) 32 2 3R Acta Phys. Sin. Vol. 74, No. 16 (2025) 166403

(LE TR YA, Jb5T 100081)

(2025 4F 4 A 21 BYE]; 2025 4F 5 H 21 AUREEHT)

=]

PE RS S AR SR NGS B b 2 A3 122 AT e, B AR SRS A B S e AR 3 g 2
IR AR R AT G ) BT BN A AR 9 AR B2 2 ER AR SRS R G Bl AT e D TR B AR R A
AR S ST AR W BRAR AR 3 T — D 2R A AR SCR I 1 8 0 S BT RIS T CuZe & S AR
pif 2 P A2 VP B RO Bl 2 A RSSO B, 7 DT O (LR8O B g b R IR A I e S A, T8 T R AR AR
AT A UL TRE WA T Y B S SRR AL T P Bt o AR S B0 A A, P B R 2 AL A AT L AL, T 7 e
i A5 T A i S A VU ARLINAR . 3 BTN D, WL 50 A 0 25 2 70 AT 0 F MRS B RRAE, BT & 5 e AR A 2 B
RAEG AP TR MR AL . e S AE ™ A A B AR S AR R A AR R S PR Bt IR BRI R AR

7

RS Ay B A4 - A S AS AL i R R A2 2R B 1 A AT O W B SR A T — ASET I DA L

KR WRIMEAE, dEM A4, Wi, NBEREY
PACS: 64.70. p, 47.32.C, 64.70.pe, 61.20.Ja
CSTR: 32037.14.aps.74.20250513

1 3

A SR A B 2 3 B FRRAE 2 — 2 SO - HE
SIEER KRR TC Y | AR R A . anff TG
JF R AE S B S 1) <A PR R AR SR AR Z ST N B
O T AR AR A LR A2 IR 2R R B ) 2k
JoT, T ST S B e A A RO T 8% 1 Y
JrmzZ—. H 20 4 60 4 Klement 55 1 7 ¥k
il AuSi JE A & Dok, RIEIE A £ 00
GER— BRI OGBSO S5 48 43
BT FNZRAEFE AR BRI A b oo B 1) E AN A, (HJ&
XA BAE A 25 2 R HZ AN E5 5 B,
RO — AN A AdE A &S5 (E B AR
APERE L HAFEEE KNSR 5 —Jr, M AR
MRS BRI A AUB A TR T 20k a4
FARCAY: M A B3R T 5 2 AR AR ) 21 Ji - (AT

il

* K A RRHERAS (S 52031016, 52071029) % BIYIHLE.

t BIE1EE. E-mail: yongjunlv@bit.edu.cn
© 2025 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.74.20250513

PR B4 3 21 4247 Miraclel! Fil Sheng 45 [0
I3 R R AR A PR . i A R A 465
TR A SRR R A R B 5 B A
A AR B RL JEFE T gHIA 2, XA
F TP AR AL A AR b R HER R A R AL L
JRFRIERES, B ATE—2ARE THER G
G — e R g PR AR 2SR (A T AR 1A 7 Ry
FLUOFRYE) 5P REA A % D)0 SCHK B fH R
Jir - A B AR A TR I 2 — L [m) @, 3 AN 1 AT 43
Hrov gt {5 8 Sk bR Z M IF A BA —— X} I
KFR, PIE W R TEA R AR R R A 22 5
L RS R IR, TR AR Z R HES B —
BERA T, BihfarE, H5AEMmTERE,
AES) S AR 5 g AT R AR A AR DL K
TEARAT R Al BeAA B Ao A OCHR, {H A AR i
FAARIRZAE S RO PMERR. Bl #idh
2F AU IR A R T — B A .

http://wulixb.iphy.ac.cn

166403-1


http://doi.org/10.7498/aps.74.20250513
https://cstr.cn/32037.14.aps.74.20250513
mailto:yongjunlv@bit.edu.cn
mailto:yongjunlv@bit.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 16 (2025) 166403

