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Fig. 1. Schematics of spins subjected to (a) a local complex
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field and interaction. The complex magnetic field is shaded
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different colors representing inhomogeneous coupling J;; .
Two states coalesce in panel (a) and N states coalesce in
panels (b) and (c). Local complex field only affects local
spin without interaction, but can affect globally with inter-

Winn = g7/ (N + 1 —m)m[(1+7)dmi1n
+ (1 =) dmns1l/(2N). (14)
ARG SCHR (58], XAEEE b5 — R R X AR AL
JIRGHE. Xy = 10, RERPTA FIFS A
Iy, N + LE B B 1 50 a5 AE T =S (6]
{IGu)} h, X FAERI IR Y (0)[Gn), H
i e (1) FT AR

0+ (

n#Em

m—1 1/2
X LH p(N+1- p)] cn (0) . (15)

M (15) AT, TCPI a8 R 4L e, (0) dnfarik
I, RGETEAARZS T o1 () BT BOR, PRIIE T
AR 7 P, B Zeak— s st 4 e I, SR e v AL 3
BIEE L.

A — R, R RIR A, (@ (0) =
[Tt - 1) B (0)) = V), FER ]I B SCBE T ik
Vil T2, R R A v B L S L TR BRI T T LA
FWLHL B R GE IR BRI L, ANIE] 2 PR, BR
PE2Z A, Rl T2 A A R U 285 A e 428t A 3 A
S, X — SN E TR G R R TR IR A T —
Pl REAEIS .

3.2 JEFTRHEIF Ising BB R EFHET

AR RS R G AR AR IS, & h
Tk TR T AR K VR IK Bl AR AR 1 kA —
REERETZHRAG PRSI S B L

—it/N)"~"™(n — m)h(n —m)

action.
LOF (4 S LOF (b
0.5 0.5
= =
I 0 g 0
= =
—0.5F —0.5F
—1.0t -10f -

0 1 2 3 4
/(108 J-1)

B 2 (a) X TR
A1 HERETERE () o8 0.02, TERE (b) FIE

t/(10% J-1)

— 10 -
0.5F
=
ig 0
=
—0.5
_1.0 L 1 1 <| 1 Jl
—6 -3 0 3 6
t/(103 J-1)

25 Wi (0)) 7E R (1 AR 19122 5 (b), (<) XFTR0HA 7S | @y (0)) ORE M 1914 . 3 LIS B A0 52 41091 52 B s
(c) 2k 0.1 Sl F e ] 535

(a), (b) tr=2x103J71 J (c)t; =3 x 10371

Fig. 2. Hysteresis loops for the initial state | (0)) in (a) and |¥ (0)) in (b), (c). The critical local complex field g1 is 0.02 in
panels (a) and (b), and 0.1 in panel (c). The relaxation time is tf =2 x 103J71 in panels (a) and (b), and ;=3 x 103J~! in

panel (c).
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Fig. 3. (a) Phase diagram detected from the Loschmidt echoes in this work. (b) Phase diagram studied in term of correlation func-
tion in the work of Sachdev et al.. Here B~ is the temperature and g; is the quantum critical point. (c) Spectrum of the low-ly-
ing states for a finite quantum Ising chain as a function of g, obtained numerically through exact diagonalization. Eg is the ground-
state energy. System parameters: N = 50 and J = 1. The energy gap closes at a quasicritical point, indicated by the boundary of

the two shaded areas. Notably, all energy levels become twofold degeneracy simultaneously at one point, protected by the sym-

metry of the quasi-zero-mode operator D.
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Fig. 4. Loschmidt echoes of different g values. The lines and
dots represent the Loschmidt echoes for 8 =5 and 8 = 10,
respectively. Other parameters: N =10, «=0.1, and
J = 1. The profiles of the Loschmidt echoes in the two re-
gions are distinct, independent of the temperature of the
initial thermal states, and converge to 1.0 and 0.5, re-

spectively.
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Fig. 5. Schematics for the system and process of quantum mold casting: (a) The system consists of two parts, central system H.
and source system Hs. The target state is the ground state of H., which can be topologically non-trivial or not. Hj is a topologic-
ally trivial system, providing the supply of fermions. Both H, and H are Hermitian, while Hj, is non-Hermitian, representing the
connection between H¢ and Hs, and taking the role to transport fermions unidirectionally from Hs to Hc. (b) A tight-binding
model for the scheme, which contains three sets, A, B, and D. Lattices A and B (red and blue filled circles) embedded in the shad-
ow area is topological insulator, while lattice D (yellow filled circle) is a flat-band (hopping-free) system but with oscillating chemic-
al potential. Green arrows represent unidirectional hopping from D to B lattices. The aim of this work is to realize the following
process via time evolution. Initially, D lattice is fully filled, while A and B are empty. The final state is expected to a half-filled
ground state of Hc. (c) The underlying mechanism of the dynamic process. At instant ¢, the chemical potential and energy levels
of H. are resonant, leading to exceptional points. The corresponding (EP) dynamics allows a complete transfer of fermions between
the degenerate energy levels. In the long-time limit, such dynamics occurs at each k sector again and again. The band color of H,
illustrates the band inversion, indicating that the energy band can be topological insulating band. It is expected the lower band of

H, can be completely filled.
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bard model. The initial state is prepared in vacuum state |Vyac) of Hp with interaction U = 2J , and then it is driven by the sys-
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Abstract

In recent years, two independent research fields, i.e. non-Hermitian and strongly correlated systems have
been merged, forming an important research field in physics. The progress of relevant theories and experiments
has reshaped our understanding of matter. In this field, the research object is not limited to the influence of
non-Hermiticity on the energy spectrum and the eigenstate properties of many-body systems. Researchers have
paid more attention to the manipulation of quantum states. It is universally received that the exceptional point
is the most significant featurethat distinguishes non-Hermitian quantum mechanics from Hermitian quantum
mechanics. In addition to the recent advances in non-Hermitian topological band theory and quantum sensing
around the exceptional points, this paper concentrates on the non-Hermitian critical dynamical phenomenon
and its application to the quantum many-body system. When the system has an exceptional point, an arbitrary
initial state belonging to the coalescent subspace will be projected on the coalescent state. Based on the
directionality of the evolved quantum state, this paper reviews our several representative researches in recent
years, including local-field-induced dynamical magnetization, quantum phase transition in transverse field, Ising
model at mnon-zero temperature, quantum mold casting in the center-environment system, as well as
superconducting state preparation in the non-Hermitian strongly correlated system. We also focus on the new

preparation methods and detection schemes of non-equilibrium quantum states related to exception points.

Keywords: non-Hermitian system, quantum many-body system, exceptional point
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