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Outline

• Now operating 10 kg of Ge iZIPs at Soudan
– Demonstrated excellent surface event 

rejection using 210Pb sources at Soudan
– Complete 2 years of exposure mid 2014

• R&D for 200 kg Ge iZIP at SNOLAB
– Surface rejection sufficient for 4 yr exposure
– Begin data taking ~2016

• G2 experiments may detect 8B solar neutrinos
– look like ~7 GeV/c2 WIMPs at SI ~5x10-9 pb

• G3 R&D possibility of larger mass detectors and 
pushing thresholds down to a few eVee levels.
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CDMS-II at Soudan (2090 mwe)
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CDMS-II Soudan facility
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Detector Specifics

Phonon channels

Charge channels

• Phonon and charge channels opposite

• Yield and phonon/charge timing
 
• Above 10 keV “perfect” ER/NR separation 

• Surface events dominate background 
contribution  need timing cut!

(Z. Ahmed et al. (CDMS) Science 327 1619 (2010)) 4
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CDMS-II Low WIMP Mass Results (1)

• Results from a Low-Energy Analysis of 
the CDMS II Germanium Data
http://arxiv.org/pdf/1011.2482v3.pdf
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APPENDIX

The following appendix includes additional details re-
garding the calibration of the energy scale and expected
backgrounds to clarify several of the points raised in [29].
The phonon-based recoil energy scale for this analy-

sis was calibrated using the position of the 1.298 keV
and 10.367 keV activation lines which conveniently lie in
the recoil energy range of interest for low mass WIMPs.
These lines provide a robust determination of the en-
ergy scale for electron recoils near threshold. We use
the most conservative values for the energy scale which
are consistent with the position of these activation lines
at the 90% CL for each detector. Figure 4 shows the
measured positions of the 1.3 keV and 10.4 keV acti-
vation lines for T1Z5, after calibrating the energy scale
to ensure that the energy is not underestimated for these
lines. The recoil energy units are keVee, or keV “electron-
equivalent”, which indicates that the total phonon signal
has been corrected for the contribution from Neganov-
Luke phonons assuming that the ionization produced was
consistent with an electron recoil.
Using the phonon energy scale calibrated with the

electron-recoil activation lines, the recoil energy for the
candidate nuclear recoils was calculated. This recoil en-
ergy estimate uses only the phonon signal and does not
use the ionization signal on an event-by-event basis due
to the poorer signal-to-noise of the ionization pulses. The
measured total phonon signal is corrected for the small
contribution from Neganov-Luke phonons (∼15% of the
phonon signal for low-energy nuclear recoils) by subtract-
ing the drift heat corresponding to the mean ionization
energy measured for nuclear recoils in the 252Cf calibra-
tion data. Figure 5 shows the ionization energy versus
recoil energy for the WIMP search events and 252Cf cal-
ibration data, using the recoil energy determined by as-
suming the Neganov-Luke phonon contribution is consis-
tent with a nuclear recoil.
To properly correct for the Neganov-Luke phonons, we

must determine the ionization yield for nuclear recoils as
a function of recoil energy. Above ∼4 keV, depending on
detector, the peak of the nuclear recoil ionization distri-
bution lies > 2σ above noise, and the ionization yield was
found by fitting this distribution to a Gaussian in bins
of recoil energy. A power law was then fit to these yield
data from ∼4-20 keV and extrapolated to determine the
ionization yield at lower energies, as shown in Fig. 6 (left)
for T1Z5.
As a cross-check on this extrapolation, we can extend

