
Func%onals from the strong coupling limit of DFT                    Bonn  1 February 2018Func%onals from the strong coupling limit of DFT                    Bonn 1 February 2018

Text

London Dispersion forces without Density Distor%on: the Fixed Diagonal Matrices (FDM) method                  GDR NBODY

London Dispersion forces without 
Density Distortion: the Fixed 

Diagonal Matrices (FDM) method
Derk P. Kooi, Timo Weckman, Paola Gori Giorgi

TheoreEcal Chemistry, VU University Amsterdam

1. DPK & P. Gori-Giorgi, J. Phys. Chem. LeN. 10 (7), 1537-1541 (2019) doi: 10.1021/acs.jpcleN.9b00469 
2. DPK & P. Gori-Giorgi, Faraday Discuss., 224, 145-165 (2020) doi: 10.1039/D0FD00056F 
3. DPK, T. Weckman & P. Gori-Giorgi, J. Chem. Theory Comput., 17 (4), 2283-2293 (2021)  

doi: 10.1021/acs.jctc.1c00102 
3a. DPK. Fixed Diagonal Matrices. hNps://github.com/DerkKooi/fdm 

 1

https://github.com/DerkKooi/fdm


Func%onals from the strong coupling limit of DFT                    Bonn  1 February 2018Func%onals from the strong coupling limit of DFT                    Bonn 1 February 2018

Text

London Dispersion forces without Density Distor%on: the Fixed Diagonal Matrices (FDM) method                  GDR NBODY

What is dispersion?

• Consider two monomers A and B (atoms, molecules, 
nanodots):

A
<latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit><latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit><latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit><latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit>

B
<latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit><latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit><latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit><latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit>

R
<latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit><latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit><latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit><latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit>
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<latexit sha1_base64="Ah8sOuoPsuo4usnYdsWwwrtrL0c="></latexit>

•Now consider the limit of large separaEon:

EAB
int (R) =

1X

n=1

Cn

Rn
+O(RMe�DR))

<latexit sha1_base64="I04lwKAkDl0shK2XN2wWzfdzuT0=">AAACQXicbZDPSxtBFMdntdo0VZvqsZehoWAQw66t2EvAXwUvpRoaDWSzy+xkNg7OzC4zb4Uw7L/mpf9Bb7334qEiXnvpbMzBqg8Gvnzf+/LefJJccAO+/8ubm3+xsPiy9qr+eml55U3j7eqpyQpNWY9mItP9hBgmuGI94CBYP9eMyESws+TioOqfXTJteKa+wyRnQ0nGiqecEnBW3Oh/iezefhmHksC5lpYrKNe7LdzB9dAUMr aqE5RRyFUKExymmlB7EKvSdiNV4g03VOUoEfabi0VfMYvs5mG3bLXiRtNv+9PCT0UwE000q+O48TMcZbSQTAEVxJhB4OcwtEQDp4KV9bAwLCf0gozZwElFJDNDOyVQ4g/OGeE00+4pwFP3YcISacxEJm6yOtg87lXmc71BAennoaOSF8AUvV+UFgJDhiuceMQ1oyAmThCqubsV03PiMIGDXncQgsdffipOt9rBx/b2yafm7v4MRw29Q+/ROgrQDtpFR+gY9RBFV+g3+oNuvB/etXfr3d2PznmzzBr6r7y//wB1i672</latexit>

(induced) mul%pole -(induced) mul%pole 
interac%on

charge overlap 
and exchange 

<latexit sha1_base64="qB9wA4xod6XrObPoYlOj4BSP3rM="></latexit>

EAB
int (R) = E(1)

int (R) + E(2)
int (R) + . . .

•We expand the interacEon in orders:

electrosta%cs: mul%pole-mul%pole (~1/R3)
induc%on+dispersion: (~1/R6) 

(induced) mul%pole- induced mul%pole 2
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What is dispersion?

