
  

  

Recently, there have been remarkable advances in quantum Monte Carlo methods. I will share the 

excitement with a broad audience using non-technical language.   

The advances include an efficient simulation approach without time-discretization errors [1,2]; 

powerful and elegant ways of computing quantum information quantities such as Renyi 

entanglement entropy [3] and fidelity susceptibility [4,5]; and, most importantly, solutions to the 

sign problem in a new class of fermionic models [6,7].  

I will focus on the last topic in this talk. Practically, these progresses enable accurate studies of 

previous untouched physical problems [8,9]. Conceptually, attempts to unify the two solutions [6,7] 

lead us to a truly inspiring adventure in open science. These efforts deepen our understanding in 

the mathematical structure of the fermion sign problem, and suggest a new “de-sign” principle for 

QMC simulations [10]. Amusingly, the last paper also earns me and my collaborators an Erdős 

number of two, the lowest value currently attainable [11]. 
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