
Title: Fractional Quantum Hall states Under Decoherence
Speakers: Zijian Wang
Collection/Series: Quantum Matter
Subject: Condensed Matter
Date: February 25, 2025 - 3:30 PM
URL: https://pirsa.org/25020047
Abstract:

In this talk, I will introduce our recent studies on the effect of decoherence on fractional quantum Hall fluids and their robustness
as  topological  quantum  memories.  Specifically,  we  examine  the  behavior  of  Laughlin  states  and  Moore-Read  states  under
dephasing noise using the plasma analogy as well as the field theory description. Notably, we identify a critical filling (which is
1/4 for the Renyi-2 case and between 1/4 and 1/8 in the replica limit) separating two regimes of mixed-state phase transition.
Below  the  critical  filling,  a  Berezinskii-Kosterlitz-Thousless  (BKT)  transition  occurs  at  finite  noise  strength,  separating  the
topologically  ordered  phase  from a  critical  phase.  This  transition  is  characterized  by  quantum-information  quantities  that  are
non-linear  functions  of  the  density  matrix.  On  a  torus,  the  BKT  transition  marks  the  critical  decoherence  above  which  the
quantum memory encoded in the ground state manifold is degraded. In contrast, above the critical filling, the quantum memory
is extremely resilient against dephasing noise, with the transition occurring only at infinite noise strength. For the Moore-Read
state,  we further show that  the transition also characterizes whether different  fusion outcomes of  non-Abelian anyons remain
distinguishable under decoherence.
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