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Outline

Will discuss two examples where long-range correlations show up
and consider some consequences

e Example I: Effect of a local drive on the steady state of a system

e Example II: Linear drive in two dimensions: spontaneous symmetry
breaking



e Example | :Local drive perturbation

T. Sadhu, S. Majumdar, DM, Phys. Rev. E 84, 051136 (2011)



Local perturbation in equilibrium

Particles diffusing (with exclusion) on a grid

Prob. of finding a particle at site k

occgpetipativimmeniber 0,1

N particles
V sites

N
p(k) =—



Add a local potential u at site O

N particles
V sites 0< 1

The density changes only locally.



Effect of a local drive: a single driving bond
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Main Results

I @ = 2 dimensions both the density @@FF@%@@M% t@ a potential of
a givele iR d dIMEnsiens, Q@@aylng as %r]arbér f0r large r.
Tihe curent satisfies j(~1/r".

The same is true for local arrangements of driven bonds.
The power law of the decay depends on the specific
configuration.

The two-point correlation function c@m@qpxmmm A Queatiupnée
IR 26 dimensiens, deeaying as dop s)~1/0* + s?)4 forp =1/2

The same is tue it otiher dersttes ttol Eestingardderime
(erder €Y. )-



Density profile (with exclusion)
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Non-interacting particles

o. TiirMe QuRkithaT ddhsiensity:

0,7, t) = V2p(#,t) + e (0, t)[6;5 — S 2]
VZ=¢p(m+1,n)+p(m—1,n)+d(mn+1)+ dp(mn—1) —4p(m,n)

The steady state equation

72¢(#) = —ep(0)[6;5 — Or e

Rratittecttasiiy — chbeatoasiaidarnteniidiotianctatticdlnste




72¢(#) = —ed(0)[6; 5 — 675-]

Green’s function VeG(7,7,) = =677,

solution d(r)=p+ 6(]5(6) [G(f"’, 6) — G(7,ey)]

4 R
Unlike electrostatic configuration here the strength of

the dipole should be determined self consistently.
\ J




Green’s function of the discrete Laplace equation
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G (7, To) ~ _ﬁ lnlﬁ_ﬁl

¢ = p + ep(0)[G(7,0) — G(7, é)]



dedetenmiming (0)

$() = p +ep(0)[G(7,0) — G(7,é,)]

1

To find ¢(0) one ul@d'ik Q9RESEE (TE §34eD , ¢(0,6,) = — 2
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density:

current:

gtdarge

GG ~ —o— InfF 7
(@ =p +¢ep(0)[G(#,0) — G(# é))] #(0) = - 2
4
. ep(0) &7 1
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Multiple driven bonds

e=1-¢€
d(@) =p+epDICEFET) — G, T + e+ ep(R)IGCH, ) — G T, +e1)] +

Usingtbh & Grae fisctignctienaoneiarsbliue folis)...
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Two oppositely directed driven bonds — quadrupole field

The steadytstalp@qualiop®) = —ep(0)[25;:5 — 5
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Here the steady state measure is not known however one can

The model of local drive with exclusion

determine the behavior of the density.

0,p(#, t) = V2p(#, t) + E(T(O){l —1(éN[5x

3
(0,0) \f—/ (LO)
T = (3 Thésdbeupatigratianalddable
) e(r(0){1 — (e} é 617”
¢(F) =p — o 2 ( 5)

— 6ze;]



d(F) =p — e(T(O)ﬂz; t(é))})é ?T

( 2)

The density profile is that of the dipole potential with a dipole
strength which can only be computed numerically.



