210Pb de-
posited by airborne radon, with a contribution of
0.044/detector/day from photon-induced events.3

With a half-life T1/2 = 22.3 years, 210Pb is im-
planted into surfaces by a decay chain initiated by air-
borne 222Rn, which itself is a decay product of 238U.
A total of 63 keV is available in the transitions from
210Pb to the 210Bi ground state, which typically liber-
ate one internal-conversion electron per decay, often
with accompanying Auger electrons and/or x-rays,
with total energy near 46.5 keV. The 210Bi daughter
with half-life T1/2 = 5.01 days undergoes β− decay
to 210Po with 1.2 MeV endpoint, but the β-electron
energy distribution is non-standard, and peaks at the
lowest energies. The 210Po then decays with a half-life
T1/2 = 138 days to the stable 206Pb isotope, emitting
an α particle with an energy of 5.3 MeV while the
nucleus recoils with 0.1 MeV.

Our detectors are exposed to radon during fab-
rication, mounting and testing. We observe alpha
particles in our detectors (Fig. 26) at a rate of ∼
0.4/detector/day. We identify the predicted beta
component by looking at double-coincident betas be-
tween nearest-neighbor detectors (see Fig. 27).

A correlation analysis between alpha and beta rates
provides evidence that the bulk of our beta back-

3The photon-induced contribution is obtained from the
147/kg/day photon rate in our 0.25 kg detectors and previ-
ously quoted rate of 1.2×10−3 surface events for every bulk
photon event.
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Figure 27: The broad (wider than detector resolution)
45 keV peak in the sum energy spectrum of beta-beta
coincidences in neighboring detectors. We identify it as
being due to 210Pb. The 210Pb decay is rather complicated
due to the variety of internal-conversion electrons, Auger
electrons, and X-rays ensuing from the decay, a broad
peak at 45 keV is a reasonable expectation.

30



Correlation between 
events identified in 
the 45 keV beta-beta 
peak and alpha 
analyses is strong, 
corroborating the 
identification of the 
peak with 210Pb.
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Alpha-Beta Correlation 
Analysis
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Figure 28: Left: Correlation of number of events in the 45-keV nearest-neighbor beta-beta sum peak (c.f., Fig. 27)
vs. number of alpha events coincident between the same neighbors (alpha seen in one member of the pair, recoiling
206Pb in the other). Each point represents one pair of detectors (e.g., Z3/Z4), and all ten detector pairs are shown.
Correlation is strong, corroborating the identification of the 45 keV peak as due to 210Pb. Right: Correlation of
the number of single-scatter surface events with the count of bottom-side alpha events with the recoiling 206Pb in
the neighbor below. Each point now represents one detector. There is a correlation that suggests that the bulk of
the single-scatter surface-event rate is due to 210Pb. The Z4 Si detector is excluded due to an anomalously high
surface-event rate, putting it more than 3σ away from the correlation line.

tor/day are photon-induced and the remainder are
mostly due to 210Pb. In our cleanest detectors, the
non-photon-induced rate is 0.10/detector/day; we ex-
pect to achieve this lower rate in the Towers 3-5, so
we use this lower rate for our CDMS II calculation.
Our yield-based rejection for contamination surface
events of 80% combines with our phonon-timing re-
jection of 99% to yield 99.8% rejection of 210Pb be-
tas (with 70% efficiency for accepting WIMPs). For
CDMS II, the resulting efficiency-corrected misidenti-
fied surface-event rate is 1.1×10−3/kg/day. Note that
we have subtracted the expected photon contribution
because it has already been accounted for in our dis-
cussion of photon rejection (4.2×10−4/kg/day). These
rates will enable CDMS II to reach its sensitivity goal.

7.6 Beta Backgrounds in SuperCDMS

As discussed in Section 7.5, misidentified surface
events provide a background rate of 1.1×10−3/kg/day
in our cleanest detectors. A reduction in the
this rate by a factor of 11 is needed to meet the
“zero-background” SuperCDMS 25 kg goal of 1×
10−4/kg/day. We expect to obtain a factor of 20 re-
duction, well in excess of this requirement, via a com-
bination of background rate reductions and detector
improvements.

