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24. Ionization in IF theory

What we did not prove exactly but what is true

about the Momes-Fermifunctional is the

following:

thu <Existence ofTFminimizers (-
-

Let Dr =bgeL'n1920, SSIN).

There exists grow such that

im STF(g) =STF (SF)
ge Dr

⑰

The proof is a problem in coleus of veriations

so we emit the proof

It turns out the minimizer is also unique

which flows from convexity:

[Y(xx, +(1-xf) < 1 (TY(y) +(1-1) (TY(y))

for gig. ON and Leco,1).

Another consequence ofconvexity is that for

91-minimize a ON, and go-minine in DN
we have

TF
E
tri+caN

=GTF [1g, +(1-1)ga) =5*(g,lt(1- 1ST*(gr)



- MEpF tC1-x EmE

which shows

Lamme
-

The ground state energy of EIFis conver,

monincreasing and bounded from below (as afat ofA

Thus the limit
line EpTF=Eg exists.
N+0

We define
Nc = =inf (N 1EpTr= EoY.

We do not know yet whether No.

Let FN =3620r:S9 =N).
the next theorem chenectarines the shape of Et:

theorem
-

For NENC, there exists a unique minimizer

ofETFin E. The function EPF is strictly
convex anddecreasing in IO, N.J.

If Nc8 andNSNa, then there is no

minimizer in EN. The function gi, is the unique

minimizer in Dr. Moreover, Itis consent in

[Ne, c)-

Thus, No is the largest number of electrons such
-

that there is a minimuter ofionization conjective



It turns and that in Thomes-Fermi theory we

have

Theorem Nc=Z.
-

2 thomes-Fermi-von Weinsocker (TN) theory

In principle:TF purely classical andgood to

describe bulk of elections of distance OIE")

from the nucleus.

For physical and chemical applications it is important
to capture contributions from innermostand

outermost elections of distances o(t) and0(1).

us we finements

ETFrcal =S(aTF Iul" +"lous-m(n))

ETFW(N) =inf STW(w)
1412=N

lul?-role ofdectron density and the von Weizsche-

correction term CWIBul with CC0 corresponds

to the contribution of the innermost electrons.



In the context oftheionization conjecture

then the rerational problem ETFNCN) has
->
-

a minimizer offNINCE with

z< N.(t) < z + C.
-

otherextensions TFDW theory (D for Divaa)

additional Herm - cSg(y)"
1123

* If EFFDWCN) has minimizer ->NIZAC.

25. Hortree - Fock theory

-EHF - inf L4, Hr4>
↑-Slober
determinant

direct term
As obzody denied last time:

↓
SRF(f): =tr( -x +v() +Ehalswagres-1a)w

↑
In foot:

exchange
SMFG)=ENF (rer"), retailwil



site: show that

Spelgycy)-Ifg) 20 Fx.zx

recoll,

f(x,y) =nicestys, gas-fix,s
By Cauchy-Schwer

18) Eiketlists (Erice()"Elissit"
=

(fx.1" => S0C)Sr(g) I.

Thus the Hordes - Each every can be rewritten as

EMF= inf SHE (f)
04 =j"1

TJ =N

flas the condition figh is to ensure that I is

a projection. For some computations itis move

convenient to ignore this condition since the

set 30 == 1, t-f=N) is convex

Actually itis possible to of that without losing

anything, provided that the interaction potential is

non-negative.



thm (Lieb's variational principles-

If wwo, then

E
HF
I inf Stry).
02=1

Try
=N

E
Here V is supposed to be regular encorgh(

In some situations:reduced Hortice -Fock:

~HF ~HF
E - inf E

0==1
Tr f

=N

qwhF(y):=Tr[C-h +J)+S/sresg wurg)deg

Thus, keep direct term, ignore the exchangs he

Mathematically easier to evallyte since of 20

then
the sunis saree. Also in who

EN I EMF ENHE

Atomic case:(Hot semi-classical mean-field (

E = - ,N +2N
23
- c

N"
+o (N"(r +cN

e -
e

- Scott's ->Divac-Schwingar
TF thes

correction
Feffernan - Seco

CLieb.Simor 1870's) Sindentop- 190s
-Weikand 1887


