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Sensing Of Neutrinos In Qubits SONIQ
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>25 members spanning 6 institutions/laboratories
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Sensing Of Neutrinos In Qubits SONIQ
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>25 members spanning 6 institutions/laboratories

Superconducting Quasiparticle Amplifying Transmons (SQUATs)
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Quantum Parity Detector: 
Device Architecture

4Figure: Particle Data Group 2024, Review of Particle Physics, https://doi.org/10.1103/PhysRevD.110.030001 
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Charge-sensitive qubits
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Charge-sensitive qubits
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Charge-sensitive qubits
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Island

Island Volume ~ 0.05 um^3



Charge-sensitive qubits
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● The energy spectrum of the qubit is sensitive to whether there is an even or odd number of 
quasiparticles on the island (i.e. the parity of the quasiparticle number).
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Island

Island Volume ~ 0.05 um^3



Qubit-based phonon sensor
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Substrate

● QPs diffuse into the junction, fall to the new bandgap (which may generate more QPs from the 
emitted phonons), become trapped, and tunnel back-and-forth across junction until they 
recombine.
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Physical realization: Quantum Parity Detector QPD
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Island

● The small island keeps the qubit 
capacitance low, which increases the 
charging energy, and keeps our qubit in 
the Cooper-pair box regime

Island Volume ~ 0.05 um^3



Cooper-pair box CPB) qubits
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● The CPB QPD operates in the EJ / EC 
between O0.1) to O1 regime

In this regime, dE between the even 
and odd states can be quite large, 
O10s) ueV

DETECTOR PRINCIPLE
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Why we use Cooper-pair box qubits
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Large dE “wellˮ enhances quasiparticle 
tunneling into the island, increasing 
sensitivity

DETECTOR PRINCIPLE
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Why we use Cooper-pair box qubits
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15 / 46CPAD 2026

Gate Voltage



Why we use Cooper-pair box qubits
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Why we use Cooper-pair box qubits
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DETECTOR PRINCIPLE
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Why we use Cooper-pair box qubits
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DETECTOR PRINCIPLE
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By controlling the gate 
charge, we can enhance or 
suppress tunneling onto the 
island



Why we use Cooper-pair box CPB) qubits
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● In the CPB regime: EJ / Ec ~ 1

○ dE  EC - EJ /2

● Expected O10 MHz separation 
between even and odd resonances, 
easily resolvable

● Large dE “wellˮ enhances quasiparticle 
tunneling onto the island, increasing 
sensitivity

Base architecture 
has been used to 
detect meV photons 
in the past

DETECTOR PRINCIPLE
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Readout Scheme

18Figure: Particle Data Group 2024, Review of Particle Physics, https://doi.org/10.1103/PhysRevD.110.030001 
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Signal response
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Signal response
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On-Resonance Timestream
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Multiplexed Readout Scheme
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MULTIPLEXED READOUT
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Multiplexed Readout Scheme
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MULTIPLEXED READOUT
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Gate charge can be control through individual bias lines



Multiplexed Readout Scheme

23

MULTIPLEXED READOUT
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Simpler: Gate charge can be biased for all devices at once through feedline

Vg



Multiplexed Readout Scheme
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MULTIPLEXED READOUT
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Qubit 1 Qubit 2

Qubit 3

MULTIPLEXED READOUT
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Multiplexed Readout Scheme
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Qubit 1 Qubit 2

Qubit 3

Periodically Swept Gate Voltage

MULTIPLEXED READOUT
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Multiplexed Readout Scheme
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Gate Voltage

MULTIPLEXED READOUT
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Multiplexed Readout Scheme
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Gate Voltage

MULTIPLEXED READOUT
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Multiplexed Readout Scheme
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which suppresses the signal until the island is cleared by the sweep, and the QP density is 
reduced



Current Testing Results

29Figure: Particle Data Group 2024, Review of Particle Physics, https://doi.org/10.1103/PhysRevD.110.030001 
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Status one year ago…
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● Only 1 of 3 QPDs yielding a parity 
signal

● O1 kHz parity switch rate 
(quiescent background)

● Co-calibration KID on the chip is 
showing pulses in response to 
environmental radiation
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CALIBRATION & MEASUREMENTS
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Current Results: Backgrounds
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● Devices now showing O10Hz quiescent tunneling-in rates

● Quiescent rate is dominated by non-thermal background

○ Could be cosmogenics, environmental radiation, or substrate events
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absorber
10000 um2 
absorber1 um2 

absorber

Kinetic 
Inductance 

Phonon Sensor

CALIBRATION & MEASUREMENTS
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Current Results: LED generated phonons
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● By flashing the back of the device with a 940 nm LED, we now see a signal response from 
all 12 QPD devices on the chip, using swept gate charge multiplexed readout

