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® MCT Is encoded in Landscape (RFOT)?
® Adam-Gibbs theory works?
® \ogel-Fulcher works?

®Dyanamic Heterogeneities and

Correlation Length can be explained?
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® MCT Is encoded in Landscape (RFOT)?
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Mathematical structure is exactly the same as the liquid!

dC(t) 3J2
T——TC(t)——I dt' C3(t—t')——2

dc(t)
dt’

®Nonergodic transition point matches with Threshold
Temperature of the free energy!

T:th

mct
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Distribution of Hessians of Energy

P(4) =<Z5(/1—/1v)>

Unstable to Saddles to Minima

flﬂk Ll

ﬂ,v . Eigenvalue of Hessian

® MCT Is encoded in Landscape (RFOT)?
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® MCT Is encoded in Landscape (RFOT)?

MCT
oF(k,t) DK’ OF (K, 1)
= S(k)F(k 1) — jdt M (k,t —t") o
M (k,t) = [dqV (a,k —q)F (a,t)F (k- q,t)
o y
o T, ‘T _TMCT‘
S
o L y =2.46

cor T, . =0.435
T_TMCT MCT



® MCT Is encoded in Landscape (RFOT)?

Number of suddles realy vanishes

at Tycr!
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® Kob-Anderson LJ, MD (1995)

7 @ Kob-Anderson LJ, BD (Szamel, 2005)" @

Power law fit with T =0.43 and y=2.31
Power law fit with T _=0.435 and y=2.45
T T T

10 10°

T _TMCT

(Angelini et al. ’00)
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® Adam-Gibbs theory works?

RFOT predicts

A
Ty eXp{TS } The Adam-Gibbs equation

C

A
T, —T} The Vogel-Fulcher law
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® Adam-Gibbs theory works?

RFOT predicts

A
T, oC exp{ﬁ} The Adam-Gibbs equation

C

(Starr et al. 2013)
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RFOT predicts

S,/ J K" mol™

80 120
T/K

160

S./J K mol

® \ogel-Fulcher works?
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(Yamamoto et al. '98)

(Week et al. '00)
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Correlation Length can be explained?

®Dyanamic Heterogeneities and
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Quantify the dynamic heterogeneity and correlation
length?

Nonlinear susceptibility
or
4 point correlation function

Density-density correlation function (2-point)

F(k,t) = ( pk(t) p-«(0)) = <If(k,t)>

4-point density correlation function

Ga(r,t) ~ (p(r,1)p(r,0)0(0,0)p(0,t) )

or

2.@) = [dr Ga(r,t) < (6F°(k,1))
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The 4 point correlation function

X4(q1t)

1
10 (Yamamoto et al. '98) '
T=0.234 ©
. 0.267 =
10 0.306 o 7
0.352 v
0.473 ¢
107 % 0.772 %+ -
107 -
107 - .
10'4 l l
107! 10" 10 10° 10°
qé

K

Xa (q ’ t) Fourier transform of G,(r,t)

Orstein-Zernike like behavior

L&
ACKIE 1+q2§2 7

with ¢ increasing as T lowered

(Szamel et al.2006)

1O T T

Z:(8) = 2,(0=0,1)
Integral of G,(r, t) over space
Its amplitude grows as T lowered,

reflecting a growing length scales.

—
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®Dyanamic Heterogeneities and

Correlation Length can be explained?

RFOT predicts
4 )
1/(d-0)
O —d/2
Ey €| — oC ‘T —TK‘
TS,
- J
MCT predicts
4 )
-V
e ‘T — Tyver
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®Dyanamic Heterogeneities and

Correlation Length can be explained?

Should we expect something like... £,
ons

S
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Typical ovservation of the correlation lenghts

(Karmakar et al.2015)

7 ' [ ' ' I ' I T I (Flenner et al.2013)
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® Inhomogeneous MCT and dynamic correlation length

Calculate Nonlinear Susceptibility using MCT

Instead of calculating the 4 point correlation function (it is too complicated),
we shall calculate the 3 point correlation function

73k, q,t) =(p(k,) p(a,t) p(~k —q,0) )

Hamiltonian H
ot = H ¥&0.% Pinning field
&P,

F(ky, k1) = <,0(k1’ t)o(k,,0) >
Linear response theory says
oF (k,k +q,t)
o€

x25(K,q,1) =

Need to construct MCT for F (kl’ k2 , t)
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® Inhomogeneous MCT and dynamic correlation length

Basic Idea
Linear Response Theory says

Hwot = H + XF
(x(t))_ j dt Z(t—t)FE) o |2 =(XO)X(0)),,

Change of x due to F can be described by correlation function at equilibrium
or

The 1stmoment of x in the presence of F can be written by the 2"d moment of

X in the absence of F. or
The 2" moment of X in the absence of F can be written by the 15t moment of x

In the presence of F.

or
The 39 moment of x in the absence of F can be written by the 2" moment of x
In the presence of F.
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® Inhomogeneous MCT and dynamic correlation length

MCT in the presence of the pinning field (thus w/o translational invariance)

A2 )
TREID 4 o, 0) Fg ki) + 0 T kel

+jtdt' M(k;,q,t—t") (9. k. ) =0
0 ot’ Y

with

0 (k, k,) = <el - Ty (D e NS (g, k,)

M (kl’ k2’ t) — klv (kl’ ql’ q2)

1

x {F (th, G, t) F (0, G, 1) + F(ql,q4,t)F(q2,q3,t)N(k2,qg,q4)k—
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® Inhomogeneous MCT and dynamic correlation length

T .
2% ,qo; t p o
Jr.z(;lflg 2 }+ﬂ§(f11)3r:3(*311=q9;t)+ﬂf(qhqg)p(q21t) M{?;}ltfqz )
f OF
/dt Mo(qq,t —t) ks(qéﬁqz ) /dy M (qu, qo:t —t') Eltz:, ) _o
" 0 )
with

Mo(k,t) = 2BL f ( 9 _2(q.k — @ F (k,1)F(jq - kI, 1)

2mn J (27)3
ksT [ d k; - k.
M (ks ) = 22 [(2:)3 { V2, (@l — @) F (k. OF (ks — al. 1) =225 @)

1
+2k1 Vie, (a, k1 — a)xs(a.qo + a: 1) F(|ki — ql, 1)V, (ki — g, qo + QJk—J

kpTk?
mS(k)

kT ki, -k
2 __hB 2 1 2
Ql(kl? k2) m S(qO) {k S(k?) }

05 (k) =
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® Inhomogeneous MCT and dynamic correlation length

For g=0: Integral over space:
25(t) = x3(k,q=0,1)

oc A number of particles in a “cluster”

b4 (t) IMCT
3 (A simplified model calculation)

X3

Z (t Simulation
4 for a colloid, (Szamel et al.2006)

Cluster size / length scale grow as T lowered.
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® Inhomogeneous MCT and dynamic correlation length
0w ()7 e
E Simulation

IMCT

x3(D)
I
>
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® Inhomogeneous MCT and dynamic correlation length

For g#70: Length scale dependence: |
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Fig3 Karmakar et al 2015 (KALJ) cuiojurgu b oo
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®@Comparison is hardly satisfactory wweazon
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