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PARTICLE INTERACTIONS IN MASSIVE 
TARGETS

Energy from dark matter interacting w/ 

target

▪ ns: Initial recoil

▪ 𝝁s: athermal excitations

• Collective excitations: Phonons, 

rotons, magnons

• Ionization, scintillation

• Photon emission

▪ ms: thermalization
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SUPERCONDUCTIVITY
Common perceptions
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SUPERCONDUCTING SENSORS

▪ There are applications that require/benefit from low temperatures

— Sensing applications where signal thresholds are <1eV (gap of Si)

— Amplification of low freq EM signals

—Calorimetric/bolometric applications where noise from thermal 

fluctuations need to be minimized

▪ Superconductivity corresponds to phase transition that takes place at 

these temperatures and energy scales

—Rich set of phenomena

—Can develop/build many kinds of devices

— Integrate to realize complex detectors
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SUPERCONDUCTING DEVICES FOR QUANTUM 
PARTICLE DARK MATTER
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Quantum state Transition to zero resistance Pairing/bandgap



COHERENT QUANTUM STATE
“Macroscopic,” can access phenomena with “reasonable” size 

devices

Tunneling Flux quantization
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SUPERCONDUCTING QUANTUM 
INTERFERENCE DEVICE
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SUPERCONDUCTING QUANTUM 
INTERFERENCE DEVICE

For Current > Ic, 

there will be a voltage
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Phys. Rev. Lett. 48, 1378



RF SQUID
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QUBITS
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PARAMETRIC AMPLIFICATION
▪ Harmonic oscillator whose physical properties (parameters) vary with time

—Nonlinear inductance provides this parametric property for an electric circuit

▪ Can pump the oscillator by varying β, ω such that the oscillator phase locks to 

the pump and absorbs energy
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JOSEPHSON PARAMETRIC AMPLIFIERS
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Science 350,307-310 (2015) Nature Physics volume 4, pages929–931 (2008)



CRITICAL TOOLS FOR 
SUPERCONDUCTING 
QUANTUM COMPUTING
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ZERO ELECTRICAL RESISTANCE

H. Kamerlingh Onnes, Commun. Phys. 

Lab. Univ. Leiden. Suppl. 29 (Nov. 1911)17



THERMAL SENSOR
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Appl. Phys. Lett. 66, 1998–2000 (1995)



THERMAL SENSOR
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OPERATING PRINCIPLES
▪ Device stabilizes at Tc. Temperature is nearly 

constant.

▪ Linearity: 

— ΔPabsorbed ≈ ΔPbias = Vbias × ΔITES

▪ Increased bandwidth

▪ Voltage bias using shunt resistor

— Measure current using high sensitivity 
SQUID

▪ Fundamental noise comes from thermal 
fluctuations (~kT), which can be made small 
by choosing suitable Tc.
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DETECTING EVENTS
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▪ Energy deposition heats up TES

▪ Negative-feedback (from change in resistance) 

counters the change by reducing bias power

— TES temperature nearly constant, change in 

supplied power/current (voltage biased)

Appl. Phys. Lett. 83, 791–793 (2003)
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Nature 642, 587–591 (2025)



SUPERCONDUCTING “NANO”-WIRE SINGLE 
PHOTON DETECTOR

23 Appl. Phys. Lett. 79, 705–707 (2001)



SUPERCONDUCTING “NANO”-WIRE SINGLE 
PHOTON DETECTOR
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▪ Materials and processing

—Good uniformity

—Good precision in patterning

▪ High kinetic inductance materials

—Current doesn’t restore before 

superconductivity fully re-established

▪ Strengths

— Fast

—High detection efficiency

— Low dark counts

—Non-dilution cryogenics
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PAIRING & THE SUPERCONDUCTING GAP
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KINETIC INDUCTANCE
▪ Pairing of electrons into Cooper pairs

— Energy gap between ground state and 

next excited state

▪ Quasiparticles are Cooper pair “excitations”

— Fermions vs bosons

— “Broken” Cooper pairs

▪ Cooper pairs have mass and momentum

—Do not scatter. Charge flow (current) has 

no dissipation (real(Z) = 0)

— Inertial response to changes in E-field. 

