2026/07/29

Characterizing qubits at
SNOLAB

Vijay lyer
Research Scientist (SNOLAB)

McDonald Institute Annual Commrunity Meeting 2026



3
Land acknowledgement SNt AB

SNOLAB is located on the traditional territory of the Robinson-Huron
Treaty of 1850, shared by the Indigenous people of the surrounding
Atikameksheng Anishnawbek First Nation as part of the larger
Anishinabek Nation.

We acknowledge those who came before us and honour those who are
the caretakers of the land and the waters.
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Role at SNOLAB !

SN&LAB

Develop programs in quantum science that align
with. CANADA’s National Quantum Strategy

Dr. Vijay lyer - _
RsssaretiSsiaritist Utilize the Cryogenic Underground TEst (CUTE)

facility.at SNOLAB for applicable projects.

Current primary project: Advanced characterization and mitigation of qubit decoherence in a

deep underground environment. gﬁl\/ﬁ%
e

3,
%

Goals: b.
* Effect of radiation on qubit decoherence. Qute lts

 Mechanisms that cause decoherence.

* Mitigation techniques.

* Final goal: Develop recommendations on the requirements for a quantum computer system
design that would be largely unaffected by ionizing radiation
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Superconducting qublts
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Qubit parameters

e T,time-— Sl\é\l{AB

 How long before system returns to ground state from an excited state.
* Rate at which the system dissipates energy back to the environment.

* T,time-
* Dephasing time. \/_(

 How long before the phase relationship (¢) between the population in the ground state and the excited
state last before interactions with the environment randomizes it.
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* Errors —T, controls bit flip errors, and T, controls phase flip errors during various gate operations in algorithms.

 The goalis to keep the system in a superposition state, as well as maintain its phase relationship for as long as
possible to execute quantum algorithms.



Article

M Ot IVd t folg Impact ofionizing radiationon
superconducting qubit coherence S r\I/A R

https://doi.org/10.1038/s41586-020-2619-8 AnmP Vepsalamen Amer Karamlou', John L. Orrell*™, Akshunna S. Dogra'*, Ben Loer?,
Received: 25 January 2020 !, David K. Kim®, Alexander J. Melville®, Bethany M. Niedzielski®,

. ilyn L. Yoder®, Simon Gustavsson', Joseph A. Formaggio', Brent A. VanDevender? &
Accepted: 5 June 2020 William D. Oliver'?

Published online: 26 August 2020

nature communications 3

Article https://doi.org/10.1038/541467-025-61385-x
Impinging radiation  Energy relaxation carriers ~ Superconducting phenomenon Synchronous detection of cosmic rays and
Photon AU\ lonization e, ht Cooper pair  GEHE» correlated errors in superconducting
B particle (8 ——— Phonon AN/ Quasiparticle ) qubit arrays

Received: 4 July 2024 Patrick M. Harrington ®' ", Mingyu Li2, Max Hays ©",

ES——— Wouter Van De Pontseele ®2, Daniel Mayer?, H. Douglas Pinckney ®'2,
cepted: 1 Nins Felipe Contipelli®, Michael Gingras ®3, Bethany M. Niedzielski ®2,
Published online: 11 July 2025 Hannah Stickler ®3, Jonilyn L. Yoder?, Mollie E. Schwartz ®3, Jeffrey A. Grover ®',

Implementing a 10-cm-thick lead brick Mngr s S e
around the cryostat reduced the external
radiation flux

OPEN
Reducing the impact of radioactivity on quantum

Measurably improved the qubits' energy circuits in a deep-underground facility

L. Cardani® "'7* F. Valenti23'7, N. Casali', G. Catelani® 4, T. Charpentier® 2, M. Clemenza>®,

L] L]
re I a Xa t I O n t I I I I e S . . Colantoni® 7, A. Cruciani', G. D'lmperio® ', L. Gironi® 58, L. Griinhaupt® 2, D. Gusenkova?, F. Henriques?,

M. Lagoinz, M. Martinez® 8, G. Pettinari® °, C. Rusconi® 101 O. Sander3, C. Tomei', A. V. Ustinov2'213,
M. Weber3, W. Wernsdorfer @ 21415 M. Vignati® 16, S. Pirro® 10 & I. M. Pop @ 2145




Article

M Ot IVd t folg Impact ofionizing radiationon
superconducting qubit coherence S r\I/A R

https://doi.org/10.1038/s41586-020-2619-8 AnmP Vepsalamen Amer Karamlou', John L. Orrell*™, Akshunna S. Dogra'*, Ben Loer?,
Received: 25 January 2020 !, David K. Kim®, Alexander J. Melville®, Bethany M. Niedzielski®,

. ilyn L. Yoder®, Simon Gustavsson', Joseph A. Formaggio', Brent A. VanDevender? &
Accepted: 5 June 2020 William D. Oliver'?

