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states. Significant experimental progress 
has been made in investigating EPs 
within a variety of quantum systems. For 
example, observation of an EP has been 
implemented in the nitrogen-vacancy 
(NV) center single-spin system [2 ], 
which is achieved by constructing a 
non-Hermitian Hamiltonian through 
the dilation method. In addition, in 
trapped ions [3 ], superconducting qubits 
[4 ] and atomic ensemble systems [5 ], 
a non-Hermitian Hamiltonian can be 
constructed by introducing dissipation to 
achieve observation of EPs. Furthermore, 
based on the photonic system, observa- 
tion of the EP is achieved by the evolution 
process under the non-Hermitian Hamil- 
tonian, which is realized by constructing 
a non-unitary operation [6 ]. 

Recently, high-order EPs have been 
proposed to host features beyond EP2s. 
High-order EPs are beneficial to im- 
prove the sensing performance of a 
non-Hermitian system. In addition, non- 
trivial topological features are expected 
to be more abundant as the order of 
the EPs increases. These advantages 
have triggered the pursuit of constructing 
high-order EPs. EP3s have been observed 
in quantum optical systems simulating 
a two-dimensional non-Hermitian sys- 
tem in the reciprocal space with single 
photons [7 ]. These approaches can be 
applied to explore topological physics 
related to high-order EPs and offer new 

potentials for applications in quantum 

technologies. 

An interesting dynamical quantum ef- 
fect in the non-Hermitian quantum sys- 
tem is the chiral state transfer related 
to EPs, where the final state after the 
evolution of encircling an EP cannot re- 
cover the original state in one direction 
with a single loop, in stark contrast to 
the adiabatic evolution of accidental de- 
generacies in Hermitian systems. This 
phenomenon is linked to the non-trivial 
topological features of EPs that have been 
demonstrated in the NV center of di- 
amond [8 ]. In addition, Kibble–Zurek 
theory is experimentally verified by dy- 
namically evolving across the EP in a 
single-photon interferometry setup [9 ]. 
Both the defect density and its fluctua- 
tions are confirmed to follow universal 
scaling, which allows us to extract the cor- 
relation length and dynamical exponents 
of the underlying EP. 

Novel topological phenomena of 
non-Hermitian systems are also studied. 
For example, non-Hermitian topolog- 
ical structures manifested by complex 
eigenvalues have been observed, which 
are intrinsic to non-Hermitian systems 
[10 ]. The non-Hermitian bulk-boundary 
correspondence beyond the conven- 
tional framework is demonstrated in 
the discrete-time non-unitary quantum- 
walk dynamics of single photons [11 ]. 
The intriguing localization of nomi- 
nal bulk states at boundaries, known 
as the non-Hermitian skin effect, sug- 
gests a non-Bloch band theory in non- 
Hermitian systems. Very recently, the 
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he concept of non-Hermiticity and re- 
ated counterintuitive aspects have raised 
ntense attention in the past two decades 
nd have been extensively explored in the 
nterdisciplinary field of non-Hermitian 
hysics combined with different kinds 
f non-conservative systems not limited 
o the optical and acoustic arrangements 
here the wave dynamics dominates, but 
ven the electronic, mechanical systems 
nd the diffusive system of heat. What 
akes this class of physical systems 
o attractive is the parity-time (PT) 
ymmetry breaking and the notions 
f singularities known as exceptional 
oints (EPs). These unique features of 
on-Hermitian systems, which have no 
ermitian counterpart, lead to a plethora 
f intriguing behaviors due to the dramat- 
cally altered overall response near EPs 
nd exotic functionalities based on the 
reat ability of state control (see Fig. 1 
or exemplary quantum systems and 
pplications). 
In non-Hermitian systems, the si- 
ultaneous coalescence of k ( k ≥ 2 ) 
igenvalues and their corresponding 
igenstates defines a class of singularities 
nown as kth-order exceptional points 
EP ks). EPs exhibit unique physical 
henomena and applications [1 ], such 
s unidirectional invisibility, single-mode 
asing and sensitivity enhancement. 
hese singularities serve as fundamental 
onstructs for comprehending topo- 
ogical phase transitions and enabling 
recision manipulation of quantum 
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Figure 1. Investigations of non-Hermitian physics in various quantum systems and the exotic phenomena and potential applications of non-Hermitian 
physics in the quantum regime. The figures are adopted from [1 –5 ,8 –10 ,15 ] with permissions. 
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nvestigation of the topological physics of 
on-Hermitian systems has been demon- 
trated in the high-dimensional system 

12 ]. The two-dimensional skin effect is 
bserved by creating a two-dimensional 
on-Hermitian topological band for 
ltracold fermions in spin-orbit-coupled 
ptical lattices. 
Based on the unique spectral struc- 

ure of the non-Hermitian system, intense 
esearch effort has focused on exploring 
he possibilities of enhancing the sensitiv- 
ty of quantum sensing. A quantum realm 

f the EP-enhanced sensor with hetero- 
yne detection has been achieved in a 
etup consisting of coupled active and 
assive optical modes [13 ]. EP-enhanced 
uantum sensing has also been demon- 
trated in the loss-enhanced magneto- 
ptical effect [14 ], where the frequency 
plitting exhibits enhancement compared 
o the Hermitian counterpart. The spa- 
ial motion of spins in the PT-broken 
hase could be a resource for improv- 
ng measurement stability. Recently, uni- 
ersal non-Hermitian sensing has been 
xperimentally demonstrated in the ab- 
ence of EPs [15 ]. The sensitivity of the 
robe shows superior performance un- 
er background noises that cannot be 
uppressed through repetitive measure- 
ents. 
The simplest implication of non- 

ermitian physics in the quantum regime 
s observing the non-Hermitian phe- 
omenon that occurs in a quantum sys- 
em, which has been extensively studied 
n theory and experimentally demon- 
trated in diverse quantum platforms, 
s discussed above. Nevertheless, this 
nterpretation cannot offer more physical 
nsights unless we inquire about the 
ifferent features in quantum systems 
rom that in classical systems. Therefore, 
ne future direction involves studying 
on-Hermitian physics in the presence of 
uantum effects, such as quantum jumps 
nd dephasing. This wi l l inspire research 
nto the integration of non-Hermitian 
hysics with non-equilibrium physics, 
otentially leading to cutting-edge appli- 
ations like time crystals and frequency 
ombs. Furthermore, the introduction of 
on-Hermiticity also alters the properties 
f quantum systems, holding promise 
or applications in quantum control and 
uantum sensing. The unique dynamical 
ehaviors in non-Hermitian systems 
Page 2 of 3
emonstrate robustness against noise, 
hich could facilitate precise quantum 

ontrol, particularly in open quantum 

ystems where challenges persist. The 
nhanced response of non-Hermitian 
ystems to weak signals requires further 
xperimental verification and the devel- 
pment of practical quantum devices. 
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