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Particle In a complex medium

From Brownian motion to correlated media

e Brownian motion

Separation of timescales
challenged by, e.qg.,

e Viscoelastic fluids
e Near-critical media

 Hydrodynamic memory

[R. Jain et al., J. Chem. Phys. (2021)]

[T. Franosh et al., Nature (2011)]



Particle In a complex medium

From Brownian motion to correlated media

» Brownian motion mi(t) = —yz(t) + ¢(t) — V' (z(t))

. GLE mi(t) = — [T ¢)) + () - V(a(t))

(C()¢E)) = ksT T'(|t —t'])

[e.g. Caldeira&Leggett '83]

Spatial structure? Energy flows? Fluctuation-induced forces?



Fluctuation-induced forces

In correlated systems

[C. Hertlein et al., Nature (2008)]

[A. Magazzu et al., Soft Matter (2018)]
| . A :

e (Critical Casimir forces

* Near-critical media (e.g., binary liquid mixtures)

* Retardation effects (not instantaneous)




A tOy mOdeI £ = r~ 12 sets the range of spatial correlations of ¢(x, ?)

V(X — Y) extends within
the size R of the particle



Dynamics

@, Y influence each other:

v, Y (t) = —VyH + &(t)
. OH
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Go in Fourier:
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Memory-induced oscillations
In viscoelastic media
—rla—él%u\reg(\ [2018]

COMMUNICATIONS
Oscillating modes of driven colloids in overdamped
systems
Johannes Berner® ', Boris Miiller>#, Juan Ruben Gomez-Solano'?, Matthias Kriiger>4° &
. Clemens Bechinger'24
Wi R—=T, Xlﬁ
shear rate

>

5 X

Micellar solution (overdamped!)




Memory-induced oscillations

In correlated media

Linearized effective dynamics: / ¢

t
21 (X)) = — (X;(B) [y + Ti(s = 0)] + / duTi(t - u) (X:(u))

L’ <Xj(8)> = s

s+ — |[(s) = T5(0)]

Complex poles for sufficiently large:

* Field-particle coupling

» Wig = 72 v/ R, with 7, = 74(q ~ 7/R)

[DV, A.Gambassi, arXiv:2304.09684]



Memory-induced oscillations

In correlated media

Linearized effective dynamics: /

t
o1 (X:(D) = — (X)) [y +Ti(s = 0)] + f duT;(t - u) (X;(u))
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0.
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[DV, A.Gambassi, arXiv:2304.09684] / / Th



Particle driven at constant velocity

« /. = particle position in comoving frame

+ (@) = avg field in comoving frame (shadow)

Nonequilibrium steady state
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Stochastic thermodynamics

First law

dU = dQ, + dW," + dW H(, Y, t] = Hy[p] + H™ [, Y] + UY, t)

' dH, = / d?x [dQ¢(x) + dW(})nt(x)]

dwmt — —V 7_{1nt ,

OH™ o0

dW(;bnt(x) = — 560

[DV, S. M. Loos, B. Walter, E. Roldan, A. Gambassi, arxiv:2305.16235]



Stochastic thermodynamics

Average dissipated power

* Full CGF of the dissipated power
W=—x«xv-(Y — vt

* Average value

Ye (V) =Yy
)\2

(W) = 1.0’

* |n the uncoupled case,

10t 104

§———8. Non-Markovian crossover

e = 1() 72
e = ()73
e = ] ()74
e = ] ()70
e 1 = 1 ()70
s 1 = 107

E— f]":O

=1,

[DV, S. M. Loos, B. Walter, E. Roldan, . _
A. Gambassi, arxiv:2305.16235] W'af — T¢(q ~ 1/ 5) v/ 5 =1
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Stochastic thermodynamics

Second law

Qy d QQb(x) sh
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To sum up

* Particle + field with spatio-temporal correlations

* Memory-induced oscillations

* Spatially-resolved stochastic thermodynamics
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