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In order to understand the essence of the glass and jammin? transitions, we
investigated the non-equilibrium properties such as the mechanical response ( rheology) to the
stress and the response to the nonuniform perturbation such as_random-pinning, using the extensive
numerical simulations and developments of new theories. Especially for the non-equilibrium
properties, we extended the mean-field theory for the new type of the transition called the Gardner
transition to the strained system to analyze their rheological properties and confirmed the
theoretical prediction successfully by 3 dimensional numerical simulations. As for the
random-pinning system, we proved the existence of the thermodynamic glass transition by extensive
numerical simulation. On top of these findings, we have also analyzed theoretically the dynamical
heterogeneities of the Bethe lattice models and the glass transition of a model systems to which the
rotational degrees of freedom are pertained.



symmetry breaking (1RSB)
2-stepRSB
RSB

@

1-step replica



2RSB
(i)

ultra-soft

@
(VCT)

*

MCT

Fredrickson

g

fx/(CI) Ty (Se) 1

-
O

—&— overlap i
. —&— entopy
0. ’TK: 0.3 saddle ]
0b0 0bs 0% 015 00 05 0D 0P ZFC
Tk ( o) p Gardner
Ta(m )
-Andersen
MCT FA
©)
metabasin

O basin




Okamura-Yoshino 2012 (

following method (

ZFC/FC

Okamura-Yoshino

p

metabasin

ZFC

)

state

FC

basin

®)
(M
()
(iii)circular coloring
M c=a M
p /
M
c
SAT/UNSAT

24
1. H. Yoshino, Disorder-free spin glass
transitions and jamming in exactly



10.

11.

12.

13.

solvable mean-field models, SciPost
Physics ( )
K. Mitsumoto and H. Yoshino,
“ Orientational ordering of closely
packed Janus particles” , Soft Matter,
, 14, (2018) 3919-3928.
H. lkeda, K. Miyazaki and G. Biroli,
The Fredrickson-Andersen model with
random pinning on Bethe lattices and
its MCT transitions, EPL, ,116
(2017) 56004/1-56004/6
Y. Jin and H. Yoshino, “ Exploring the
complex free energy landscape of the
simplest glass by rheology” , Nature
Communications, , 8,
(2017)14935.
H. lkeda, K. Miyazaki, and A. lkeda,
A note on the replica liquid theory of
binary mixtures, J. Chem. Phys._,
, 145, 216101 (2pp) (2016).
R. Miyazaki, T. Kawasaki, and K.
Miyazaki, Cluster Glass Transition of
Ultrasoft-Potential Fluids at High
Density, Phys. Rev. Lett., , 117,
165701-p1~ 165701-p5, (2016).
H. Ikeda and A. lkeda, The decoupling
of the glass transitions in the
two-component p-spin spherical
model,Journal of Statistical
Mechanics: Theory and Experiment,
,2016, 074006-pl~ 074006-p22
(2016).
M. Ozawa, K. Kim, K. Miyazaki, Tuning
Pairwise Potential Can Control the
Fragility of Glass-Forming Liquids:
From Tetrahedral Network to Isotropic

Soft Sphere Models, Journal of
Statistical Mechanics: Theory and
Experiment, , 2016, 074002-p1~

074002-p21 (2016).

D. Coslovich, A. lkeda, K. Miyazaki,

Mean-field dynamic criticality and

geometric transition in the Gaussian

core model ,Phys. Rev. E, , 93,

042602 -pl~ 042602 -p8 (2016).

D. Nakayama, H. Yoshino and F.

Zamponi, Protocol-dependent shear
modulus of amorphous solids, J. of
Stat. Mech. , , (2016), 104001.

H. lkeda, K. Miyazaki, Facilitated

spin model on Bethe lattice with
random pinning,EPL, ,112,

16001-p1 ~ 16001-p6 (2015).

M. Ozawa, W. Kob, A. lkeda, K. Miyazaki,
Equilibrium phase diagram of a
randomly pinned glass-former, Proc.

Natl. Acad. Sci. USA. , , 112,

6914-6919 (2015).

C. Rainone, P. Urbani, H. Yoshino and
F. Zamponi, Following the evolution

14.

15.

hard sphere glasses in infinite
dimensions under external
perturbations: compression and shear
strain, Phys. Rev. Lett., , 114
(2015), 015701.

H. Yoshino and F. Zamponi, The shear
modulus of glasses: results from the
full replica symmetry breaking
solution, Phys. Rev. E, , 90,
(2014) 022302.