QPD Chip

940 nm LED Fiber

Device Box Cross Section
Light-Attenuating 

Chip12 QPDs varying 
absorber size, 1 KID

Aluminum tape, minimize 
light leakage
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Current Results: 1.4 THz blackbody source
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● We see a response to DC application of 1.4Thz photons, with a linear rise in tunneling rate 
as we increase the power incident on the back of the chip

1mm Si

200nm Nb

500um Si

QPD

CALIBRATION & MEASUREMENTS
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Multiplexing Scheme Results: 1.4 Thz photon source
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CALIBRATION & MEASUREMENTS
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Other Avenues: Device and Response Simulations
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G4CMP Phonon Simulations

Raw sweep

+ Tunneling

+ Noise

QP Pulses

Device Response Simulations

FUTURE DIRECTIONS
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Other Avenues: Hybrid Transmon QPDs
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Conclusion: Sights set on meV 
resolution, lots of upcoming work

37

QUANTUM PARITY DETECTORS  /  CPAD 2026

Hf-HfOx-Hf Dolan junction fabricated at the 
Molecular Foundry

Improved G4CMP simulations 
for QP physics in the device 
(Tracked FIlm Response)

QP diffusion studies using 
QP injector junctions

Low-Tc junctions and trapping 
geometries



Questions?

38
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BACKUP SLIDES
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QPD Sensor Resolution and Noise
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Conclusion: sights set on O(meV) resolution!
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SQUAT 
Sensitivity 
Estimates

QPD 
Sensitivity 
Estimates

● Charge-sensitive qubits exhibit a 
response to quasiparticle tunneling 
events

● With proper gap engineering with low Tc 
materials and sufficiently low 
backgrounds, we expect O(meV) 
sensitivities!

● Rigorous R&D underway, including: low 
Tc junctions, non-overlapping junction 
fabrication techniques, IR background 
mitigation, QP and phonon physics 
simulations
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QPD Sensor Resolution and Noise
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● Our signal benefits greatly from smaller 
QP collecting volume! Investigating 
using QP trapping into small junction 
electrode volume → will be needed for 
ultimate sub-eV substrate sensitivity

Quasiparticle Trap 
Region

For a Hf device with 10 um3 electrode volume, we can 
estimate a 5𝝈 sensor energy resolution of ~25 meV

BACKUP MATERIAL

40 / 46CPAD 2026



Evidence of time-dependent DCR
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● Operation of a similar photon sensitive 
QCD in a dark box shows dark count rate 
reduction over O(month).

● Potentially similar source & mechanism as 
that contributing to Low Energy Excess 
identified in other cryogenic phonon 
sensing experiments.

● Eventual goal of measuring sub-eV energy 
spectrum. 

BACKUP MATERIAL
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CPB vs. OCS transmon
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● 𝜉 determines the sensitivity of energy levels to gate 
charge ng

● For 𝜉 ⪅ 1 Quantum Capacitance Detector QCD, 
larger curvature of energy levels leads to large 
change in quantum capacitance with quasiparticle 
tunneling

○ OMHz resonance shift

● For 𝜉 ⪆ 1 Offset Charge Sensitive OCS Transmon), 
we utilize dispersive shift from higher energy levels 
to readout resonance shift with quasiparticle 
tunneling

○ O100 kHz) resonance shift

BACKUP MATERIAL
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TES based phonon sensors

QP-trapping-assisted, electrothermal-feedback, transition-edge 
sensors (QET)

45

● Current leading technology for phonon 
mediated detection

● Have achieved energy resolution of 
375 meV for energy deposited into the 
substrate

○ R. Anthony-Petersen et al., 2024

● TES devices are inherently thermal 
devices, and energy resolution scales 
as T3

○ Worth considering 
non-dissipative devices

BACKUP MATERIAL
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QCD Vg Sweep Test
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Sweep Vg quicker than the background 
tunneling rate, then look for gaps

“Normal sweep” peakVg Sweep Parity Signal
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QCD Vg Sweep Test
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Sweep Vg quicker than the background 
tunneling rate, then look for gaps

“Normal sweep” peak

Bins with low variance indicate gaps, where a 
high-tunneling-rate event likely occurs
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KID based phonon sensors

48

● Cooper pairs in superconducting film “lagˮ 
behind the field due to their inertia: kinetic 
inductance

● Energy deposition in substrate generates 
phonons, which travel to break cooper pairs, 
which increases the kinetic inductance

● By measuring the ratio of power sent into the LC 
resonator to the power on the output S21, we 
can calculate the change in inductance, and 
hence the change in quasiparticle density and 
resulting energy deposited.

Substrate (silicon)

Metal film

𝜒
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46 / 46CPAD 2026


