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Fig. 1. Magnetic structure of heterotrimetallic Fe-Mn-Cu

coordination polymer“. The dashed lines denote Ising

couplings J; between Fe?* and Mn?*, while the solid lines
denote Heisenberg couplings J, between Mn?* and Cu’*.
The 4-th spin block consists the spins surrounded by the

solid-line circle.

IZRE R LS A B E HH Souza 45 M 25 (I
& 2). IWE 2(a) ATLAE H: 25 A= 1H0F, FESHHE
H A ARG (SPA) AH L ARLFIEEERE (SFI) AH . AN
FURE 2 (UPA-2) AHFUAS 16 A1 26 #E 2 (UFL-2)
AR B 2(b) AT, 4 A=40F, REMAT
3ASHTHIAR, o3 R A AL 1 (UPA-1) AH . A
ARG 0 (UPA-0) AR ANE 2 1 (UFI-1)
HH. & 2(c) R h = 0, FEZH B AR RIS 2
(UPA-2) A . ANAIIRE 1 (UPA-1) A1 At A
% 0 (UPA-0) #H. NMEFNFERL 2 (UFL-2) AHFIA
TR 2kRE 1 (UFI-1) AHFA AL,

130301-2



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 13 (2023) 130301

8 8 4

7L 7k SPA (b) ©

6+ 6+ 3t

5L s UFI-1 UPA-0
< 4} < 4} <1 5

3L 3 UPA-1

5L ol 1+ UFI-2 UPA-2

1 1+

0 0 : 0 - -

— -2 —1 0 1 2 —2 —1 0 1 2

J1 Jl

B2 fE—4EiR

A EBE (1/2, 5/2) Ising-XXZ ARG ESMHE M (a) A

= 10}, REAETE 41 H UPA-2, SPA, UFI-2 1 SFT;

(b) A = 41}, 22T 3ANHT AT UPA-1, UPA-0 fl UFI-1; (c) h = 0 i}, REEAEAE 5 41 UPA-2, UPA-1, UPA-0, UFI-2 Al UFI-1

Fig. 2. Ground-state phase diagrams of quasi-one-dimensional mixed spin-(1/2, 5/2) Ising-XXZ system!*]

: (a) There are four phases

UPA-2, SPA, UFL-2 and SFI for A = 1; (b) three new phases UPA-1, UPA-0 and UFI-1 emerge for A = 4; (c) there are five phases

UPA-2, UPA-1, UPA-0, UFI-2 and UFI-1 for h = 0.
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Fig. 3. Quantum coherence C7,, mutual information 7 and their first derivatives as functions of Jy for various temperatures at

A=1and h=0:(a), (b) At extremely low temperatures, there are a maximum at J; = 0 for Cj; and a minimum for 7 ; (c), (d) when

T = 0.01, the first derivatives of (7, and 7 exhibit singular behaviors which disappear as the temperature increases.
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(c), (d) first derivatives of Cy; and Z exhibit singular behaviors at the quantum phase transition points.
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Fig. 5. Variations of quantum coherence Cj, and mutual information 7 with temperature and magnetic field at A = 1 and
J1 = —0.5: (a), (b) For h < 3.1, Cj; and T gradually decrease with increasing T, while increase firstly and then decrease for i > 3.1;
(), (d) Ci, still keeps limited strength while 7 approaches to zero in the region of T' > 5.
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Fig. 6. Ising interaction dependence of quantum coherence C, , mutual information 7 and their first derivatives for several values
of temperature at A = 4 and h = 0: (a) As Jy increases, Cj, gradually decreases, and jumps abruptly when T approaches to 0;
(b) there are 4 minima for 7 as Jp increases, as 7 nears to 0, 7 gradually increases, and its minimum points gradually approach
to the phase transition points; (c), (d) the first derivatives of Cj; and Z exhibit singular behaviors at quantum phase transition

points.
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Fig. 7. Quantum coherence Cj,, mutual information 7 and their first derivatives with respect to magnetic field at A = 4 and
J1 =—0.5: (a) For T = 0.01, C;;and Z jump abruptly 3 times as h increases while changing smoothly with increasing T (Inset:
the variations of Cy; with hfor 0 < h < 3); (b) Z jumps abruptly 3 times as h increases, and reaches the minimum at i = 0.6 for
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Cy, versus hfor 0 < h < 3).
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Abstract

The mixed spin-(1/2, 5/2) Ising-XXZ model on quasi-one-dimensional lattices can be used to study the
properties of some materials (such as heterotrimetallic Fe-Mn-Cu coordination polymer), and the study on this
model is beneficial to the practical applications of such materials in the field of quantum information. The
quantum coherence and mutual information are calculated by the transfer matrix method, and the effects of
Ising interaction, temperature and magnetic field on them are discussed. The results show that the quantum
coherence decreases gradually with the increase of Ising interaction at extremely low temperatures, while there
is one minimum value of mutual information in an isotropic system and there appear four minimum values in
an anisotropic (A =4) system. Furthermore, quantum coherence and mutual information jump abruptly at
quantum phase transition points where the first derivatives of them exhibit singular behaviors. The quantum
coherence and mutual information at finite temperatures are also studied. As the temperature increases, they
decrease monotonically in a weak magnetic field, but they first increase and then decrease in a higher magnetic
field, which is caused by the competition between thermal fluctuation and magnetic field. Compared with
quantum mutual information, quantum coherence exists over a wider range of magnetic field and temperature,

which can be easily manipulated experimentally.

Keywords: quantum coherence, quantum mutual information, quantum phase transition, Ising-XXZ model,

transfer matrix method
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