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The Random First Order Transition (RFOT) Theory

Random First Order Transition (RFOT) Theory

Mosaic of metastable states.
Bulk contribution to free energy: −scRd .
Surface contribution: +ΥRθ.
Typical size:

ξs ∼
(

Υ

sc

) 1
d−θ

Energy barrier: EB ∼ ξψs

=⇒ τα = τ∞ exp

(
Cξψs

T

)

Diverging mosaic size at T = TK

T. R. Kirkpatrick, D. Thirumalai, and P. G. Wolynes, Phys. Rev. A 40, 1045 (1989)
T. R. Kirkpatrick and D. Thirumalai, Journal of Physics A: Mathematical and General 22, L149 (1989)
J.-P. Bouchaud and G. Biroli, J. Comp. Phys. 121, 7347 (2004)
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The Random First Order Transition (RFOT) Theory

Static length-scales of amorphous order

Point-to-set length-scale

Length-scale from the minimum eigenvalue of the Hessian matrix

10
2

10
3

10
4

0

5

10

15

N

τ α
(N

,T
)/
τ α

(∞
,T

)

 

 

10
2

10
3

10
4

10
5

0

5

10

15

N/ξd(T )

τ α
(N

,T
)/
τ α

(∞
,T

)

 

 
T = 0.450

T = 0.500

T = 0.550

T = 0.600

T = 0.700

T = 0.900

T = 1.000

T = 1.250

T = 1.500

T = 2.000

0.5 1 1.5 2

1

2

3

4

T

ξ

Length-scale from the α-relaxation time

. . .

Chakrabarty Das Karmakar Dasgupta Random Pinning RFOT – ICTS – June 01, 2017



Introduction Random pinning results Conclusions

The Random First Order Transition (RFOT) Theory

Static length-scales of amorphous order

Point-to-set length-scale

Length-scale from the minimum eigenvalue of the Hessian matrix

10
2

10
3

10
4

0

5

10

15

N

τ α
(N

,T
)/
τ α

(∞
,T

)

 

 

10
2

10
3

10
4

10
5

0

5

10

15

N/ξd(T )

τ α
(N

,T
)/
τ α

(∞
,T

)

 

 
T = 0.450

T = 0.500

T = 0.550

T = 0.600

T = 0.700

T = 0.900

T = 1.000

T = 1.250

T = 1.500

T = 2.000

0.5 1 1.5 2

1

2

3

4

T

ξ

Length-scale from the α-relaxation time

. . .

Chakrabarty Das Karmakar Dasgupta Random Pinning RFOT – ICTS – June 01, 2017



Introduction Random pinning results Conclusions

The Random First Order Transition (RFOT) Theory

Static length-scales of amorphous order

Point-to-set length-scale

Length-scale from the minimum eigenvalue of the Hessian matrix

10
2

10
3

10
4

0

5

10

15

N

τ α
(N

,T
)/
τ α

(∞
,T

)

 

 

10
2

10
3

10
4

10
5

0

5

10

15

N/ξd(T )

τ α
(N

,T
)/
τ α

(∞
,T

)

 

 
T = 0.450

T = 0.500

T = 0.550

T = 0.600

T = 0.700

T = 0.900

T = 1.000

T = 1.250

T = 1.500

T = 2.000

0.5 1 1.5 2

1

2

3

4

T

ξ

Length-scale from the α-relaxation time

. . .
Chakrabarty Das Karmakar Dasgupta Random Pinning RFOT – ICTS – June 01, 2017



Introduction Random pinning results Conclusions

Systems studied & Methods used

Systems studied

3dKA: Kob-Andersen 80:20 binary Lennard Jones mixture.
W. Kob and H. C. Andersen, Phys. Rev. E 51, 4626 (1995)

2dmKA: 65:35 binary Lennard Jones mixture with parameters
same as 3dKA.

R. Brüning, D. A. St-Onge, S. Patterson, and W. Kob, J. Phys. Chem. 21, 035117 (2009)

3dR10: 50:50 mixture with 1/r10 interactions.
S. Karmakar, A. Lemaı̂tre, E. Lerner, and I. Procaccia, PRL 104, 215502 (2010)

2dR10: 50:50 mixture with 1/r10 interactions.
S. Chakrabarty, R. Das, S. Karmakar, and C. Dasgupta, J. Comp. Phys. 145, 034507 (2016)
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Random Pinning in Supercooled Liquids

Random Pinning
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Random Pinning in Supercooled Liquids

The overlap correlation function

Q(t) =

〈
1
N

∑
i

w(|~ri(t)−~ri(0)|)
〉

0

Q(t) =

〈
1

N − Npin

′∑
i

w(|~ri(t)−~ri(0)|)
〉

0
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Random Pinning in Supercooled Liquids

Extraction of Tc and TVFT

3dKA
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Random Pinning in Supercooled Liquids

The phase diagram
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Tests of RFOT theory & Results

The static length-scale from pinning

Data Collapse:

Ψ(ρpin,T ) ≡ ln
[
τα(ρpin,T )

τα(0,T )

]
= Cf (ρpinξ

d
p (T ))
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Tests of RFOT theory & Results

Some relations obtained from RFOT theory

RFOT =⇒ modified Adam-Gibbs relation

τα(T ) = τ∞ exp
(

B
Tsαc

)
, α =

ψ

d − θ

+VFT =⇒ Tsαc ∝ (T − TK )

Pinning data collapse =⇒

ln
[
τα(ρpin,T )

τα(0,T )

]
= ρpinξ

d
p (T )

Assume sc(ρpin,T ) = F (ρpin)sc(0,T ) =⇒

T ξd
p (T ) =

1
sαc (0,T )

∝ ξψs (0,T ).
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Tests of RFOT theory & Results

Divergence of the pinning length-scale

Growing length-scale: ξp(T ) = [1/(Tsαc (0,T ))]1/d ∝ [1/(T − TVFT )]1/d
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Tests of RFOT theory & Results

The exponent ψ
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Tests of RFOT theory & Results

The modified Adam Gibbs relation in two dimensions
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Tests of RFOT theory & Results

Fragility & the static length-scale
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Tests of RFOT theory & Results

The surface tension exponent, θ

3d models and 2dmKA: θ ≈ d − 1

2dR10: θ ≈ 1.7

RFOT may not be valid for 2dR10
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Summary & Conclusions

Easy way to calculate static length-scale at all temperatures –
both in theory as well as in experiments.

Fragility explained using one static length-scale.

RFOT predictions match data for three of the four model
super-cooled liquids.

Soft Pinning – Introduction of large particles gives away to
calculate a static length-scale, via pinning susceptibility. This
method can be easily applied to experiments done in two and
three dimensions.

S. Chakrabarty, S. Karmakar, and C. Dasgupta, Sci. Rep. 5 (2015a)
S. Chakrabarty, S. Karmakar, and C. Dasgupta, PNAS 112, E4819 (2015b)

S. Chakrabarty, R. Das, S. Karmakar, and C. Dasgupta, J. Comp. Phys. 145, 034507 (2016)
R. Das, S. Chakrabarty, and S. Karmakar, arXiv:1608.01474 (2016)
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The pinning susceptibility

χp(T , t) =
∂Q(T , c, t)
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Thank You
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