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Unique Capability – NuMI/MINOS Underground
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• The NuMI neutrino beamline 
at Fermilab includes a cavern 
100m underground which 
shields 99.5% of cosmic ray 
muons (225 m.w.e.)

• NOvA near detector is still 
operational

• MINOS & MINERvA near 
detectors decommissioned

• Low-background detectors 
moved in!
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Three unique facilities that are being used to understand the energy-
response of superconducting qubits:

1. LOUD – surface laboratory for rapid iteration

2. QUIET – underground laboratory identical to LOUD but with 
>99% fewer cosmic ray muons

3. NEXUS – underground laboratory equipped with a deuterium-
deuterium neutron generator and a modular shielding environment, 
for ultra-low-background studies
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Fermilab General-Use Quantum Testbeds
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Superconducting qubits offer a unique set of features that motivates them as low-energy sensors:
• The energy state gap from |0> to |1> is ~10 ueV, lower than the threshold set by Cooper pair breaking in standard 

superconductors

• As RF sensors, qubits are inherently multiplexable (although less-so than MKIDs)

• Qubits can be operated in different modalities simply by switching the gate sequence
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Superconducting Qubits as Sensors

Bratrud et al, Nat. Comm. 16, 9906 (2025) [arXiv:2405.04642]

Wilen et al, Nature 594, 369 (2021) [arXiv:2012.06029]

Christensen et al, PRB 100, 140503 (2019) [arXiv:1905.13712]

Celi et al, (2026) [arXiv:2604.13176]

Linehan et al, PRD 111, 063047 (2025) [arXiv:2404.04423]

Harrington et al Nat. Comm. 16, 6428 (2025) [arXiv:2402.03208]

McEwen et al, Nat. Phys. 18, 107 (2022) [arXiv:2104.05219]

Charge Relaxation

Bratrud

McEwen

https://arxiv.org/abs/2405.04642
https://arxiv.org/abs/2012.06029
https://arxiv.org/abs/1905.13712
https://arxiv.org/abs/2604.13176
https://arxiv.org/abs/2404.04423
https://arxiv.org/abs/2402.03208
https://arxiv.org/abs/2104.05219
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Superconducting Qubits as Sensors

Magoon et al, (2026) [arXiv:2601.16261]

Ramanathan et al, APS Open Sci. 1, 000013 (2026) [arXiv:2405.17192]

Fink et al, Phys. Rev. App. 22, 054009 (2024)[arXiv:2310.01345 ]

Dixit et al PRL 126, 141302 (2021) [arXiv:2008.12231]

Omahen et al, PRL 136, 180802 (2026) [arXiv:2507.02653]

Linehan et al, PRD 112, 115005 (2025) [arXiv:2410.17308]

Chu et al, Science 358, 199 (2017) [arXiv:1703.00342]

Quasiparticle Counting Photon Counting Phonon Counting

Magoon

https://arxiv.org/abs/2601.16261
https://arxiv.org/abs/2405.17192
https://arxiv.org/abs/2310.01345
https://arxiv.org/abs/2008.12231
https://arxiv.org/abs/2507.02653
https://arxiv.org/abs/2410.17308
https://arxiv.org/abs/1703.00342
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Test Facilities – NEXUS @ FNAL

Northwestern EXperimental Underground Site 
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Test Facilities – NEXUS @ FNAL

Northwestern EXperimental Underground Site 

2.5 MeV D-D neutron generator Backing array (design) Backing array (as built) 
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Test Facilities – NEXUS @ FNAL

Northwestern EXperimental Underground Site 

2.5 MeV D-D neutron generator Backing array (design) Backing array (as built) 
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See excellent talks yesterday by Pratyush Patel & Isabella Foti 
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NEXUS

This QSC facility is the deepest low-background 
underground cryostat dedicated to 
superconducting qubit operation in the USA

– Oxford Proteox w/ up to 16(48) NbTi(SS) RF lines

– 250 ft2 Class 10,000 clean room

– 50 ft2 antechamber for gowning and material 
cleaning

– >99% reduced cosmic ray muon background

– Design of passive radiation shield is underway

Test Facilities – QUIET @ FNAL

Quantum Underground Instrumentation Experimental Testbed 
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Test Facilities – QUIET @ FNAL

Quantum Underground Instrumentation Experimental Testbed 
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Fabrication of Devices

Devices made in-house taking data!
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Chip design credit to Ziqian Li of SchusterLab
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Optimization of qubits in QUIET

• Significant improvement over IR shielding of our qubits has improved qubit 
performance enough to begin external radiation studies

• Very interested in studying the dynamics of qubit performance with and without 
radiation present.
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Optimization of qubits in QUIET
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Optimization of qubits in QUIET
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Optimization of qubits in QUIET
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Qubit Control & Readout 

• Fully integrated readout & control system for QIS, quantum networks, 

and superconducting detectors

QICK = “Quantum Instrumentation Control Kit”

Arnaldi et  al, (2026) [arXiv:2610.03609]

Ding et al, Phys. Rev. Res. 6, 013305 (2024) [arXiv:2311.17171]

Stefanazzi et al, Rev. Sci. Instrum. 93, 044709 (2022) [arXiv:2110.00557]
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Between 4-10 payloads/chips cold at a time

SQUAT device currently cold in QUIET (w/ SLAC)

Wilen/Bratrud chip still kicking in NEXUS (5 years running)

Magoon et al, (2026) [arXiv:2601.16261]

Bratrud et al, Nat. Comms. 16, 9906 (2025) [arXiv:2405.04642]
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Charge Qubits & SQUATs

Decoherence Studies
Further analysis of new data underway

Celi et al, (2026) [arXiv: 2604.13176]

Linehan et al, PRD 111, 063047 (2025) [arXiv:2404.04423] 

MKIDs

Calibration

MKID device currently cold in QUIET

Temples et al, Phys. Rev. App. 22, 044045 (2024) [arXiv:2402.04473]

Alpha calibration underway in NEXUS

Poudel et al, (2026) [arXiv:2606.00473]

Tabassum et al, Rev. Sci. Inst. 96, 103101 (2025) [arXiv:2504.06995]

Stifter et al, J. Opt. Microsyst. 5, 024503 (2025) [arXiv:2405.02258]

Quantum Acoustics
Device planned for next run of QUIET

Linehan et al, PRD 112, 115005 (2025) [arXiv:2410.17308]

Chip Design & Material Integration
Further hBN studies planned for next run of QUIET (w/ Cornell)

Christiansen-Salameh et al, (2026) [arXiv:2610.12556]

Seidel et al, (2026) [2607.20795]

time

Grace Bratrud
(2025 GIRA)

Joyce Christiansen-Salameh
(2025 SCGSR)
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Other Talks By Our Group!
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• Huge involvement in simulation (G4CMP) and AI-driven analysis/control

see also…
Hernandez et al, Nucl. Inst. Meth. A 1073, 170172 (2025) [arXiv:2408.04732]

see also…
Gaytan-Villarreal et al, (2026) [arXiv:2607.14293]
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We’re Hiring!
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https://figueroa.physics.northwestern.edu/jobs/index.html 

https://figueroa.physics.northwestern.edu/jobs/index.html


Acknowledgements – CosmiQuantum@FNAL

20

FNAL Group

Daniel Baxter
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Gustavo Cancelo

Lauren Hsu

Ryan Linehan
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Olivia Seidel
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PRESENTING AT CPAD
*group alumni
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