the fits to lower energies by fitting only the portion of the
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FIG. 4. Efficiency-corrected phonon recoil-energy spectrum
for electron recoils in T1Z5. The solid lines show fits to the
location of the activation lines, which give mean values of
1.333±0.025 keVee and 10.391±0.022 keVee. The resolution
of the 1.3 keV line is ∼100 eVee, consistent with the expected
resolution from noise. The 10.4 keV line is broadened by posi-
tion dependence of the phonon signal for which no correction
has been applied. Cosmogenic 65Zn has decayed away suf-
ficiently that its contribution to the low energy tail of the
activation peaks is negligible [30]. The relative intensity of
the lines measured from the fits is 0.145±0.030, consistent
with expectations.
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FIG. 5. Events in the ionization energy vs. recoil energy plane
for T1Z5. Events from the 252Cf calibration data (small, gray
dots) and WIMP search data (large, black dots) are shown.
The recoil energy scale is given by the total phonon energy mi-
nus the Neganov-Luke phonon contribution corresponding to
the mean ionization for nuclear recoils. This scale, in units of
keVnr, gives the correct recoil energy only for nuclear recoils,
while electron recoils appear at higher recoil energy due to
the larger contribution of Neganov-Luke phonons. The solid
lines show fits to the mean of the nuclear recoils (green) and
electron recoils (blue). The red dotted curves indicate lines
of constant recoil energy when the ionization signal is used to
determine the Neganov-Luke phonon contribution.
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FIG. 6. (left) Measurement of the mean ionization yield for nuclear recoils in T1Z5. Both 3-parameter fits to the yield
distribution (black, squares) and 1-parameter fits where the width and amplitude are constrained (blue, circles) are shown.
The black solid line shows the power-law fit to the measured yields above 4 keV, which was extrapolated to lower energies.
This fit was based on data which improperly included events outside the fiducial volume, leading to slightly lower yields than
shown by the data points from ∼7-15 keV. This shift has a negligible effect on the energy scale. Several other models for the
ionization yield at low energy are also shown: Lindhard prediction [22, 31] (red, dashed), steeper yield extrapolation below
4 keV (magenta, dotted), and Lindhard, with k=0.1 (green, dot-dashed). (right) Effect on the exclusion limits from this analysis
for the ionization yield models shown on the left. The limits are only weakly dependent on the extrapolation of the ionization
yield at low energies since the Neganov-Luke phonon contribution is small for low-energy nuclear recoils. The 90% CL allowed
regions for CoGeNT (blue), DAMA/LIBRA (gray), and a combined fit to CoGeNT and DAMA/LIBRA (hatched) from [8]
are shown. The region where models including light WIMPs were found to provide a good fit to CoGeNT in [7] is also shown
(orange). The limits were calculated using v0=220 km/s and vesc=544 km/s, with detailed parameters given in [23].

distribution which lies > 2σ above noise. To ensure that
these fits are well-behaved at energies where the peak of
the distribution is not contained in the fitting window, we
constrain the width of the Gaussian using the measured
ionization resolution as a function of energy from acti-
vation lines at 1.3, 10.4 and 66.7 keV. The amplitude of
the Gaussian is fixed based onMonte Carlo simulations of
the 252Cf neutron calibration recoil-energy spectrum. We
then perform a 1-parameter fit to determine the mean of
the distribution. Both fitting methods give similar yields
above ∼4 keV, while the fixed width and amplitude fits
can be extended down to the threshold of 2 keV. The
yields determined by the 1-parameter fits agree well with
the power-law extrapolation. Details of the measurement
of the ionization yield will be presented in an upcoming
publication [32].

Figure 6 (right), shows that the energy scale and lim-
its are only weakly dependent on the extrapolation of
the ionization yield at low energy since the Neganov-
Luke phonons contribute only a small fraction of the total
phonon signal. Conservatively assuming ionization yields
which are ∼25% lower than those suggested by our data,
and by previous measurements by other groups in this
energy range (see e.g. [8] and references therein), would
not change the conclusions of this analysis.

Although the correction for the Neganov-Luke phonons
does not contribute significant uncertainty to the recoil

energy scale, larger errors are possible if the phonon
collection for nuclear recoils differs from that for elec-
tron recoils. The absolute nuclear recoil energy scale is
constrained by the measured ionization yields shown in
Fig. 6, which are ∼15% lower than previous measure-
ments in the energy range of interest. Assuming that the
ionization produced is consistent with previous measure-
ments of the quenching factor, the measured yields imply
an overestimate of the recoil energy scale near thresh-
old. To be conservative, we do not apply a correction to
the recoil energy scale based on the measured yields, but
such a correction would improve our constraints in the
5-10 GeV/c2 mass range.

