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Establishing the mean-field picture of the glass and jamming transitions

Miyazaki, Kunimasa
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RFOT

Although the study of the glass transition of the supercooled liquids has a long
history but even the mean-field picture has not been completely established yet. In this project, we have
implemented extensive simulations and theoretical analysis in order to verify one of the most promising
scenario of the glass mean field theory, called the RFOT. More specifically, (1) we established that the
RFOT can quantitatively verify the relationship between the glass transition for liquids and the jamming
transition for hard spheres, (2) we extended the so-called inhomogeneous mode-coupling theory to the
system in the vicinity of the higher order singularity point, and §3) we have done the simulation for a
cluster glass phase of the quasi-long ranged "ultra-soft" potential model fluids.



(74%) 64%

P. Wolynes
Random first order transition
(RFOT)

D. Chandler
(MCT)
G. Parisi
Tmer(MCT )
Tk(Kauzmann ) 2
Twmer
Tk
MCT

RFOT

T. Kirkpatrick

20

(A. lkeda et al., PRL
104, 255704 (2010))

(A,
Ikeda et al., PRL 106, 015701 (2011))
@
T
p (
)
( )
( ) ¢,

Pcr ¢,



P < Qyer

@, =0.645
(p (pMCT

Q,
@

(Klein et
al _Physica A 205, 738 (1994))

( )

Lennard-Jones

®

MCT

IMCT MCT

€))

d=2
3)
MD MC
@
¢, hcp
0.74
® ;> 0.645
®,
@
Gauss
MCT

(A. lkeda et al., PRL 106,
015701 (2011))

Herz
k overlap
®
MCT
MCT
MCT  IMCT
MCT
€
2 3

inherent structures



MCT
0.660 T
®
¢)J 0.655 4 *
L J
0650+ ..o
.
0645 4
0640 T T T
03 04 05 0.6
goeq
isostaticisty
@
Hertz
Kirkwood
Herz
€))
MCT

IMCT

A3

wv=1/4 \Y,
=1/2,1/3

6
Saroj Kumar Nandi, Giulio Biroli,
Jean-Philippe Bouchaud, Kunimasa
Miyazaki ,David R. Reichman,
“ Critical dynamical heterogeneities
close to continuous second-order
glass transitions” , Physical Review
Letters, 113 (2014) 245701/1-4, DOI
http://dx.doi.org/10.1103/PhysRevLe
1t.113.245701
Kang Kim, Shinji Saito, Kunimasa
Miyazaki, Giulio Biroli, and David R.
Reichman, “ Dynamic Length Scales in
Glass-Forming Liquids: An
Inhomogeneous  Molecular  Dynamics
Simulation Approach” , Journal of
Physical Chemistry B, 117 (2013)
13259-13267.
Takeshi Kuroiwa, Kunimasa Miyazaki,
“ Brownian motion with multiplicative
noises revisited” , Journal of
Physics A: Mathematical and
Theoretical, 47 (2014) 012001/1-8.
Misaki Ozawa, Takeshi Kuroiwa,
Atsushi lkeda, and Kunimasa Miyazaki,
"Jamming Transition and Inherent
Structures of Hard Spheres and Disks",
Physical Review Letters, 109 (2012),
205701-1 205701-4,
10.1103/PhysRevLett.109.205701
Atsushi lkeda and Kunimasa Miyazaki,
"Ultra-soft potential system as a
mean-field model of the glass
transition”, Journal of the Physical
Societry of Japan Supplement A, 81
(2013) ,  SA006-1 SA006-9,
10.1143/JPSJS.81SA_SA006.
Misaki Ozawa and Takeshi Kuroiwa and
Atsushi lkeda and Kunimasa Miyazaki,
"Jamming and glass transitions viewed
from the mean field pictures™, AIP




Conference Proceedings, 1,518 (2013),
128-133,
http://dx.doi.org/10.1063/1.4794559

39
Daniele Coslovich, Atsushi Ilkeda,
Kunimasa Miyazaki, “ An
Unprecedentedly Mean-Field-Like
Glass Former” , Workshop on
Percolation and the Glass Transition:
Kinetical ly-Constrained Models,
Bootstrap Percolation, Mixed-Order
Phase  Transitions, and Large
Deviations 2014 10
19 2014 10 23, Tel Aviv
University, Israel.
Misaki Ozawa, Walter Kob, Atsushi
Ikeda, and  Kunimasa Miyazaki,
“ Thermodynamic glass transition of
randomly pinned systems” , Unifying
Concepts in Glass Physics VI
, 2015 02 01 2015 02
07 , Aspen Center for Physics,
Aspen, CO, USA
Misaki Ozawa,
Ikeda, and  Kunimasa Miyazaki,
“ Numerical Study of Ideal Glass
Transition by Random Pinning” ,
70 , 2015 03
21 2015 03 24

