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EXPLORED/EXCLUDED DM MODELS

SUPERCDMS FOCUSES ON LOW-MASS DM

UNEXPLORED

UNEXPLORED
- Low threshold 
- Amplified signals 
SUPERCDMS, CRESST
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Direct DM Search: Current Status

- Large exposure time 
- Large scale detectors 
LUX/LZ, XENON, PANDA-X
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SuperCDMS Detector Technology

▶ Detectors made of high-purity Ge  and Si  Crystals 
▶ Low operation temperature: ~15mK  
▶ Athermal phonon  measurement with transition edge sensors  (TESs) 
▶ Multiple channels  per detector to identify event position 
▶ Two detector types 

▶ iZIP :  background rejection  with phonon + ionization signals 
▶ HV :  low energy threshold  with amplified Luke phonons

iZ IP HV
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SuperCDMS Detection Concept
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1. Dark matter particle scatters off target nucleus (Ge/Si) 
-> Prompt phonons & e-/h+ pairs produced 

2. e-/h+ separated by E-field and drifted to electrodes 
-> Luke phonons produced due to Neganov-Luke effect 

3. e-/h+ read out with charge sensitive amplifiers 
4. Phonons break Cooper pairs in Al fins, create quasi-particles (QP) 
5. QPs diffuse into Tungsten (W) Transition Edge Sensors (TESs) 
6. Current change due to ΔRTES read out by SQUID amplifiers 

SQUID: Superconducting Quantum Interference Device (= magnetometer)

ΔRTES
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+2V (SIDE 1)

0V 0V

BULK EVENT

SURFACE EVENT

CHARGE ELECTRODES = +/-2V, TES RAILS = 0V
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IZIP DETECTORS CAPABLE OF BACKGROUND REJECTION
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iZIP Detector

Electron recoil (ER: e+/-, γ) events creates more e-/h+ pairs 
Nuclear recoil (NR: DM, ν, n) events create less e-/h+ pairs      
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▶ Interleaved  TES/electrode design to identify/reject  surface events

▶ Phonon  + Ionization  signals to identify/reject  electron recoil events



E-
FI

EL
D

Ge/Si

h+

e-

PROMPT PHONONS

LUKE PHONONS

χ

AMPLIFIED PHONON SIGNALS
Ephonon

HV

iZIP

Ephonon

ENERGY THRESHOLD
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HV Detector

HV DETECTORS OPTIMIZED FOR LOW-MASS DM SEARCH

▶ HV bias applied  to amplify phonon signals  with Neganov-Luke effect 
▶ Very low Energy  threshold achievable 
▶ Sensitive to measure small signals  from low-mass DM



▶ 4 detector towers ,  (6 detectors per tower), operated at ~15mK 
▶ Tower 1: 6 Ge iZIP 
▶ Tower 2: 4 Ge HV + 2 Si HV 
▶ Tower 3: 4 Ge HV + 2 Si HV 
▶ Tower 4: 4 Ge iZIP + 2 Si iZIP 

▶ Full operation will start in 2020

Twins:  
 Fabricated/assembled at the same time 
 Identical cosmogenic activation,  radon exposure 

Tower 4 will be used to estimate Tower 3 background

▶ A DOE/NSF G2 DM search program, 4th generation of CDMS project 
▶ Complementary target nuclei (Ge/Si)  & detection techniques (iZIP/HV) 
▶ Optimized for low-mass DM  (< 10GeV) search
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SuperCDMS SNOLAB Project

SUPERCDMS



▶ 6000 m.w.e (x103 less cosmic rays), class-2000 cleanroom 
▶ Multi-layer shields  for background reduction 
▶ Very quiet, low-radioactive environment

Multi-Layer Shields

Seismic Platform

E-Tank

E-Stem

SNOBOX
C-Stem

Dilution 
Refrigerator
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SNOLAB Infrastructure

Gamma Ray Shield (Pb)

Inner Neutron Shield (PE)

Outer Neutron Shield (Water, PE)



SC NbTi  Flex Cable  
(phonon signal)  

Vacuum Coax Cable  
( ionization signal)

▶ 6 detectors  and 4 thermal stages  per tower 
▶ Detector at MC ,  RS at CP .  SQUID amplifier  at ST ,  Charge amplifier  at LH 
▶ Ti/CF trusses to thermally isolate ,  mechanically support each stage  
▶ SC cables to read signals, avoid thermal short  between stages 
▶ Tower 1  will be assembled this Fall

Ti  trusses

CF trusses

Preproduction Tower

Detector
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Detector Tower

LH ~ 4K

ST ~ 1K

CP ~ 0.2K

MC ~ 15mK

4 Thermal  Stages:  MC = Mixing Chamber,  CP = Cold Plate,  ST  =  Sti l l ,  LH =  Liquid Hel ium
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Detector Performance

▶ Successfully  demonstrated detector performance 
▶ Preproduction tower with SC Ti cables ,  SQUID  and charge amplifiers  
▶ 55Fe source  above detector

Phonon collection efficiency ~20% 
σE ~ 17eV for 5.9 keV line

Signals from 55Fe source
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CUTE (Cryogenic Underground TEst) Facility

CUTE

Cleanroom

Radon Fi lter

Water Shield

Pb Shield

SuperCDMS

▶ SuperCDMS SNOLAB pre-operation phase  with one detector tower 
▶ Detailed detector characteristic test  with low-background  
▶ Explore new dark matter parameter space



HV:  background l imited

iZ IP :  exposure  l imited

SUPERCDMS/CUTE WILL EXCLUSIVELY EXPLORE LOW-MASS DM MODELS 

!12
SuperCDMS SNOLAB Sensitivity

CUTE EARLY OPERATION FROM 2019, SUPERCDMS FULL OPERATION FROM 2020

SEE RICHARD SCHNEE’S 
TALK TOMORROW

C U T E  S e n s it iv it y  Est i m at i o n  O n g o i n g
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A g n e s e  et  a l . ,  2 0 1 8  
arXiv:1804.10697

QUANTIZED e-/h+ SIGNALS OBSERVED WITH STANFORD SMALL TEST CHIP

SEE NOAH KURINSKY’S 
TALK TOMORROW

Future Upgrade (G2+)

7/25: Understanding eV-threshold calorimeters for SuperCDMS - Alan Robinson 
7/27: Dark Photon Searches with SuperCDMS Technology - Belina von Krosigk
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Timetable and Summary

▶ The SuperCDMS collaboration has been one of the leading direct DM 
search experiments for more than a decade 

▶ We successfully demonstrated detector performance with SC cables 
and Preproduction Tower 

▶ We are approved for CD2/3 Reviews and Tower 1 & 2 production started 
▶ Early operation at CUTE Facility will start next year and SuperCDMS 

SNOLAB full operation will begin in 2020. 
▶ SuperCDMS early/full operation will uniquely and deeply explore DM 

parameter space, especially for low-mass DM models 

1998-2002 2003 - 2009 2016 - 2017 20212018 2019 20202009 - 2015

 Detector R&D

SuperCDMS SNOLAB

CD2/3 Approved

Production Integration

Tower 1 & 2 
Assembly

SuperCDMS Full 
Operation

Tower 3 & 4 
Assembly

SuperCDMS 
SOUDAN

CDMS II 
SOUDAN

CDMS I 
SFU

CUTE Operation
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SuperCDMS Collaboration