We calculated limits on the WIMP-nucleon cross sec-
tion by conservatively assuming all the candidate events
could arise from WIMP-induced nuclear recoils. How-
ever, we expect significant backgrounds at low energy
which can mimic a WIMP signal. Although estimates of
these backgrounds do not affect the limits on the WIMP-
nucleon cross section derived, they indicate that we can-
not claim evidence for a WIMP signal since all observed
candidates can plausibly be accounted for by expected
backgrounds.

In particular, zero-charge events are expected to be
the limiting background in the energy range of inter-
est for WIMPs with masses ∼7 GeV/c2. These events
are consistent with electron recoils at very high radius
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CDMS-II Low WIMP Mass Results (2)

• Search for annual modulation 
in low-energy CDMS-II data
http://arxiv.org/pdf/1203.1309v1.pdf
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Modulation Spectra: Nuclear-Recoil Singles
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FIG. 9. Amplitude of modulation vs. energy, showing maximum-likelihood fits where the phase has been fixed and the
modulated rates M have been determined for both CoGeNT (light orange circles, vertical bars denoting the 68% confidence
intervals) and CDMS (dark blue rectangles, with vertical height denoting the 68% confidence intervals). The phase that best
fits CoGeNT (106 days) over the full CoGeNT energy range is shown on the left; the phase expected from interactions with a
generic WIMP halo (152.5 days) is shown on the right. The upper horizontal scales show the electron-recoil-equivalent energy
scale for CoGeNT events. The 5–11.9 keVnr energy range over which this analysis overlaps with the low-energy channel of
CoGeNT has been divided into 3 equal-sized bins (CDMS) and 6 equal-sized bins (CoGeNT). In the right plot, we also show
the DAMA modulation spectrum (small grey circles), following the method of Fox et al. [29], for which we must assume both
a WIMP mass (here, m�=10 GeV/c2) and a Na quenching factor (here, qNa = 0.3). Lower WIMP masses or higher quenching
factors can push the DAMA modulated spectrum towards significantly lower energies. No attempt has been made to adjust
for varying energy resolutions between the experiments.
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Rate Modulation: Nuclear Recoil Singles
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FIG. 10. Feldman-Cousins allowed regions in a polar projection of modulated rate M vs. � for CDMS singles passing the
nuclear-recoil cut (dark blue) and for the CoGeNT data (light orange). Three di↵erent energy bins are shown, along with the
total energy range (lower right). Contours are 68, 95, and 99%.
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SuperCDMS Soudan IZIP (15 = 9 kg)
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(PI S. Golwala) led a S4 development e↵ort: NSF/PHY-0919599, “Development of a Technical
Design for the Germanium Observatory for Dark Matter at DUSEL”($1,299,462 total, $112,708 to
V. Mandic, $249,382 to M. Huber). We describe below the scientific results from these awards, the
advances they allowed on iZIP detectors and the longer term R&D they enabled.
3.1 Science results

These awards allowed us to play a pioneering role in WIMP science.The high signal to noise and
the superior background rejection of our technology, have allowed CDMS II to lead the field for
many years despite a relatively small target mass of 4 kg of Ge ([9], [17], [26], [27], [28], [29], and
[30]). The most recent results are displayed in Figure 1a. We have also used the same data to place
limits on the recent low mass WIMPs claims which are particularly robust as we do not attempt to
subtract backgrounds that tend to be highly uncertain in rare event experiments [9, 22].
3.2 IZIP detectors

NSF and DOE support has also been essential in the development of our low temperature detectors,
in particular the demonstration, in the last few years, of our new interleaved technology (iZIP) based
on a concept first demonstrated by P. Luke et al [31]. Figure 2 (Left) shows the current electrode
layout. A detail of the resultant electric field near the surface of the Ge detector is shown in Fig. 2
(Right). Recoil events deeper than 1 mm will liberate charges that will drift to both faces of the
crystal; whereas events near one surface will only generate a signal in that surface’s instrumented
ionization readout.

