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ZIP	  Detector	  OperaAon	  
•  CDMS	  ‘ZIP’	  detectors	  employ	  a	  robust	  and	  powerful	  discriminaAon	  technique:	  

–  Use	  both	  ionizaAon	  and	  phonon	  readout	  to	  idenAfy	  	  signal	  and	  background	  recoil	  
events	  on	  an	  event-‐by-‐event	  basis	  

–  Most	  of	  the	  energy	  is	  determined	  by	  the	  phonon	  signals,	  which	  are	  not	  staAsAcally	  
limited	  and	  have	  good	  energy	  resoluAon	  to	  improve	  background	  rejecAon.	  

–  Reading	  out	  the	  phonons	  before	  significant	  
	  thermalizaAon	  gives	  event	  posiAon	  informaAon.	  

	  	  	  	  	  	  	  	  	  
–  Requires	  TransiAon	  Edge	  Sensors	  (TESs)	  	  
	  	  	  	  	  	  	  	  	  fabricated	  using	  semiconductor	  photo-‐	  
	  	  	  	  	  	  	  	  	  lithographic	  techniques	  and	  operated	  below	  	  
	  	  	  	  	  	  	  	  	  100	  mK.	  	  

–  Also	  measure	  signal	  in	  charge	  	  
	  	  	  	  	  	  	  	  carriers:	  ionizaAon	  =	  holes	  +	  electrons	  

	  to	  give	  near-‐surface	  locaAon	  informaAon	  
	  and	  idenAfy	  event	  recoil	  type.	  
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iZIP Charge signals reject near-surface events 
•  Define a fiducial volume : 

–  Outer charge electrodes separately 
read out for radial information 

–  Complex E-fields produced by 
interleaving electrodes encode near-
surface position Information  

 
 

 

Symmetric Events = Bulk 

Asymmetric Events= Surface 
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Electrons	  

Holes	  

Electrons	  Holes	  

Phonon	  sensors	  @	  0V	  IonizaAon	  electrodes	  @	  ±2V	  



l  Electron or Nuclear recoil event occurs in germanium substrate. 
l  Aluminum fins 300 nm thick absorb phonons arriving from substrate underneath. 
l  Fins connect to Tungsten transition edge sensors (W TESs).  
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experiments. Significantly, in the case of Ge, the ionization scale has been precisely measured
down to nuclear recoil energies of 254 eVr [75] using a novel technique involving capture of thermal
neutrons onto 72Ge.
4.1.2 Detector Performance at Soudan
The performance of 76 mm diameter iZIP detectors was first studied at the UC Berkeley (UCB)
test facility from 2009�2011. The UCB studies yielded extremely promising background rejection,
but were limited by cosmogenic neutron backgrounds in the dark matter signal region. Background
rejection for events in the dark matter signal region can be measured directly for detectors operated
deep underground. Since 2012, this has been carried out using fifteen iZIP detectors at Soudan.
Two of these detectors were installed with a 210Pb source. This isotope, along with its daughters,
is one of the primary sources of surface events for SuperCDMS. The deployed sources produce
electrons by beta decay between 10–100 keV

nr

at a rate of ⇠70 events/hour/source. As seen in
Fig. 4 (center), these electrons populate a region of reduced ionization yield, which lies between
the electron-recoil (yield ⇠1) and nuclear-recoil bands. In addition to electrons, the recoiling 206Pb
nucleus from the 210Po alpha decay is also seen with an ionization yield of ⇠0.2. These events occur
at a rate ⇠ 25% that of the electrons, with some of the events lying in the nuclear recoil yield band
at low recoil energies. Both the betas and the 206Pb events are distinguished from events in the
bulk of the detectors by their asymmetric ionization response. A similar technology has also been
deployed by EDELWEISS [76]. Events in the outer radial regions of the detector, which also su↵er
from reduced yield, are removed by comparing the ionization collected in the outer guard electrode
to that collected on the inner electrode.

