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Overview

Surface Code

Introduction to superconducting qubits
Offset Charge Sensitive (OCS) qubits
Detecting charge events (paper)
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Error Correction With Surface Code
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Measure errors (X & Z) via stabilizing qubits

ko]
N
(Vp)] ey
S & 3
L8
8%y
>
o Y m
— C
o — c
> -
259
= -
o > (o))
O < C
~N O <



Introduction to Quantum Circuits
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Introduction to Quantum Circuits
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Introduction to Quantum Circuits
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Introduction to Quantum Circuits

STOP 3
Why does this circuit make .
a bad qubit? .L
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Introduction to Quantum Circuits

We need some sort of non-linear circuit element!



Introduction to Quantum Circuits

We need some sort of non-linear circuit element!
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Fortunately, the Josephson junction is a

superconducting, non-linear circuit element ; E




Introduction to Quantum Circuits
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|C = critical current of the Junction

®, = superconducting flux quantum = h/2e



Introduction to Quantum Circuits
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Introduction to Quantum Circuits
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Josephson junction acts like a
non-linear inductor
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Introduction to Quantum Circuits: the Transmon

What if we wanted to use the qubit as
a charge sensor??
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Introduction to Quantum Circuits: the Transmon

(a)IEJ'/EIC = 1.{0 ' 5 '(b)l E'J/E|C = 5.0 .

What if we wanted to use the qubit as
a charge sensor??

Small deviations from the transmon
limit make the qubit frequency a
slowly varying function of offset
charge (Ej/Ec ~ 25)

o_—,_l,;.[._ o_—._;.;.:.2 ﬁ:4Ec(ﬁ—ng)2_EJCOS¢




Qubit Energy Relaxation

e Fermi's GoldenRule: p . .—*

Microwave pulse sequence to measure:

xcited state

Rabi
cavity

Probability of being in the e:

\s

time

0 %5 5 75 100 125 150 175
Time [us]



Offset Charge Sensitive Transmon

Transmon - junction
and capacitive shunt

Capacitively coupled
2D resonator

Local charge gate
line

Common feedline



Offset Charge Sensitive Transmon

e Spatial separation is relevant here!

o Q34 ~340um
o Q12~640um
o Q24 ~3000um

e Reference - Sycamore

o 53 functional qubits on Tcm x 1cm chip P “i
e Charge correlations? § Q1?

100 pm




Qubits as a Charge Sensor

e Single quasiparticle tunneling produces two parity bands
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Mapping of Environmental Charge
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Mapping of Environmental Charge
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Mapping of Environmental Charge

Discrete jump in offset charge!

Applied offset charge (e)




Time Evolution of Offset Charge

e 3000 Ramsey measurements

o 10 different gate voltages
o Cycletime - 44s

e “lLarge”charge jumps~0.1e<|q| <0.5e



Time Evolution of Offset Charge
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Time Evolution of Offset Charge
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Correlations in Charge Jumps




Correlations in Charge Jumps

e 340 um
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Correlation probabilities: Q34 ~ 54%, Q12, 46%



What Causes Large Charge Jumps?

e Two primary sources (see text for details):

o Y -rays from background radioactivity (40x more likely)
o Cosmic ray muons

e \Worst case scenario:
o Y-rays->"?"->(possibly long range) qubit decoherence



What Causes Large Charge Jumps?

Energy from charge events is stored in phonon bath of the substrate
Phonons break Cooper pairs (generating non-equilibrium quasiparticles)
Non-equilibrium quasiparticles enhance qubit decay

Timescale ~ 100us

C
t

Josephson junction
Beta particles x-rays interact in the surface
create ionization P y-rays are deeply penetrating

electron-hole =

pairs (e / h¥) - X-1ay  y-ray
continuously in

dense materials

Impinging radiation  Energy relaxation carriers Superconducting phenomenon

Photon (y): N\ N\ Ionization: ¢ /h” Cooper pair: e
Beta (B7");: ———— Phonon: \AAA/'  Quasiparticle: (D)



(an We See Enhanced Qubit Decay?

e Q1 "“trigger” qubit - measure offset charge (Ramsey sequence)
e Q2 & Q4 - spatially localized T1 probes
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Can We See Enhanced Oubit Decav?
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Recap

e We learned (hopefully) about superconducting qubits
e Qubits - more than just qubits

e Charge diffusion in the substrates of quantum processors - a real
problem!