• ParEEon Hamiltonian:E
AB
int (R) = E

AB(R)� E
A
0 � E

B
0 afsdfasdfadsf

Ĥ(R) = ĤA + ĤB + Ĥint(R)
<latexit sha1_base64="ZC9UzygPgSTYA+44Xjadf/30IRA="></latexit> Isolated systems

Coulomb interac%on between nuclei and electrons 
on different systems

•Now consider the limit of large separaEon:

Ĥint(R) =
1X

n=1

Ĥint,n

Rn

<latexit sha1_base64="GqVn4bjPKnqgCVIHIeZJeVtQPgE="></latexit>

• Large R: isolated systems, Rayleigh-Schrödinger 
PerturbaEon Theory  

• PolarisaEon approximaEon: ignore anEsymmetry, 
Hilbert space:                           , not<latexit sha1_base64="EMTnVOeQxoJMeIwF7IpaaruS1fI=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFclEVE3Qls3XVawF2hDmEyn7dDJJMycCCXUja/ixoUibn0Ld76N0zYLbf1h4OM/53Dm/EEsuAbH+bZyK6tr6xv5zcLW9s7unr1/0NRRoihr0EhEqh0QzQSXrAEcBGvHipEwEKwVjG6n9dYDU5pH8h7GMfNCMpC8zykBY/n2Uc1PK9UJvsE1v4K7EfCQacNV3y46JWcmvAxuBkWUqe7bX91eRJOQSaCCaN1xnRi8lCjgVLBJoZtoFhM6IgPWMSiJWeSlswsm+NQ4PdyPlHkS8Mz9PZGSUOtxGJjOkMBQL9am5n+1TgL9ay/lMk6ASTpf1E8EhghP48A9rhgFMTZAqOLmr5gOiSIUTGgFE4K7ePIyNM9L7mXJvbsolqtZHHl0jE7QGXLRFSqjGqqjBqLoET2jV/RmPVkv1rv1MW/NWdnMIfoj6/MH3oSVPg==</latexit>

HAB = HA ⌦HB
<latexit sha1_base64="IVtd9SFVBVnnf37TPwAi60m92Rk=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCrojaCElsUkYwF0iWZXb2JBkye2FmVgnLNr6KjYUitj6GnW/jJNlCE38Y+PjPOZw5vxdzJpVlfRuFldW19Y3iZmlre2d3z9w/aMsoERRaNOKR6HpEAmchtBRTHLqxABJ4HDre+HZa7zyAkCwK79UkBicgw5ANGCVKW6551HDTWj3DN7jh1nD/EfwhaKy7ZtmqWDPhZbBzKKNcTdf86vsRTQIIFeVEyp5txcpJiVCMcshK/URCTOiYDKGnMSQBSCedHZDhU+34eBAJ/UKFZ+7viZQEUk4CT3cGRI3kYm1q/lfrJWpw7aQsjBMFIZ0vGiQcqwhP08A+E0AVn2ggVDD9V0xHRBCqdGYlHYK9ePIytM8r9mXFvrsoV+t5HEV0jE7QGbLRFaqiBmqiFqIoQ8/oFb0ZT8aL8W58zFsLRj5ziP7I+PwB52CUrw==</latexit>

HAB = HA ^HB
3
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Density FuncEonal Theory

Etot[vext] = min
⇢

✓Z
dr⇢(r)vext(r) + F [⇢]

◆
)

F [⇢] = min
 !⇢

h |T̂ + V̂ee| i

F [⇢] = Ts[⇢] + U [⇢] + Exc[⇢]

U [⇢] =
1

2

Z
dr1dr2

⇢(r1)⇢(r2)

|r1 � r2|
<latexit sha1_base64="eP/BooPKuypdELlhiAXQF8Luv9Y="></latexit>

Electrosta%cs  
and induc%on

Dispersion

• Problem for semi-local funcEonals (LDA, GGA, meta-GGA):

