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Abstract

This talk presents numerical insights into two distinct frontiers of unconventional superconductivity. 
First, we investigate the electron-hole asymmetry of antiferromagnetism in cuprates. We benchmark 
the antiferromagnetic response for a large range of dopings with various state-of-the-art numerical 
approaches. Across methods and accessible sizes/temperatures, we find no significant electron-hole 
asymmetry. We propose that dopant-induced disorder is a possible essential ingredient responsible 
for the asymmetry widely observed in experiments of cuprates; Second, I will discuss the emergence 
of charge-4e superconductivity in a doped SU(4) Su-Schrieffer-Heeger interaction model. Through 
sign-problem-free quantum Monte Carlo simulations, we show that while weak coupling yields 
conventional charge-2e pairing, strong interactions stabilize a primary charge-4e superconducting 
phase. Remarkably, the transition temperature of this exotic charge-4e state increases nearly linearly 
with interaction strength, realizing a robust, high-Tc​ charge-4e superconductor in the strong-
coupling regime.
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