We first must stabilize the 210Pb rate at the 0.10

source origin rate % of
(#/day) singles

photon- photon 0.044 0-40%
induced bkgd clean dtrs
210Pb airborne 0.045–0.085 45–85%

radon clean dtrs clean dtrs
40K natural < 0.02–0.04 < 15–30%

potassium
14C natural ! 0.3 small

carbon

Table 5: Summary of surface-event contributions (see
text for details).

single-scatter events/detector/day (0.40/kg/day) ob-
tained for the cleanest detectors so far measured in
CDMS II. Moreover, implementation of ionization
veto detectors will provide this low 210Pb rate on all
detectors, not just the inner 2/3. The prospects for
obtaining this stabilization are good: the key conclu-
sion from the existence of the “low-rate” detectors
is that our fabrication process is not inherently ra-
dioactively dirty. We expect Towers 3-5 of CDMS II
to already demonstrate such stabilization. However,
while the improved cleanliness may be simply a mat-
ter of prompt transport from the crystal polisher and
stringent care to store detectors in radon-purged en-
vironments, we cannot yet claim to fully understand

32



A correlation also exists 
between single scatter 
surface events and events 
where an alpha is seen on the 
detector bottom and a 206Pb 
recoil on a neighboring 
detector. 

Using the slope-intercept we 
establish a mean non-210Pb 
count  of 0.035/detector/day 
at a Bayesian 68% CL.
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Figure 28: Left: Correlation of number of events in the 45-keV nearest-neighbor beta-beta sum peak (c.f., Fig. 27)
vs. number of alpha events coincident between the same neighbors (alpha seen in one member of the pair, recoiling
206Pb in the other). Each point represents one pair of detectors (e.g., Z3/Z4), and all ten detector pairs are shown.
Correlation is strong, corroborating the identification of the 45 keV peak as due to 210Pb. Right: Correlation of
the number of single-scatter surface events with the count of bottom-side alpha events with the recoiling 206Pb in
the neighbor below. Each point now represents one detector. There is a correlation that suggests that the bulk of
the single-scatter surface-event rate is due to 210Pb. The Z4 Si detector is excluded due to an anomalously high
surface-event rate, putting it more than 3σ away from the correlation line.

tor/day are photon-induced and the remainder are
mostly due to 210Pb. In our cleanest detectors, the
non-photon-induced rate is 0.10/detector/day; we ex-
pect to achieve this lower rate in the Towers 3-5, so
we use this lower rate for our CDMS II calculation.
Our yield-based rejection for contamination surface
events of 80% combines with our phonon-timing re-
jection of 99% to yield 99.8% rejection of 210Pb be-
tas (with 70% efficiency for accepting WIMPs). For
CDMS II, the resulting efficiency-corrected misidenti-
fied surface-event rate is 1.1×10−3/kg/day. Note that
we have subtracted the expected photon contribution
because it has already been accounted for in our dis-
cussion of photon rejection (4.2×10−4/kg/day). These
rates will enable CDMS II to reach its sensitivity goal.

7.6 Beta Backgrounds in SuperCDMS

As discussed in Section 7.5, misidentified surface
events provide a background rate of 1.1×10−3/kg/day
in our cleanest detectors. A reduction in the
this rate by a factor of 11 is needed to meet the
“zero-background” SuperCDMS 25 kg goal of 1×
10−4/kg/day. We expect to obtain a factor of 20 re-
duction, well in excess of this requirement, via a com-
bination of background rate reductions and detector
improvements.

We first must stabilize the 210Pb rate at the 0.10

source origin rate % of
(#/day) singles

photon- photon 0.044 0-40%
induced bkgd clean dtrs
210Pb airborne 0.045–0.085 45–85%

radon clean dtrs clean dtrs
40K natural < 0.02–0.04 < 15–30%

potassium
14C natural ! 0.3 small

carbon

Table 5: Summary of surface-event contributions (see
text for details).

single-scatter events/detector/day (0.40/kg/day) ob-
tained for the cleanest detectors so far measured in
CDMS II. Moreover, implementation of ionization
veto detectors will provide this low 210Pb rate on all
detectors, not just the inner 2/3. The prospects for
obtaining this stabilization are good: the key conclu-
sion from the existence of the “low-rate” detectors
is that our fabrication process is not inherently ra-
dioactively dirty. We expect Towers 3-5 of CDMS II
to already demonstrate such stabilization. However,
while the improved cleanliness may be simply a mat-
ter of prompt transport from the crystal polisher and
stringent care to store detectors in radon-purged en-
vironments, we cannot yet claim to fully understand
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Alpha-Beta Correlation 
Analysis (cont.)