X [mm]

Z
 [m

m
]

!2 !1 0 1 2

0

1

2

Figure 2: Left: Phonon and charge sensor layout for iZIP detector deployed at Soudan. The Ge crystal is 76 mm
in diameter, 25 mm thick. The two faces are instrumented with interdigitated Ionization (40 µm wide) and phonon
TES rails (the thicker meanders) with ⇠ 1 mm pitch. The phonon sensors are arranged to give 4 phonon readout
channels for each face, an outer sensor surrounding three inner ones. The sensor Right: Magnified cross section view
of electric field lines (red) and equipotential contours (blue) near the bottom face (Z = 0 mm) of a SuperCDMS iZIP
detector . The charge electrode lines (yellow) are narrower than the athermal phonon collection sensors (green).

In addition to the interdigitated electrode structure rejecting near-surface events, we instrument
the outermost ionization bias electrodes as a guard veto. An outer phonon channel also allow us to
measure the radial position of events. This maximizes our rejection of perimeter background events
down to much lower recoil energies (⇠1 keV) than was possible in CDMS II at the cost of only a
modest loss of fiducial volume.

The ionization energy resolution is dependent on the capacitance of the electrode structure.
Using photolithographic techniques we can fabricate electrode structures down to a few microns in
width to reduce this capacitance. In practice, limitations are imposed by the maximum sustainable
electric field approaching the charge electrode lines. For SuperCDMS Soudan we found improved
performance for an electrode width of 40µm compared to an alternative design with a width of
8µm. Understanding and optimizing this electrode width is one avenue of our investigations that
we will pursue during this R&D program.

The phonon sensors utilize the advance athermal phonon sensor technology (ZIP) developed for
CDMS II [32]. Another major advantage of the iZIPs is the ability to measure phonons on both

5

faces of the Ge substrate and thus discriminate against the near surface events based on the phonon
response asymmetry that we discuss in more detail in the next section.
3.2.1 iZIP performance at both surface test facilities and Soudan

The performance of two SuperCDMS Soudan (76 mm) iZIP prototypes was studied at the UCB
test facility. As seen in Fig. 3 (Left), electron and hole excitations from a 356Ba gamma source
(shown in blue) are collected on the instrumented electrodes of both faces of the detector because
the interactions take place in the bulk volume of the detector. Events from an internal 109Cd beta
(surface event) source (shown in red) undergo carrier transport along the face and produce strongly
asymmetric signals. Cosmic induced nuclear recoils, taking place at a rate of 90 events/kg/hr, are
an irreducible background found at the surface facility. These events limit the ability to directly
measure the number of surface events leaking past the charge fiducial volume cuts into the expected
WIMP signal region. However, the region just outside the signal region, between the electron recoil
and nuclear recoils bands, is dominantly populated by betas from the 109Cd source. Using this
event population, an upper limit on the probability for a surface event to leak just past the fiducial
volume estimator within the energy range of 8keVr < Er < 60keVr was found to be < 2.0x10�5(at
90% C.L.). Using these criteria, a 74% (at 90% C.L.) WIMP passage fraction was measured with
a 252Cf neutron source. These rates surpass the requirement to have less than 0.1 surface event
leakage over the lifetime of a 100 kg SuperCDMS experiment.

Figure 3: Left: Measured side 1, electron, (y axis) and side 2, hole, (x axis) excitations for electronic recoils, allowing
identification of bulk (blue) and surface (red) events. Right: Phonon energy collected on side 1 (x axis) and side 2 (y
axis) at low energies, allowing identification of bulk events (green) and surface events (all others). Events misidentified
in the left figure as bulk (blue) or identified correctly as surface (red) are also shown, indicating that phonon-based
discrimination is e↵ective to lower energies than the charged-based discrimination is.

