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Error mitigation is critical for near term applications of nuclear and particle physics on quantum 

computers. The purpose of this workshop was to bring together a diverse cross-section of 

researchers from universities, national laboratories, and technology companies to address key 

challenges for achieving error reduction on near term devices. One important goal was be to 

identify important benchmark problems in particle and nuclear physics that can run on current 

hardware. Many problems in nuclear and particle physics have a resolution parameter (e.g. 

number of lattice sites) which can be dialed up to make solutions more precise and the 

corresponding quantum circuits naturally longer and more challenging to run. In order to 

compare different error mitigation approaches, it is essential to have common test cases of 

widespread importance. 

 

Another aspect of this workshop was to review existing approaches in initialization, gate, and 

readout error mitigation. In particular, we explored which approaches have been applied to 

particle and nuclear physics problems and which ones have not yet been applied, but may be 

useful. Furthermore, we identified which tools may be adapted for further development 

particularly for nuclear and particle physics problems including the incorporation of circuit 

structure [1], underlying symmetries [2], etc. Tools developed for and from [3] particle and 

nuclear physics may also have a wider applicability to other science and industrial applications 

of quantum computing. There is also an interplay between quantum computing errors and errors 
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introduced from the approximations made in any calculation. Such errors are the result of field 

digitization [4], spacetime digitization, a finite spacetime volume, etc.[1] 2102.10008 

 

The workshop took a hybrid format, with about 20 people in person and about a dozen people 

connected virtually through Zoom.  Of the local participants, over half were from outside the 

University of Washington and included researchers from national labs (LBNL, FNAL, Sandia), 

Universities (Maryland), and industry (IBM, Amazon).  Every day, there was one pre-defined talk 

organized around a theme and then a second talk following up on discussions/interest from the 

workshop participants.  On the first day, we started with a round of introductions by all 

participants followed by an overview talk by Suguro Endo.  Ewout van den Berg (IBM) gave a 

talk about gate and readout error mitigation schemes on the second day.  Later that day, 

Youngseok Kim gave a talk about X.  On the third day, the morning session talk was by Mohan 

Sarovar (Sandia) about coherent versus stochastic errors.  Later that day, Martin Savage (U. 

Washington) gave a talk about HEP/NP applications.   Mohan also gave an additional talk about 

ways to understand the fidelity of large circuits, following a discussion that arose during his 

morning presentation.  On Thursday, Alaina Green (Maryland) gave a presentation discussing 

the path from error mitigation to error correction.  The afternoon talk on a similar theme from 

Suguru.  On the last day, Christian Bauer gave a talk about HEP/NP specific noise mitigation 

schemes, mostly focused on gauge invariance. 

 

[2] Nature Communications 11(2020) 636 

[3] npj Quantum Information 6 (2020) 84 

[4] Phys. Rev. A 99 (2019) 052335 

 

 


