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Outline

@ DNLS as a reference model & and some known facts

Coupled transport and steady non-equilibrium states

@ Non monotonous temperature profiles

Nonequilibrium phase-transitions (zero temperature)

Nonequilibrium phase-transitions (beyond infinite temperature)
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The model
H=3,VIl* = QY ;i1 + c.c.)

d
% =2V |y |*0; — Q(wj—1 + ¥j41)

PARAMETERS (can be scaled out):
V' > 0: repulsive atomic interation / self-focusing in waveguides

Q): hopping term [the sign is irrelevant - multiply v; by exp(imj)]
TWO CONSERVATION LAWS
Energy: H Mass: A =3, ;]2

h: energy density a: mass density
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Operative definition of the relevant thermodynamic

observables

VO, (VO VC)VC,

ml

Yy = w25 + 122541
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(Franzosi 2011, lubini et al. 2012)
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DNLS equilibrium phase diagram (Rasmussen, 2001)
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Negative temperatures
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Time evolution
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Fluxes

Ju(j) = 2(Pj+195 — Pjg+1) Jn(j) = = (Pjpi—1 + 45q5-1)
Vi = p;j +1ig;



Coupled transport:
thermoelectric/thermomechanical effects

Seebeck effect: (discovered by Seebeck, correctly interpreted by Oersted)
electromotive force induced by a temperature gradient

Peltier effect: heat generated or removed at the junction of different metals

SQ
Figure of merit : 7 = oo
K
o electric conductivity S Seebeck coefficient (thermopower)

k thermal conductivity
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izn, = (1+14v) [—2|zn|2zn — Zn+l — zn_l] + ivpzn + VYT En(t)

én (t) = gz + 7’64:

OH aH

Bn = —ge =gt + VT
Iy

. OH aH

i = G =+ V2T

H,, is the effective Hamiltonian H, = H — uA



Nonequilibrium steady states
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Scaling of the fluxes
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y=j/n

Particle and thermal conductivity: o, &

0=PBLea; K= ﬁQ—L‘wLZh — Lis

Seebeck coefficient S = 3 (%ﬁf — u)



Seebeck coefficient
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The path in u-T (a, h) plane

J= (jaajh) v = (M7T)
A replaces the Onsager matrix

dp 1. 1.
. = Anlja ol A121]h

T —1 . 1.
dy — = Ay Ja+ A Jn

d
dy
g _ A2_11 + A2_21jh/ja
dp A+ AL n/da
Fix the ratio j,/j, and integrate from any point u, T'
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Non-monotonous temperature profiles
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Decompose the variable z, into A\, and ¢,

2n = Va(l + A\, /4a) expli(2(a — 1)t + ¢y, + n7)]

(b'n = )\n
Xn = da[sin(ny1 — ¢n) — sin(dn — Pn—1)] — 'YI()\n —6p) + VATén

2
Hxy = Z % - 24(1 cos(Pnt1 — Pn)

n



Zero temperature and a fixed torsion



The XY model: a first nonequilibrium phase transition
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Frequency profile
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Frequency gradient
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Space-time pattern
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Temperature profile
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Lyapunov exponents
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Back to DNLS dynamics
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Stationary profiles in the (a,h) plane




A transition in the transport properties
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