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SQUAT overview

e Event detection manifests as an increase
qubit parity switching rate

e \We have characterized important SQUAT
parameters: T1, T2, power dependence,
dispersion.

e We have observed the first parity switching
events in SQUATSs!
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The Superconducting Quasiparticle-Amplifying Transmon (SQUAT) is a new architecture for THz
(meV) sensing based on a weakly charge-sensitive transmon directly coupled to a transmission line.
Energy depositions break Cooper pairs in the qubit islands, generating quasiparticles; the quasi-
particles can tunnel across the Josephson junction, changing the qubit parity and thus generating
a measurable signal. This paper presents the first measurements of SQUATSs. We describe the de-
sign, fabrication, and testing of the sensors and characterize their qubit properties and background
switching rate. We also show first evidence for a detection event.



Measurement setup
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Master Equation, Gammas

d | r T
y (t) = —i|Heqt, p| + I'vD]o_|p + %D[O’Z]p

o [ radiative decay rate, I = 1/T1

o I''=I_+TI,wherel is coupling to
feedline, r, is loss rate

* I dephasing rate, r,= 1T,

e TJotal decay rate:

r, 1
757+P¢:§(FC+F1)+F¢

TUpcoming SQUAT design paper, Eq. E5



Fit the resonance, get the gammas

1. Use the master equation to write EoM for each 1.0
operator

2. Find steady state solution by setting B
(o) = (d) = 0 5

3. Plug solution into 10 theory to get transmission, _
reflection -

4. Fit to extract Gammas
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Frequency Scans
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Fit the resonance, get the gammas
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Fit the resonance, get the gammas

e As power increases, transition H2 Q3 Powerscan Qubit Excitation Probability
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Pulsed Measurements with QICK

RFSoC board (ZCU 216)
running QICK
e \When qubit is biased in the
degenerate state,
well-described as a
two-level system
e Short pulses set qubit’s
state
e Longer pulses drive qubit to
intermediate state
e Extract Rabirate 2, T., T,




Dispersion

e Tune dispersion by dc B L _19
biasing SQUAT & 13
e Dispersion y = 10Q, E s nu=
o x~10MHz o & S
) QO ~1 MHz fg 0 °£
—_— _.16 . p—t
e Two readout modes: >° =
. . —-17
phase or amplitude ® =5 'z
o Phase readout improves M =
SNR and ease of -10 -19
implementation il ~920
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Rabi oscillation 10— SQUAT Rabi Oscillation 04

E 0.2
e Apply a pulse at f, vary pulse e _
power & duration - o
e Emitted signal is in XY plane; 0.1~

traces out Rabi oscillations

e Can choose pulse power &
duration to prepare qubit in |+)
or |—) state
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T, (dephasing time) measurement

1.  With appropriate pulse power & SQUAT T2 Measurement
duration, prepare qubit in |+) state o — Qs
4 —— Fit (t=353 + 40 ns)
2. Wait variable delay time t, measure 5 0]
emission to the feedline -2
£ 0.0
3. Fitto extract T, g
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T, (energy relaxation time) measurement

SQUAT T1* Measurement

—— Data
m— Fit (1=83%6 ps)

1. Prepare qubitin |1) state 06

2. Wait variable delay time t, apply 7/2
pulse to rotate qubit
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3. Measure emission to feedline; result
depends on whether qubit decayed to 0.0
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S21 Magnitude [dBm]

Parity measurements

e Quasiparticle tunneling toggles parity of qubit
e Two possible readout modes: amplitude and phase

1Q, both parity bands
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Parity Timestream

SQUAT Parity Switching

11 Raw Data
e Can be difficult to read 3
out switching rate with 5
time stream data £ "
e Extract switching rate 4
with by fitting™ to the FFT -1 | , . .
. 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75
via: Time (s)
AT 1094 Raw Data
S — F2 qp 4 (1 — F2 —1 o — [, = 21.66 +- 2.33 Hz
D= G e T e g B, P
i 10744
Parity switching rate: E
1078
qu ~ 20 HZ e Frequé?llty(Hz) P

TRiste, D, et al. Nature Communications, 2013



Parity Timestream Tempscan

e From these fits, we also extract; T qubitgs
o Xx_, Quasiparticle density in the film
o JA, difference in SC gap energy on either side of

the junction
o arXiv:2505.08104

Let’'s make up
a variable and
blame him!

104 Device Temperature Scan

Device, Power at device
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Parity Timestream Tempscan
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Summary

e 5 SQUAT devices are well-characterized with understood dynamics
o Power scans, frequency scans, time domain and pulsed measurements

e First measurement of parity switching events in SQUATSs!
e When you get a SQUAT chip, do these checks

e VNAIs a useful tool, but likely moving to SMuRF for long-term readout
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SQUAT Readout Dynamics

SQUAT Rabi Oscillation
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SQUAT T2 Measurement
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Master Equation, extract gammas

d |
—p(t) = —1 [Heff, /)] + Fy-D[U_]/) -+ —¢D[Uz]p Hannah can make a
dt 2 cartoon to show
different
decoherence
pathways

Explain master equation, define gammas

Let’s fit the gammas from the frequency scans




Fit the resonance, get the gammas

Use the master equation to write EoM for each operator oER() = aRE(y — i
out = Qy - ’Lz_go.—

Find steady state solution by setting operator time derivative = 0

Look at expectation value of operators, plug into 10 theory equation, find ratio of
scattering matrix terms to get transmission and reflection!




Fit the resonance, get the gammas
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