Figure 4: (left) Shown are the symmetric charge events (blue dots) in the interior of the crystal, and the events
that fail the symmetric charge cut (red dots), including surface events from betas, gammas and lead nuclei incident
on side 1 from the source. (center) Same data, but in the ionization-yield versus phonon recoil-energy plane with
±2� ionization-yield range of neutrons indicated (area within green lines). The hyperbolic black line is the ionization
threshold (1.6 keVee - ‘ee’ for electron equivalent); the vertical black line is the recoil energy threshold (8 keVr).
Electrons from 210Pb (below ⇠60 keVr) and 210Bi (mostly above 60 keVr) are distinctly separated from 206Pb recoils
(low yield, below ⇠110 keVr). A low-yield outlier (blue with black circle), which is outside the signal region but just
satisfies the charge symmetry requirement is easily removed with a loose phonon symmetry cut (see Fig. 5 right).
(right) In addition to the data in left & center, this panel also shows nuclear recoils from a 252Cf neutron source
(green). As bulk events, these exhibit a symmetric response between side 1 and 2 like the bulk electron recoils at
higher yield, and are thus nicely separated from charge-asymmetric surface events.

Over 2500 live-hours, containing 182,180 betas and 206Pb recoils, have been analyzed from the
Soudan run (Fig. 4). A nuclear recoil signal region was defined by the 2� band around the mean
yield measured for nuclear recoils (using a 252Cf neutron source). After application of ionization-
signal fiducial-volume cuts, no surface events were found in the nuclear recoil signal region above a
recoil energy of 8 keV

nr

. This fiducialization yields a spectrum averaged passage fraction of ⇠50%
in the energy range of 8�115 keVr for an ⇠60 GeV/c2 WIMP. The upper limit to the surface event
rejection is < 1.26 ⇥ 10�5 at 90% C.L. This analysis is an update to the work presented in [68].
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SuperCDMS	  ZIP	  background	  rejecAon	  
Surface-‐event	  Rn-‐daughter	  sources	  placed	  above	  and	  below	  2	  detectors	  (in	  situ	  @	  Soudan)	  
50	  live	  days	  à	  0	  of	  132,968	  surface	  events	  leaked	  into	  NR	  signal	  region	  (	  >	  8keV)	  

à	  Good	  enough	  rejecAon	  for	  proposed	  SuperCDMS	  SNOLAB	  
	  	  (100	  kg,	  σχ-‐N<	  8	  x	  10-‐47	  cm2	  	  for	  60	  GeV/c2	  WIMP)	  

206Pb	  Recoils	  

Surface	  Betas	  

Bulk	  NRs	  

Bulk	  ERs	  

Bulk	  ERs	  

Bulk	  NRs	  

iZIP	  1	  
210Pb	  

iZIP	  2	  
iZIP	  3	  
210Pb	  



iZIP	  Phonon	  Pulse	  Shape	  DiscriminaAon	  

Surface Electron vs Nuclear Recoil 
discrimination seen in operating iZIP 
detectors in both phonon pulse shape 
differences and energy partition in z-
direction. 

 
 

SuperCDMS Soudan iZIP Phonon sensor layout 

25 keV electron event near top surface 

 
 

25 keV nuclear recoil event  in bulk 
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SuperCDMS	  Soudan	  —	  iZIPs	  
IonizaAon	  and	  phonon	  signals	  give	  electron	  recoil	  vs	  
nuclear	  recoil	  discriminaAon.	  

Used	  7	  Ge	  detectors	  with	  lowest	  noise	  for	  this	  low-‐mass	  
WIMP	  search	  (others	  used	  to	  reject	  mulAple	  sca_ers)	  

à  Disagreement	  with	  expected	  WIMP	  sensiAvity	  above	  
20	  GeV	  WIMP	  mass	  due	  to	  high	  energy	  events	  from	  
damaged	  detector	  (T5Z3)	  

à  Tension	  with	  prior	  CDMS	  II	  Silicon	  result	  
	  

Boosted	  Decision	  Tree	  trained	  with	  a	  background	  model	  
à  Significant	  sources	  include	  Pb-‐210,	  Ge	  L-‐capture,	  

gammas	  from	  K,	  U,	  Th	  contaminaAon.	  