• Same holds for hybrids (but not for double hybrids)

yeet

Exc[⇢, R] = Exc[⇢
A] + Exc[⇢

B ] +O(e�AR))
<latexit sha1_base64="eu4yMGo3zaKVaKj+eEUkHKUdwcQ="></latexit>
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Density FuncEonal Theory

• Large amount of different funcEonals [4] 
• Free atomic dispersion coefficients and/or 

(dynamic) polarizabiliEes 
•CorrecEons for: molecular environment 
• In solid state physics: also “van der Waals” density 

funcEonals, Vydrov-Van Voorhis 
• Typically: isotropic (despite sizeable anisotropy) 
• Typically: no self-consistent effect on density 

(relevance unclear)

<latexit sha1_base64="PLiChBhZzrY+jOZ8n+IHQtxJVnw="></latexit>

Exc[⇢] = Exc,sl/hyb[⇢] + Edisp[⇢]({RIJ})

54. S Grimme, A. Hansen, J.G. Brandenburg, C. Bannwarth. Chem. Rev. 116 (9), 5105-5154 (2016)
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Real-space picture of inducEon and dispersion

R

δ-δ+

Atom A Atom B 

δ-δ+

R

Atom A 

Atom B 

δ-δ+

InducEon B → A Dispersion

R

δ-δ+

Atom A Atom B 

δ-δ+

R

?

Atom A Atom B 

<latexit sha1_base64="RzP2/yvM3mJ0Qrs16uVr0bsbCrE="></latexit>

⇢(r) = N
X

�

Z
dx2...N | (r�,x2...N )|2

6



Func%onals from the strong coupling limit of DFT                    Bonn  1 February 2018Func%onals from the strong coupling limit of DFT                    Bonn 1 February 2018

Text

London Dispersion forces without Density Distor%on: the Fixed Diagonal Matrices (FDM) method                  GDR NBODY

Dispersion

Real-space picture of inducEon and dispersion

<latexit sha1_base64="VTWavgY7I+P5SCWoc0KBvem/nYA="></latexit>

EAB
disp(R) =

1

2

Z
drdr0

PAB(1)(r, r0)

|r� r0|

<latexit sha1_base64="KZ0f3KJVK5i4OrvaSXcsql1HoPg="></latexit>

P (r1, r2) = N(N � 1)
X

�1�2

Z
dx3...N | (r1�1, r2�2,x3...N )|2

7
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Real-space picture of inducEon and dispersion

∫
dr2

∫
dr2

ρ(r1)

P (r1, r2)
ρ(r1)ρ(r2) ρ(r1)ρ(r2)[1 + J(r1, r2)]

<latexit sha1_base64="JQTp8AjuRdwiDqF0AyWCkGW995w="></latexit>

⇢(r1) =
1

N � 1

Z
dr2P (r1, r2)

Density of unperturbed monomer “Different object, same shadow”
8
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VariaEonal wave funcEon with fixed monomer densiEes

Let’s first treat two N=1 systems:

e.g., for two H atoms �A
0 (r) =

e�r

p
⇡

<latexit sha1_base64="1m1gmjSKTfvKyq6wCtLmUGXIgTk="></latexit><latexit sha1_base64="1m1gmjSKTfvKyq6wCtLmUGXIgTk="></latexit><latexit sha1_base64="1m1gmjSKTfvKyq6wCtLmUGXIgTk="></latexit><latexit sha1_base64="1m1gmjSKTfvKyq6wCtLmUGXIgTk="></latexit>

A
<latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit><latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit><latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit><latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit>

