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Fig. 1. The fidelity susceptibility per site is plotted as
a function of the three-site interaction J3 for different
system sizes with Jo = 0. Inset: finite-size scaling of
J§ of the fidelity susceptibility. The line is the fit line.
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Fig. 2. (a) The entanglement and (b) its first deviation are plotted as a function of the three-site interaction

J3 for different system sizes with J2 = 0. Inset (b): finite-size scaling of J§ come from the first deviation of

entanglement entropy. The line is the fit line.

N T IR AR SO A R, BUERR T 5%
Pz, HEREESHER. ZFSEMNE X
i 22l

O, =— lim

j—i—00

Syexp | im Y SP| ST (8)
<l<j

3% 528 0] LLR Haldane #H, 25 7E Haldane 4
hez N IEE. WK ATLLEH, & J;
MK, ZFSREAE NEANE, XRPARFN
Haldane #2416 2] WM. KILAF KN R
GiLF SR 1/N 2EERR, LESHE. £
YR T J3 = 010581 J5 = 0.1153X P Fl i 100
Lk NHES RIS, k21N = 0, BRI
O, (J3 = 0.105) > 0, O,(J3 = 0.115) < 0, X
BAAEIX PRI L N RGEALTE A [F] (FIAH.

BE— BT Jo = —0.3 ML, 15 212800 2%
B 4). B 4 (a) FF 70 K IR B R I
BTE Js = 0.2124 B I, JLPAR RS N B4R

224k, Y] Haldane #45 — SEH0AH 8] (10 AR AL Ol A2
Bess. B4 (b) 38R TGRS Js IR R, IRE 5

O~12 T T T T T
o J;=0.105
0041 5 Jy=0.115
0.09 /_
.
Q 0.06+ 0 002 004 |
1/N
—&— N=19
0034 ~* N=31 .
—A— N=43
—v— N=55
0 T T T T T
0 0.05 0.10 0.15 0.20

J3

K3 FZRM_EHEEN Js KR Hh Jp =0;
TEISE 2 R RN, et J3 = 0.105, J3 = 0.115
Fig. 3. The string order parameter is plotted as a function
of the three-site interaction Jz for different system sizes
with Jo = 0. Inset: scaling of string order parameter with
J3 =0.105, J3 = 0.115.
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Fig. 4. (a) Fidelity susceptibility per site, (b) entanglement entropy, (c) the first deviation of entanglement entropy

are plotted as a function of the three-site interaction J3 for different system sizes with Jo = —0.3.
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Abstract

In the present work, we study the fidelity susceptibility and the entanglement entropy in an antiferromagnetic

spin-1 chain with additional next-nearest neighbor interactions and three-site interactions, which are given by

H = Z(J1Si -Siy1+ J2Si - Siye) + Z[JB(Si - Sit1)(Sit+1 - Sit2) + h.cl].

By using the density matrix renormalization group method, the ground-state properties of the system are calculated with
very high accuracy. We investigate the effect of the three-site interaction J3 on the fidelity susceptibility numerically,
and then analyze its relation with the quantum phase transition (QPT). The fidelity measures the similarity between
two states, and the fidelity susceptibility describes the associated changing rate. The QPT is intuitively accompanied
by an abrupt change in the structure of the ground-state wave function, so generally a peak of the fidelity susceptibility
indicates a QPT and the location of the peak denotes the critical point. For the case of J2 = 0, a peak of the fidelity
susceptibility is found by varying J3, and the height of the peak grows as the system size increases. The location of the
peak shifts to a slightly lower Js up to a particular value as the system size increases. Through a finite size scaling, the
critical point J§ = 0.111 of the QPT from the Haldane spin liquid to the dimerized phase is identified. We also study the
effect of the three-site interaction on the entanglement entropy between the right half part and the rest. It is noted that
the peak of the entanglement entropy does not coincide with the critical point. Instead, the critical point is determined
by the position at which the first-order derivative of the entanglement entropy takes its minimum, since a second-order
QPT is signaled by the first derivative of density matrix element. Moreover, the entanglement entropy disappears when
Js = 1/6, which corresponds to the size-independent Majumdar-Ghosh point. The positions of quantum critical points
extracted from these two quantum information observables agree well with those obtained by the string order parameters,
which characterizes the topological order in the Haldane phase. Secondly, we also study the case of J2 # 0, and obtain
the critical points by both the fidelity susceptibility and the entanglement entropy. Finally we provide a ground-state
phase diagram of the system. To sum up, the quantum information observables are effective tools for detecting diverse

QPTs in spin-1 models.

Keywords: quantum phase transitions, fidelity susceptibility, entanglement entropy, density-matrix

renormalization group
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