A.	  Anderson	  et	  al.,	  Phys.	  Rev.	  Le6.	  112,	  241302	  (2014).	  	  ArXiv:	  1402.7137	  

This	  result	  

recoils in the range of 2.6–5.1 keVee. The average rate of
the L-shell EC events is estimated by scaling the observed
rate in the open data set by the ratio of the K-shell event
rates in the WIMP-search and open data sets. We use
GEANT4 to simulate the implantation and decay of 222Rn
daughters starting from 214Po as described in Ref. [24].
Background components from 210Pb decay products (betas,
conversion electrons, and x rays), 210Bi betas, and 206Pb
nuclei from 210Po decays are considered, with rates
normalized to the alpha and 206Pb decay products of
210Po under the assumption of secular equilibrium.
The background model is implemented using events

from high-energy WIMP-search sidebands and calibration
data as templates for low-energy backgrounds. Ionization
and phonon pulses are scaled to lower energies, injected
with noise from randomly triggered events throughout the
data, and reconstructed as actual data. Templates for each
background type were taken from different energy intervals
ranging from 10 to 150 keV in recoil energy. 133Ba
calibration data and K-shell EC events are used as
templates for the Compton recoils and L-shell EC events,
respectively. Templates for 210Pb daughters are sampled
from high-energy betas and 206Pb recoils.
Figure 2 shows the individual components of the back-

ground model as a function of the 10 GeV=c2 BDT
discrimination parameter after applying the preselection
criteria. This background model was finalized prior to
unblinding and predicted 6.1þ1.1

−0.8 (statþ syst) events

passing the BDT selection. Simulations of radiogenic
and cosmogenic neutrons, as described in Ref. [22], predict
an additional 0.098" 0.015 (stat) events. These estimates
included only known systematic effects. Because the
accuracy in background modeling required for a full
likelihood analysis is difficult to achieve in a blind analysis
of this type, the decision was made before unblinding to
report an upper limit on the WIMP-nucleon cross section
for this first analysis.
Upon unblinding, 11 candidates were observed, as

indicated in Fig. 3. The events were found to be of high
quality and occurring during good periods of experimental
operation, except for the lowest-energy candidate, which
has an abnormal pulse shape and is suspected to be noise.
As seen in Table I, the observed number of events is
consistent with the background prediction for most detec-
tors. However, the three high-energy events in detector
T5Z3 strongly disagree with the background prediction.
The probability to observe at least this many background
events on this detector is 4 × 10−4. These events are
observed on the only detector in this data set that has an
ionization guard electrode shorted to ground. Although
the background model was developed to account for the
shorted channel, we realized after unblinding that the
altered electric field may have affected the selection of
the background model templates, potentially making the
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FIG. 2 (color online). Top: Stacked histogram showing the
components of the background model passing the preselection
criteria summed over all detectors (neutron backgrounds are
negligible and not included). For comparison, a 10 GeV=c2

WIMP with cross section 6 × 10−42 cm2 is shown on top of the
total background. Events passing preselection criteria are overlaid
(markers with statistical errors). A p-value statistic comparing the
data to background model is 14% for this selection. Bottom:
Difference between the data and the background expectation. Tan
bars indicate the systematic uncertainty (68% C.L.) on the
background estimate. Each component of the background model
was computed prior to unblinding and was not fit or rescaled to
match the data.
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FIG. 3 (color online). Small gray dots are all veto-anticoinci-
dent single-scatter events within the ionization-partition fiducial
volume that pass the data-quality selection criteria. Large
encircled shapes are the 11 candidate events. Overlapping shaded
regions (from light to dark) are the 95% confidence contours
expected for 5, 7, 10, and 15 GeV=c2 WIMPs, after application
of all selection criteria. The three highest-energy events occur on
detector T5Z3, which has a shorted ionization guard. The band of
events above the expected signal contours corresponds to bulk
electron recoils, including the 1.3-keV activation line at a total
phonon energy of ∼3 keV. High-radius events near the detector
sidewalls form the wide band of events with near-zero ionization
energy. For illustrative purposes, the Lindhard nuclear-recoil
energy is provided as an approximate nuclear-recoil energy scale.
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CDMSlite (This result)
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SuperCDMS	  Soudan	  —	  CDMSlite	  

-‐69	  volts	  

0	  volts	   Readout	  Side1	  phonons	  

Luke-‐amplified	  ionizaAon-‐energy	  measurement	  
	  	  

24x	  amplificaAon	  of	  ionizaAon	  energy	  via	  phonons	  
à	  10x	  lower	  threshold	  for	  ERs	  
à	  ≈	  equal	  noise	  performance	  

	  

No	  event-‐by-‐event	  ER-‐NR	  discriminaAon	  
à	  But	  near	  perfect	  signal	  efficiency	  
	  