B
<latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit><latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit><latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit><latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit>

r1
<latexit sha1_base64="5uDvWVnr9qcab28d99HkHWGwVHU="></latexit><latexit sha1_base64="5uDvWVnr9qcab28d99HkHWGwVHU="></latexit><latexit sha1_base64="5uDvWVnr9qcab28d99HkHWGwVHU="></latexit><latexit sha1_base64="5uDvWVnr9qcab28d99HkHWGwVHU="></latexit>

r2
<latexit sha1_base64="8+Hearg12lZoAEGmlHP7IpdG7Vc="></latexit><latexit sha1_base64="8+Hearg12lZoAEGmlHP7IpdG7Vc="></latexit><latexit sha1_base64="8+Hearg12lZoAEGmlHP7IpdG7Vc="></latexit><latexit sha1_base64="8+Hearg12lZoAEGmlHP7IpdG7Vc="></latexit>

R
<latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit><latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit><latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit><latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit>

1. DPK & P. Gori-Giorgi, J. Phys. Chem. LeN. 10, 1537 (2019)

And similar for B. 

• This leads one to:

• The density constraint is given as:

<latexit sha1_base64="LrpIZI+Loe4Mx3eQylAE+z0MR28="></latexit>

 (r1, r2) = �A
0 (r1)�

B
0 (r2)

p
1 + J(r1, r2)

<latexit sha1_base64="iQ591dChcgWpRs21mmNFqUxjySs="></latexit>Z
dr2⇢

B(r2)J(r1, r2) =

Z
dr1⇢

A(r1)J(r1, r2) = 0

<latexit sha1_base64="yFJaWFMuWFKYbL10uf/ROvcoyb8="></latexit>Z
dr2| (r1, r2)|2 = |�A

0 (r1)|2 = ⇢A(r1)

9

Caveat:
<latexit sha1_base64="nRLY04YumaD0rUqzwCI1F2ku1Jc=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUtSirosuhFXFewDmlAm00k7dDKJMxOhhH6BG3/FjQtF3Lp25984abOorQcGzpxzL/fe40WMSmVZP0ZuZXVtfSO/Wdja3tndM/cPWjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2Rtep334kQtKQ36txRNwADTj1KUZKSz2zdFt2AqSGnp+ISc8+hXO/6gl0BuQBntk9s2hVrCngMrEzUgQZGj3z2+mHOA4IV5ghKbu2FSk3QUJRzMik4MSSRAiP0IB0NeUoINJNpudMYEkrfeiHQj+u4FSd70hQIOU48HRluqxc9FLxP68bK//STSiPYkU4ng3yYwZVCNNsYJ8KghUba4KwoHpXiIdIIKx0ggUdgr148jJpVSv2eaV2VyvWr7I48uAIHIMysMEFqIMb0ABNgMETeAFv4N14Nl6ND+NzVpozsp5D8AfG1y8MVJrV</latexit>

J(r1, r2) � �1 but true for 
<latexit sha1_base64="zRb8/SFH2A12xEOj56maB6xBUkU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUZdFNy6r2Ac0pUymk3boZBJmbpQYir/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7jx8LrsFxvq3C0vLK6lpxvbSxubW9Y+/uNXWUKMoaNBKRavtEM8ElawAHwdqxYiT0BWv5o6uJ37pnSvNI3kEas25IBpIHnBIwUs8+uMWe4oMhEKWiB+xxGUDas8tOxZkCLxI3J2WUo96zv7x+RJOQSaCCaN1xnRi6GVHAqWDjkpdoFhM6IgPWMVSSkOluNr1+jI+N0sdBpExJwFP190RGQq3T0DedIYGhnvcm4n9eJ4HgoptxGSfAJJ0tChKBIcKTKHCfK0ZBpIYQqri5FdMhUYSCCaxkQnDnX14kzdOKe1ap3lTLtcs8jiI6REfoBLnoHNXQNaqjBqLoET2jV/RmPVkv1rv1MWstWPnMPvoD6/MHa1WVOQ==</latexit>

R ! 1
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VariaEonal wave funcEon with fixed monomer densiEes

varia%onal  
parameters

basis func%ons (choose a priori)
<latexit sha1_base64="iuHFeQybhFwLCnAYlXnLd814jHo="></latexit>

