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Outline

@ Motivations

@ Exclusion Processes

e Operator approach
e Large deviation functions

© Mapping non-equilibrium to equilibrium
e For the integrated current
e For the density profile
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Introduction Motivations

Motivations
Q
Po P1
Prob(C) x exp {_energy(C)} cannot describe
temperature
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Motivations
Motivations

Q

profile p(x)

energy(C)

Prob(C) o exp {_temperature

} cannot describe

@ Non-equilibrium steady-state

Prob[p(x)]
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Motivations
Motivations

- time-integrated current Q -

energy(C)
temperature

Prob(C) x exp {— } cannot describe
@ Non-equilibrium steady-state

Prob[p(x)]
@ Equilibrium fluctuations of dynamical observables

Prob[Q)]
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System
Exclusion processes

maximal

---------------------------- 1| occupation N

@ Configurations: occupation numbers {n;}
@ Exclusionrule: 0 < n; <N
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System
Exclusion processes

maximal
---------------------------------------- occupation N
1,]\,L P
1 1 1 4 3
P A A .
—t———+—+—+—+—+— 1
T L~
y

@ Configurations: occupation numbers {n;}
@ Exclusionrule: 0 < n; <N
@ Markov evolution

aP{n}) = [W(ri — m)P({nj}) — W(ni — m)P({n})]

/
n;
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System
Exclusion processes

maximal
---------------------------- 1| occupation N
11 1 3
A ~ AP
— 1
" T L=
!

@ Configurations: occupation numbers {n;}
@ Exclusionrule: 0 < n; <N
@ Markov evolution

aP{n}) = [W(ri — m)P({nj}) — W(ni — m)P({n})]

m
@ Large deviation function of the time-integrated current Q
(e75Q) ~ gl¥(s) (& determining P(Q))
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Exclusion processes System

Operator representation [Schiitz & Sandow PRE 49 2726]
---------------------------- ok oot
1 1 1 4 ,
Po V=1 + LV P1
g 0
0P = WP

W= Y [S{Sci1+ Sk Sipr — M1 = fgr) — Prr (1 = )]
1<k<L—1

+a[Sf = (1 =) +7[Sy —M]
+0[SF—(1—m)]+8[S — ]

S* and S? = i — ¥ are spin operators (with j = )
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Operator representation

............................ 11 océ?l?)xaitgg?lll\l
11 1 4> ,
PO g
- 5
(6759) ~ et with () = max Sp W(s)

W(s)= > [SFS+ScSh — Mk(1 = fkpr) = Mg (1 = )]
1<k<L—1

b8t (1= m)] 4o (S -
+0[Sfe®—(1—n)]+5[S e ®—h
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Large deviation function of the current
Finite-size effects [Appert, Derrida, VL, van Wijland, PRE 78 021122]

For periodic boundary conditions
@ large deviation function

W(s) =L "p(1 - p)s® + L2F(u) with u=—1p(1-p)s?
e N—

order 0 finite-size

@ universal function

(—2u)*Bok_2
7= 2 Ry )

@ scaling of cumulants of the total current Qot
HQR ~

HAG ~ sz‘Q (k > 2)
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Large deviation function of the current
Finite-size effects [Appert, Derrida, VL, van Wijland, PRE 78 021122]

For periodic boundary conditions
@ large deviation function
W(s) =L "p(1 - p)s® + L2F(u) with u=—1p(1-p)s?
e e
order 0 finite-size

@ universal function
F(U)
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Large deviation function of the current
With a field [Appert, Derrida, VL, van Wijland, PRE 78 021122]

Periodic boundary conditions
Driving field E
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With a field [Appert, Derrida, VL, van Wijland, PRE 78 021122]
Periodic boundary conditions For the WASEP:
Driving field E D=1,0=2p(1-)p)
Large deviation function

<QZ>C oo

Y(s) = §s(s — E)T + L2DF(u) with u=—s(s— E)W

at saddle-point small fluctuations can become > 0
(determinant)

F(u)
Dynamical phase transition
between
stationnary and non-stationnary
profiles
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Outline

@ Motivations

@ Exclusion Processes

e Operator approach
e Large deviation functions

© Mapping non-equilibrium to equilibrium —
e For the integrated current
e For the density profile
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Mapping non-eq. to eq. for the current

MinOSCOpiC approach [Imparato, VL, van Wijland, arxiv:0911.0564]

Large deviations of the current (X)) = max Sp W(s)

invariant by rotation
W(s) = Z Sk §k+1
1<k<L—1
+al[SF—(=m)]+~[S; —M]
+0[Sfe®—(1—=h)]+ B[S e -
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Mapping non-eq. to eq. for the current

MinOSCOpiC approach [Imparato, VL, van Wijland, arxiv:0911.0564]

Large deviations of the current (X)) = max Sp W(s)

invariant by rotation
W(s) = Z Sk §k+1
1<k<L—1
+al[SF—(=m)]+~[S; —M]
+0[Sfe®—(1—=h)]+ B[S e -

Local transformation

Q'W(s)Q= Y Sk Sk

1<k<L—1
+ o [S?— — (1 — fh )] + "/’/ [81_ — h1]
+0' [Sfes — (1 - )|+ |Spe™ — A

describes contact with reservoirs of same densities
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for the current
Result [Imparato, VL, van Wijland, PRE 80 011131]

Large deviation function same F as at eq.

0(8) = 105) + 5o (52())
——

saddle

fluctuations

1(A) = —(arcsinh \/5)2

w=(1-e")(e*po—p1— (e = 1)pop1)

Physical remark
In contact with reservoirs, neither SSEP nor KMP present a
‘dynamical phase transition’ (< no singularity in v(s)).
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Mapping non-eq. to eq. for the density profile and the current

For the current [Imparato, VL, van Wijland, PRE 80 011131]
maximal
Symmetric T i occupation
exclusion Q 11 A.\“*A A
process £0 M ' ' ' . ; : : : : : : : n
w1 L~
! 0
Probjemey” (current)
Local i
transformation _
Probzfqa“"””' (current’)
11
ol AL A, 3
2 R ,
P :71 LST p

System in equilibrium
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for the density profile and the current
For the density profile [Tailleur, Kurchan, VL, JPA 41 505001]

Symmetric
exclusion

process 0

V. Lecomte (LPMA)

maxin}_al

........................................ OCCupa |On

AL

a asalilie. 4

}_V/:l t t t t t t t t t t t L:Vs{ p]_

Y 0
Probjamey” (profile)

Non-local i
transformation

Probzfqa“"””' (profile”)

SRS

System in equilibrium
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A
Non-local mapping [Tailleur, Kurchan, VL, JPA 41 505001]

Q

profile p(x)

Boundary-driven transport model:
@ long-range correlations
@ breaking of time-reversal symmetry
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A
Non-local mapping [Tailleur, Kurchan, VL, JPA 41 505001]

Q

profile p(x)

Boundary-driven transport model:
@ long-range correlations
@ breaking of time-reversal symmetry

Non-local mapping to equilibrium:
@ accounts for long-range correlations
@ (density gradient)non-eq.«— (fixed density)eq.
@ yields Prob[p(x)] through a extremalization principle
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Summary

Microscopic approach:
@ operator formalism
@ large deviation function

Macroscopic approach:
@ action of fluctuating hydrodynamics
@ saddle-point method, instantons
@ integration of fluctuations (dynamical phase transition)
— Eg<»non-eq mapping in higher dimensions?
— More generic systems of interacting particle?
— Crossover to KPZ? Universal fluctuations?
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