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Current Situation
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‘Z IP ‘ CDMS Detectors (phonon readout)

photolithographic patterning produces 4144 "thermometers”
(quasi-particle-assisted electrothermal-feedback transition-edge sensors)

Phonon Absorption ~30% Trapping Region
Al g °£®:°\o °e ;f “ec ;:T ° Heated W electrons
>. 4
l N \l/ Read out by SQUID Array
sub 2A A] Cooper pairs
E;;=10A Al
Quasiparticles transport
Germanium the energy to the W TES

substrate

1 cm thick x 7.5 cm diam crystals of
250 g Germanium or 100 g Silicon



‘Z TP ‘ CDMS Detectors (ionization readout)

Concentric electrodes define a fiducial volume

Charge traps neutralized by
LED flashing on a regular basis

Combine with Phonon Signal to get
Discrimination between ER and NR

Tonization vs. Phonon Signals

Calibration Sources
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Yield = Bulk Gamma Rejection
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‘Z TP ‘ CDMS: Surface Event Rejection
via phonon timing

Any trace p-emitters on a detector surface have
iIncomplete ionization and can fake a nuclear recoill.

Yield = Normalized and position-

corrected lonization to Phonon ratio Calibration Data
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SuperCDMS: Surface Event Rejection
via interleaved electrodes

iZIP]
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Surface Event Rejection

via interleaved electrodes
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via interleaved electrodes

SuperCDMS: Surface Event Rejection
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Surface events will fail a charge symmetry cut




‘i ZIP ‘ Still have rejection via phonons too!

Surface event discrimination can also be seen in
phonon pulse shape differences (timing)
and energy partition in z-direction

Surface Event: side summed pulses (Pr~25keV)

50 | : : Bulk NR Event: side summed pulses (Pr~25keV)
S22 25 . ——
S1(+2) S1(+z)
“or 25 keV ER I 25 keV NR
near top surface ARl In Bulk
30 : sk ol
201 .
{ 10
T
| [Fpe
101 | S O B sk
! . |
' I ||J " | it f |
I 1]
O o
10 | | | | | |
0 500 1000 1500 -5 0 00 1000 1500

time (us)




ll : “ _’.’%‘h
/4NN |
¥ ‘ ZEVIAN

AIZ

> —

|2

MIRY ., 3
N

i" N ZIRG ]
NN
b7
a P

Ancient lead

AE
\'-"\

Pb: shielding from gammas |\ 7 g
resulting from radioactivity ) & T
moderate

neutrons produced from fission
decays and from (&,n) interactions
resulting from U/Th decays







CDMS Il
ZIP Tower

Fitting SuperCDMS into Soudan

SuperCDMS Soudan
IZIP Tower

} SOUET Asserilies [

Only 3 detectors per tower
Re-use CDMS electronics
Total fiducial mass increased

Tower 3 includes 219Pb plated
wafer sources (50 events/hour)
to test surface evt rejection

Primary means of determining
surface event rejection of iZIP

iZIP detector

| 1Z1P detector W

iZlP detector



SuperCDMS Soudan Data: Surface Event Rejection

210pp = 210Bj*/Bi =>» 210Po which then alpha decays to 296 Pb

@® Failing Charge Symmetry Selection @® Failing Charge Symmetry Selection
@ Passing Charge Symmetry Selection @ Passing Charge Symmetry Selection
' ==+20 Nuclear Recoil Yield Selection 45 ® Neutrons from Cf-252 Callbratlon Source
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Demonstrated Rejection (Soudan, 900 live hours with 219Pb source)
<2.9x 10° @ 63% WIMP fiducial cut

Rejection (surface test facility with 199Cd source)

749 WIMP fiducial




An Evolving Detector

CDMS 1I SuperCDMS Soudan SuperCDMS SNOLAB
Single-sided Double-sided Double-sided
1 cm thick 2.5 cm thick 3.3 cm thick
3”diameter 3”diameter 4”diameter
250 g Ge 620 g Ge 1.38 kg Ge
2 charge + 2 charge 2 charge + 2 charge
2 charge + 4 phonon 4 phonon + 4 phonon 6 phonon + 6 phonon

0 OO

5 towers of 6 det each 5 towers of 3 det each

e®

24 towers of 6 det eac

.......




An Evolving Detector

CDMS I

SuperCDMS Soudan

SuperCDMS SNOLAB

Papers Published

WIMP search 10<E<100keV
CDMS-Edelweiss Combined
Limits on Inelastic DM
Axion limits
Low threshold Ge
Annual Modulation

IDM talk by Scott A Hertel

Papers in process

Reanalysis: improved
pulse-finding at low E,
with 4 analysis techniques
IDM talk by Joseph Kiveni
(Tom Hofer)

Silicon data from Reanalysis

Nuclear Recoil Energy Scale

Engineering run 2011
Physics run in progress

Demonstrate new
interleaved technology

Establish excellent
Background Rejection

og, ~ 5 x 104 cm?
for 60 GeV/c?2 WIMP

Concentrate on a
competitive limit of
og ~ 1041 for 5 GeV/c?