J(r1, r2) =
X

ij

cijb
A
i (r1)b

B
j (r2)

• Expand JR  in a one-parEcle basis of “dispersals”

•Density constraint: Gram-Schmidt orthogonalisaEon
<latexit sha1_base64="0unLKMerH6v9Ug//FLZJqxoWF4k="></latexit>

Edisp(R) = min
{cij}

h R|T̂ + Ĥint| Ri

� T
A
0 � T

B
0 � Eel�stat[⇢

A
, ⇢

B ]

10

<latexit sha1_base64="w0iebVO92dI4JoXm8f1Q76K//8s="></latexit>

bAi (r) = fA
i (r)�

Z
dr0

⇢A(r0)

NA
fA
i (r0)
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VariaEonal wave funcEon with fixed monomer densiEes
<latexit sha1_base64="zwDLlliTzhrCgTJpgIqZKvrzlVM=">AAAC9nicfVJNbxMxEPUuXyUUSOHIZURE1UpttBsh2gtSW4QUcQqItJXi1crreBOr3g/Zs4ho2R/ChQMIceW3cOPf4M1upaQFRrL89N6bsWfsKFfSoOf9dtwbN2/dvrNxt3Nv8/6Dh92tR6cmKzQXY56pTJ9HzAglUzFGiUqc51qwJFLiLLp4VetnH4Q2Mkvf4yIXQcJmqYwlZ2ipcMvZ3KaKpTMlgI6MDN/BJ6BzhuWwCmnCcK 6TUqZY1XSjU93Y9+F1WF5ahNo3yLCqJlTPs/B4D5b7SQAvKYXONrU14NI8rRoYxaWuQv8f/KApcbyz6t1t666Sg114s2bag3V1uNbJ/6xht+f1vWXAdeC3oEfaGIXdX3Sa8SIRKXLFjJn4Xo5ByTRKrkTVoYUROeMXbCYmFqYsESYol89WwTPLTCHOtF12PEt2NaNkiTGLJLLO+pLmqlaTf9MmBcaHgW02L1CkvDkoLhRgBvUfgKnUgqNaWMC4lvauwOdMM472p3TsEPyrLV8Hp4O+/6Lvv33eOzppx7FBnpCnZIf45IAckSEZkTHhjnE+O1+db+5H94v73f3RWF2nzXlM1sL9+QfqEO8S</latexit>

h R|Ĥint| Ri � Eel�stat[⇢A, ⇢B ] =Z
dr1dr2⇢A(r1)⇢B(r2)J(r1, r2)Hint(r1, r2)

<latexit sha1_base64="R0mt8jXhTAQv1quqQC/j/3Yty4k="></latexit>

h R|T̂ | Ri � TA
0 � TB

0 =

1

8

Z
dr1dr2⇢A(r1)⇢B(r2)

|rr1J(r1, r2)|2 + |rr2J(r1, r2)|2

1 + J(r1, r2)

⇡ 1

8

Z
dr1dr2⇢A(r1)⇢B(r2)

�
|rr1J(r1, r2)|2 + |rr2J(r1, r2)|2

�

• ApproximaEons of kineEc energy corresponds to 2nd 
order PT

11
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VariaEonal wave funcEon with fixed monomer densiEes

• OpEmise quadraEc energy: linear system 
• Diagonalise S: sylvester equaEon 
• Diagonalise  with S as metric: τ

