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SNSPD Charged Particle Detection Motivation
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e SNSPD Characteristics satisfy most of modern el . i B IR
nuclear and particle detector requirements S B | Sioman 3 2 ks -
o High efficiency »

o  Precise timing
o Small pixel size
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e SNSPDs can operate at vacuum with low power
consumption, making it further attractive to . 5 - 3
accelerator-based experiments such as EIC

o Roman Pot Detectors
o Particle detectors in cold bore of SC magnets

e Detection of far-forward hadrons is the one of the
key requirements for the EIC science mission
o Particle tracker using SNSPD sensor has been
discussed in the EIC Yellow Report and
EIC-related generic R&D (awarded).
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SNSPD Particle Detection Milestones

e Past accomplishments
o Demonstration of operation in high magnetic field
m [. Polakovic et al., NIM A 959 (2020)
o First time 120 GeV proton detection
m SL, T. Polakovic, W. Armstrong ,..., NIM A 1069 (2024) b 1
e (Ongoing measurements Sangback Whitney Tomas
. . Lee Armstrong Polakovic
o Low energy particle detection
m Responses to the alpha particle and electrons
e Planned measurements and developments
o Proton and alpha particle detection of O (20 MeV) - )
in Argonne Tandem LINAC Accelerator System (ATLAS) zen-eddne \okentine
o Radiation hardness testing in Low Energy Accelerator Facility (LEAF)
o Prototype integrating with cryogenic readouts and logic parts
e Path forward

o  Sensor array integrated with cryogenic readouts and logic for the EIC
o Active target for fixed target experiments at Jefferson Lab

Bold: Topic of this talk
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SNSPD Fabrication at Argonne

e Advantage of NoN SNSPD
o Operates inside the GM-cryocooler (cryogen-free)
o Nb has been known to be radiation hard

e Sputtering 12 nm NDbN layer on top of 300 ym

silicon substrate

o Deposition details can be found in Refs,
e.g.) T. Polakovic et al. APL Vol 6 (2018)

e Thin films were patterned into nanowires using EBL
and ICP etching

e Geometric fill factor was 0.5 From SL, T. Polakovic, W. Armstrong
NIM A 1069 (2024)
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Proton Beam Test — Experimental Setup
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Proton Beam Test — Results and Impact

e \We demonstrated the 120 GeV proton %%
detection using the SNSPD for the first S s
time. o y_
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Proton Beam Test — Results and Impact

e How the particle detection is made?
o First mechanism is analogous to the photon

detection.

m |ocal suppression or destruction of the
superconducting state resulted from photon

absorption

o Second mechanism is thermal process

m Size of hard hot spot
Edep
emcp (Te — To)

m Detection condition
Ts
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Low Energy Particle Detection — Motivation

MOLYBDENUM

e \What if Edep is even larger?
o  Motivation of tests with alpha particle!
o Plot on the right hand is the stopping power vs kinetic
energy of *He from astar.

Stopping Power (MeV cm/g)

e Radioactive source *'Am of 100 uCi (3.7 MBq)
intensity to study the detector response
o The schematic drawing of testbed is on the bottom right

corner.
m  Red: nanowire chip
m  Blue: source
m  Yellow: silicon diode for temperature monitoring (~2.7 K)
o Tested nanowire devices of different widths

o 59 keV gamma (ly~36%) induces much smaller hot spot

m  Bottom left: absorptance vs X-ray energy for different wire —m i ™ g e ]
thickness from S. Guo et al., NSR 11 (2024). —e| :
m  Bottom right: detection of 5-20 keV photons using sub-1 ogw §
nm film at high Ib/Ic from A. Branny et al, IEEE 3104 §‘°° )
Transactions on Applied Superconductivity 31 (2021). - " ____

X-ray energy (keV) Bias Current, |,, (uA)
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Low Energy Particle Detection — Setup Details

LNA

e Signals of nanowires in the cryostat in ww ] [
. 1 10 dB [ +45 4B Interference
response to alpha particles were analyzed (5 NTes] > Fanout L Trgger
| | | e | B ey A
e T[rigger logic was designed to veto the LNA

electrical interferences
o The narrowest wire was used for this purpose
for its low Ic
o \Vetoed whenever the unbiased monitor wire is
oscillating

e Recorded the DAQ live time using the
counter and clock
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Temperature
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Low Energy Particle Detection — Prelim. Results

e (Gated trigger clears out the interference
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Low Energy Particle Detection — Impact

We performed the threshold scan to
identify the origin of bump

Two peaks of amplitude are
interesting feature

Studies are underway to figure out
whether this results from merging of
double pulses
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Summary and Outlook

=  Demonstrated 120 GeV proton and 5.5 MeV alpha
particle detection with SNSPDs
— Critical step towards large scale particle detector
applications like the EIC

= Path forward with HYDRA Collaboration

— Hybrid Cryogenic Detector Architectures for Sensing
and Edge Computing enabled by new Fabrication
Processes

— Scalable SNSPD arrays with integrated readout systems

— Argonne leads particle detector development, testing,
and radiation hardness studies while working on sensor
integration with HYDRA-developed readout, providing
experimental requirements and realistic detector
response for data-driven design
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