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B stress-strain curve i 71-09 &R
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M 719153854 : Replicated “Van der Waals theory”
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d — (OXO P Charbonneau, J. Kurchan, G. Parisi, P. Urbani, F. Zamponi,

78R TF Nature Communications 5, 3725 (2014).
..
VAN =<
--.{‘:) T={T1 " Tm} Ta = ((Ta)1; (®Ta)2, - -+, (Ta)m)
o O Y I
~8F = [ dsp@)L ~ logp(@) + 5 [ dadyp(@)p(m)f @7
Replicated Mayer function f(T, y) = —1+ H e—ﬁv(I(ma—ya)l)
a=1

r

RFEINTA =T DNEHTRDOUICERIXRILF—

—BF(&,{7})/N =1-logp+dlogm+ £(m — 1)log(2mreD?/d?) + £logdet(a™™)
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B> A& 1H&ERL 7)) AR (RSB)

Parisi's 751 (m x m) € Drandom first order transition(RFOT) {5
F
A
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~BFarsp = —m [, %log [ZA) 1 [1dz2G0] — Gematm/2 [ dneh(1 — emSmh)
Parisi's equation
8f CIZ,h . 2 f(p . 2
5933 N [8 k) | g (20 ] . f(1,h) =1log® [m] |

(note) Spinglass MiZ&: G. Parisi (1980) massless “replicon” mode, marginal stability
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HY and F. Zamponi, “The shear modulus of glasses:
results from the full replica symmetry breaking solution” arXiv:1403.6967
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CBF({7)) = / dzp(T)[1 — log p(T)] +

Replicated Mayer function (under shear)

Fro (@, 7) = =1+ H —Bv(1S(Va) (Za—Ya)l) S(V)uw = 0 + V6,,16,,.2
a=1 (Compression: C(v)uw = 0 + 700,10,.1)

g
—BF(6,{7.})/N =1—logp+ dlogm +<(m —1) log(27TeD2 /d?) + £ log det(a™™)



http://xxx.lanl.gov/abs/1403.6967
http://xxx.lanl.gov/abs/1403.6967

Small strain expansion

m 1,m
;L
F({fya})/N — F({O})/N - Z OaYa + 5 Z,Uabf)/af)/b + e
a=1 a,b
yields shear-modulus matrix
~ 0 0
Bliab = gso Oab Cg) 8:; — (1 - 5“1’)8&:5
“sum rule” Z,uab = 0
b
Hierarchical RSB Hierarchical rigidity
0|22 po| 1| -
Ao At fn| fia] 1
~ - — =
A ) [As /1 2|1
L 1A, 0 | | i

|RSB case : HY and M. Mezard (2010), HY (2012)



I Solution to a paradox around the jamming point

0p=0¢;—¢  PoxT/og]

“Inherent structures” | “meta-basins” (1RSB)

o T/ AU

[harmonic OX T/\6¢\3/2 shear-modulus %iLnOM(T) o< T/

Brito-Wyart (2006) Yoshino (2012), Okamura-Yoshino(2013)

lim A(T) o |09

3/2
Aha,rmoni(: X ‘5¢‘ / cage Size T —0

keda-Berthier-Birol (2013) Berthier-Jacqin-Zamponi (201 1)

Emulsion experiments:
T. G. Mason et al (1997). Guerra-Weitz (2013)

[This paradox is solved! HY and F. Zamponi,
)

“The shear modulus of glasses:results from the full replica symmetry breaking solution”, Rev. E 90, 022302 (2014
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I Avalanche like plastic events during stress relaxation
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“state following under shear” via Franz-Parisi potential

shear-stress (force/area)
> 7]

30F T T T T ' . .

C. Raione, P. Urbani, H. Yoshino and F. Zamponi, arXiv:1411.0826
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“active” jamming of self-propelled particles
AROETES (DA, BOBE. RE. )
Vicsek model: Vicsek, T, Czirdk, A, Ben-Jacob, E., Cohen, I, & Shochet, O. Phys. Rev. Lett, 75(6), 1226 (1995).
S. Henkes, Y. Fily and M. C. Marchetti, Phys. Rev. E, 040501 (R) (201 1)
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