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Viotivation

© 10N atoms of the heat bath, | atoms of the heat bath
N <10 not simulated explicitly
O natoms of the system, Langevin equations of motion:
1= Lol o= (X) =17, (X)%, + £, (x,.7)
Equations of motion: _ \
. Forces:
system: P, = f.(x) + F,(x,X) .
 renormalized

bath: P, =g,(X)+ G,(x,X)

o dissipative
e random




Langevin simulation

v[n+1/ 2] v[n—l/ 2]

' Z a £ (x!" n=1]y, [n-1/2 n
« Implementation: 7, o = £, (x") =17, (XUl el

x£n+1] _x[n] + v[n+1/2] At

with Gaussian random numbers 7" havmg the statistical properties:

riN=0; (P yIN=2k,Tn ,(x'")5, | At
(r)=05 (i1} =2kaT 11,



Plan of the derivation

systematic part + noise
o Step 2. Plug the result back into the system’s equations of motion:

o= £, () +F,(x,X)= £, (x)+ F, (x, X([x]) +u(?))

« Step 3. Linearize Fa(x,i([X],t)JrU(l‘)) to single out force renormalization,
dissipation, and noise effects

o Step 4. Take the limit of zero noise correlation time



Standard recipe

oF, x, X

ox, il (x)

— Renormalized force: fa(x)zfa(x)+Fa(xX0)

where i, (x)= < - ;>° G,(x,X,)

B
— Thermal noise:

£, (x,0)= L “a(;i")uﬂ(r) , <uy<0)uv(t>>oEZé(t)Ids<uﬂ(0)uv (5)),

7

— Dissipation matrix:
OF. (x,,X,) OF, (x X,) j (u (O)u (s)>
oX

Top (x)=

7] V 0



New: recipe

_ Renormalized force: £, (X)=fa(X)+Fa(XXo +ﬁ(X))

where u,(x)= < L T>0 G, (x,X,)

B

— Thermal noise: B
P A (B A (L))
6Xﬂ

u, (t) <u#(0)uv(t)>0525(t)TdS<uﬂ(0)uv(S)>o

— Dissipation matrix:

OF, (x,, X, +u(x)) OF (x X, +u(x) T (u (O)u (s)>
oX )

U

Top (x)=



Numerical test #1

Langevin equation:

0.8

mi=f(x)=n(x)x+ &(x,1) -
0 200 400 600 800 1000

( W”(x —u (x)))2 ¢ lps]

) =—W'(x—i(x)) n(x)=y
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e Parameters: &=4pNnm; c=0.5nm giif g e
m=200 yg; M =100 yg ;{: WYY
X(0)=0; X(0)=0 1o}
x(0)=40; %(0)=—10m/s R ['pS]G;,O 0

7=0




Numerical test #2
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Conclusions

e Langevin equation can save you a great deal of computational effort

e Langevin equation is an approximation valid for
— weak system-bath coupling

— large time-scale separation between the (slow) system and (fast) bath degrees of
freedom

e The new recipe for deriving Langevin equation improves its accuracy and
Increases its validity range by about an order of magnitude with respect to
the system-bath coupling strength

 More details in
M.E. and P.Reimann, Phys. Rev. B 82, 224303 (2010)
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