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Dynamics out of equilibrium

One condition for equilibrium explicitly broken

Environment

Take an open system coupled to an ,
Interaction

environment

Necessary :

— The bath should be in equilibrium

same origin of noise and friction.

— Deterministic force :
conservative time-independent forces only, F' = —V V.

— Either the initial condition is taken from the equilibrium pdf, or the

latter should be reached after an equilibration time 7., :



Models

Driven p-spin models

Hamiltonian (potential energy)

HJ[{SZ}] = — Zil...ip Jz'l...z'p Sil c. . Sip —+z (Zz 822 — N)

Vs

symmetric
under exchanges of any pair of indices 15, <> 7;

The random coupling exchanges taken from Gaussian pdf with zero mean
and variance [/ ;| = p!lJ?/N?~" and they are also symmetric with

respect to 7, <> 7

Langevin dynamics

desi(t) =+ iy i) JiianiySin () - - - 83, (0) — 2(8)s:() + &(t)



Models

Driven p-spin models

Hamiltonian (potential energy)

HJ[{SZ}] = — Zz’l...z'p Jz'l...z'p Sil c. . Sz'p —+z (Zz 822 — N)

Vs

symmetric
under exchanges of any pair of indices 15, <> 7;

The random coupling exchanges taken from Gaussian pdf with zero mean
and variance [/ ;| = p!lJ?/N?~" and they are also symmetric with
respect to 7, <> 7

Langevin dynamics with no symmetric exchanges J;iyi,. i, 7 Jisiis...i,

dosilt) = + a0, JitgeigSia (1) - 53, (1) — 2(8)si(t) + &(8)



Models

Driven p-spin models

Hamiltonian (potential energy)

Hyl{si}] = =220, Jivcip Siv - 53, +2 (20557 = N)
P N —

symmetric
under exchanges of any pair of indices 5, <> 7;

The random coupling exchanges taken from Gaussian pdf with zero mean

and variance [.J; ; | = p!J?/N?~" and they are also symmetric with
respect to 7, <> 1

Exchanges




Models

Driven p-spin models

Hamiltonian (potential energy)

HJ[{SZH — Zz’l...z‘p ‘]’il---ip Siy - - - Siy, Tz (Zz 312 o N)
\——

symmetric
under exchanges of any pair of indices 15, <> 7;

The random coupling exchanges taken from Gaussian pdf with zero mean
and variance [/} ; | = p!J?/N?~" and they are also symmetric with
respect to 7, <> 1

Langevin dynamics with time-dependent forces

desi(t) = D2i, ) JityiySia () - 50, (1) — 2()si(t)
+ hi(w, t) + &(1)



Potential force

p = 3 Ising spin model with N =50 at7" = 0.01
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Magnetisation and energy density decay

Initial condition dependent metastable state reached £, > &1, = —1.155J



Non-potential force

Driven p = 3 Ising spin model with NV = 50

0.8 - 0.8
[N 05 ||II { i
0.6 - \ 7 0.6 —\
!: I'. | .

(1) “gl Clly + 7. ty)
[ L W T ki 04 k- -
\
0.2 \ 0.2 | 1
|
0 200 400 600 R0 0

r=t-1 0 50 100 150 200 250 300 350 400 450 500
T

Waiting-time dependence (« fixed) and o dependence in steady state

Jii2i3.-.ip — JS + OJJA

11213...9p 11213...9p




Non-potential force

Driven p = 3 Ising spin model with NV — o0
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Non-potential force
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Driven p = 3 Ising spin model with NV =
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Time-dependent force

0.8

0.4

0.4

-0.8

Driven p = 3 Ising spin model with NV = 50
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Time-dependent force

Driven p = 3 Ising spin model with NV = 50
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Stroboscopic-time dependent magnetisation and energy density