<latexit sha1_base64="TnB1RnpPkg5Lmau9fnIN64+VpM0=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARBDEkWtSNUOvGZQV7gV7CZDppp51cmJkoJeQt3Pgqblwo4lZ3vo3TNAtt/WHg4z/ncOb8TsiokKb5reUWFpeWV/KrhbX1jc0tfXunLoKIY1LDAQt400GCMOqTmqSSkWbICfIcRhrO6HpSb9wTLmjg38lxSDoe6vvUpRhJZdm6ge2YDhN4CY9hCbZdjnD8kFpJ3JYosmn3Ch6lNOxWElsvmoaZCs6DlUERZKra+le7F+DII77EDAnRssxQdmLEJcWMJIV2JEiI8Aj1SUuhjzwiOnF6VwIPlNODbsDV8yVM3d8TMfKEGHuO6vSQHIjZ2sT8r9aKpHvRiakfRpL4eLrIjRiUAZyEBHuUEyzZWAHCnKq/QjxAKhupoiyoEKzZk+ehfmJYZ8bpbalYrmRx5MEe2AeHwALnoAxuQBXUAAaP4Bm8gjftSXvR3rWPaWtOy2Z2wR9pnz/J/Z8a</latexit>

cij = �4
wij

⌧Ai + ⌧Bj
12

Cost: O(nA3+nB3)

<latexit sha1_base64="P5aPK9fGqZkF50T/1Jek9TEoMbE="></latexit>

Edisp(R) = min
{cij}

0

@
X

ij

cijwij +
1

8

X

ijkl

cijckl(⌧
A
ikS

B
jl + S

A
ik⌧

B
jl )

1

A

wij =

Z
dr1dr2⇢

A(r1)⇢
B(r2)bi(r1)bj(r2)Hint(r1, r2)

⌧ij =

Z
dr⇢(r)rrbi(r) ·rrbj(r)

Sij =

Z
dr⇢(r)bi(r)bj(r)
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Some results

1. DPK & P. Gori-Giorgi, J. Phys. Chem. LeN. 10, 1537 (2019) 
5. M. Masili, R.J. Gen%l. Phys. Rev. A. 78, 034701 (2008) 
6. A.J. Thakkar. J. Chem. Phys. 89, 2092−2098 (1988) 

 

H-H

cost: n3
<latexit sha1_base64="jh7E1xIvF4IwnPsFtW25hJ/1gWA=">AAACHHicbVDLSgMxFM34rPVVdekmWIQWSplRUTdC0Y3LCvYhnTpk0kwbmskMyR2hDP0QN/6KGxeKuHEh+Demj4W2HggczrmXm3P8WHANtv1tLSwuLa+sZtay6xubW9u5nd26jhJFWY1GIlJNn2gmuGQ14CBYM1aMhL5gDb9/NfIbD0xpHslbGMSsHZKu5AGnBIzk5Y4DjxfckEDPD1I1LOILrO5T6fHhnZcKj5dwaHjBhR4DUsJu3ONFL5e3y/YYeJ44U5JHU1S93KfbiWgSMglUEK1bjh1DOyUKOBVsmHUTzWJC+6TLWoZKEjLdTsfhhvjQKB0cRMo8CXis/t5ISaj1IPTN5CiGnvVG4n9eK4HgvJ1yGSfAJJ0cChKBIcKjpnCHK0ZBDAwhVHHzV0x7RBEKps+sKcGZjTxP6kdl57Ts3JzkK5fTOjJoHx2gAnLQGaqga1RFNUTRI3pGr+jNerJerHfrYzK6YE139tAfWF8/bRig8g==</latexit>

fi(r) = rniYli,mi(✓,�)
13

<latexit sha1_base64="JkY0k1PzdZyGXGhu3AJTD4u5vSM="></latexit>

EFDM
disp [⇢A, ⇢B ] = �2

X

ij

w2
ij

⌧Ai + ⌧Bj
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VariaEonal wave funcEon with fixed monomer density

A
<latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit><latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit><latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit><latexit sha1_base64="2EVPbem0jwvA4stCfcwFpRh1Fw0="></latexit>

B
<latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit><latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit><latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit><latexit sha1_base64="kFceDdKX8wOeKHNFxVbEgpKChzU="></latexit>

