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Mean-Field Picture on Glass transitions
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Almeida-Thouless (AT) instability much like the MF models of spin-glasses



I Stress relaxation process
Okamura-Yoshino, unpublished (201 3)
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Figure 1: This figure show snaphots before/after a plastic event trigered by thermal noises. Here we used
a 2-dimensional version of the model (for the purpose of a demonstration) at volume fraction ¢ = 0.85
which is slightly above the jamming density ¢y ~ 0.84 (2-dim). The system is initially perturbed weakly
by a shear-strain v = 0.05 and let to relax at zero temperature by the conjugated gradient method which
allows the system to relax using the harmonic modes. Then the thermal noise at (reduced) temperature
T = 1079 is switched on. The configuration of particles are represented by the circles and that of the
contact forces f;; = —dv;;(ri;)/dr;; are represented by bonds whose thickness is chosen to be proportional
to f;;. The panels a) and b) show the snapshots before/after a plastic event (which took about 10%tmicro
to complete). In panel c) the configuratoin of the particles before/after are overlaid : the one before the
event is shown by the lighter color.



B solids under shear

mechanical properties
of amorphous solids

Yoshino-Mezard, PRL 105,015504 (2010), Yoshino, JCP 136,214108 (2012)
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B Twisting replicated hardsphere liquid d — 00
HY and F. Zamponi, Phys. Rev. E 90, 022302 (2014).
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[l Following glassy states under shear/compression

Corrado Rainone, Pierfrancesco Urbani, Hajime Yoshino, Francesco Zamponi,
Phys. Rev. Lett. 114, 015701 (2015)
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B Small strain expansion
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B | step RSB HY and F. Zamponi, Phys. Rev. E 90,022302 (2014).
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1 ) H. Yoshino and M. Me zard, PRL 105, 015504 (2010).
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H. Yoshino, The Journal of Chemical Physics 136, 214108 (2012).

~ ~—1 ~ ~ PN
ﬁMEA — SSEA AEA NAd—C(gp—god)l/Q
in agreement with MCT

G. Szamel and E. Flenner, PRL 107, 105505 (2011).

HEA

N

. 1/p
U 1/%1 / >




B | +continuous RSB
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HY and k. Zamponi, Phys. Rev. E 90,022302 (2014).
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Field Cooled/ Zero Field Cooled Susceptibilities in Spin-Glasses

Low-dc-field susceptibility of CuMn spin glass

Shoichi Nagata,f‘ P. H. Keesom, and H. R. Harrison
Depariment of Physics, Purdue University, West Lafayette, Indiana 47907
(Received 7 August 1978)
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I FC/ZFC shear response of glasses ?

Nakayama-Yoshino-Zamponi, in progress

Measure the remanent shear-stress

shear strain w=o/y

T

Zero Field Cooling

Field Cooling
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via MD simulation at

T/e =10""

(1) temperature quench to T=0 (working at ¥target )
(2) compression (working at T=0)

Energy minimization : conjugated gradient method



I Simulation of densely packed soft-spheres in 3 dim.

3 dim Harmonic-sphere(binary)

N = 320, 1000
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Divergence of non-linear susceptibility at spin-glass transition

Journal of the Physical Society of Japan
Vol. 52, No. 12, December, 1983, pp. 4323-4330

Linear and Non-Linear Susceptibilities
in Canonical Spin Glass AuFe (1.5 at. %Fe)

Toshio TANIGUCHI, Hideo MATSUYAMA,
Susumu CHIKAZAWAT and Yoshihito M1YAKO

Department of Physics, Faculty of Science,
Hokkaido University, Sapporo 060
Y Department of Applied Material Science,
Muroran Institute of Technology, Muroran 050

(Received June 30, 1983)
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Fig. 2. Linear x, and nonlinear, y,, susceptibilities as a function of temperature T for AuFe (1.5 at%Fe).

mi
N 3T T T T T T T T T T T TR =
o
S /\ A
- A @
g . ’ ’ h N 3
= . N . —> C
1 o \ 6
5 L \ﬁ\,,\_ 1.0
= .
oN
X — p
- o
1
1 E : ~05
<
Lﬂ
s;,:’
O — # . ;_-"'".' . onF : AN = 0
I T S NN (N SN AN SN N N




. Non-linear shear-modulus H.Yoshino, in progress (2015)
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Implication of “negatively” diverging non-linear shear-modulus
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Vanishing linear response regime
in the Gardner’s phase

D. Nakayama, H.Yoshino, in progress (2015)
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B Summary

Response to shear of a hard-sphere glass in d — o0

1. Exact free-energy functional under shear

2. Analysis of shear-modulus
X 1RSB -  jump + square-root singularity at @d
* 1+continuous RSB

(1) rigidities of inherent structures/metabasin
(2) Jamming scaling as ¢ — @
H. Yoshino and F. Zamponi, Phys. Rev. E 90, 022302 (2014).

3. State following under shear/compression : jamming, melting, yielding
C. Rainone, P. Urbani, H. Yoshino, F. Zamponi, Phys. Rev. Lett. 114, 015701 (2015).

Numerical simulations of a 3-dim soft-particle system
1) FC/ZFC under shear

Nakayama-Yoshino-Zamponi, in progress
2) non-linear response (ZFC) under shear

Nakayama-Yoshino, in progress



