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QIS - the “big picture” for the HEP Researcher
• Quantum technology has the potential to address physics questions we 

care deeply about that we may not be able to access any other way.
• HEP has a number of world-leading science and technology capabilities 

that have grown out of our accelerator-based science program that 
enables our community to deliver important advances for quantum 
information science on the societal scale.

• There are significant "new money" funding opportunities in quantum 
information science -> pursuing quantum science will not "cannibalize" 
the rest of our program.

• We are already making significant progress on all three of the above 
points, but as quantum information is "organizationally new" (if not 
scientifically new) to HEP, it is important that we organize a coherent 
"full-stack" plan quickly or we may lose out on a significant set of 
scientific opportunities.
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QIS for the underground
• Underground facilities provide a number of wonderful advantages for 

quantum sensing experiments. This is well-recognized (and many current 
efforts using quantum technologies aren’t even using that “branding”).
• An application that is not widely considered though is quantum 

computing.
• Quantum technology is distinguished by leveraging entanglement 

and superposition of quantum states. In quantum computing, we 
leverage these aspects of quantum mechanics to perform certain 
calculations more efficiently than can be done with von Neumann 
architectures. While there are currently only a few algorithms with proven 
quantum “advantage”, they are versatile and have many applications.
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Underground quantum computing, continued
• Quantum computing is limited by several factors, but one of the 

most important is decoherence errors. Recent research suggests 
one source of decoherence errors is cosmic rays.

• Some quantum architectures are more sensitive to this than others 
(for example, superconducting transmon qubits present a larger 
surface cross section than ion trap-based machines). It is a topic of 
open research to understand these sensitivities and how they apply 
to different quantum computing technology implementations.
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Studies on superconducting qubits
• Superconducting transmon qubits are the current 

technological leaders (some controversy here - but they 
are the most publicly available and have the most 
demonstration results today).
• Recent study in Nature* highlighted the impact of 

ionizing radiation on qubit coherence.
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*https://www.nature.com/articles/s41586-020-2619-8

https://www.nature.com/articles/s41586-020-2619-8
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Studies on superconducting qubits, continued
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Underground facilities
• Wide range of possible outcomes.
- Research capabilities on the scale of ~a few 

dilution refrigerators seem like an excellent 
investment.
• Could likely attract industry partnerships to help 

finance the infrastructure.
• Dual-use for sensing experiments makes this a 

low-risk investment.
- Depending on the overall impact, it is even 

possible industry leaders would want to build 
“quantum data centers” underground.
• It wouldn’t be the first cloud data center stored 

in a novel location…
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D. Bowring and R. Khatiwada prepare a 
dilution refrigerator for service at Fermilab.https://news.microsoft.com/features/under-the-sea-microsoft-tests-a-

datacenter-thats-quick-to-deploy-could-provide-internet-connectivity-for-
years/