Fall	  2012	  search	  for	  light	  WIMPs	  
à	  Single-‐detector	  10-‐day	  exposure	  (5.9	  kg-‐days)	  
à	  Observed	  rate	  à	  1.2±0.2	  events	  /keVnr	  /kg-‐d	  

Ge	  1.3	  keVee	  L-‐shell	  
acAvaAon	  line	  

vs.	  normal	  
±2V	  mode	  

Recoil	  phonons	  

Electron	  propagaAon	  

Luke	  phonons	  

Hole	  propagaAon	  

Vbias	  

D.	  Bauer	  et	  al.,	  Phys.	  Rev.	  Le6.	  112,	  041302	  (2014).	  	  ArXiv:	  1309.3259	  



CIPANP 2009, Jonghee Yoo (Fermilab)

1111Solar Axion Detection Principle

Photons
in the Sun Coulomb Field

X-ray detector

The Sun
The Earth

a

11	  

Axions	  –	  Solar	  DetecAon	  

–  Events	  are	  Electron	  recoil	  events,	  in	  presence	  of	  background,	  	  CDMS	  II	  used	  
informaAon	  on	  the	  Sun’s	  locaAon	  and	  coherent	  sca_ering.	  

–  See	  J.H	  Yoo	  et	  al.,	  Phys.	  Rev.	  Le6.	  103,	  141802	  (2009).	  	  ArXiv:	  0902.4693	  

Primakov	  conversion	  to	  photons,	  	  
gaγγ	  <	  10-‐8	  GeV-‐1	  	  



CIPANP 2009, Jonghee Yoo (Fermilab)

1313CDMS : Crystal and Bragg Scattering

Coherent scattering of an axion in a crystal

Bragg condition

12	  

CDMS	  II	  Crystals	  &	  Bragg	  Sca_ering	  



CIPANP 2009, Jonghee Yoo (Fermilab)

1414CDMS : Direction of the Sun ?

• Amazing collaboration among the CDMS, NuMI/MINOS and old mine crews
• FNAL Alignment Group measured the geodesic north in the Soudan mine (1999)

Latitude : 47.815°N
Longitude : -92.237°E
Altitude : -210m

CDMS

13	  

CDMS	  II	  –	  Soudan	  Laboratory	  



CIPANP 2009, Jonghee Yoo (Fermilab)

1515CDMS : Direction of the crystal plane

• Germanium crystal structure : Face-Centered-Cubic (fcc)
• Overall error in the direction measurement : 3 degree

North

14	  

CDMS	  II	  –	  Crystal	  orientaAon	  



CIPANP 2009, Jonghee Yoo (Fermilab)

1616Expected Solar Axion Event Rate

Very detailed calculations are involved
• Seasonal variation of the solar flux
• The height of the Sun changes in seasons
• Detector energy resolutions
• Systematic uncertainty of the detector direction
• Detector livetime information
    R123 :2006.10.21~2007.3.21, R124:2007.4.20~2007.7.16

200 CPUs x 2 weeks
@FermiGrid

15	  

Model	  the	  Solar	  Axion	  event	  rate	  



CIPANP 2009, Jonghee Yoo (Fermilab)

1717CDMS Low Energy Gammas 

! 

R(E,t,d) = "A(E,t,d) + B(E,d),

   " = [ga## /(10$8GeV$1)]2

B(E,d) = %(E,d)[&(d) + '(d)E + #(d) /E]

RT = dEdtR(E,t,d;",&(d),'(d),#(d))(
d

)

log(L) = $RT + log(R(Ei,ti,di))
i

)

Unbinned Likelihood Fit

16	  

CDMS	  II	  –	  single	  bulk	  electron	  recoils	  2

assuming the standard solar model [9] and a coupling
to the O(keV) black body photons in the core region of
the Sun. For axion masses ≪ 1 keV/c2, photon-axion
conversion creates a flux of O(keV) axions at the Earth.
The solar axion flux at the Earth is given by [10, 11] :

dΦa

dEa
=

6.02 · 1014

cm2 s keV

(

gaγγ · 108

GeV−1

)2

E2.481
a e−Ea/1.205, (1)

where Ea is the energy of the axion in keV and gaγγ is
the axion-photon coupling constant.

