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Fig. 1. Structure factor S(q) obtained in computer simula-
tion: (a) For disordered structure; (b) for ordered crystal

structure.
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Fig. 2. Structure factors S(q) of liquid CuzyZrs, at 1000 K,
obtained with different protocols.
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ing function, SISF), il #HricH Fi(q,t). —M, 7F
g BUNIS, F(q,t) L F(g, ) SERATEAE (] 5(a)), 1
Mg BRI, F(q, t) M (g, t) Z A 22 39 A1
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Fig. 4. Mean-square displacement for Cu/Zr atoms in liquid
CuZr alloy at 1000 K.
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Fig. 5. Comparison between F(q, t) and Fy(g, t) at different
g values: (a) ¢= 0.6 A-1; (b) ¢=2.8 A-L
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autocorrelation function, VACF), ‘g 88A #] if 6
(v;(0) - v;(0)) = 3kgT/m. [ 6(a) FIRIEEL H T
FHI T 2 A 20 PR sh A8 2% B, 31X AT PR A AH G4k
i, &N = 100000 B9 7E R EE 43 51 R 300 K
110 K B9 VACF 1153 45 L & 6(b) 5 T
FIREARUR R AR TR D(w)/w?, TERAR
Bt 80 TR ) 3% A1 (Boson peak )05 i/
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WHAREWUANHT. I 6(b) AT LAE Y, 1S % %
D(w) /w? A = 28 B8 48 76 AR AR 0 o0 1 25 7
FNAS B R S 1L X bb T 4 3 e B AR 15 )

(6)

Hiajs =

066101-6


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 Z 3R Acta Phys. Sin. Vol. 69, No. 6 (2020)

0.03
3 0.02
Q
001 o
: 8 4—A FT of vacf at 10 K with N = 10° §
¥ ©—a FT of vacf at 300 K with N = 10°
0—=© Hessian of inherent struture H
r with N =10%
0 b 1 1 1 1 .
0 10 20 30 40 50
w/THz
Kl 6

066101
0.25
a&—A FT of vacf at 10 K with N =10° (b)
5—=a FT of vacf at 300 K with N =105
0.20 G—>o Diagonalize Hessian matrix of IS
with N = 10*
% 0.15
—
S
3y
Q 0.10 [
0.05
0 1 1 1 1
0 10 20 30 40 50
w/THz

BHXT CuZr B3 AN [R)RE BB AN )75 05 36 I R4S B IR S AS T D(w) B9 LA, Bod B (0 e 1 Jig o 1]

Fig. 6. Vibrational density of states for CuZr glass with different protocols, and the test for the present of a boson peak!*.
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Fig. 7. Vibrational density of states obtained by calculation of the time Fourier transformation of the velocity auto-correlation func-

tion. It can be seen that there is no apparent aging effect at 10 K.
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Fig. 8. Illustration of the definition of particles with differ-
ent connectivities k: Particles in blue are the center of an
icosahedral-like cluster.
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Fig. 9. Probability that an icosahedron is of type #*%: (a) T =
1100 K; (b) T = 1000 K; (c) T = 950 K.
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Fig. 10. The ¢-dependence of the partial structure factors

for three temperatures considered*,
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Fig. 11. Short-time behavior of the self-intermediate scatter-
ing function of particles with different local connectivity &
(symbols)#. The wave-vector is ¢ = 2.8 Al and T =
1000 K. The solid lines are fits to the data with Eq. (9).
Also included is Fy(q, t) for the Cu atoms in an icosahedral
cluster (dashed red line), the Cu atoms not in an icosahed-
ral cluster (blue dashed line), and all Cu atoms (green).
The black dashed line is the correlation function averaged
over all atoms. The upper inset shows the same data in a

larger time interval.
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Fig. 13. (a) Both the high and low frequency modes, wy and wy, increases with increasing +*; (b) the fraction of motion C y in-

creases for wy, and decreases for wy; (c) the high frequency mode wy(g) is approximately ¢-independent, characteristic of localization

of the vibrational modes; (d) the low frequency mode wy,(g) increases monotonically with increasing ¢, characteristic of collective dy-

namics.
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Fig. 14. (a) Long-time decay of the correlation functions at ¢ = 2.8 A! for particles with different & values*l. The black solid lines

are the Kohlrausch-Williams-Watt (KWW) fits. (b) The k dependence of the exponent 8. The variation of 3 reveals a dynamic cros-

sover from stretched (8 < 1) exponential relaxation to compressed (8 > 1) one. It can be seen that the cross-over from stretched to

compressed exponential depends on ¢.
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Abstract

For a long time, it has been well recognized that there exists a deep link between the fast vibrational
excitations and the slow diffusive dynamics in glass-forming systems. However, it remains as an open question
whether and how the short-time scale dynamics associated with vibrational intrabasin excitations is related to
the long-time dynamics associated with diffusive interbasin hoppings. In this paper we briefly review the
research progress that addresses this challenge. By identifying a structural order parameter—local connectivity
of a particle which is defined as the number of nearest neighbors having the same local spatial symmetry, it is
found that the local connectivity can tune and modulate both the short-time vibrational dynamics and the long-
time relaxation dynamics of the studied particles in a model of metallic supercooled liquid. Furthermore, it
reveals that the local connectivity leads the long-time decay of the correlation functions to change from
stretched exponentials to compressed ones, indicating a dynamic crossover from diffusive to hyperdiffusive
motions. This is the first time to report that in supercooled liquids the particles with particular spatial
symmetry can present a faster-than-exponential relaxation that has so far only been reported in out-of-
equilibrium materials. The recent results suggest a structural bridge to link the fast vibrational dynamics to the
slow structural relaxation in glass-forming systems and extends the compressed exponential relaxation

phenomenon from earlier reported out-of-equilibrium materials to the metastable supercooled liquids.
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