Simulation results

Simuwbaikioaron2a0 lattooaastith with p = 0.6

For thrainirrastiegiergecascttengtbtpé migtinofetvasdipole
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Two-point correlation function

C@), s) = t(r)T(s) >- p(r) ¢ (s)

In d=1 dimension, in the hydrodynamic limit

o(c))) =19(, %)

T. Bodineau, B. Derrida, J.L. Lebowitz, JSP, 140 648 (2010).



In higher dimensions local currents do not vanish for large
L and the correlation function does not vanish in this limit.

|l —¢

l +e€

T. Sadhu, S. Majumdar, DM, in progress



Symmetry of the correlation function:

L‘@?), s) =< t(r)T(s) =>- @p(r) ¢(s)

inversion Ce(r,s) = C_c(—1,—5) \
particle-hole Cep(r,s) = C_gq1_,(1,9)
at pgfF 1/2 Ce(r,s) = C_c(1,5)

fddrC(r,s) =0

o /

{ (A, +A)C(r,s) =0 (r, s)]

C (v, $) COrESpORTSstt et ttostiaitoneniaimigduced ¢sd by o



Consequences of the symmetry:

® The net charge =0

e Atp =08 5@yenigphevenin e

® Thus the charge cannot support a dipole and the
leading contribution in multipole expansion is
that of a quadrupole (in 2d dimensions).

[ C(r,s)~1/(r? + s?)< ]




For pFognecearcerpamiid poweevesirs of €

Ome: fiimalis:
Tie leading contribution to ds®PbrIgerintpigiatying
RS GipSIE CoRtRBUEaR: WItR the esrrelatien eeeaying a3

C(r,s)~1/(r? + s2)4



C(T', S) — Eal(r, S) + Ezaz(r, S) + ..
Azp-1(—=1,—5) = —azp_1(7,s)

X2p (-1, —s) = A2p (r,s)

Sinoee (no=dp o) dipdltheandttbeargeaba@®is zero
tHEC|ERRAHP CEHHRHIRNIS QeRfiyhaar



(A, + A)C(r,s) = o,1(r,s) + 0,(r,s) + o3(1,s)

-

\-

o1(r,s) = €(Q ﬁ(r))(5s,0 — 5s+el,0)(1 — 5r,0 — 5r+el,0)

+ €<Q ﬁ(s))(é‘r,d"_ 5r+el,0)(1 _ 53,0 _ 5s+el,0)
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\_ Vv /

Q =n(0)(1 — n(—ey)) +n(—e;)(A — n(0))



Summary

ﬂ@@@ll dirive iin dinengiomsnesnisasults in: \

* Densitty profile corresponds to a dipole in d dimensions
p(r)~1/rd1

* Two-point correlation function corresponds to a quadinupole
lim 2d| diimensions
C(r,s)~1/(r? + s?)4

Adelmsibity to @b dvadiorders in e
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® Example II: a two dimensional model with a driven line

The effect of a drive on a fluctuating interface

T. Sadhu, Z. Shapira, DM PRL 109, 130601 (2012)



Motivated by an experimental study of the effect of shear on
colloidal liquid-gas interface.

colloidal liquid

D. Derks, D. G. A. L. Aarts, D. Bonn, H. N. W. Lekkerkerker, A. Imhof,
PRL 97, 038301 (2006).

T.H.R. Smith, O. Vasilyev, D.B. Abraham, A. Maciolek, M. Schmidt,
PRL 101, 067203 (2008).



?What is the effect of a driving line on an interface




In equilibrium- under local attractive potential

Local potential localizes the interface at any temperature 7 < T,
Transfer matrix: 1d guantum partiele in a loeal attraetive peteniial,
the Wwave-fun&iion is Iecalized:

no localizingnipteeakiting: phitehtial~ L
with localizingitiotectititing potenfiel® > ~const




Schematic magnetization profile

Tihe magnetization profile is antisymmetric with respect to tihe zeno
e witth m(Qy = 0) =0



Consider now a driving line

+ - — - _vudth-rate\,gﬂipt(a‘ltee_ﬁAHJrﬁE)

- + — + = 4 wighrategppygtee P27 FE)

Ising model with Kawasaki dynamics which is biased on the middle row



Main results
® The interface width is finite (localized)
® A spontaneous symmetry breaking takes place
by which the magnetization of the driven line
IS non-zero and the magnetization profile is not

symmetric.

® The fluctuation of the interface are not symmetric around
the driven line.

® These results can be demonstrated analytically in certain limit.






