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1. Review of quasiparticles in qubits

3. Modeling higher transmon levels
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Superconductivity & Bogoliubov quasiparticles
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Tunnel junction

tunneling Hamiltonian ~ Hp ~ ¢ (CJr
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Single-junction qubit (with QPs)
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Transition rates and relaxation
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E[Ec

QPs in transmon

CPB (Ec > E])
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Al film thickness and superconducting gap

d = film thickness

MDA, G

E, =
J 7 4(AL + Ag) e2/h

New energy scale
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Quasiparticle transitions with different gaps

Two cases:
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Quasiparticle-qubit nonequilibrium steady state

Di = X, = Xp> = Xp< = 0
[: W] R < W1 Il : W]R >(1)10

T T T T T T T T TR 407)

-

AL 3
4073
20 AI- AR L
|
Xo = 9a(DirXa) 107 : =
10 % Quasiparticles located  Quasiparticles trapped
at energies ~ A at energies ~ Ap
5. = fi(Dy %) 10710
Pi = JilPir Xa u : 0 v low values of p,  higher values of p,
01 2 34 b 68 7 801 2 3 4 5 6 7 8
coupled rate eqns (B -Dr)h [GH2] (B ~Bg)h [GH2] L lowervaluesof T;  +/ improved Ty

for gp density and

qubit population Google: PRL 133, 240601(2024)

& Nature 638, 920 (2025)



Nonequilibrium regimes vs T
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Probing gap-asymmetry: split-transmon
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Probing gap-asymmetry: parallel magnetic field
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QP bursts and gap-asymmetry
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Mitigating quasiparticle decoherence

(@) .5 phonon

:,:‘:Tpulse
i S M— - —"
P ol 4
i —=Uh —=U, U == '
[ g

(b) e phonon initialization

il | f

y, _Delay 7 —
’ 4—>E l,/ 41 o
inj .
O, X] 7
L. . . _ 101 IIII' 1 1 1IIIII[ 1 1 |IIIII| 1 I IIIIIII ?
8 —— Simulation 1 I, =0023s"1 ]
~ e 5 ¢ Nb GND plane 3 ~ 100F ry = 00665~
5 - 4 10 pm Cu Nb GND plane - E g Iy =0360s" 3
_ — Ire .
C ar " ol0tE E
& | ; £ F :
® 2F ] 107
On_l L 1 1 1 1 I 1 ' A 1 L 'l 'l 1 | ' 'l 1 1 L L ' li _:I!lll 1 1 JIIIIII 1 1 lIIIIlI 1 1 IIIIIII
103 2 1 0 1
0 50 100 150 200 250 10 10 10 10
Delay (,us) Frequency (Hz)

V. laia et al., Nat Commun 13, 6425 (2022) E. Yelton et al.,, PRB 110, 024519 (2024)



Mitigating quasiparticle decoherence
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Tunnel junction

tunneling Hamiltonian ~ Hrp ~ ¢ (CECR & C}r:gCL)
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Transmon spectroscopy
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The “d-0” model
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The “d-0” model
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Quasiparticles in resonators
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Quasiparticles in resonators
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Phys Rev Applied
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Summary

» standard fabrication leads to gap difference (f) ()

(-

PRX Quantum 3, 040338 (2022)

« gap difference larger than qubit frequency decreases
transition rates and protects against bursts fleRI

» generation mechanisms & mitigation

s Spectroscopic measurements in transmons are
incompatible with standard tunnel model
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« Necessary to account for barrier inhomogeneity PRB 110, 024519 (2024) i
o s standard mode Nat Commun 13, 7196 (2022)
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