The axion-photon coupling to the nuclear Coulomb
field in the detectors converts axions back into photons
of the same energy (Primakov effect). Coherent Bragg
diffraction produces a strong correlation between inci-
dent beam direction and conversion probability, provid-
ing a unique signature of solar axions. The expected
event rate can be computed as a function of energy and
the orientation of the crystal relative to the location of
the Sun [12]. It is given as a function of observed pho-
ton energy E for a given axion momentum transfer q⃗ and
scattering angle θ [13], by:

R(E) = 2c

∫

d3q

q2

dΦa

dEa

[

g2
aγγ

16π2
|F (q⃗)|2 sin2(2θ)

]

W , (2)

where W is a detector energy resolution function. The
Fourier transform of the electric field in a crystal is
given as F (q⃗) = k2

∫

d3xφ(x⃗)eiq⃗·x⃗, which depends on

φ(x⃗) =
∑

i
Ze

4π|x⃗−x⃗i|
e−

|x⃗−x⃗i|
r =

∑

G nGeiG⃗·x⃗, where k is

the photon momentum, e is the elementary charge, x⃗i

is the position of a germanium atom in the lattice, r is
the screening length of the atomic electric field, Z=32
for germanium, and G⃗ is a reciprocal lattice vector. The
structure coefficients nG (defined in [13]) account for the
face-centered-cubic structure of Ge. The Bragg condition
(q⃗ = G⃗) can be expressed in terms of the axion energy as
Ea = !c|G⃗|2/(2û · G⃗), where û is a unit vector directed
towards the Sun.

The expected event rate is calculated based on an ac-
curate measurement of the orientation of each detector
with respect to the position of the Sun. We took the
specific geometry of the experiment, the live-time dur-
ing data taking and the seasonal modulation of the so-
lar axion flux due to the changing distance between the
Sun and the Earth into account. The geodesic loca-
tion of the Soudan Underground Laboratory is latitude
47.815◦N, longitude 92.237◦W and altitude 210m below
sea level. The geodesic north of the CDMS experimental
cavern was measured in 1999 by the Fermilab Alignment
Group [14]. A line connecting two survey points along
the central axis of the cavern was found to be 0.165◦E
from true north. By extension, the main horizontal axis
of the CDMS cryostat was found to be 0.860 ± 0.018◦E
from true north.
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FIG. 1: Time and energy dependence of the expected solar
axion conversion rate in a Ge detector for gaγγ = 10−8GeV−1.

Within the cryostat the 30 CDMS detectors are
mounted in five towers of six detectors each. The ver-
tical axis of each tower is aligned with the [001] axis of
the detectors. The (110) axis that defines the major flat
on each substrate is rotated with respect to its neighbors
above and below, such that the detectors form a helix
within each tower. The uncertainty in the absolute az-
imuth orientation of the crystal planes is dominated by
an estimated 3◦ uncertainty in the exact angular posi-
tion of the tower axes with respect to the central axis of
the cryostat. The uncertainty of the zenith angle mea-
surement was estimated to be less than 1◦. In Fig. 1 we
present the predicted event rate in a germanium detector
for an assumed coupling of gaγγ = 10−8 GeV−1.

In order to sample pure axion interaction candidate
events, we require that an event (> 3σ above mean noise)
was recorded in one and only one detector; i.e., a single
scatter. To make sure the selected events are not due to
residual cosmic ray interactions, they are required not to
be coincident in time with activity in the veto shield sur-
rounding the apparatus. Candidate events are selected
within the ±2σ region of the electron-recoil distribution
in ionization yield. Data sets taken within 3 days after
neutron calibrations are not considered in order to avoid
high gamma rates due to activation. The detection effi-
ciency is dominated by rejection of events with an ioniza-
tion signal in a detector annular guard electrode, covering
15% of the detector volume. The acceptance of our anal-
ysis cuts for single-scatter electron recoils was measured
as a function of energy (Fig. 2). The average event rate
of electron recoil singles below 100 keV in all detectors is
stable in time at 16%.