Schematic magnetization profiles

unlike the equilibrium antisymmetric profile




Averaged magnetization profile in the two states

-0.5~

L=100 T=0.85Tc

= = \H i i i i ’






1.0

™ ¢ .
N s, L Y SR SR XA R8T TR
= o g - = T
PR 'ﬁk';’f_'. O Y i “ril'-‘-"t ""}'w
?lﬂ o | - A F e T el sl Y - =g
o T Py i Flasge ¥ m s aa - e L Far
I b ; W e | i = h g3 'F.: = '.H' o= tr. -
I ¥ i " b o Iy " 4
{}”5_ ' | e ! ¥ ..- | - "t I. i

EE Uﬂ_— —————————————————————————— A I

-0.5}F |4 .4 f
i l"-'Ili".--lqu“.' :‘Jth '}‘:.;- ] ‘_l
7 s o A
Lol ™ dejtap el bl ot !
0 1% 107 2% 107 3107 45107

Time series of Magnetization of driven lane for a
100X101 lattice at T= 0.6Tc.



108 . |

—— 10500 exp(0.06L)
107 _
& 106 -
10° _
1.0
0 50 100 150
L

Switching time on a square LX(L+1) lattice with Fixed
boundary at T=0.6Tc.



Analytical approach

In general one cannot calculate the steady state measure of this system.
However in a certain limit, the steady state distribution (the large
deviations function) of the magnetization of the driven line can be calculated.

Typically one is interested in calculating —F (m(x,y))
the large deviation function of a magnetization profile

[ P(m(x, y))~e-L2F<m<x'”>]

Wes show that in some limit a restricted large deviation flunction,
fihat of the driven line magnetization; mecarde ke FRTHRHed

| P(my) = et |




The following limit is considered

® Slow exchange rate between the driven line and the rest of the system
o Largeglidrdnigifietd> /

® | ow temperature

|hnttinss linmittitine pmbabilliiuy distr_ilbytion of is_o is P(my) = e LU(M0)
wihere thhe peiential (large deviations funetien) andeabrpaeaputed.




The large deviations function
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® Slow exchange between the line and the rest of the system

rw(AH)

+— 5 -+ 1
rw(—AH) "< O(L3)

w(AH) = min(1,e F2AH)

In between exchange processes the systems is
composed of 3 sub-systems evolving independently



o Faflgyideive™ /

o tine coupling Muhinrtitiedadasscaanies jmasesd Alsaarassutt
tine spins on the driven lane become uncorrelated and they are
randomly distributed (TASEP)

® Tine drivem lane applies a boundary field Jonthe the tathather
pars

o Due o the slow exehange rate with the bull, the twe Bk

Sub-systems reaeh the equilibrium distribution of an ising meeel
With 2 BeYRdary field Jmo

® | ow temperature limit

® |n this limit the steady state of the bulk sub systems can

be expanded in T and the exchange rate with the driven line can
be computed.



m, — m, +"%ith\Kf'ﬂ*l$rate p(m,)

m, — m, —V%ith\ml‘l‘?rate q(m,)

q(mo),\np(mo)
0 0000000000000 00

m, perferms a randem weallk with 2 rale wiieh deperts on m.
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Thelimagnagizetizatiohtioé thevem/ieméame changes in steps of 2 /L

Expropeildrteriar! B1GrRagase (o)

4 N

1
p(mg) = 5(1 +mg)?(1 — mg)e 2FUHD

[2(1 + mo) (1 —mg)?(e 2P/1 4 e2F)1mo)

0| =

_|_

+(1 +mg)? (1 —mg)e?PliMo 4 (1 —my)3e2P/1iMo]e=6F) + 0(e~8F))

K q(m,) = p(—m,) /

[U(m) __ f () dk + f " nq (o dk ]
0

0
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Tinss fomm aff thhe [rge devieion function demonstrates
the Spemtaneous Syrmmetry breaking. It alse yield the

&ranataldlmaig time &t five L. (7 = 0.6T; ./, = /)

P (mO) = e —LU(mo)

<my,>1—0(e*F))



Summary

® Simple examples of the effect of long range correlations in driven
models have been presented.

® A limit of slow exchange rate is discussed which enables
the evaluation of some large deviation functions far from
equilibrium.
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