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SQUAT concept
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SQUAT concept
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weakly charge 
sensitive transmon
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collector fins/bowtie antenna



SQUAT concept
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transmission line



Signal pathway
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Why SQUAT?
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Broadband (expect ~20% bandwidth from antenna)

Energy resolving ~200GHz-10THz

High efficiency (low passive area, multiplexing, tunnel 
amplification)

phonon energy sensitivity photon tunneling count



We have SQUATs
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fabricated at Stanford Nanofabrication Facility (SNF) and 
Stanford Shared Nanofabrication Facility (SNSF)



Functioning qubits
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Q1

Q2
Q3

Chip “H2”



Phase or amplitude readout
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Amplitude readout
Phase readout



IQ streaming

Fit IQ data with 2-component Gaussian mixture
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Parity state separation

Rotate IQ data along maximum separation
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Parity state separation
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Parity state separation
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overlap of distributions 
determines fidelity



Some parity switching timestreams
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Calculating switching rate, 2 ways
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(1) count crossings in filtered data
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(1) count crossings in filtered data

(2) fit PSD with Lorentzian (Ristè et al. 2013)



Calculating switching rate, 2 ways
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(1) count crossings in filtered data

Lowest switching rate ~30 Hz!

(2) fit PSD with Lorentzian (Ristè et al. 2013)



Switching rate depends on temperature
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See also Connolly et al. 2024



Switching rate depends on temperature
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Higher temperature 
rate increase

Lower temperature 
flatter response

See also Connolly et al. 2024



Can IR leakage is subdominant

MXC temp = 20±0.3 mK



Can IR leakage is subdominant

Connolly et al. 2024

MXC temp = 20±0.3 mK



Summary

SQUATs are promising sensors for axion and low-mass particle 
dark matter searches

The first SQUAT devices demonstrate low parity switching rates

Next steps are to demonstrate event detection and calibrate*

Longer term: low Tc junctions for trapping, higher multiplexing, 
testing underground**

C. Salemi  33*see poster this evening by Tonya Peshel! **see talk Friday by Grace Bratrud!
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Join the group!
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A. Berlin and others

salemi@berkeley.edu



Backup slides
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Goal: low-mass dark matter detection
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THz photons for wave DM detection
meV phonons for particle DM detection



Wiring

C. Salemi  39



Reducing dark rate
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12mm eccosorb filters

stub filter
(design following Pyle group, 

Berkeley)

IR black coating
(courtesy of Plourde group, 
Syracuse/Wisconsin)



We can tune charge dispersion
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charge line in

transmission line
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