AT IR B AR A A IR ) A A R BRI, BF
NG RIIE A 4t ohi o 5 4 — e Ay
P e, X REE &0 - HE9 20 R
TN EA T 128 Wu % M Z IR ENT I
FEEE SRR R 1A BV, AMUUEIEMS &
G, TEGINK A DU A AR, BT R -
AHAZ R S5 B PR RR V2 A B 58 AR [l AR Fh 2
Fa 191 RN AFRA AT SRS Rt T8 T H. 5
SEE P AR Y B2 b ) E N T L
JBHIF] 20 20 70 4EX, Berezinskiilll, Kosterlitz
Fl Thouless!'™ 8| ZEAF X — 4k R0, R E51E5
F4) 3 3o X R P B SR IR (R A AR R TR), 4 R GE ] g
S ARG RIS, Z A AR S
FIBREEXT, RIVRE- SR HEXT Ay P A FIEE ) B BKT
FHAE. BKT AR B4R b2 AR5 A 2f b i 2l
HIFRIMHE A R 2 —, R R T AT A A,
e AR RAAE UGN, BLIE, FEE T EREL
I AR DL R T i a  SEARER
7T B CHEEMEH.

AMUEAE S B S A RAE T, F5E A B ES)
J12EA g b R R NEE A TR, R BT SR
n e A AR AS | SR AE AT AR OCHK. TEAE A A
I, RO SRS 2 BRI AR LI Y B P
i BFSE IR, SR A BTAE B U N AR Y
A5 S 3 1 B 22 Fh e -3 e 245 44 19201,
KT E R RALIRGE, SCHR [21] T eSS
%) Burgers ki, & I Burgers K & 5L, Bl
A TER I S AR i RS A ARG R R e > S Al
FHE LR, IR B B E— Rk
B, T E 2 (R AH AR I ANIE Sh e 8T U I et
PRy A, DONHERAE A A B TR
FEARAE T B B Wu 25 22 fF5E T 4R S
RIE A A 1T IE RS0, ] R BRI E S
A B S AR E VI, X O TN SRR T A
HET R AOULAEE AT AT R I AEE &
B At W IE R RE AL B 3 TP A AE K TR e 4
oy 12824 FEE AR S A AR L R I AR R
B A A E I —FR AR AR R T LR
B0 Bl SRR B, X - A B B A TR
R 2, 5ok —Fp iR o R 2 K e R sl s
T — B 2 2SR B ER B BT 10 7 . BkBRAE Bl
AR IR BUE AR TR RS ) FEROIE . 1572
O3 FRULE SRR X PPk ERIZ 3 3 AE RS 1 | B

BLAY, FETERAH SR AL B B[R] N sl A kiR, 45
Fy b R BEZEEIR IR, X5 Adam-Gibbs fA
OB R L HE DR B AT Z AT CuZr B80T
B S ANEE SRR, FENIAS R A, ST
A AE, BRERA A% O B 7 0 B0 T et 4, T EL i
JEAHEE 1] 5 R GTHYNE 3 BRI ) 5, X 7R
IR b A h — 2852 J i st P e B W PR R AT T
REMFRF MR BE R B A 5 2. 28 DT IA, $hdhEAE
FEARRASHET i AL TR0 9B B, #hd haFE TEZS
A AL ARAE LKA AR S8 R b 4 A R
BT EITRA | 22 ITE.

ARICR T T 3 1A BT 9T CuZe &
SIE LAEAE S G P A2 R R S 4T
SR FETE AL, O AEAR &SI B R P AR
FHAE, XA TEAR: i AR AL A Bl T 2 AL A o 2
2%,

2 BHTE
2.1 SFEhhFEEY

AR & 575 3l ) A AU T R T
CuZr GETEAE MR AR P 1% |
Seka i N = 16384 AT CusgZry, B
KRR K RGEAEMRE R 1800 K A5 T 740 5
2 ns, WO . BEJS R R S AE S8R 55 T R 2R
YV A AR AR AR R A VR AR R
1x 10" K/s, BDEEREE 20 K 575 2 ns. MRAELS FE
Tk B2 1Y 722 A A a] LUK W R S S e R IR T, b
660 K, 5SEAIRBNATE 2. R T e
Hiz L, FERIREE T REFR 1 ps X R &
PEAT R, RoRAERT K IAF 48 ns. R H Mendelev
5RO IR Cu-Zr RGN R FI A5 [Al Y
MEAER . B, R Nése-Hoover J7 45 il
FR G R AR BT R ] A T R A A
1, BERIHR R 1 fs. 20 T el AR 0 T
Lammps 44 29,

2.2 (IBXEHTH

miE AR R R TS K
BE B (R 5y Bl TR A BRAIG, OB 2 1 ik
AR R A Rk, R 2 e a3 i gl
FEIRBRER 2B AL B BRERIZ s AR f S A v
AP #izsh EZIEA. B 1(a) BEFBkERE

