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Temperature gradients in applications

macroresonators (L. Conti’s lab, JSP 13)

nanoparticle tracking/trapping
(F. Chicos’s lab, PRL 09)

AFM cantilivers (L. Bellon’s lab, PRE 17)
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Out of equilibrium: 1 d.o.f

Currents due to inhomogeneous energy input

Insights from paradigm: heated Brownian nanoparticle
(Falasco et al. PRE ’14)

0 2 4 6 8

0.4

0.6

0.8

1

ω0/ωf

(T
x
−

T
0
)/

∆
T

No equipartition 8
energy mω2

0

〈
x2
〉
/2 6= kBT/2

0 0.1 0.2 0.3 0.4 0.5 0.6
0

0.1

0.2

0.3

0.4

0.5

D(t)

µ(t)

T v

T x

No fluctuation-dissipation relation 8
µ response 6= D fluctuations

G. Falasco, University of Luxembourg Thermoelastic fluctuations around nonequilibrium states 18 October 3 / 11



Out of equilibrium: 1 d.o.f

Currents due to inhomogeneous energy input

Insights from paradigm: heated Brownian nanoparticle
(Falasco et al. PRE ’14)

0 2 4 6 8

0.4

0.6

0.8

1

ω0/ωf

(T
x
−

T
0
)/

∆
T

No equipartition 8
energy mω2

0

〈
x2
〉
/2 6= kBT/2

0 0.1 0.2 0.3 0.4 0.5 0.6
0

0.1

0.2

0.3

0.4

0.5

D(t)

µ(t)

T v

T x

No fluctuation-dissipation relation 8
µ response 6= D fluctuations

G. Falasco, University of Luxembourg Thermoelastic fluctuations around nonequilibrium states 18 October 3 / 11



Out of equilibrium: 1 d.o.f

Currents due to inhomogeneous energy input

Insights from paradigm: heated Brownian nanoparticle
(Falasco et al. PRE ’14)

0 2 4 6 8

0.4

0.6

0.8

1

ω0/ωf

(T
x
−

T
0
)/

∆
T

No equipartition 8
energy mω2

0

〈
x2
〉
/2 6= kBT/2

0 0.1 0.2 0.3 0.4 0.5 0.6
0

0.1

0.2

0.3

0.4

0.5

D(t)

µ(t)

T v

T x

No fluctuation-dissipation relation 8
µ response 6= D fluctuations

G. Falasco, University of Luxembourg Thermoelastic fluctuations around nonequilibrium states 18 October 3 / 11



Out of equilibrium: many d.o.f.’s

Insights from simple model: harmonic oscillators in temperature gradient

R̈i = −
∑

jAijRj − γṘi + fi
〈
fi fj
〉

= 2γkBTiδij
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Out of equilibrium: many d.o.f.’s (cont.)
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Catch

Kinetics aspects become relevant:
boundary conditions, transport coefficients...

Dynamics cannot be leapfrogged!
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Previous approaches

Past approaches rely on global equilibrium

? Mode decomposition (A. Gillespie et al.. PRD ’94... K. Komori et al. PRD ’18) 8

modes are correlated!

? Fluctuation-dissipation relation (Y. Levin PRD ’97...) 8

response 6= correlations

Set up fluctuating dynamics using only local equilibrium
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Fluctuating hydrodynamics

displacement d(r , t)

ρ∂td = ∇ · σ
σ ∼ λ∇2d + α∇T

temperature T (r , t)

∂tT = ∇ · J
J ∼ κ∇T + α∇T

Introduce fluctuations

d → 〈d〉+ δd T → 〈T 〉+ δT

due to stochastic forces accounting for microscopic d.o.f.’s

σ → 〈σ〉+ τ J → 〈J〉+ Q

assumed in local equilibrium〈
τ(r , t)τ(r ′, t′)

〉
∼ kB〈T (r)〉δ(t − t′)δ(r − r ′)× Imλ(t)〈

Q(r , t)Q(r ′, t′)
〉
∼ kB〈T (r)〉2δ(t − t′)δ(r − r ′)× κ
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Easy: const. coefficients, no geometry

Explicit solution: (δd δT )(k, ω) = R(k, ω) · (τ Q)(k, ω)

? Equilibrium:
〈
δd2
〉
∼ kBT/E V 3

? Nonequilibrium: fluctuation-dissipation only neglecting correlations in τ and Q

PSD(ω) ∼ kB

∫
drT (r)× R′′(r , ω)

? ∆T/T . 10%: negligible NE correction
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T-induced inhomogeneities

Nonlinearities are expected to matter

Cantilever

softening with heating
(Geitner et al. PRE ’17)

Nonharmonic oscillators

energy redistribution
(Falasco et al. NJP ’16)
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Wrap-up

? Use what is know about nonequilibrium Stat Mech

? Material properties & B.C.’s influence energy partition and PSD

? Fluctuating dynamics with local equilibrium

? Identify conditions for phenomenological approaches to work

? Work in progress: readout PSD under realistic (nonlinear) conditions
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