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Outline & Context

• This talk discusses the technical needs 
for testing SMSPDs in particle beams.

• Based on experience from two test 
beams, 2024 in FNAL M-Test and 2025 in 
CERN NA.

• 2024 results are published, 2025 results 
are available as preprint. 

• These tests are one facet of a much 
wider program on quantum technology 
and quantum networking (INQNET) 
research.

• On the wider scope of the research 
program that enables these test beam 
measurements, see presentation by 
Cristian Pena later today.
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https://iopscience.iop.org/article/10.1088/1748-0221/20/03/P03001
https://iopscience.iop.org/article/10.1088/1748-0221/20/03/P03001
https://www.arxiv.org/abs/2510.11725
https://indico.cern.ch/event/1580512/#3-snspd-hep-usecase-caltechfna


Scope of the test beam

• SMSPDs have a number of features (low noise, high 
sensitivity, good time resolution) that make them interesting 
for particle detection.

– Additional features (radiation resilience, magnetic field 
tolerance) may turn out to be favorable as well.

• The scope of the 2024 test beam was to explore if SMSPDs 
can detect high energy particles.

– The success of this test turned this already into a study 
of the detection performance.

• The scope of the second test was to study the detection 
performance (spatial, temporal resolution and efficiency).

– Conduct tests similar to typical HEP sensor R&D 
approach.

– Sensor similar but not identical. 

29/10/2025 3

2024

2025



Test beam setup
• Test beam setup similar for FNAL and CERN, focus here 

on CERN setup.
• Principal components :

– Cryostate with SMSPD infrastructure 
– Tracking system to measure the impact point of 

the particle on the SMSPD
– Trigger system with acceptance slightly larger 

than and aligned with the SMSPD. 
– Precision timing reference counter to measure 

time resolution of the SMSPD.
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Cryostat & Beam mounting
• Commercial cryostat :

– Our sensor (Wsi) requires operation at 0.8 K.
– Takes several hours to pump down vacuum, about ~24 hours 

to reach the target temperature from room temperature.
– Cooling cycle from ~few K to 0.8 K takes few hours, has to be 

repeated every ~24 hours. 
– Size and weight of the cryostat allow to ship and handle it 

«manually», though typically requires two people.
– Size compatible with tracking device in PPE156, with tight 

margins. 
– Accessing the sensor requires to remove the cryostat from 

beam.
– Same sensor was tested and calibrated in the same cryostat 

extensively, the cryostat has been used extensively since years.

• Mounted on a manually operated, custom XZ motion frame. 
– Cryostat mounted in the frame and both together in the beam.
– Aligning the SMSPD and correcting beam position on the scale 

of ~1 mm was sufficient at this stage.
– The alignment of the SMSPD inside the cryostat is fixed.
– Beam spot in CERN is larger than sensor.
– Relevant measurements rely on the tracking device only.
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SMSPD Infrastructure
• SMSPD holder is one used for SMSPD research, not particularly customized for beam tests. 

• 1 K cold stage has sensor, sensor holder and cable connections.

• We do not require a clean room to handle the sensor.

• Sensor holder dominates the material budget around the sensor. 

• This sensor holder may be extended up to 16 channels. For more complex sensor, additional 
development work needed. 
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Tracking device

• We find high efficiency detection upon impact of the particle on the 
sensor area - within the resolution of the tracking device. 

• The feature size of the SMSPD used at CERN is 1 m wire width and 3 m

wire distance (1.5/2.25 at FNAL).

• We used the AIDA telescope available at PPE156. 

• Using the edge of a thin trigger counter we meaured the «edge detection» 
resolution of the tracker to be around 10 m.

- 5 out of 6 layers of the tracking device were working.

- Close, but not quite good enough to resolve features of the SMSPD.

• A resoution of a few might be achievable.
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2025 sensor

2024 sensor

AIDA telescope performance

https://www.sciencedirect.com/science/article/pii/S1875389212017889


Test beam infrastructure
• Setup requires Helium compressor, water cooler to cool 

Helium compressor, vacuum pump, DAQ and powering.

• Helium compressor, vacuum pump from Uni Geneva 
(including some PS and controls), water cooler from CERN. 

– Components similar but not identical to the setup 
used at FNAL for SMSPD R&D.

• Complete setup was tested at Uni Geneva before moving to 
CERN. 

– Crucial validation step that allowed swift installation 
in test beam zone.

• Sensor calibrated with laser light at Uni Geneva and CERN 
before moving to beam.

– Ideally would ultimately do this fully in situ as 
displacing the cryostat may affect exact working 
point. Require more (and better) services into 
cryostat. 

– PPE156 equipment set up in ~12 hours. Ready for 
beam after cooldown.
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Time reference
• The timing performance is referenced agains a Photek MCP.

• Readout using fast scope.

• This technique is derived from the many years of timing work on generic 
R&D and CMS MTD. Good down to ~10 ps.

• CERN sensor and electronics achieved 130 ps. Some geometric jitter 
observed. Ultimate performance will require very good time reference and 
patial resolution.
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MCP

SMSPD TB 2025

Generic timing R&D 2014



Operation and logistics

• The test beam at CERN relied heavily on the previous experience at FNAL.

– Dedicated prep time for the CERN test was several weeks excluding actual SMSPD R&D.

– Prep time for the initial FNAL test was rather months with repeated beam time slots.

• Extensive experience with the SMSPD technology and generally quatum technology in the team conducting the tests. 

• The infrastructure available at Uni Geneva was crucial for a successfull test.

• Curiosity driven team enjoying the process !
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Summary

• Test beams with SMSPDs were conducted successfully with the particle beam 
infrastructure at CERN and FNAL.

• SMSPD specific infrastructure and auxilliary equipment requirements are substantial.

• Tests we conducted are with small size, few channel sensors and testing one 
configurations only per test capaign.

• Future test will require a more versatile and spatious cold platform.
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