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Parameter space to be explored by 

SuperCDMS SNOLAB

1

SuperCDMS
SNOLAB
Will provide superb sensitivity 
to low mass WIMPs with Ge
and Si operated in both HV and 
iZIP modes

Timeline:
• Construction and testing at 

Fermilab in 2019
• Install and Commission at 

SNOLAB in 2020
• First physics run in 2021!

iZIP
10 cm X 3.8 cm

PRD 95, 082002 (2017)

DAMIC

SuperCDM
S

Soudan

CRESST

PandaX
LUX

neutrino floor

CDMSlite
(Soudan)

Xenon 1T

Darkside
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Science Leading to SuperCDMS SNOLAB
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(Stanford, Northwestern, Berkeley, Texas A&M)
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Currently Running

Installation  
In Progress

First Results Published
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HVeV Run 2

• HVeV second run taken with 3 eV resolution detector over the course of 3 
weeks:
- 60V and 100V spectra show identical backgrounds; signal seen not voltage dependent
- Different prototype, run in a different lab, in a different state
- 0V data acquired with ~12 eV threshold, results still being analyzed
- Rates in every charge bin consistent with Run 1…that is completely unexpected
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SuperCDMS Collaboration 2020 (arXiv:2005.14067)
Supplemental Plots

https://arxiv.org/abs/2005.14067
https://arxiv.org/abs/2005.14067
https://supercdms.slac.stanford.edu/hvevr2-0
https://supercdms.slac.stanford.edu/hvevr2-0
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CPD Dark Matter Search Results

• Detector threshold (online FPGA-based trigger) of 20 eV

• World-leading limits below ~150 MeV
- First NR result with <100 MeV sensitivity

• Surface run largely limited by high-radioactivity environment
- More studies now underway at SNOLAB in the CUTE facility!
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arXiv:2007.14289

https://arxiv.org/abs/2007.14289
https://arxiv.org/abs/2007.14289
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NEXUS: Underground Experimental Site for R&D

• Northwestern EXperimental Underground Site at 
Fermilab (NEXUS@FNAL)
- Underground cryogenic detector testing facility in 

class 10,000 clean room 
- 106 m (300 mwe) depth + lead shielding (in progress)
-  expected <100 events/keV/kg/day background 

• Run 2 detector already seeing identical performance 
from surface run

14
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SuperCDMS at FNAL
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DM w/ Skipper CCDs
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SENSEI
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Recent Results from SENSEI

18

prototype 2.5 g experiment at MINOS (FNAL) using skipper-CCDs (SENSEI) is world 
leading again. Oscura will scale this successful technology. arXiv:2004.11378
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ADMX
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HOW TO DETECT AXIONS?

The	Axion	Haloscope

Digitize
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Frequency
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Virtual
Photon

B-
Fi
el
d

Unknown	axion	mass	
requires	a	tunable	resonator	

This	axion	lineshape
has	been	

exaggerated.	A	real	
signal	would	hide	

beneath	the	noise	in	
a	single	digitization.	
An	axion	detection	
requires	a	very	cold	
experiment	and	an	
ultra	low	noise	
receiver-chain.		
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Analogous to radio tuning

19Serge Brunier@NASA

Slides from R. Khatiwada
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ADMX Results

• x4 more frequency covered 
than 2017
• DFSZ sensitivity -- 680 to 800 

MHz
• Axion mass covered to this 

date: 2.66 to 3.3 µeV
- Phys. Rev. Lett. 124, 101303 

(2020) 
• Currently taking > 4 µeV data 

(985 MHz)

20

Phys. Rev. Lett. 124, 101303 (2020)
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ADMX @ FNAL
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ADMX AT FERMILAB

§ Higher frequency multi-cavity array 4K test 
stand ready in the summer 2019

§ 4 cavity array (mechanical tuning, motors) to 
be tested ~ later 2019

§ Expected involvement of various collaborating 
institutions at Fermilab

§ Targeted for >2 GHz (>8 µeV) axions

cav.f ∝ 1
rcav.

Sidet Lab B shared by:
ADMX and QMET

§ New detector (Run 1c) designed and fabricated at 
Fermilab, delivered to University of  Washington

§ Run1c starting this summer (800-1200 
MHz)(3.3-5 µeV)

23

Slides from R. Khatiwada
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Quantum Sensing R&D

• Dark matter searches are currently broken into wave-like and particle-like 
detection strategies
- These meet in the THz regime, where technological limitations make wave-like readout 

challenging, and quanta are small enough that they require sub-Kelvin readout for single 
particle detection

• New efforts based on technologies coming from quantum sensing R&D
- QMET - single GHz photon detection with resonant qubit cavities
- BREAD - axion haloscope for meV masses, uses single THz photon detectors
- mKIDs for DM - meV-threshold phonon calorimeters for low energy DM scattering

22

BREAD

QMET
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Wide-Band Axion Searches (BREAD)

Physics Motivation
(Search)

3

Terahertz Range

← Figure 1: Axion-Photon coupling as a function 
of possible axion mass. 
BREAD is looking at a mass range outside of the 
ADMX limit, while overlapping with QCD 
theory’s ranges. [3]

Why Terahertz?
There has been a historical 
gap in development of 
technology in the THz range 
(0.1 mm – 1 mm)

Microwaves 
(1 mm – 1 m)

Infrared
(1 nm – 0.1 mm)
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Wide-Band Axion Searches (BREAD)
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Experiment Plan

4Figure 1: Diagram of experimental setup. [2]

Figure 2: Photograph of 
cooler, Kristin for scale. 
(from Fermilab trip 12.19)