9 The Hunt for Dark Matter Symposium, Fermilab,    May 10 - 12, 2007                                                         Jodi Cooley

Alpha-Betas: Putting it 
Together

The mean single-
scatter rate in 
‘low-rate’ detectors 
is 0.14/detector/day

Intercept analysis 
indicates 

0.035/detector/day 
due to unrelated source(s)

This leaves 
~75% attributed 

to 210Pb
+ =
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Alpha-Betas: Putting it 
Together

The mean single-
scatter rate in 
‘low-rate’ detectors 
is 0.14/detector/day

Intercept analysis 
indicates 

0.035/detector/day 
due to unrelated source(s)

This leaves 
~75% attributed 

to 210Pb
+ =

Photon calibration data for 
‘low-rate’ detectors used to 

predict photons misidentified 
as single scatter surface events 
indicates that 20% +/- 20% of 
the 0.14/detector/day rate is 

due to photons  

Uncertainties on both 
analyses are large: 210Pb and 

photon-induced fractions 
have 1 σ ranges of (45% - 

85%) and (0% - 40%)



 40K:  Natural 40K may be deposited though human contact.

Rutherford backscattering (RBS) and particle-induced x-ray emission (PIXE) 
analyses on test wafers produced at intermediate and final stages of processing 
give a preliminary upper limit on natural K of 1-2 x 1014 atoms/cm2.

Simulations indicated that the resulting number of single scatters is in the 
range of 0.02-0.04 events/detector/day.

 14C:  Produced by cosmic ray induced reactions and could be introduced during 
processing.

Auger and RBS analysis indicate that 2-3 monolayers of carbon exist, 
consistent with exposure to air yielding 0.3 betas/day/detector with 156 keV 
endpoint energy indicating the single-scatter rate in the 10-40 keV region is 
small.
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Other Possible Surface 
Contaminants

Methods of identifying sources

• Simulation of gamma backgrounds

• Alpha analysis from data

• SIMS

• Rutherford Backscattering / PIXE

• Auger electron spectroscopy

• Inductively Coupled Plasma Mass

Spectroscopy (ICPMS)
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Surface Event Contributions

Source origin rate (#/day) % of singles

photon-induced photon
bkgrd 0.044 0 - 40 %

clean det.

210Pb airborne
radon

0.045 - 0.085
clean det.

45 - 85 %
clean det.

40K natural
potassium < 0.02 - 0.04 < 15 - 30 %

14C natural
carbon << 0.3 small



If we stabilize the 210Pb rates at the 0.10 
single-scatter events/detector/day which 
was obtained for the cleanest detectors in 
CDMS II and meet detector design goals 
(see Mahapatra, this session), the 
SuperCDMS 25kg experiment can meet its 
“zero background” design goal.
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Concluding Remark
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Backup Slides



The dominant background in CDMS II is 
electrons from radioactive contaminants on the 
detector surfaces.
These events are refered to as ‘betas’ reflecting 
the likelihood these events result from beta 
decay.
Total rate of surface events in the energy range 
10 - 40 keV is 1.7/detector/day of which  
0.21/detector/day are single scatter.
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Surface Events



Sources:
Easy to reject when they occur in the bulk
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Gamma Rejection



At SUF

17 mwe

0.5 n/d/kg

At Soudan

2090 mwe

0.05 n/y/kg

At SNOLab

6600 mwe

0.2 n/y/ton
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Neutrons: Shielding
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Radioactivity

U/Th in rock and shield

through α,n reactions

though spontaneous fission 
of 238U

Muon induced 

muon interactions in shield

muon-induced high energy 
neutrons (>60 MeV) 
inteacting in shielding 
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Neutron Sources for CDMS II

We use passive and active shielding 
to reduce  neutron induced nuclear 
recoil rates to a negligible level.



20 The Hunt for Dark Matter Symposium, Fermilab,    May 10 - 12, 2007                                                         Jodi Cooley

Neutrons: Simulations
Event 
Type Fluka/MCNPX GEANT4 Description

Live time simulated 14 years 5 years normalized using ~1 muon/min on veto

nuclear recoils 7.6/kg/yr 2.4/kg/yr nuclear recoils in the 10-100 keV range 
per muon

vetoed by scintillator 7.1/kg/yr 2.3/kg/yr by muon veto

vetoed by scintillator & 
zips 7.55/kg/yr 2.39/kg/yr by muon veto & zips (multiples, etc)

total unvetoed scin. & 
zips

0.05 +/- 0.001(stat) 
 /kg/yr

0.01 to 0.10 
/kg/yr 

(68% CL)
unvetoed by the muon veto & zips

singles (with em) / 
singles 0.37 0.39 em = singles in coincidence with energy 

deposition from charged particles


