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Superconducting Nanowire Single Photon Detector (SNSPD) for BREAD

• SNSPDs are ideal photosensors for BREAD:


• Broad spectral response: ultraviolet to infrared → 
sensitive to 0.1 - 1 eV dark photon/axions mass


• Low noise: DCR < 10−3 Hz  
• mm2-size active area

• Detection Mechanism:

• Operating temperature : 1-4 Kelvin 

• Single photon triggers detector out of 

superconducting state 


• Resistance quickly (ps) jumps to few kΩ → bias 
current into readout 
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Pilot Experiment with SNSPDs
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Dark photon sensitivity

• SNSPD provides unique sensitivity for 0.1-1 eV dark photons and axions due to its 
sensitivity for 1-10um photons

arXiv:2111.12103

Assuming DCR ~1e-4 

50% signal efficiency

https://arxiv.org/abs/2111.12103
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SNSPD Characterization at FNAL
• The sensors are mounted in an Adiabatic Demagnetization 

Refrigerator (ADR) cryostat in FNAL (0.1K base temperature)

• Our collaborators at JPL developed 8-channel mm2 SNSPD
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mm2 SNSPD on ADR cold finger
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Electronics

Biasing breakout board  
(provides bias for SNSPDs and the cryo-amp)

SNSPD bias

Temperature & 
pressure monitors

Low noise 4-channel amplifier at 40 K

~30 dB gain from 10-500MHz

Currently only using 2 channels in the 
amplifier, will upgrade to 4-channel 
readout with new RF lines
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Dark Count Rate
• Measured the DCR with detector lid on, shielding at 40K and room temperature → < 1e-3 DCR

• Working on new dark box for SNSPD to further reduce the noise floor in DCR
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SNSPD with lid on

Detector lid

radiation shield at 70K Dark count rate
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Dark Count Rate at Different Temperature
• DCR shifts to the left significantly at higher temperature → lower DCR at lower temperature


• Demonstrating the advantage to operate at as low temperature as possible
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Photon Count Rate Measurement with External Laser
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Laser Diode  
Controller

Laser diode

Reflective 
collimator

Optical  
fiber

Sapphire vacuum 
window  behind 

Thorlabs enclosure
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Photon Count Rate

• Previously, we were swamped by the thermal photons that reach 
the SNSPDs through the windows


• Optical design to reduce dark count rate from thermal photons 
and accurately measure PCR


• Glass window + custom coating (40K) to filter out photons 
with 2 < λ < 4.5 um with OD = 3


• ND filter from Thorlabs (4K) to filter out 1 < λ < 2.6 um 
photons with OD = 4


• Background rate reduced to a few counts per second after the 
filters are applied
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BK7 window + SP2 filter at 40 K

ND filter at 4K

Custom clamp designed by FNAL 
engineer CM Lei
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Photon Count Rate & Dark Count Rate
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Saturated internal 
detection efficiency

• Measured the photon count rate and dark count rate at 0.2K

• Internal detection efficiency saturated for both 635nm and 1060 nm

• Internal detection efficiency is saturated at a lower bias current for higher photon energy
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Photon Count Rate at Different Temperature
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• Little temperature dependence for PCR curves


• Region for operation is much larger for lower temperature
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Next Steps
• Will receive new 1x1 mm, 4 pixel arrays in new dark box

• Wider wires with higher fill factor (40%) → higher efficiency

• New dark box → lower dark count rate

New dark box dark box lid
1 x 1 mm SNSPD
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• Working towards reading out all 4 pixels simultaneously with new RF lines

• Planning to move ADR to new IARC building to fix the water cooling problem and 

avoid interfering with other experiments 

• Develop system to measure calibrated efficiency as function of photon 

wavelength and incident angle

Next steps
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Backup Slides
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Projected Sensitivity 
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• SNSPD provides unique sensitivity for 0.1-1 eV dark photons and axions due to 
its sensitivity for 1-10um photons

Dark photon Axion

Phys. Rev. Lett. 128, 131801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.131801
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Cryogenic Amplifiers
• Low noise 4-channel amplifier at 70 K

• Designed by Lautaro Narvaez

• Populated and characterized by myself at Caltech
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~30 dB gain from 10-500MHz

Tested at room temperature
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Optical shutter and mounting flange
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Sapphire Window
8/22/22, 7:09 PM

Page 1 of 2https://www.lesker.com/newweb/images/product_drawings/dwg-ft-vpzl-133ss.svg

0.062 in
1.6 mm

0.46 in
11.7 mm
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Shwabian Time Tagger

• Can set threshold for signal pulse in 
software


• Record counts per second


• Can record 70M tags/s


• Data transfer over USB
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Calibration of Sensors in ADR with External Laser

Laser
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SNSPD

4K ND filter

A. Sonnenschein