Why Cryogenic?
o Expected very low 

signal due to axion –
photon coupling. 

o Large background 
expected from 
blackbody radiation: 
! " #!

o Background reduction 
with decreased 
temperatures 

Lower temp ~ Lower background
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• KIDs are superconducting structures with a resonance frequency that’s exquisitely 
sensitive to energy deposition by the kinetic inductance effect

• Operate in a narrow band; noise is simply limited by the amplifier thermal noise 
(low-frequency, EMI, etc much less problematic than TESs)

• Devices made by Sunil Golwala’s group at Caltech/JPL currently achieving eV-
scale resolutions in a fairly high-background environment. Need to develop robust 
readout system, and move to underground cryostat with lower base temperature, 
to achieve sub-eV resolution.
- Targeting 1 eV resolution in Y1, 0.1 eV in Y2-3.
- Lower resolution (O(10 meV) possible through parallel advances in amplifier technology

25

SC-FOA-0002077
QuantISED for HEP

Quantum Sensing and Readout for Low-Mass DM and CE⌫NS
Golwala

Figure 10: Pulsed-KID data analysis chain. (Upper left) Temperature sweep data showing Smeas
21 (f, T )

along with “non-ideal” model fits overlaid, which allow for a KID-transmission line impedance mismatch
and a slowly varying instrumental complex gain (Upper right) Temperature sweep data translated to an
“ideal” complex transmission, in these e↵ects have been removed. (Bottom left) Pulse data from a pulsed
and a receiving KID, in units of complex transmission. (Bottom center) Pulsed KID data plotted as 1/|S21|

vs. time. This plot confirms that the quasiparticles are disappearing via recombination and thus generating
2 � phonons, as it is the solution nqp(t) = 1/(R t) to the di↵erential equation dnqp/dt = �R n2

qp (allowing
for �S21 / �nqp. (Bottom right) Receiving KID pulse plotted as ln |S21| vs. time, revealing a two decay
times, approximately 55 µs and 100 µs. See text for further discussion.

To make substantial further gains in energy threshold, more dramatic design evolution is needed.
The two paths motivated by Equation 2 to consider are other materials with lower � or to pursue
further reductions in readout noise.

New materials certainly deserve study, but the potential challenges are substantial. At a given
readout power (and thus readout noise), it is reasonable to expect that reducing � will increase
the readout-power-generated quasiparticle density, degrading Qi,qp and ⌧qp in proportion to the
increase in quasiparticle density. The gain in the � factor in Equation 2 may thus be entirely
wiped out by losses in Qi,qp and ⌧qp. The requirement of reduced operating temperature is of
course a major practical challenge: our DR would allow us to reduce � by a factor of 2 (current
Tbase = 40 mK) and possibly 4 (best achievable Tbase = 25 mK given the design) from that of Al,
but further reductions would require a new system with a base temperature of 5–10 mK. We do
intend to seek funding to pursue such work in collaboration with colleagues with access to more
capable DRs, such as via a LDRD proposal with FNAL aiming to use the NEXUS facility being
commissioned there and/or in collaboration with the ongoing LBNL QuantISED e↵ort, but that
work is disjoint from this proposal.

The above challenges along with its inherent potential thus motivate our Objective O4, ap-
plying and developing more sophisticated QIS phase-sensitive amplification techniques to evade the
standard quantum limit while still respecting the Haus-Caves Theorem to further reduce threshold
via improved readout noise. To do so will require circumventing the Standard Quantum Limit,

Project Narrative – 16

KIDs for DM
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KIDs for DM

• Direct searches for dark matter with masses < 
1 GeV are likely to be one of the primary 
recommendations from the next SNOWMASS 
process

• These searches require new technologies, 
synergistic with QIS, CMB, and searches for 
non-standard neutrino interactions

• KIDs are flexible sensors that can 
accommodate a broad range of targets, able to 
capitalize on the strengths of different targets.

• We need technologies with smaller gaps than 
e-h pairs, which largely restricts us to 
superconducting sensors on solid substrates 
where phonons or QP’s can be produced.  
Both TESs and KIDs are viable technologies 
and both should be explored to determine their 
ultimate practical reach.

26
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Summary

• SENSEI, DAMIC & OSCURA
- CCD-based experiments
- SENSEI operating at MINOS, moving to SNOLAB
- DAMIC moving from SNOLAB to Modane
- OSCURA will be the 10 kg upgrade to DAMIC with skipper CCD readout

• SuperCDMS
- Athermal calorimeters with eV-scale resolution, charge readout at high voltage
- R&D detectors operating in NEXUS, CUTE test facilities
- SuperCDMS SNOLAB online late 2021/early 2022 with kg-scale payload of Si/Ge detectors
- Upgrade path includes sub-eV resolution devices fabricated with novel target materials

• ADMX
- World-leading sensitivity at sub-GHz frequencies, running at ~1 GHz now
- Funded to extend into >1 GHz frequency range
- R&D towards ~10 GHz+ sensitivity

• Quantum Sensing for DM
- R&D phase, promises to close the gap between SuperCDMS/Oscura and ADMX

27
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Who We Are

• SuperCDMS/NEXUS
- Dan Bauer, Lauren Hsu, Noah Kurinsky, Pat Lukens

• ADMX
- Daniel Bowring, Aaron Chou, Rakshya Khatiwada, Andrew Sonnenschein

• OSCURA/SENSEI
- Mike Crisler, Juan Estrada, Guillermo Fernandez, Miguel Sofo Haro, Javier Tiffenberg, 

Alex Drlica-Wagner

• Plus collaborators from around the world!
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