Published online: 26 August 2020

nature communications 3

Article https://doi.org/10.1038/541467-025-61385-x
Impinging radiation  Energy relaxation carriers ~ Superconducting phenomenon Synchronous detection of cosmic rays and
Photon AU\ lonization e, ht Cooper pair  GEHE» correlated errors in superconducting
B particle (8 ——— Phonon AN/ Quasiparticle ) qubit arrays

Received: 4 July 2024 Patrick M. Harrington ®' ", Mingyu Li2, Max Hays ©",

Wouter Van De Pontseele ®2, Daniel Mayer?, H. Douglas Pinckney ®'2,
Felipe Contipelli®, Michael Gingras ®2, Bethany M. Niedzielski ®3,
Published online: 11 July 2025 Hannah Stickler ®2, Jonilyn L. Yoder®, Mollie E. Schwartz ®2, Jeffrey A. Grover ®,

Correlated cosmic ray detection events with S e m—
changes of the energy relaxation rates in a 10
transmon qubit array.

OPEN
Reducing the impact of radioactivity on quantum

All cosmic rays incident on the qubit array circuits in a deep-underground facility

resu I te d in d etecta b I e corre | ate d error events. L ol A il 6, Dol L a5, L SRS D Gusakors? E.HADSEE

M. Lagoinz, M. Martinez® 8, G. Pettinari® °, C. Rusconi® 101 O. Sander3, C. Tomei', A. V. Ustinov2'213,
M. Weber3, W. Wernsdorfer @ 21415 M. Vignati® 16, S. Pirro® 10 & I. M. Pop @ 2145

Accepted: 19 June 2025




Article

M Ot IVd t folg Impact ofionizing radiationon
superconducting qubit coherence S r\I/A R

https://doi.org/10.1038/s41586-020-2619-8 AnmP Vepsalamen Amer Karamlou', JohnLL. Orrell**, Akshunna S. Dogra'®, Ben Loer?,
Received: 25 January 2020 los', David K. Kim®, Alexander J. Melville?, Bethany M. Niedzielski®,

ilyn L. Yoder®, Simon Gustavsson', Joseph A. Formaggio', Brent A. VanDevender? &
Accepted: 5 June 2020 William D. Oliver'?

Published online: 26 August 2020

nature communications 3

Article https://doi.org/10.1038/541467-025-61385-x
Impinging radiation  Energy relaxation carriers ~ Superconducting phenomenon Synchronous detection of cosmic rays and
Photon AU\ lonization e, ht Cooper pair  GEHE» correlated errors in superconducting
B particle (8 ——— Phonon AN/ Quasiparticle ) qubit arrays

Received: 4 July 2024 Patrick M. Harrington ®' ", Mingyu Li2, Max Hays ©",

Wouter Van De Pontseele ®2, Daniel Mayer?, H. Douglas Pinckney ®'2,

Felipe Contipelli®, Michael Gingras ®2, Bethany M. Niedzielski ®3,

Published online: 11 July 2025 Hannah Stickler ®2, Jonilyn L. Yoder®, Mollie E. Schwartz ®2, Jeffrey A. Grover ®,
Kyle Serniak ® 2, William D. Oliver ®'%* | & Joseph A. Formaggio ®2

Accepted: 19 June 2025

Environmental radioactivity identified as a major
source of non-equilibrium quasiparticles and time
correlated energy bursts in superconducting
guantum circuits.

