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It’s been a busy week!



Quantum test beds at Stanford/SLAC

RF Quantum Upconverters Single Microwave Photon Detectors
Kuenstner, Stephen E., et al. "Quantum metrology of 
low-frequency electromagnetic modes with frequency 
upconverters." Physical Review Research 7.1 (2025): 
013281.

Kuo, Chao-Lin, et al. "Maximizing quantum enhancement in 
axion dark matter experiments." Physical Review D 111.12 

(2025): 123018.



It’s been a busy week!
Thanks to all the students and post-
docs who volunteered to help!



Projects….
WRSPICE, G4CMP, SMuRF



What are we calling “quantum”?

Lots of ideas this workshop…


• Dan Carney: John Bell (?)


• Konrad Lehnert: PMTs (?)


• Others?



What is “quantum”?
https://journals.aps.org/prxquantum/pdf/10.1103/PRXQuantum.4.020101

Sushkov, Alexander O. "Quantum science and the search 
for axion dark matter." PRX Quantum 4.2 (2023): 020101.

https://journals.aps.org/prxquantum/pdf/10.1103/PRXQuantum.4.020101


Quantum 1.0 
At or above the Standard Quantum Limit

• Josephson junctions: involve quantum 
mechanical effect through the phase


• Ergo, amplifiers built with Josephson 
junctions


• SQUIDs, JPAs, TWPAs


• Semiconductors


• Lasers



Quantum 2.0 

• Squeezing


• Backaction evasion


• Entanglement


• Photon counting 

Requires beyond Standard 
Quantum Limit sensing or 
sufficiently advanced sensitivity 



Yale Quantum Sensing workshop, 2023
https://arxiv.org/pdf/2311.01930





Yale Quantum Sensing workshop, 2023

https://arxiv.org/pdf/2311.01930



Yale Quantum 
Sensing 
workshop, 2023
https://arxiv.org/pdf/2311.01930



Where we are now 
Learned about a zoo of sensors

• TES


• mKIDs


• SNSPDs


• SQUIDs


• JPAs


• TWPAs


• More…

Karthik 
Ramanthan: pair 
breaking sensors

Kevin O’Brien: 
continuous 
variable amplifiers



Sensor development
• Identifying source of low quantum efficiency 

in continuous variable sensors


• Understanding the low energy excess


• Leveraging the non-linearity of the Josephson 
junction in new ways (non-linear KIDs)


• Facilities with improved ability to reproduce 
circuits

Kevin O’Brien

Dan Baxter



Applications to particle dark matter searches

arXiv:2601.16261

SQUATS! (Local)
Daniel Baxter, Clarence 

Chang, David Moore

Tonyan LinTonyan Lin



Applications to wavy dark matter searches

Danielle Speller

Danielle Speller

Konrad Lehnert



Applications to astrophysics
Vicky Xu

Ritoban Basu Thakur



Quantum 3.0 (?)
A few science drivers
• Cosmic neutrino background


• QCD axion -> DM density not well known


• Gravitational waves

Aggarwal et al. 2501.11723



Thank you!


