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Northwest ~ Experimental design, located at SNOLAB
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Northwest  Ge & Si solid-state cryogenic detectors

* High Voltage (HV) — Phonon-only * interleaved Z-dependent lonization &
measurement of ionization charge Phonon (iZIP) — NR/ER discrimination
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 Direct detection search for spin-independent dark matter interactions
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NATIONAL LABORATORY

 Anticipated: Tritium, 32Si (only in Si), surface Rn daughters, material impurities
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Spectra shown before detector resolution and application of single-scatter, fiducial volume, and nuclear recoil cuts
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« Exposure of Ge & Si crystals to secondary cosmic rays (e.g., n, p, i)
causes nuclear spallation producing a variety of long-lived, unstable nuclei

- Tr|t|um (°H) is especially problematic: t,, = 12.3 yr pure B-decay, Eg EE"d = 18.6 keV
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Northwest  Tritium from cosmic ray spallation

« SuperCDMS SNOLAB Goal: Less than 60 days sea level equivalent exposure
= One of four towers is composed of iZIPs with longer surface exposure
= Currently crystals have < 8 days sea level equivalent — shipped from Europe to SLAC
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Northwest  Surface backgrounds (Rn daughters)

- Radon daughters (long-lived 219Pb) are potential surface background sources

223y 80%: 517.0 keV Demonstration of
210pp 58.1%: {CO"V- e 30.2 keV + Auger ’s surface electron rejection with
_ + 22.0%: x-rays 9.4-15.7 keV . .
20%: 5 6.5 ke — 13.7%: Gonv. e 42.5 keV + Auger e interleaved germanium detectors
£ | 3.5%: conv. e 45.6 keV + Auger e for dark matter searches
210Bj 4.3%: y 46.5 keV

R. Agnese et al.,

100%: B1161.5keV\ 130,44 Appl. Phys. Lett. 103 (2013) 164105

100%: a 5.3 MeV . M
Detector = Performed with iZIP, not HV detector
face Pb 103 kev Surf ly irradiated detector f
210pb implanted urface source only irradiated detector face
- o _a Detector
t ‘ d Il @ Passing Charge Symmetry @ Failing Charge Symmetry O Low Yield Outliers
I sSigewa ~---Symmetry Cut Bounds —12c Nuclear Recoil Yield ® Neutrons from Cf-252 Calibration
| silicon wafer [y ; 0 T S T TR IR Sor s | I T T
| Phonon, ~— ————————— > oq, of (?é .‘ °
I Charge pe e ::'“ e <~ .{.100" ° ° 8 © % o g ° 1 00 ° So
| - ",:-‘ < ; = :: A X .S 0. ‘::’0?..0. o . F °
v N = AN S 80 oo 208 .
7 - / ) g * o ° 0® go o ° of > °
S . — > g 8 60} ° o ﬁ. :. o: .. .. Vo é 0.6 °
i GE,’ ¢ Se 8 .o -g
s 400 | . a ° L% %1204
i = ! 0800 ° o .e . 2 ......
(&) H Oo’ 0g.0-" : : )
N 20}/ . 0.2}
° ,
:E ~,5 g . g
;) Bl o A 0 . N : — =
0 50 100
________________________ Side 1 Charge Collection [keV]

20 40 _ 60 80 100 -1 05 _ 0 _05_ 1
Recoil Energy [keVr] lonization:(Side 1-Side 2)/Total



o

Pacific

Northwest  Cu surface background at detector sidewall

* SuperCDMS progressing from Soudan 10 gy——w_ 107
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Cleanliness tested with
XIA Ultra-Lo1800 alpha counter
by measuring polonium (?'°Po), not lead (?'°Pb) !!!
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Northwest  Cu surface background evaluation

* One year’s worth of XIA Ultra-Lo1800 measurements on cleaned Cu surfaces
= Shows unsupported 2'9Po on Cu surface XIA Ultra-Lo1800 background subtracted rates
» Electroformed Cu doesn’t show effect T McMaster | ® Cu-1 rate vs. time
= Suggests 2'°Pb in bulk of Cu ‘ e el
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« XMASS measured 2'%Po in bulk Cu
= |nferring 17-40 mBq of 21%Pb per kg Cu
= K. Abe et al., NIM A 884 (2018) 157-161
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“Flash” covering of
electroformed Cu

(notincludedinfity - -------"7

* In summary:

= Cu surfaces are clean for SuperCDMS
= Bulk 279Pb in Cu is out of 238U equilibrium

* Pursuing bulk measurements for publication 0 50 100 150 200 250 300 350
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Northwest  Kapton & CIRLEX trace radio-impurities

NATIONAL LABORATORY

« SuperCDMS uses Kapton & cirlex in electrical readout from detector towers
» Anticipated 17% of Ge HV background of SuperCDMS SNOLAB experiment
= Of this 17%... 81% is from equally Th and 4°K Detector
Kapton: A |

= DuPont polyimide film‘ /!1

CIRLEX = Acceptable,
= FRALOCK product bUtta t_a'lfgigfg
= Adhesively layered Kapton neerEs
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flex cable stack-up: 4-LAvers
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-1 .
[BOTTOM _ LAYER 4 |[<—30 ML CIRLEX, 1/2 OZ. COPPER (SLAC Supply) '

<—BOTTOM COVERLAY, .5 MIL

~——1900" ——&




o

Pacific

Northwest R&D detectors

* New developments using the athermal phonon sensor technology
» R.K. Romani et al., Appl. Phys. Lett. 112 (2018) 043501
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Northwest R&D detectors

dark photon kinetic mixing

* R. Agnese et al., ]
Phys. Rev. Lett. 121 (2018) 051301
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Northwest R&D detectors

* Suggests new reach for SuperCDMS

SuperCDMS DM Search  SuperCDMS WIMP Search
(Electron Recoil) (Nuclear Recoil)

o W

zeV aeV feV peV neV pueV meV ew keV\\\ Ilvle’V— :’<Gg\7\\ TeV PeV 30Mg
A

e I

<€ - - > <>
QCD Axion WIMPs
Ultralight Dark Matter Hidden Sector Dark Matter Black Holes
<€ > <€ >
Pre-Inflationary Axion Hidden Thermal Relics / WIMPless DM
<> <€ >
Post-Inflationary Axion Asymmetric DM
<€ >

Freeze—lh DM

US Cosmic Visions «—>
arXiv:1707.04591 SIMPs / ELDERS




o

Pacific

Northwest  Summary

* SuperCDMS searching for direct detection of low mass dark matter
= Projected reach ¢ ~ 1043 cm? at 1 GeV/c? dark matter mass

= Under construction now
= Operation at SNOLAB in 2020

 Anticipated backgrounds: Tritium, 32Si, Rn daughters, material impurities
= Developments during construction show paths to further reduction in the future
= Highlighted background sources are of relevance to neutrinoless double beta decay

* Future detectors expected to probe yet lower mass dark matter candidates
= Anticipate further R&D detector development in parallel with SuperCDMS construction
= Developments will likely also improve sensitivity to 1-5 GeV/c? dark matter candidates
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