Additional position information is encoded in the phonon signal. This can be used to augment
charge fiducial estimators, particularly for the very low-energy recoils expected from light WIMPs.
In this energy region, charge amplifier noise renders our standard charge fiducial volume estimators
less e↵ective. The test facility performance, shown in Fig. 3 (Right), indicates that full 3D fiducial
volume can be achieved down to 2keVnr with surface event leakage of 1±1 ⇥ 10�2 and a WIMP
passage rate of 50±10%. We expect these results to be conservative compared to SNOLAB perfor-
mance owing to degradation of the phonon resolution from low-frequency environmental electronic
noise and long thermal tails for muons seen at the UCB test facility.

Fifteen iZIP detectors have been cold and operational at Soudan since the beginning of 2012.
At the deep site, direct measurements of surface event leakage into the WIMP signal region are

6

X [mm]

Z
 [m

m
]

−2 −1 0 1 2

0

1

2



Blas Cabrera - Stanford UniversitySuperCDMS Present & Future Page  

Configuration for up to 3 yr run to Mar 2015
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• Two detectors with one Pb210 decay every min 
operated for 20 live days corresponds to more 
than total Pb210 events for SuperCDMS Soudan 
and even for future 200 kg SuperCDMS SNOLAB

SuperCDMS Soudan Operations Plan 
 

9 
 

 
 
Figure 4: Response of iZIPs to betas and neutrons. Left: Nuclear recoils from 252Cf (green) and bulk 
electron recoils (blue) have symmetric ionization response between the two sides of the iZIP. Surface 
events from the 210Pb source (red), installed on side 1 of the detector, have an asymmetric response. 
Right: Ionization yield versus phonon recoil energy for the same data, with 2 sigma ionization yield 
selection of neutrons indicated by the green lines. The sloping black line is the ionization threshold (2 
keV) and the vertical black line is the recoil energy threshold (8 keVnr). The 210Pb source produces 
electrons in the 10-100 keV range at a rate of 70 events/hour. These populate the region between the 
electron recoil and nuclear recoil bands at an ionization yield of ~0.6. In addition to the electrons, the 
recoiling 206Pb nucleus from the 210Po alpha decay is also seen with an ionization yield of ~0.2, clearly 
ending at the 103 keV endpoint energy of the decay and confirming that we understand our nuclear 
energy scale. 
 
Studies performed at the Berkeley test facility have shown that partitioning of energy between 
phonon sensors on the two faces of the detector can also be used to achieve surface/bulk 
discrimination down to 2 keVnr. In cases where charge information is degraded, the outer 
phonon guard channels can also be used to identify events that take place at larger radius in 
the detector.  Finally, phonon signal pulse shapes exhibit significant differences between 
surface events and bulk events.  As the analysis of the Soudan data is refined, we will explore 
the use of phonon information to further improve rejection of surface events at low energies and 
diagnose systematic effects in the ionization-defined fiducial volume. 
 
3.2 Cryogenics 
 
The cryogenics system at Soudan, originally designed for the CDMS II experiment, consists of a 
commercial dilution refrigerator with cooling power of 400 uW at 0.1 K, ultra-pure copper cans to 
house the detectors, copper stems to carry heat from the detectors and bring their signals to 
room temperature, a cryocooler to remove excess heat at 4 K and 77 K, reliquifiers to maintain 
liquid helium and liquid nitrogen levels in the dilution refrigerator and all of the associated 
plumbing, instrumentation, controls and pumps to service the system.  
 

Pb210 Source Data from SuperCDMS Soudan
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206Pb 103 keVnr end pt

10 keVee line 
1keV FWHM
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(3) Backgrounds

• SuperCDMS Soudan

• SuperCDMS SNOLAB

12

Background (10-100 keV) Improvement comment
gamma 2E+02 reducing radioactivity
beta + Pb recoils 1.3E+00 decrease surface/volume ratio
radiogenic neutrons 1E+01 reducing radioactivity
cosmogenic neutrons 6E+02 three times deeper site

Background (10-100 keV) Total Vol (evt/keV/kg/d) Fiducial Vol (evt/keV/kg/d)
gamma NA 3.3E+00
beta + Pb recoils 9.7E-03 <2.8E-07
radiogenic neutrons NA 2.2E-06
cosmogenic neutrons NA 1.6E-04
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(4) Detector Discrimination
• SuperCDMS Soudan