R
<latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit><latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit><latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit><latexit sha1_base64="Nt3ikaffy2jXiPiwDaMVC5og3GA="></latexit>

ri
<latexit sha1_base64="OYnU/6WExHmEuKvkpHJuSY4SOTo="></latexit><latexit sha1_base64="OYnU/6WExHmEuKvkpHJuSY4SOTo="></latexit><latexit sha1_base64="OYnU/6WExHmEuKvkpHJuSY4SOTo="></latexit><latexit sha1_base64="OYnU/6WExHmEuKvkpHJuSY4SOTo="></latexit>

rj
<latexit sha1_base64="mWStMQy1UIrcWCaSjGB5zBrZ52I="></latexit><latexit sha1_base64="mWStMQy1UIrcWCaSjGB5zBrZ52I="></latexit><latexit sha1_base64="mWStMQy1UIrcWCaSjGB5zBrZ52I="></latexit><latexit sha1_base64="mWStMQy1UIrcWCaSjGB5zBrZ52I="></latexit>

dispersion coefficients  
in terms of monomer 
pair densi%es

• The density constraint produces the same condiEon.

<latexit sha1_base64="sNM0pYa8vdcw1S/uFxRd/XSXBqc="></latexit>

 (xA,xB) =  
A
0 (xA) 

B
0 (xB)

s
1 +

X

i2A,j2B

J(ri, rj)

• Expand JR  in a one-parEcle basis of “dispersals”, etc.
<latexit sha1_base64="IU2ojvILOn7NM0ICoYMR50dY1PE="></latexit>

wij =

Z
dr1A

Z
dr1B

⇣
⇢
A(r1A)b

A
i (r1A) +

Z
dr2AP

A(r1A , r2A)b
A
i (r2A)

⌘

Hint(r1A , r1B )
⇣
⇢
B(r1B )b

B
j (r1B ) +

Z
dr2BP

B(r1B , r2B )b
B
j (r2B )

⌘

<latexit sha1_base64="NC/5GeXDqpt8TfnE8LOakRKn3Dw="></latexit>

Sij =

Z
dr⇢(r)bi(r)bj(r) +

Z
drdr0P (r, r0)bi(r)bj(r

0)

• Expand interacEon:

141. DPK & P. Gori-Giorgi, J. Phys. Chem. LeN. 10, 1537 (2019)
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“Fixed Diagonal Matrices”

•Accidentally, the density constraint enforces fixed pair 
density on the monomers 

•And 3-body density, 4-body density, etc…

•No change in electron-electron interacEon on the 
monomer

15
2. DPK & P. Gori-Giorgi, Faraday Discuss., 224, 145-165 (2020)
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Recent results

• MAPE atoms: 52.3% (HF), 12.1% (MP2), 11.9% (CCSD) 
• MAPE molecules: 57.1% (HF), 7.9% (MP2), 7.2% (CCSD) 
• Anisotropic coefficients similar accuracy

HF

MP2

CCSD
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• Lel: 253 atomic pairs, right: 157 molecular pairs

See 3. DPK, T. Weckman & P. Gori-Giorgi, J. Chem. Theory Comput. (2021) doi: 10.1021/acs.jctc.1c00102  and references therein 

+cost 
+accu 
  racy

<latexit sha1_base64="7xsjY0Dq8FE9mdbw4HApTMpXUmc=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUIAQtSBQtjkehD6iNyXKe16jjBdhAhyjew8CssDCDEysTG3+C0GaDlSNY9Oude+d7jhoxKZVnfxsLi0vLKamGtuL6xubVt7uw2ZRAJTBo4YIFou0gSRjlpKKoYaYeCIN9lpOWOLzO/dUeEpAG/UXFIej4acupRjJSWHLPiObTc9ZEauV4i0go8h/f9JHRoCuN+cpvVh34idXXMklW1JoDzxM5JCeSoO+ZXdxDgyCdcYYak7NhWqHoJEopiRtJiN5IkRHiMhqSjKUc+kb1kclIKD7UygF4g9OMKTtTfEwnypYx9V3dmy8tZLxP/8zqR8s56CeVhpAjH04+8iEEVwCwfOKCCYMViTRAWVO8K8QgJhJVOsahDsGdPnifNo6p9UrWvj0u1izyOAtgHB6AMbHAKauAK1EEDYPAInsEreDOejBfj3fiYti4Y+cwe+APj8wc4wJ3Y</latexit>

