Recent results from the second CDMSlite run
and overview of SuperCDMS SNODAB project
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Introduction
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DM search

Indirect Search
DM annihilation

Direct Search

B Nuclear elastic scattering
M. Attisha 5



Direct DM search
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CDMS project history
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CDMS 1 (1998 - 2002)
= 6 detectors
= | kg Ge, ~30 kg-days
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SuperCDMS Soudan (2009 - 2015)
15 detectors

= 9 kg Ge, ~2500 kg-days

SuperCDMS SNOLAB
= 3( detectors

= 30 kg Ge, 5kg Si

s CDMS II (2003 - 2009)
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SuperCDMS Soudan
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CDMSlite

= There are 5 towers, 3 detectors each
* 3 inch diameter, 2.5 cm thick, 600g
Ge crystal (CDMS 1I1: 240¢g)

* 4 phonon and 2 charge channels/side




Detection technique — phonon & charge signals

o1 AR

T AN

cooper pair -> 8P o {OO W TES

Al ﬁns ditfuse 22 O LONO

) Phonon
bias

DM scatters off a target nuclon (Ge/S1)

-> creates prompt phonons & e-h pairs
e/h™ are separated by E-field and drift to electrodes

-> creates Luke phonon due to the Naganov-Luke effect
e/h™ are read out with the charge sensitive amplifier

Phonons break cooper pairs in Al fins, create quasi-particles (QPs)
QPs are collected in W Transition Edge Sensors (TESs) 9



Detection technique — TES
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TES Resistance

cooper pair -> 8P 05 5 W TES

Al ﬁns diffuse QO 0 [ OG5
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TES resistance sharply increases as warmed up
-> current changes 1n the input coil

superconductive

Phonon

R ~ 300 mQ

| T, ~70 mK

Temperature
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input coil
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Output

SQUID

\Y

SQUID Amp

SQUID amplifier reads the induced magnetic flux in the input coil |,



1Z1P detector — surface rejection with charge
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1ZIP detector — 10nization yield
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® Failing Charge Symmetry Selection
m=1+26 Nuclear Recoil Yield Selection

Nuclear Recoil (NR)  Electron Recoil (ER)
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= Jonization yield: Y = Eo/E

recoil

= NR events creates less e-h pairs, compared with ER for same E.
Y ~ 1 for ER, ~ 0.3 for NR
-> NR events are distinguishable from ER with 1onization yield,



1ZIP detector — surface rejection with phonons

Bulk NR Event: side summed pulses (Pr~25keV)
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HYV detector — CDMSlite
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CDMS low-ionization threshold experiment

" One SuperCDMS 1ZIP detector was operated in HV mode
= gide 1: OV, side 2: 70V
= Read phonon signals at side 1
= Phonon signals are enhanced due to the Naganov-Luke effect

:IOb: C Triglger'
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= No ER-NR discriminations 14



CDMSlite — recent upper limits

* First Run in 2013 10737,
= 6.5 kg-days '
= 170 eV, threshold 10738}

= Second Run in 2014
= 1nstall vibration sensor & 10739
. . .. E
= better LF noise rejection 9 _
= better energy calibration ¢ ;-40.
= new radial fiducial cut
= 70 kg-days 107411
= ~56 ¢V, threshold

10742
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SuperCDMS SNOLAB — overview
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Selected as DOE/NSF 2nd-generation direct dark matter searc
Larger Ge/S1 crystals: 1.4 kg for Ge, 0.5 kg for Si 1
= 4 inch diameter, 3.3 cm thick
5 towers: 6 detectors/tower
= 3Ge1ZIP, 1 S11Z1IP, 1 HV (4 Ge + 2 S1) towers
= Up to 31 towers are deployable
Lower background

* Lower Radon exposure

= Lower cosmogenic activation =

= Lower muon flux at deeper site [~
Improved signal readout '

= Phonon: new SQUIDs & -

» Charge: FET -> HEMT (7mW -> 0.1 mW/deV1ce) 1 e
Improved resolution with lower T, A



SuperCDMS SNOLAB — detector design

= 1ZIP detector

" 6 phonon + 2 charge channels/side
= HV detector

= gide 1: +50V, side 2: -50V

" 6 phonon channels/side

-> surface rejection 05pE=2 —
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SuperCDMS SNOLAB — projected sensitivity

o1 A/
D N
1037 107!
S B
103 R 07
1 \3- Oh2)
— 107% e 18 G ez 1073
NE 1IN IN .\N\ i)
10740 L \\\ Q CDMS Si 1107% &
9 (9_;‘ o \ % \‘\\\:\\ (2013) ?
_ QD AT N N 12) _
§ 1074 =vg \ib SN \N\PLE RO oot e01d_—107 .S
= & 2 SN ‘:‘\ ‘\{\\\“ Y CRESS cOUPP 5
Q - NO =%~ _ - &zg\ ~— 1n— O
21077 gt T IR NS - 107 2
% —43 \OLAB ‘ \ \‘\ ’ ] S N ~ — - - 0 (20‘\2) -7 8
e 107 SR - =T \ "r‘ — - )(enomo 110 =
S AR €000 — = = A
= 107 Be SNk - -7 soosete-= 1078 g
8 Neutrinos A\ N ,_}‘\—%‘;—’S\\\O)’E/— 8
S 10745 LAY \ === 00 O
Neutrinos § M == BN p3600_ = = génon' ! __ — =)
S::s 46 \ QR*ﬁ.a. \,.,;-‘5—; - DEAP//— - — -1 10 |:
— | \ = —" —_—:”’ //‘-—‘/ | —
QL 10 \\\\\ e T T WSS -T2 10 E
— N —_— - _
E 10 47 | \\\ \\_____:-j’_,— 10 llE
B 10—48 I - SNBNQ\.\\(\Y\OS | 10—]2
D
netc an
107491 . pmosP 10713
10-50 M. Pyle, E. Figueroa 0-14
0.2 1 10 100 1000 10

WIMP Mass [GeV/c?]

* SuperCDMS SNOLAB can uniquely probe low mass DM, m <5 GeV
" Ge and S1 targets will allow us to study non-standard interaction

= Ge iZIP will detect ~ 15 8B solar neutrinos



Summary/Conclusion
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= CDMS has been leading the direct dark matter search experiment
for the past 15 years.

= The recent results of 70kg-days exposure in the second CDMSlite
run excluded new parameter space for low-mass dark matter
particles, in the dark matter mass range of 1.6 - 5.5 GeV.

= The SuperCDMS collaboration is moving forward with the design
and construction of the SuperCDMS SNOLAB project.

= Lower backgrounds, lower threshold and improved detector
resolution in SuperCDMS SNOLAB will allow us to uniquely and
deeply probe the DM parameter space, especially for low-mass DM
models.

= We will also be able to detect ®B solar neutrinos

19