Walter Kob, Atsushi

Misaki Ozawa, Kang Kim, and Kunimasa
Miyazaki, “ Tuning of Pairwise
Potential Can Control the Fragility of
Glass-Forming Liquids: From
Tetrahedral Network to Isotropic Soft
Sphere Models” , Physics of
Structural and Dynamical Hierarchy in
Soft Matter, 2015 03 16 2015
03 18 |,
Harukuni lkeda and Kunimasa Miyazaki,
“ Glass transition of a randomly
pinned kinetically constrained model
on the Bethe lattice” , Physics of
Structural and Dynamical Hierarchy in
Soft Matter, 2015 03 16 2015
03 18 |,

Misaki Ozawa, Kang Kim, and Kunimasa
Miyazaki, “ Control of the Fragility
of a Glass Former by using the
Fragile-to-Strong Crossover”
Unifying Concepts in Glass Physics
2015 02 01 2015 02 07 |,
Aspen Center for Physics, Aspen, CO,
USA

Harukuni lkeda and Kunimasa Miyazaki,
“ Sufficiently advanced statistic is
indistinguishable from dynamics near
the glass transition” , Spin glasses:
An old tool for new problems, 2014

10.

11.

12.

13.

14.

15.

16.

17.

08 25
Colsica, France
Misaki Ozawa and Kunimasa Miyazaki,
“ Dynamical Heterogeneity of
Supercooled Liquids and  Shear
Transformation Zone of Amorphous
Solids: A Comparative Simulation
Study” , Liquids 2014, 9th Liquid
Matter Conference, 2014 07 21

2014 07 25 , Lisbon, Portugal
Harukuni lkeda and Kunimasa Miyazaki,
“ The correlation length of the glass
transition” , The 8th Mini-Symposium

2014 09 06 ,

on Liquids, 2014 07 05 2014
07 05 ,
K. Miyazaki, *“ Hidden amorphous

orders near the jamming and glass
transitions” , CECAM workshop "From
cooperativity in supercooled liquids
to plasticity of amorphous solids”

,2013 06 17 , CECAM-ETHZ,
Zurich, Switzerland.
s 111
, 2013 07
09 |, (

K. Miyazaki, “ Unified view of the

glass and jamming transitions” , The

East Asia Joint Seminars on

Statistical Physics (EAJSSP) 2013
,2013 10 22

K. Miyazaki, Misaki Ozawa, Takeshi
Kuroiwa and Atsushi lkeda,” Hidden
length scales in the glass and jamming
transitions” , The Fifth
International Symposium on the New

Frontiers of Thermal Studies of
Materials , 2013 10
28 (

, 2013 08 24

,2013 08 24 ,

, Dynamical
heterogeneity  Shear transformation
zone

; 2013 ,
2013 09 26 ,
, MCT
2013 , 2013 09 26



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

3 , 2013 12
14
multiplicativemultiplicative
’ 3 7
2013 12 14 ,
, “ Phase
Diagram of a Random Pinning Glass” ,
2014 , 2014
03 30 ,
2014 , 2014
03 28 ,
MCT ,
68 , 2013
3 2 ,
, Generalized
Hertzian
’ 68 I
2013 3 26,
p
s 2012 s
2012 9 19 ,
Ultrasoft
, 2012
, 2012 9 20 ,
Inherent structure
i,
2012 ,2012 9 21
, 2013
3 11
CCMS
, 2013 1
10 ,
2012 12 25 ,
K. Miyazaki, “ Unifying concept of the

glass and jamming transitions” ,

Workshop on the Open Problems of the

Glass Transition and Related Topics
,2012 12 18 ,

and Glass

K. Miyazaki,* Jamming

32.

33.

34.

Transitions viewed from the Mean Field

Pictures” , The 4th International
Symposium on Slow Dynamics in
Complex Systems , 2012
12 5
61
, 2012 7
, 2012
,2012 8 2

K. Miyazaki, “ Mean Field Picture of
Glass (and Jamming) Transition” ,
WPI-AIMR  Workshop, Structure and
Dynamics of Glass -Bridging
mathematics and material science-

, 2012 6 27

http://www.r.phys.nagoya-u.ac. jp/index-

j.shtml

¢y

(MIYAZAKT KUNIMASA)

40449913