H. Yoshino, Rigidity of glasses and
jamming systems at low temperatures,
AIP Conference Proceedings,

,1518(2013) 244.

107

(Cryopreservation Conference 2017,
2017 11 1-2

, Invited).
K. Miyazaki, Cluster glass transition
of ultra-soft potential fluids (The
2016 3rd International Conference on
Packing Problems, "Packing: across
length scales™, 29 August - 1
September, 2016, invited).
K. Miyazaki, Cluster glass transition
of ultra-soft potential fluids
(Discussion Meeting on Emergent
Phenomena in Soft and Active Matter,
5-6 January, 2016, JNCASR, Bangalore,
India, invited)
K. Miyazaki, Thermodynamic glass
transition of randomly pinned systems
(CompFlu2016, 2-4 January, 2016, Pune,
India, invited)
K. Miyazaki Glass transition of
randomly pinned systems, Japan-France
Joint Seminar "New Frontiers in
Non-equilibrium Physics of Glassy
Materials™, 2015 8 11 8 14

, Kyoto)
M. Ozawa, W. Kob, A. lkeda, and K.
Miyazaki, Thermodynamic glass

transition of randomly pinned systems
(Unifying Concepts in Glass Physics VI,
Feb. 1-7, 2015, Aspen Center for
Physics, Aspen, CO, USA, invited).

K. Miyazaki Thermodynamic Glass
Transition of Randomly Pinned Systems
(International Symposium on
Fluctuation and Structure out of
Equilibrium 2015, 2015 8 20 8

23, Kyoto)
M. Ozawa, K. Kim, and K. 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



10.

11.

12.

13.

14.

15.

16.

17.

18.

Dynamical Hierarchy in Soft Matter,
March 16-18, 2015, University of Tokyo,

Japan)
H. lkeda and K. Miyazaki, Glass
transition of a vrandomly pinned

kinetically constrained model on the
Bethe lattice (Physics of Structural
and Dynamical Hierarchy in Soft Matter,
March 16-18, University of Tokyo,
Japan)

H. Ikeda  and K. Miyazaki,
Sufficiently advanced statistic is
indistinguishable from dynamics near
the glass transition (Spin glasses: An
old tool for new problems, August
25-September 6, France)

M. Ozawa  and K. Miyazaki,
Dynamical Heterogeneity of
Supercooled Liquids and  Shear
Transformation Zone of Amorphous
Solids: A Comparative Simulation

Study (Liquids 2014, 9th Liquid Matter
Conference, July 21-25, 2014, Lisbon,

Portugal)
H. lkeda and K. Miyazaki, The
correlation length of the glass

transition (The 8th Mini-Symposium on
Liquids, July 5, 2014, Okayama
University, Japan)
H. Yoshino, Rigidity of structural
glasses and jamming systems probed by
twisting replicated liquids, 7th
International Discussion Meeting on
Relaxations in Complex Systems

, 2013 08 02 , Barcelona,
Spain
H. Yoshino, Twisting and breaking
glasses: a replica approach, Critical
Phenomena in Random and Complex
Systems 2014 09 12 ,
Villa Orlandi, Anacapri, Capri, ltaly
H. Yoshino, Signatures of the full
replica symmetry breaking in jamming
systems under shear, Japan-France
Joint Seminar ,
2015 08 11 2015 08 11 ,

H. Yoshino, Glass transitions and
jamming of supercooled vectorial spins,
CECAM workshop Glass & Jamming

transition , 2017
01 10 2017 01 10 , Lausanne,
Switzerland

J. Yuliang and H. Yoshino, Shear
modulus of hard sphere glasses,
Nonlinear Response in Complex Matter
2016 09 26 2016 09
30 Primosten, Croatia
H. Yoshino, Rotational glass
transitions and jamming in a large

dimensional limit, IDMRCS8 (8th

International Discussion Meeting on

Relaxations in Complex Systems)
2017.

® http://www.r.phys._nagoya-u.ac.-jp/in
dex-j.shtml

® http://ww._cp.cmc.osaka-u.ac.jp/~yo
shino/index.html

@
MIYAZAKI, Kunimasa
40449913
@
YOSHINO, Hajime
50335337
(€)

Giulio Biroli (IPhT, CEA)
Walter Kob (Laboratoire
Coulomb)
Yuliang Jin
(
)
(
)

Francesco Zamponi(ENS,Paris)
Pierrfrancesco Urbani (IPhT, CEA)

Charles