fi(r) = xpiyqizsi

16

Monomer  
pair densi%es

Monomer  
pair densi%es
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FuncEonal derivaEve

17

• FuncEonal derivaEve can be computed

•Domed quanEEes are funcEonal derivaEves  
of matrix elements 

• Somewhat lengthy derivaEon in SM of [2]

2. DPK & P. Gori-Giorgi, Faraday Discuss., 224, 145-165 (2020)
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Virial Theorem

18
 7. I. N. Levine Quantum Chemistry , Pren%ce-Hall, Inc., 2000
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Approximate exchange-correlaEon holes: He-He

19

Pair density Accurate 
[8]

Physical 
[9]

KS SCE

C6 (a.u.) 1.460978 1.458440 1.70615 0.478433

% of 
accurate

99.8% 116.8% 32.7%

•Goal is to use approximate pair densiEes or exchange-
correlaEon holes to obtain a density funcEonal 

•Weak-interacEng limit (Kohn-Sham) and strong-
interacEng limit (Strictly Correlated Electrons [10])

8. Z.-C. Yan , J. F. Babb , A. Dalgarno and G. W. F. Drake , Phys. Rev. A, 1996, 54 , 2824 —2833 
9. D.E. Freund, B.D. Huxtable, J.D. Morgan. Phys. Rev. A. 29, 980−982 (1984) 
10. M. Seidl , P. Gori-Giorgi and A. Savin , Phys. Rev. A, 2007, 75 , 042511

• In general: KS exchange-hole from DFA performs 
worse than HF

He-He
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Conclusions and prospects

•We designed a method, which yields:yeet

C2n[P
A
2 , PB

2 ]]
<latexit sha1_base64="NMkplrJ2IO1AVOzNHhZtC8LnMUc=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJAVVJAcFY2oWxSPQhtSFy3NvWquNEtoNURV1Y+BUWBhBi5R/Y+BvcxwAtR7q6R+fcK/ueIOZMacf5tjJLyyura9n13Mbm1vaOvbtXV1EiKdRoxCPZDIgCzgTUNNMcmrEEEgYcGsGgMvYbDyAVi8SdHsbghaQnWJdRoo3k24dDAN1u5yp+WhSjVtUv3l+f4nEre55v552CMwFeJO6M5NEMVd/+ancimoQgNOVEqZbrxNpLidSMchjl2omCmNAB6UHLUEFCUF46uWKEj43Swd1ImhIaT9TfGykJlRqGgZkMie6reW8s/ue1Et298lIm4kSDoNOHugnHOsLjSHCHSaCaDw0hVDLzV0z7RBKqTXA5E4I7f/IiqRcL7lnh4vY8XyrP4siiA3SETpCLLlEJ3aAqqiGKHtEzekVv1pP1Yr1bH9PRjDXb2Ud/YH3+ANkclt8=</latexit>

•Dispersion coefficient  sufficiently accurate for 
closed-shell systems with no density distorEon 

• Isotropic and anisotropic similar accuracy

C6

•Goal, in progress: yeet

C2n[P
A
2 , PB

2 ] = C2n[⇢
A, hA

xc, ⇢
B , hB

xc] ! C2n[⇢
A, ⇢B ])

<latexit sha1_base64="8hJm+8AU7bfT86boYoBjFMC+SrI="></latexit>

20

•Goal, in progress: without mulEpolar expansion
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