For the germanium detectors considered in this anal-
ysis, the summed background rate after correcting for
detection efficiency is ∼1.5 cpd (counts per day) kg−1

keV−1 (Fig. 3). The prominent 10.36 keV line is caused
by X-rays and Auger-electrons from the electron-capture
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FIG. 4: Comparison of the 95% C.L. upper limit on
gaγγ achieved in this analysis (red/solid) with other
crystal search experiments (SOLAX/COSME [15, 16]
(black/solid) and DAMA (upper black/dashed) [17]) and he-
lioscopes (Tokyo heslioscope (magenta/solid) [18] and CAST
(blue/solid) [11]). The constraint from Horizontal Branch
stars (lower black/dashed) is also shown [19].

by a Gaussian distribution function representing a spec-
tral line at a given energy or axion mass. We find no
statistically significant excess of event rate above back-
ground. Lacking a direct constraint on a possible 55Fe
contribution to the spectrum, we set a conservative up-
per limit, shown in Fig. 5, on the total counting rate in
this energy range without any attempt to subtract a pos-
sible background contribution. This result excludes sig-
nificant new Galactic axion parameter space in the mass
range between 1.4 and 9 keV/c2, and is inconsistent with
the interpretation of the DAMA signature due to axions
[25].

In summary, the solar axion search sets an upper limit
on the Primakov coupling gaγγ of 2.4×10−9 GeV−1 at
the 95% confidence level for an axion mass less than
∼0.1 keV/c2. This limit is the first one based on accu-
rate measurements of crystal orientations. The system-
atic error on the limit is estimated to be 7.9%, which
arises from the remaining uncertainty in the alignment
of the detector towers’ major axes to the central cryo-
genic axis. The local Galactic axion search analysis sets
a world-leading experimental upper limit on the axio-
electric coupling gaēe of 1.4×10−12 at the 90% confidence
level for an axion mass of 2.5 keV/c2, and excludes the
axion interpretation of the DAMA signature in the mass
range of 1.4 keV/c2 to 9 keV/c2.

This experiment would not have been possible without
the contributions of numerous engineers and technicians;
we would like to especially thank Larry Novak, Richard
Schmitt and Astrid Tomada. We thank the CAST and
Tokyo helioscope collaborations for providing us with
their axion limits. The direction measurement of the true
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FIG. 5: The allowed region (green/filled) from a Galactic
axion interpretation of the annual modulation signature ob-
served by the DAMA experiment [20] is shown. The 90% C.L.
upper limits on the gaēe coupling constant from this work
(red/solid) and the CoGeNT experiment (blue/solid) [23]
completely exclude the DAMA allowed region. The indirect
constraints from astrophysical bounds (black/dashed) are also
shown [24].
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CDMS	  II	  –	  Axion	  limits	  
Solar	  Axion	  search,	  gaγγ	  <	  2.4	  	  x10-‐9	  GeV-‐1	  

GalacAc	  axion	  search,	  gaee	  <	  1.4	  	  x10-‐12	  GeV-‐1	  

Axio-‐electric	  coupling	  strength	  from	  

443	  kg-‐days	  of	  Ge	  exposure,	  	  1.5	  counts/day/kg/keV	  for	  [2.0-‐8.5]	  keVee.	  	  	  
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SuperCDMS	  –	  SNOLAB	  

A	  GeneraAon-‐2	  Dark	  Ma_er	  search	  at	  deeper	  site	  focused	  on	  low-‐mass	  WIMPs	  
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Improve	  energy	  resoluAon	  x10	  
•  New	  electronics	  (HEMTs,	  SQUIDs)	  
•  Lower	  temperatures	  
•  Detector	  design	  
	  

G2	  

Reduce	  backgrounds	  x200	  
•  Material	  selecAon	  (Copper	  etc.)	  
•  Reduce	  cosmogenic	  acAvaAon	  (Ge)	  
•  New	  cleaning	  procedure	  (Copper)	  
•  Reduce	  radon	  plate	  out.	  
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SuperCDMS	  SNOLAB	  ladder	  lab	  

Shielding	  

Cryogenics	  

Electronics	  

μ	  flux	  down	  
by	  nearly	  103	  
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SuperCDMS	  SNOLAB	  shielding	  
Outer	  shielding	  (neutrons	  &	  gammas):	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  à	  40	  cm	  polyethylene	  	  	  	  	  	  	  	  	  	  

Inner	  passive	  shielding	  (gammas):	  
à	  23	  cm	  lead	  with	  radon	  purge	  

AcAve	  shielding	  (neutrons):	  
à	  40	  cm	  doped	  scinAllator	  

Nested	  cryostat	  (gammas):	  
à1/2–3/8”	  low-‐acAvity	  copper	  

Cold	  finger	  

Electronics	  signals	  

Detectors	  

Assumed	  bulk	  contaminant	  levels	  no	  lower	  than	  measured	  
by	  other	  experiments	  for	  easily	  available	  radiopure	  materials	  
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Detector	  advances	  for	  SuperCDMS	  SNOLAB	  
SuperCDMS	  Soudan	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  SuperCDMS	  SNOLAB	  

