Born-Oppenheimer Potential Energy Surfaces for
Kohn-Sham Models in the Local Density

Approximation

JUNREREEDSEE R0 & A1

YUKIMI GOTO

Abstract
Kohn-Sham #M D Jaj i EELUC BN T, 31580 K & ZDORBIITOVWTELT 5,

1 9DFEFILONIIILFZ

N EHDOEF» K EHDIFE KD & P % EE) LT 3 0 FRDRART 3L X — 3L RO /MU
Shd CEENBEBIE 6,8).

i

ELIH

ESE(N) = iﬁf{FLL(ﬂ) - /}R3 Ve(z)p(z)dz: \/p € HI(RS)’/RSPZ N},
rR(2) :Zkr—z—jR-F R=(R;,...,Rg) € R3E,

ZZT 2,25 > 0 R THEDOBRT, ZONMNE Ry,..., R FEHELTWA T35, Fip(p) 1% Levy Lieb
DB T

. 2
Fru(p) = I/JGANLQ(RB { Z/ |V Y(X)FdX + Z /&N |1’z—33}| _}7

]l 2=1 1<i<j<N
pu=p
py(z) =N l(x,z9,. .., oN)|>dre - -dry, X = (21,...,2n5) € RN,
R3(N-1)

AY L2(R3) & L2(R3) @ N HDKIIRT > VL% b - 722 £,
LR D514 (Born-Oppenheimer potential energy surfaces ) %% X724 ¢

D®(Z,R) = E ZEZ Jlo—r,;| (%) )+ Y ziz|Ri— Ryt (1)

i<j

=:Ugr

2T DOS(Z,R) < 0 THIUEH F5DL D, 25 TRIFIUEN 1oL bRV, k< HIBRTOS XS
12, NIRRT DSS ~ —R76 72 % van-der Waals 128137254 2,9 2 2 CRIEXIHRE AN b
¥ DS~ —RTTICRZEELLATVWS 4], Z DRI LW,

*1 T 819-0395 #ifHiPHX LM 744 E-mail: yukimi@math.kyushu-u.ac.jp



—77C. JEFERETIE) PR R IS X3 RFENDIEH5IETTH S, J. P. Solovej IZATOFHEEZL
TWad,

Solovej D4 [11]
[R%O@Z% DSS ~ R ¥ 5, ]

Z DT Thomas Fermi 7 /VDWEMN S XT3,
&£ ZAHTDE% (extended) Kohn-Sham model &5,

&) =tr K—%A - V) 7} + % //ng p|(;)_p;y|) drdy —Exc(py),

=:D(p)

E¥S(n) =inf {Ev(7): v € DM, try=n}, DM:={y:0<y<1y="tr(-Ay) < oc}.

I T By BREMEZ A LF— b

. A
“Belp) = glgm ZA Fulps) = _inf tr (—5v> — D(p).
=45 o
\/ZGH H(R®)
fR:s pi=n

CAUERR BB RV F — 2 525 0 BGS(n) = ESS(n), DF 0 & 5 I HAIMT 3L — 230
W55 2 epEw (RITEELED) :

Prclp) = BEPMNp) = [ glp(o)do.

ZZT g: R+ —>R+ ’d? I3 ﬁ]& \ﬂﬁETuT%fﬁf:T%@ZT%)o

9(0) =0,
g >0,
2 ' (1)

40 < - < < = —_— ,
p-shrsg rer, TP+ 5T
3 t
Jdi<a< = 1imsup&>0.

2 t—0+

ZDFRMEDY & T EFS(Z) 3FEERIRAE (minimizer) % (1], 7z ¥ 21X LDA exchange & Xidh 5 i
(72 gLPA(p) = (3/4)(3/m)Y/3pY/3 13 2 D&ME T T,

(1) DT F—% Kohn-Sham EFT LD DICER -0 FM1% DRS(Z,R) 5%, [FHkIC Thomas—
Fermi €7 VD FMN% D™(Z,R) £ 3%, ZO¥ %, RTEELEM% AN/ Kohn-Sham € 7/LIZD
W T Solovej D FAEMNFFHTZ 5,

G. 2022 [5]

Zmax — MaX1<i<K % and zpin = minlSiSKzi 35, dL Zmin > 1 T H 5 50 > 0 DOV T
Zmin > 00%Zmax o, DB e>0 ﬁiﬁﬁ—: Lﬁf%ﬁ@ R € (0,4] VCJ;{‘Fi)’E‘A_fL :

|DKS(Z,B) _DTF(Z,B)| < CR- 7+E.

min

CZTK=2 R:=|R —Ry|] 0Dt % D (Z R) = cR™" HIGNTW3 [3], 2Fbh DXS(Z, R) ~
cR™" (R —0) 2725,



&5 L infr(BES(2) + Up) = BES (2) + Un, EHFTEML Ry = (RY”,..., R 2 #2550
iZ Ry = min; R — RY)| > Cy 25HEHTE 2, 2 N~ Z~ K — o0 T Ry € ZK OF4
(crystallization) OMi—#, 72721, 295 LIBABEF MCBWTIEZ D X 5 7% minimize Ry DFFEIFH
BT <L FEEGREAD 2T wian,

F7:. LORERIZ [10) (K =2, g=0 DHE) DIRTH 5,

[1]

[4]

[5]

(6]

[10]

[11]

2 &F X M
A. Anantharaman and E. Cancés Existence of minimizers for Kohn-Sham models in quantum chem-
istry, Ann. I. H. Poincaré-AN 26 2425-2455 (2009).

I. Anapolitanos and I. M. Sigal, Long-range behavior of the van der Waals force. Comm. Pure Appl.
Math. 70 1633-1671 (2017).

H. Brezis and E. H. Lieb, Long range atomic potentials in Thomas-Fermi theory, Commun. Math.
Phys. 65 231-246 (1979).

H. B. G. Casimir and D. Polder, The influence of retardation on the London-van der Waals forces,
Phys. Rev. 73 360-372 (1948).

Y. Goto, Born-Oppenheimer potential energy surfaces for Kohn-Sham models in the local density
approximation, Ann. Henri Poincaré 23 1765-1790 (2022).

M. Levy, Universal variational functionals of electron densities, first-order density matrices, and
natural spin-orbitals and solution of the v-representability problem, Proc. Natl. Acad. Sci. U. S. A.
76 6062—6065 (1979).

E. H. Lieb, Thomas-Fermi and related theories of atoms and molecules, Rev. Mod. Phys. 53 603—641
(1981).

E. H. Lieb, Density functionals for Coulomb systems, Int. J. Quantum Chem. 24 243-277 (1983).

E. H. Lieb and W. E. Thirring, Universal nature of van der Waals forces for Coulomb systems, Phys.
Rev. A 34 40-46 (1986).

A. Samojlow, Universality of Born-Oppenheimer curves, Ph.D thesis, University of Copenhagen
(2018).

J. P. Solovej, A new look at Thomas-Fermi theory, Mol. Phys. 114 1036-1040 (2016).