Echeck for updates

ARTICLE
https://doi.org/10.1038/541467-021-23032-z OPEN

Reducing the impact of radioactivity on quantum

Material selection and replacing radioactive circuits in a deep-underground facility

L. Cardani® "'7* F. Valenti23'7, N. Casali', G. Catelani® 4, T. Charpentier® 2, M. Clemenza>®,

components successfully contributed to L o . s, et € P 0 S o A
suppressing spurious background bursts.

M. Weber3, W. Wernsdorfer @ 21415 M. Vignati® 16, S. Pirro® 10 & I. M. Pop @ 2145




Article

Motivation

Impact ofionizing radiationon
superconducting qubit coherence

SNgLAB

Received: 25 January 2020

Published online: 26 August 2020

https://doi.org/10.1038/s41586-020-2619-8  Antti P. Vepsildinen'™, Amir H. Karamlou', John L. Orrell>, Akshunna S. Dogra'*, Ben Loer?,
Francisca Vasconcelos', David K. Kim®, Alexander J. Melville®, Bethany M. Niedzielski®,

lyn L. Yoder®, Simon Gustavsson', Joseph A. Formaggio', Brent A. VanDevender? &
Accepted: 5 June 2020 William D. Oliver'?

Impinging radiation Energy relaxation carriers ~ Superconducting phenomenon

Photon N\ lonization e, h* Cooper pair @& &P
B particle () ———— Phonon AN/ Quasiparticle G

Key takeaways:

1. lonizing radiation imposes limitationson T, and T,

times; introduces correlated errors through
guasiparticle generation.

2. Shielding cosmic rays requires deep underground
facilities.
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CUTE @ SNOLAB

Z. Guo et al., Chinese Phys. C 45 025001, (2021)

* Cryogenic Underground Test facility (CUTE). S q./AB

s, wber N L e * Adilution refrigerator well shielded from
- I

ki environment backgrounds.

A +— Gran Sasso (Italy)
o : :

e / ----- R * Dedicated class-200 low radon cleanroom.
L ' * Can deploy and expose detectors to a
gamma, and/or neutron source.
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Facility upgrades for quantum science
* Facility originally designed for SuperCDMS.

Originally meant for “DC” payloads (such as transition edge
sensor calorimeters).

Fridge can reach a base temperature ~12 mK.

Has a Pb shield/plug just above the detectors.

* In 2025, facility underwent upgrades to accommodate qubit
measurements.

Can support up to 12 RF lines with rigid coax cables.

Has a new MC sample plate underneath the Pb.

Low activity magnetic shield for qubit devices.

Qubit control and readout modules. A dedicated measurement
PC.

Can simultaneously run RF and DC payloads.

Screen every component that goes on the fridge.

12



Project flow

* One Chip
* Three qubits with 3 corresponding
resonators.
e Based on 2025 measurements at IQC:
* E/E=28.29
e f,,=3.371 GHz
* Underground measurements at SNOLAB
taken in July 2025.
* More on-going right now.
e Surface measurements at IQC taken
between September 2025 and January
2026.

Start with a standard
Qubit design.

Take measurements IELCEUEENEE S
on surface at 1QC. underground at SNOLAB.

Analyze and compare the datasets

Use that information to design new qubit layout that could
mitigate the effect of radiation on qubit T, and T, times.

Make a practical guantum processor

13



The data
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Pursuing techniques like time series analysis to:

* Mitigate the non-stationarity in T1 and T2
data.

» Determine outlier events in datasets that
could be indicative of the controlled radiation
exposure.

* Vector analysis to check correlation between
parameters across different qubits.

* Interpreting physical meaning of the memory
coefficients (6) determined from time series
analysis.
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Outlook for Qutebits

SNgLAB

* Currently taking another set of underground data.

* Take measurements that provide charge control, and
can help determine quasiparticle poisoning.

* Continue data analysis efforts towards understanding
effects of radiation on qubit performance, determine
guasiparticle density on the chip.

* Design and fabricate new qubit chips that would help
narrow down on hypothesis from data analysis.
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Outlook for quantum science @CUTE o

e Upgrade the facility with additional RF line installations.

* Infrared absorbers have shown.to improve T1 times. Look for
better IR coatings around the qubit mount.

* Collaborate with more such interesting projects to slowly develop
a quantum science program at SNOLAB.

* Contact me (vijaviver@snolab.ca) if you have any ideas that might
benefit from being at CUTE.

Thank you
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