2	  ionizaAon	  +	  2	  ionizaAon	  
4	  phonon	  +	  4	  phonon	  

2.5	  cm	  thick	  
3”diameter	  
600	  g	  Ge	  

3.3	  cm	  thick	  
4”diameter	  

1.4	  kg	  Ge	  /	  615	  g	  Si	  

2	  ionizaAon	  	  +	  2	  ionizaAon	  
6	  phonon	  	  +	  6	  phonon	  

6	  towers	  of	  6	  iZIPs	  each	  5	  towers	  of	  3	  iZIPs	  each	  

Larger	  50	  kg	  target	  mass:	  
More	  &	  larger	  iZIPs	  
Cryostat	  large	  enough	  for	  400	  kg	  
Si	  &	  Ge	  crystals	  	  
Start	  with	  6	  towers	  of	  iZIPs,	  and	  1	  tower	  
	  in	  CDMSlite	  configuraAon	  (CDMS	  –	  HV)	  

	  

Lower	  background:	  
New	  facility	  at	  deeper	  site	  
Cleaner	  materials	  selecAon	  	  
Upgrade	  to	  acAve	  neutron	  veto	  in	  future	  

	  

Improved	  signal	  readout:	  
Phonons	  à	  new	  SQUID	  arrays	  
IonizaAon	  à	  switch	  to	  HEMTs	  
Improved	  tower	  design	  

	  

Improved	  resoluAon:	  
σphonon	  ∝	  Tc3	  àlower	  operaAng	  temp	  
42	  eV	  demonstrated	  (>4x	  be_er)	  
Improved	  cryogenics	  could	  give	  

>100x	  improvement!	  



SNOLAB	  iZIP	  100	  mm	  Detector  
Side 1 Side 2 

One of 1000 tungsten Transition Edge Sensors ( W TESs)  
 connected to aluminum phonon energy collection fins 

260 microns wide 
phonon sensor 
ribbon 
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	  SNOLAB	  100	  mm	  x	  33.3	  mm	  Ge	  iZIPs	  

–  Demonstrated	  fabricaAon	  of	  detectors	  at	  sufficient	  throughput.	  



Detector	  Towers	  for	  SNOLAB	  	  
100 mm Ge 
detector in a 

copper housing 

Integrated to CDMS II 
tower hardware. 
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•  New	  SNOLAB	  Detector	  Tower	  

	  
–  FETs	  replaced	  by	  HEMTs	  –	  power	  

dissipaAon	  
–  New	  SQUIDs	  for	  phonon	  readout	  –	  

signal/noise	  

HEMT	  card	  
	  
SQUIDs	  
	  
Cold	  Plate	  
	  
Mixing	  chamber	  
	  
Phonon	  verAcal	  cable	  
	  
Detectors	  	  
	  
IonizaAon	  cable	  (rigid)	  



Conclusions	  

•  DOE	  G2	  downselect	  approved	  SuperCDMS	  SNOLAB	  at	  50	  kg	  scale	  
•  CDMS	  upgraded	  technology,	  site	  depth,	  materials	  screening,	  shielding,	  and	  

(possible)	  acAve	  neutron	  veto:	  
	  à	  5	  years	  of	  operaAon	  with	  0.2	  total	  expected	  background	  for	  WIMP	  masses	  >	  ~10	  GeV/c2	  

	  

• Low	  backgrounds,	  improved	  resoluAon,	  upgraded	  electronics:	  
	  à	  unique	  discovery	  potenAal	  for	  WIMP	  masses	  1–10	  GeV/c2	  

	  à	  opportunity	  to	  repeat	  axion	  searches	  with	  lower	  background	  and	  more	  exposure.	  
	  
	  
	  

• CDMS-‐HV	  tower	  with	  high-‐gain,	  low-‐noise	  operaAon:	  
à  CDMSlite	  Run	  2	  at	  Soudan	  analysis	  in	  progress,	  more	  exposure,	  lower	  noise,	  
à  extremely	  low	  thresholds	  for	  world	  leading	  light-‐WIMP	  sensiAvity	  from	  0.3–5	  GeV/c2	  

à	  extend	  axion	  search	  to	  lower	  masses.	  
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