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AdResS, Basic concepts

w(x)

AT ∆ CG

Fαβ = w(xα)w(xβ)FAT
αβ + [1− w(xα)w(xβ)]FCG

αβ



Coupling the two resolutions
Representability problem

• Representability problem of water coarse graining:
Structure (compressiblity) v.s. Pressure

• Pressure corrected coarse-grained model,

• wrong density profile in hybrid region...

S. Poblete, et. al., J. Chem. Phys. 132, 114101 (2010)
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Coupling the two resolutions
Effective grand-canonical approach 1

• Use the structurally correct coarse-grained model (fit g(r)):
−PATV 6= −PCGV ; ρ 6= ρ0;
gAT (r) = gCG (r); κAT = κCG

• The “thermodynamic force”:

−
[
PAT +

ρ0

Mα

∫
∆

Fth(x) dx

]
V = −PCGV ;

Fα =
∑
β

Fαβ + Fth(xα).

• Is AdResS a grand canonical simulation:

p(x,N) =
1

Z
eβµATN−βH

AT (x) (?)

1S. Fritsch et. al. Phy. Rev. Lett. (2012) in press.
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Proof

• Notation:
atomistic x1;N1, hybrid x2;N2, coarse-grained x3;N3.
so the target is:

p(x1,N1) =
1

Z1
eβµATN1−βHAT (x1)

• Firstly, fix the number of molecules in atomistic region:

p(x1,N1) = p(x1|N1) p(N1)

we should prove:

p(x1|N1) =
1

ZN1

e−βH
AT (x1)

p(N1) =
1

Z1
eβµATN1ZN1
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Proof

• The atomistic region is a sub system embedded in the hybrid
region.

p(x1|N1) =
∑
N2

∫
p(x1|N1; x2,N2) p(x2,N2|N1) dx2

• Fortunately, we have

p(x1|N1; x2,N2) ∝ e−βH
AT (x1;x2,N2) AT probability!!

HAT (x1; x2,N2) =

N1∑
j=1

1

2
miv

2
i +

N1∑
i ,j=1

1

2
UAT (ri − rj)

+

N1∑
i=1

N2∑
j=N1+1

UAT (ri − rj)



Proof

• The atomistic region is a sub system embedded in the hybrid
region.

p(x1|N1) =
∑
N2

∫
p(x1|N1; x2,N2) p(x2,N2|N1) dx2

• Fortunately, we have

p(x1|N1; x2,N2) ∝ e−βH
AT (x1;x2,N2) AT probability!!

HAT (x1; x2,N2) =

N1∑
j=1

1

2
miv

2
i +

N1∑
i ,j=1

1

2
UAT (ri − rj)

+

N1∑
i=1

N2∑
j=N1+1

UAT (ri − rj)



Extension of the hybrid region

w(x)

CG∆AT



Necessary conditions for the hybrid region

• Do we have a right p(x2,N2|N1)?

• Difficult to answer: do not have a Hamiltonian...

• Necessary conditions: marginal probabilities

• First order: ρ(x).

• Second order: g(r).

• The thermodynamic force approach gives the right ρ(x).

• The extension of hybrid region gives the right g(r).
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Proof of molecule number probability

• the probability of N1:

p(x1,N1) = p(x1|N1) p(N1)

• Assumptions:

• thermodynamics limit: N2 � N1 � N3

• additive Hamiltonian of AT and CG regions:

H(x1,N1; x3,N3) = HAT (x1,N1)+HCG (x3,N3); N1+N3 = N

• we prove:

• First order accuracy: µAT = µCG ← thermodynamics force.

• Second order accuracy: κAT = κCG ← gAT (r) = gCG (r).
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Thanks!