166403-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 16 (2025) 166403

SRS TIPS )F 7 608 2k P REAS TS
WA B 1 Bk BR = ) & A= [ 1L(b) kAT BkERIZ
BT I RS A

200

150

100 |

|7i(t) —7i(0)]/ A2

50

—we—e Jump

0 2 1 6
Time/ns

K1 CuZr &4 kKPR T B ZZE (a) — DR T
TSR B ER” I B L (b) “BKER 3 3 T X R I F T
Fr % 2R, R €5 R0 68 3R S [R] 1Y) PSR

Fig. 1. Jump motion of atoms in CuZr melt: (a) Spatial tra-
jectory of successive jumps; (b) a time-res squared displace-
ment of jumping atoms, orange and blue represent two dif-

ferent types of particles.
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Fig. 2. Logarithm plot of mean squared displacements at
various temperatures in CuZr melt, the open circles denote
the inflection points in curves and the dashed line is an ex-
ponential-function fit to the inflection points.
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Fig. 3. Spatial configuration of jump motions of atoms in
supercooled CuZr melt: (a) String- and loop-like configura-
tions observed in a short time interval; (b) vortex that is
observed in a relatively long time; (c) a cross section of the
flow field of atomic displacements along the X direction,
which shows a disordered vortex lattice composed of vor-
tices.
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Fig. 4. Formation rates of vortices and HSEs: (a) Forma-
tion rates of vortices and HSEs versus scaled temperature;
(b) ratio of vortex to HSE formation rates as a function of
scaled temperature.
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Fig. 5. Probability distributions of vortex formation rates at
T/ T, = 1.231, 0.974 Fil 0.872, which spans the vortex trans-
ition.
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Fig. 6. Schematic diagram of vortex and high-strain event
pairs. Two configurations of the vortex state I (a) and II
(b). The open circles denote the high strain events sur-

rounding a vortex.
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Fig. 7. Autocorrelation functions of vortices (symbols) and
high strain events (solid lines) at different temperatures.
The dashed lines represent the KWW fits with different ex-

ponents to the short- and long-time decays of vortices.
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SPECIAL TOPIC—Order tuning in disordered alloys

Topological phase transition in metallic glass formers”

QIN Hairong HOU Yijie YANG Kun JIN Cancan LYU Yongjun'

(School of Physics, Beijing Institute of Technology, Beijing 100081, China)
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Abstract

Metallic glass-forming systems exhibit complex dynamic behaviors during the glass transition.
Understanding the dynamic nature of metallic glasses and supercooled liquids is a crucial issue in the study of
glassy physics. Topological order provides a novel perspective for re-examining the dynamics of glassy systems
and elucidating the physical essence of the glassy state and glass transition. In this study, the microscopic
dynamics of CuZr melts in the glass transition are investigated using molecular dynamics simulations. The
single-particle dynamic characteristics in the supercooled CuZr melt are the random jump motions of atoms
after a long-term caging period. To capture these dynamics, the displacement vector field is constructed based
on the spatiotemporal distribution of these jump events. The simulation results reveal that there exist the
numerous vortex structures in the displacement vector field. Notably, the vortex formation rate, which is
defined as the number of vortices generated per unit time, exhibits a sharp drop near the glass transition
temperature. The probability distribution of vortex formation rate displays a bimodal pattern on the drops,
indicating the coexistence of two different dynamical states related to vortex formation. Multiple high-strain
events are observed surrounding these vortices. It is found that the two vortex states during the transition

exhibit markedly different characteristic ratios of vortices to high-strain events (1:4 vs 1:8), indicating a change
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in the coupling strength between vortex formation and high-strain activity. The high-strain events
predominantly form in the regions between positive and negative vortices, and the specific quantitative
relationship between vortices and high-strain events indirectly reflects the presence of strongly interacting
vortex-antivortex pairs in the melt. During the vortex state transition, the vortex-to-high-strain-event ratio
suddenly doubles, which means that this transition is not only a sudden change in the rate of vortex formation,
but also an enhancement of the interactions between vortex-antivortex pairs, representing a change in global
topological properties. These findings demonstrate that the vortex transition exhibits the characteristics of a
topological phase transition, thereby predicting the existence of a topological phase transition in the
displacement vector field of metallic glass-forming systems. Further speculation suggests that vortices and high-
strain events are related to multiple secondary relaxation processes. This study provides a new perspective for

understanding the dynamics of glass-forming systems and the glass transition.
Keywords: topological phase transition, metallic glass, vortex, displacement vector field
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