• SuperCDMS SNOLAB

13

Background Total Fiducial Energy Comments
gamma NA >5(7) sigma 10(100) keVee ionization yield
beta + Pb recoil 6E-06 2E-01 10-100 keVr FV + single det hit
radio n’s NA 6E-01 10-100 keVr single detector hit
cosmo n’s NA 2E-03 10-100 keVr single det hit + veto

Background (10-100 keV) Improvement comment

gamma NA no improvement needed

beta + Pb recoils 2E+00 measure existing rejection

radiogenic neutrons 2E+01 singles/multiples + veto

cosmogenic neutrons NA no improvement needed at 
three times deeper site
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(5) Energy Threshold

• SuperCDMS Soudan

• SuperCDMS SNOLAB can use similar threshold 
specifications but expect improvements

14

Energy thresholds trigger analysis

electron recoils (standard iZIP) 2 keV (50% efficiency) 6 keVee (>90% efficiency)

nuclear recoils (standard iZIP) 4 keV (50% efficiency) 10 keVnr (>90% efficiency)

nuclear recoils (phonon only iZIP) 2 keV (50% efficiency) 2 keVnr (50% efficiency)

electron recoils (CDMSlite) 0.1 keV (50% efficiency) in progress

nuclear recoils (CDMSlite) 0.7 keV (50% efficiency) in progress
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(6) WIMP Sensitivity - experiments & theory
• CDMS II Soudan (blue solid)

• EDELWEISS II (green solid)

• CDMS-EDELWEISS (magenta)

• XENON100 (black solid). 

• CRESST II signal: 1-sig (dark 
purple), 2 sig (light purple). 

• DAMA signal: 90% C.L. (red), 
and 99% C.L. (dark red). 

• CoGeNT signal (orange). 

• cMSSM regions (with recent 
LHC and Higgs constraints) at 
68%, 95%, and 99% C.L.

• Sensitivities for 3-yr G1 
SuperCDMS Soudan (red)

• Proposed 4-yr G2 SuperCDMS 
SNOLAB 200kg experiment.

15

8B solar ν’s 3H background important
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Community should promote 8B signal
• from Louis Strigari

[http://arxiv.org/pdf/0903.3630v2.pdf]

• for 0.3 t-y Ge have 46, 12 & 3 evts above 1, 2 & 3 keVnr

16
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(6) Sensitivity for Low Mass WIMPs
• CDMS I SUF (magenta)

• CDMS II Soudan (blue solid)

• CRESST II signal: 2 sig (light 
purple). 

• DAMA signal: 90% C.L. (red), 
and 99% C.L. (dark red). 

• CoGeNT signal (orange).

• XENON100 2012 (orange)

• Projected sensitivity for 
phonon only analysis of 
standard data (black crosses) 
in SuperCDMS Soudan.

• Projected sensitivity for high 
voltage operation of CDMSlite 
(black dashes) in SuperCDMS 
Soudan.

17



Blas Cabrera - Stanford UniversitySuperCDMS Present & Future Page  

Planned layout for SuperCDMS SNOLAB
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Conceptual Cryo Design
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G2 SuperCDMS SNOLAB Detectors

20

Ge crystal - 1.4 kg each
100mm dia X 33.3 mm thick
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Measure Single Electron-Hole pairs

21
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•  Requirement:$Etrigger$~$50eV$
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Fi g . 1 . Schemat i c st r uct ur e of t he det ect or .

t i on wi t h t he di ode. One mi l di amet er br ass wi r es act i ng
bot h as el ect r i cal connect i ons and mechani cal suppor t
bet ween t he di ode- t her mi st or and t he subst r at e wer e
at t ached usi ng el ect r i cal l y conduct i ve epoxy [ 7] . The
heat capaci t y of t he Ge at 0. 3 K i s 7. 5 x 10 - ` 1 J/ K
whi l e t hat of t he ot her at t achment s i s est i mat ed t o be
2 x 10 - 10 J/ K. The t her mal conduct ance of t he br ass
l eads i s = 1. 5 x 10- 7 W/ K whi ch gi ves a t her mal
decay t i me const ant of = 1. 8 ms .