Explore Luke phonon
amplification mode

og ~ 104! for 3 GeV/c?
(80 keV,, threshold)

Ongoing R&D

100 mm detector
procurement
fabrication
testing
production (6 det/mo)

Readout improvements
Tower engineering
new SQUID arrays
JFET = HEMT

Installation @ SNOLAB
Shielding design
Cryogenic System
Neutron Veto

IDM talk by Silvia Scorza

Run 200 kg for 4 years
Og;. <. 8 x 1 0=alie
for 60 GeV/c?2 WIMP




Testing 4" diameter Detector Now

I See IDM talk by Hassan Chagani I

6-channel mask design is compatible with CDMS legacy electronics

One of 1000 tungsten Transition Edge Sensors (W TESS)
‘l’ connected to aluminum phonon energy collection fins

0 microns wide




CDMS Background Rejection keeps pace with Exposure

Net

Experiment

Shield

Cosmo Surface Fiducial

Exposure neutrons neutrons events Volume
CDMS-I SUF 28 kg-d (18 ) 2
CDMS-Il Soudan 1 kg-y .01 .07 1.2 37%
SuperCDMS Soudan 6 kg-y .07 34 .005 689,
SuperCDMS SNOLAB 385 kg-y .03 1 <.24 /3%
3
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CDMS Background Rejection keeps pace with Exposure

Experiment Net Cosmo Shield Surface Fiducial

Exposure neutrons neutrons events Volume

CDMS-| SUF 28kgd (18 ) 2
CDMS-Il Soudan 1 kg-y .01 .07 12 ) 37%
SuperCDMS Soudan 6 kg-y 07 005  68%
SuperCDMS SNOLAB 385 kg-y .03 1 (<24) 739
3
The beauty of SuperCDMS technology 2 —;Ziface
Bulk photon rejection 107 ; ~ 1 n/kg-day
Surface “beta” rejection 10-° .
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CDMS Background Rejection keeps pace with Exposure

Experiment Net Cosmo Shield Surface Fiducial

Exposure neutrons neutrons events Volume
CDMS-| SUF 28 kg-d

CDMS:-II Soudan 1 kg-y
SuperCDMS Soudan 6 kg-y

SuperCDMS SNOLAB 385 kg-y

The beauty of SuperCDMS technology 2
Bulk photon rejection 107 ;

Surface “beta” rejection 10

~ 1 n/kg-day

OROVILLE {(USA)

iMB {USA)

No muon veto at SNOLAB
Neutron veto/monitor could reduce

dependence on shielding radiopurity

~ 1 n/kg-yr
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Moving to Lower Thresholds

2.0 keV nuclear recoil phonon pulse, T125

40| 20 kHz low-
30} pass filter
£ 20
=
2 10
-

0 260 460 600 860 1600 1200
Time (us)
Phonon signal is still reasonable,
But risetime is less useful

WIMP recoil spectrum, M=7 GeV/c2, 6=1.5x10%° cm?

Ge
—Si

Event rate (keV"lkg"l dh
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Recoil energy (keV)

Electron recoil phonon spectrum, T1Z5
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=
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Recoil energy (keVee)

phonon and ionization energy calibration
uses the 7!Ge=» 7!Ga neutron activation
lines from the 252Cf source run

Germanium still wins out for 5-10 keV
Silicon may do better for 2-5 keV



] ) Black: WIMP search data
CDMS Candidate Selection Red: Candidate NR
Blue: NR band def’n
Grey: 2°2Ca Calibratio
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Ionization yield

Yield for best detector (T1Z25)

What do we give up at low threshold ?
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Zero-charge events

2 10
Recoil energy (keV)

Optimum Interval method
sets 90% CL limits in the presence

of ALL events in band
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Risetime compromised =» No phonon timing cut

lonization signals too small =» No fiducial cut

No longer “background-free”
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However, all candidate events are consistent
with Background

1.3 keV
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Dominated by zero charge events.

~ As fiducial cut fails and penetration depth decreases
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SuperCDMS will target the low threshold
region early !

Zero charge events are already much less in the current run with iZIPs

" CDMS-IIL.T.
AMA

* EDMSLite ¥ENON 10
\{proj.) A\

Additional handles in data:
phonon outer ring fiducial cut
many new parameters to study 39
e.g. phonon z-partition

—_
o

Better understanding of the phonon
and charge propagation physics with
a sophisticated new detector

Monte Carlo
See IDM talk by Daniel Brandt
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CDMSLite: Low lonization Threshold Experiment
See IDM talk by Ritoban Basu Thakur

E(phonon) = E(recoil) + e

_—

Luke Phonons interfere with timing cut and
complicate yield discrimination .
So CDMS runs with V, <10 (Luke Gain ~2) o,

to minimize effect

For low threshold, crank up the gain and
lose the separate ionization channel.

eV, E(charge)

Early CDMS Silicon ZIP tests
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SuperCDMS provides complementary technique and
competitive limits for a broad range of WIMP masses

IZIP technology provides a compact, modular approach with a
wealth of information on an event-by-event basis.
Background rejection is already sufficient for ton-scale experiments
bulk photon leakage: 10-7 Surface event rejection: 10-°

Soudan Runs (2012-14)
Demonstrate IZIP operation and final background reduction
Run still statistics-limited, but data and simulation = already achieved !
Confirm limits for 60 GeV WIMP with germanium technology
Explore new parameter space for low mass WIMPs

Better discrimination at low energy
A long stable run could provide new annual mod. and axion limits.

2013 R&D
Scale up our detectors to higher mass. Already testing the 4” detectors
Streamline detector fab =» 6 iZIPs per month
Prepare new tower hardware, readout electronics, DAQ, Cryo and shield

SNOLAB 200 kg (24 towers) run gets us to <8 x 104’ cm? @ 60 GeV/c?
running at SNOLAB (deeper site, higher purity shielding)