Charge flow lags field (imag(Z) ≠ 0)

E-field

E-field

DC AC
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SURFACE IMPEDANCE
▪ Imagine superconductor as a fluid with two particles 

(Cooper pairs and quasiparticles)

▪ Complex conductivity depends on contributions from both

— Cooper pairs:

• No dissipation. Kinetic inductance.

— Quasiparticles:

• Dissipate

• Small kinetic inductance

▪ Total complex conductivity depends on the population of 

pairs vs qps

— Breaking pairs lead to a change in the complex 

impedance
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KINETIC INDUCTANCE DETECTORS
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Measure Lk, Rs shift using LC resonator

▪ Two methods: distributed, lumped element

▪ Resonator complex transfer function ➝ 

phase + amplitude, frequency + Q

w0 =
1

LC

Qi =
w0L

R

Lumped elementDistributed

Nature. 425 (6960): 817–821



NATURALLY MULTIPLEXED
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▪ LC resonator has specific F0 

▪ Multiple resonators on a single line (just 

design w/ different f0s)

—Readout w/ RF electronics

▪ Should be able to achieve few 103 / octave



MKIDS: PNRD AND KI-PA
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Appl. Phys. Lett. 110, 212601 (2017)

PRX Quantum 2, 010302



SUPERCONDUCTING DEVICES FOR QUANTUM 
PARTICLE DARK MATTER
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Quantum state Transition to zero resistance Pairing/bandgap

SQUIDs, JPA, JTWPA

Qubits

TES for PNRD

SNSPDs

MKIDs for PNRD

KI-TWPA



SNSPDS FOR DARK MATTER
QROCODILE
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Phys. Rev. Lett. 123, 151802

Phys. Rev. Lett. 135, 081002



DARK MATTER
CRESST

2008 J. Phys.: Conf. Ser. 136 042085

Commun Phys 9, 163 (2026)34



ATHERMAL SIGNALS
Analogy with PMTs…

▪ Will these detectors have the same 

energy sensitivity?

▪ Yes, if:

— Lifetime of the athermal excitation 

(photon) is really long

— Excitation absorption dominated 

by sensor

PMT Scintillator

Reflector

PMT

Scintillator
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TES FOR DARK MATTER
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SuperCDMS



TES FOR DARK MATTER
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SuperCDMS

NIMA 1091 (2026) 171753
Phys. Rev. D 95, 082002 (2017)



TES FOR DARK MATTER
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TESSERACT



TES FOR DARK MATTER
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TESSERACT

Appl. Phys. Lett. 127, 263502 (2025) Phys. Rev. D 110, 072006



MKIDS FOR DARK MATTER

40

BULLKID

Appl. Phys. Lett. 121, 213504 (2022)



MKIDS FOR DARK MATTER
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KIPM

IEEE Transactions on Applied Superconductivity, vol. 

36, no. 6, pp. 1-8, Sept. 2026, Art no. 1500408



QUBITS FOR DARK MATTER
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SQUAT

Frequency

arXiv:2601.16261 



QUBITS FOR DARK MATTER
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SQUATs

Lower gap (Tc)

arXiv:2510.25203
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QP DOWNCONVERSION IN LOWER TC TRAPS

Al

Phonons in Silicon

TES

Eg Al

Eg Ir/Pt

Eg Ir

Al

Phonons in Silicon

Ir/Pt
Ir

SQ1 Time 

constant:
108 µs  

SQ2 Time 

constant:
 50 µs



SQUIDS FOR DARK MATTER
MMC
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2) Spin flip

χ, ν

166Er Atomic spins

Physical Review D 111.7 (2025): 072009.



QUBITS FOR DARK MATTER
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Quantum Acoustics

Small 

gap SC 

films

Phys. Rev. D 112, 115005

Nature volume 563, pages661–665 (2018)



SUPERCONDUCTING DEVICES FOR QUANTUM 
PARTICLE DARK MATTER
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Quantum state Transition to zero resistance Pairing/bandgap

SQUIDs, JPA, JTWPA

Qubits

TES for PNRD

SNSPDs

MKIDs for PNRD

KI-TWPA

Qrocodile

CRESST

SuperCDMS (HVeV)

TESSERACT

BULLKID

KIPM+KITWPA

MMC

SQUAT

SAW/HBAR
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