The ci r cui t used i s shown schemat i cal l y i n f i g. 2. The
i nput FET of t he ampl i f i er was mount ed i nsi de t he 3He
cr yost at and i s mai nt ai ned at a t emper at ur e of - 120
K. The bypass capaci t or kept t he vol t age acr oss t he
t her mi st or const ant dur i ng a pul se [ 8] . Si gnal s f r omt he
ci r cui t wer e f ur t her ampl i f i ed and f i l t er ed usi ng a
pseudo- Gaussi an shaper wi t h a t i me const ant of 1 . 2 ms .

Fi g. 3 shows spect r a obt ai ned usi ng an 241Amsour ce
wi t h t he det ect or oper at i ng at 0. 3 K. The oper at i ng
4vi edî uons wer e kept unchanged except f or t he di ode
bi as . Li near i ncr ease i n si gnal ampl i t ude wi t h i ncr easi ng
bi as vol t age can be seen. A spect r umobt ai ned wi t h zer o
di ode bi as and wi t h 17 t i mes hi gher ampl i f i er gal a: i s
shown i n f i g. 4. Wi t h zer o bi as, t he det ect or act ed as a
passi ve cal or i met er . The noi se of t he syst em as mea-
sur ed usi ng an r ms vol t met er connect ed t o t he out put of
t he shapi ng ampl i f i er r emai ned const ant wi t h i ncr easi ng
bi as unt i l I /d > 140 V at whi ch poi nt t he noi se began t o
i ncr ease shar pl y, pr esumabl y due t o t he onset of exces-
si ve l eakage cur r ent ( f i g. 5) . The maxi mumsi gnal - t o-
noi se r at i o, obt ai ned at Vd = 140 V, cor r esponds t o an

i ct aYOl l l t , : a i zc of 160 el l FWHM.
Based on t he val ue of dR/ dT of t he t her mi st or and

t he heat capaci t y of t he det ect or , i t shoul d be possi bl e
t o obt ai n an avt. waavaaer t r oni mc noi sees l evel. of .'. . : v
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Phonon Energy Resolution Estimates

• ΔE ∝ Tc3

• Tc= 20mK: x125 

better than CDMS!

• Engineering Hurdles

• IR loading

• 20mK W Tc

• Single Excitation Sensitivity Should Be Possible 
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(10) Determine WIMP Parameters
• These four figures show reconstructions for SI 

interactions of mW = 15, 50, 100, 1000 GeV/c2 in a Ge 
detector with an exposure of 300 kg-yr. The assumed SI 
cross sections are 10-8 pb, 10-9 pb, 2x10-9 pb, and 10-8 pb 
respectively with the SD=0. Such particles would produce 
44, 41, 73, and 54 events respectively. The threshold is 
10 keV and include 0.4 event background. The two 
contours shown are for 69% and 95% C.L., and these 
plots do not have astrophysical uncertainties included.

•
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Stronger Reconstruction with Ge & Xe
• Benchmark point with mW = 50 GeV, σSI=10-9 pb, 

σSD=10-5 pb, giving 42 evts in Ge and 79 in Xe.
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Summary
• The performance of the new iZIP detectors deployed in 

SuperCDMS Soudan has already proven to be excellent. We 
expect initial science results in 2013 for light mass WIMPs. 

• The science case for WIMP dark matter remains compelling 
and direct detection experiments are the surest way to 
establish this case within the Cosmic Frontier community. 

• Community should use 8B solar neutrinos as calibration and 
convincing demonstration of sensitivity for WIMPs with G2.

• The CDMS cryogenic Ge technology has consistently shown 
low backgrounds, and iZIP detectors ensure that surface 
electron backgrounds are rejected for SuperCDMS Soudan 
and for G2 200 kg SuperCDMS SNOLAB experiment. 

• Exciting possibilities for much lower phonon thresholds and 
substantial improvements in charge thresholds with HEMTs.
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