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Abstract: Non-hermitian quantum systems are becoming more and more accessible in many 
experimental setups. It has become evident that hermiticity may not be as fundamental as 
mandated by quantum mechanics. For instance, open physical systems with balanced loss 
and gain exhibit a transition, which engenders modes that exponentially decay or grow 
with time and thus spontaneously breaks the parity-time (PT ) symmetry [1]. Such 
exceptional eigenenergies of complex value have been observed challenging the reality of 
the spectrum imposed by hermiticity. This PT -symmetry breaking can be induced by 
increasing the strength of the loss and gain [2], but can also occurs in a pure dissipative 
system without gain. 

 
In this talk, we will report on studies of PT -symmetry breaking transitions and Jarzynski 
equality using ultracold 6Li atoms. First, we simulate static and Floquet dissipative 
Hamiltonians by generating controlled, state-dependent atom loss in a noninteracting 
Fermi gas, and observe the PT -symmetry breaking transitions by tracking the atom 
number for each state [3]. We find that, in contrast to a single transition in the static case, 
the Floquet counterpart undergoes PT –symmetry breaking and restoring transitions at 
vanishingly small dissipation strength. Our results show that Floquet dissipation is a 
versatile tool for navigating phases where the PT -symmetry is either broken or 
conserved. Second, we experimentally test the validity of Jarzynski equality with parity-
time symmetric Hamiltonians and find that the quantum Jarzynski equality generalizes 
with unbroken PT -symmetry, but does not hold in the regime of broken PT -symmetry. 
This result verifies the prediction that the phase transition between the regimes of 
unbroken and broken PT -symmetry is thermodynamically inhibited as the irreversible 
work diverges at the critical point. With engineered dissipation, these ultracold atom 
experiments provide a starting point for exploring the interplay between interaction and 
local dissipation in open quantum systems. 
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