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Macroscopic system

Weakly coupled systems
Equilibrium state is independent of the specifics of interaction

DOF involved in interaction ~0(L?)

DOF not involved in interaction ~O(L3)



No sign of strong-coupling effects

I Microscopic systems
Interaction iIs comparable

Microscopic systems are expected to be a strongly-coupled systems

free Brownian motion

Langevin eqguation

mv(t) = —yv(t) +/2yTE(t) (kg = 1)

no strong-coupling effects!




Derivations of Langevin equation

Caldeira-Leggett Kramers-Moyal Nakajima—Zwanzig
model expansion projection
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mv(t) = —yv(t) +/2yTE(t)



Setup

Microscopic description

mv, = f(x,v,t) — 0, V;(x,X)

ity = 0z, (Vi) + V(X)) =795 + {27T&;

fast relaxation limit of bath




Main result

Langevin equation for strongly-coupled system

msv = f(x,v,t) — VA(x) — G(x)v + \/ZG(x)TE
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Imean force potential Ieﬁective damping coefficients
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Conditions for vanishing strong-coupling effects

first condition second condition




Conditions for vanishing strong-coupling effects

Translational invariance




Conditions for vanishing strong-coupling effects

il e ]alelidle]al Second condition _

Mutual independence




Conditions for vanishing strong-coupling effects

Itranslational Invariance Imutual iIndependence
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restoration of the traditional Langevin equation

Vn 61’1.7?’1. yn 5nm

equation of motion mgsv = f(x,v,t) —M—%v + \/Zﬁf(t)

condition | & Il mv, = f,(x,v,t) — Vv, + 2V Té,



Explicit form of the reduced damping constant

S
Il

~

j:odt <5 ((3an1 (%, fﬁ(t))) ) (ame, (%, 55,71(0))» ~o

eq N

—3| =

S
D

1 (0 0]
= ?Zf dt (8 fa(xn, %1(0)) 8 f (2, fm(O)))eq Newton’s third law
0

condition | & I mu, = (X, 0, ) — VU + 2V, T&n,  Vn = Nuf

N.: number of bath particles interacting with n-th system particle
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Example |: broken translational invariance

. single system particle + N-identical bath particles
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Imean force potential Ieﬁective damping coefficients
~. = 2
1 Nk k ~ [ k;
A(x) = =—kx + cq, k = = V(X)=NV< ~>
() =37 ! k, + k ki + k

symmetry restoration limit k — 0
—0,A(x) =0,  y(x) =Ny
weak-coupling limit k;, - 0

—0,A(x) = 0(kp),  y(x) = 0(k{)




Example |: broken translational invariance

- single system particle + N-identical bath particles

Imean force potential Ieffective damping coefficients
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Example II: broken mutual independence

. two system particles + N-bath particles of two species
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Imean force potential Ieffective damping coefficients
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_ = _ 2 _ G(x) =

A(x) _ 2 k(xl xZ) + €2, k= kI + K ( ) Z(kl + K) < Zk]K kIZ + Kz

Independence restoration limit k - 0

VA =0, G(x) = y(l O)




Example II: broken mutual independence

. two system particles + N-bath particles of two species

Imean force potential Ieffective damping coefficients
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Example Ill: short-range interaction

. short-range harmonic repulsion

Ideal condition

= Realistic case
o }’_:o
os %]
o

time =1, vl = 0.697231650, v2 = 0.120527968
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Example Ill: short-range interaction

. short-range harmonic repulsion
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Summary

“We formulate a Langevin equation capturing strong coupling effects”

msv = f(x,v,t) —VA(x) — G(x)v + \/ZG(x)TE(t)
mean force potential A(x) effective damping coefficients G(x)

“Strong-coupling effects can disappear even with a finite coupling strength”

Itranslational Invariance Imutual Independence
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