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Abstract

The electron correlation eitect for inter-shell can be described by evaluating
the Fermi hole A4f(r,,) and partial Fermi hole Adg(r,,,r, ) lor Li atom comparing
with Be" and B* jons (Li-Like ions) using the approximation of Hartree-Fock wave-
function. Each plot of the physical properties in this work is normalized to unity. Al
results are obtained numerically by using computer programs.

WAVEFUNCTION
APPROXIMATION

The Hartree-Fock (HF) atomic
wavefunctions are independent parli-
cle-model approximations lo non-rela-
tivistic  Schrodinger equation for sta-
lionary states. The single detecrminant
can be written as the antisymmetrized
product of all occupied HF spin- 01[)1tal
for atoms .

®,,(123..N)= 411(123..N)
413

Where A is the antisymmctrized op-
crator given by [1};

\/_Z( ~)' P
. 23

~] )Ptakes the- values +1 and -1 for

even and odd permutation, P is any
permutation of the electron, and the

fuctor —=—= introduced to ensure that

the wavclumhon 15 normalized.
The product //¢123.N) inequation
(1) can be defined as]2]:

11(123-
3

V=404,
The Haruree-Fock spin-orbital ¢ are
designated by the anuwmerals 1,2,3...N
starting  with the lowest orbilal with
spin. Consequently all odd integers for
aspin - and  all ones  for
[ spin| 3.4

For our purpose the wavelunction can
be written as

even

Dpy(123..N )= L AL~ 1) arr.,

i<j v
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Where the pair funclion A

defined as |2

A;"]?"m = (bl(m)¢j (n)— ébj ("”)‘/51'(”)

can be

And [T ij represents the product ol all
occupied JIF-spin orbilal except 96/:(/»;)
and ¢,(n). 1 and j represent spin orbital
labels, also m and n referred to electron
labels.

Equation (1) can be expressed in the
term of Slater determinant as [ol-
lows[5]:

$(1)¢,(2) $(N)

; $(118,02) gaN)
(123N )= s

!bn'(!)ﬂb/v(-?) Eb,y(-'\"J

..(6)

The HF or analytic self-consistent ficld
atomic wavefunction provided the un-
correlated description of each atom.

For any atom or ion, the Hartree-loek

spatial orbital may be writlen  as

[6]:
J
& = X Bs¥s
e ]
.(7)

Where €; represents the constant ¢o-
efficient yield from the SCIF method to
minimized the tolal energy.

And the basis function j, is the stan-
durd normalized Slater-type orbital
(STO’s) which given by:

Xpgm (0. 9) = Ry (r)Yg(0.9)
............. (8) '
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Vel 2D IS

Where R () ropecsmtod e eniiad
parl of the wincluncixs and &
given as: -

Rn(f’(r) - Nn(fmsn' ry
N

nlm

is The normalization comlant

and given as:

Nn(’m - I3
2

..(10)

and

. n—1 —( 1)
S =i e

LD

where S, (r) is culled Slater type or-
bital (S1T0’s).
and Yy, (0.9) represented the angular

part of the wavelunction.

Fermi hole calculations
In this work we will calealate
the Fermi hole 2/ ¢r,. ) and the partial

Fermi hole Ag(r,..r, J for Li-like ion

The two-density lunction 7 (#,,,) lor
Li-like ions can be expressed for the
inter-shell AL('S) afier

integrated over all spins and angular

singlet stite

functions as.

. / i 32 2 | 2
! IS *'_\')(I.l" f'_. ) = —; [R!-\('?I )1\2.\'(}.2) i je_?.\‘ (rl »’Uefx(r_? )]

{12)
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and for the triplet
KLES):

slale inter-shell
{‘ 5 B . —
KkLds)' 12
2 2
] RI s(l'l )sz(rz) +

> 8
2R 0)R () = 2Ry )05 (R o1 W g )

. (13)

{()Calculation method of Fermi
hole Af(r;) :

Fermi hole can be defined as a
difference between the inter-particle
distribution function f(r,) for triplet
state KL ('S) and singlet state KL ('S).

4f(f'l;?) = fo(Jb-)(rfl)_fm,({s-}("f-‘)

S(r;)  for th¢ both states for Li-
Like ions can be written as [7] :

ri+r“
r t,dr, _[ Filliz Pyl
12 Ti= )

S, )=0.5n,
+

g

" B A T
J;, r,dr, J‘ L, ry Jrydr,
i 2

(15)

2 Calculation method of partial
Fermi hole 4dg(r,,r,) :

FFollowing the definition of Fermi hole,
the partial Fermi hole is delined asa
difference between the partial distribu-
tion function g(#,,r ) for triplet state
KL (BS) and singlet state KL (" S).
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dgr,n b =g, Sty 18y (i)

{16}

The  partial  distribution
g{r,.0)

can be caleulated as Tolowing| 81

[unction

lor the both state tor Li-1ike

spr]
J']" (r,. 1, )rdr,

o i

g ooty )= 0.5,

L17)

RESULTS, DISCUSSION

AND CONCLUSION

( 1) Fermi hole A ¢r,) resulls
and discussion :

The probabitity of finding the
inter-particle  distribution  [unction
J(ri2) belween electrons unlike and like
spins in AL shell for Li-Like ions can
be observed in the curves (A) and (I3
presented in lig().hg(3 ) and Dig.(3)
for Z-34 and 5 respectively. At small
ry; the  frp) distribution function will
be inlluenced mainly by the electron
palr behavior when  the outer electron
has penctrated  the  A-shell. For the
KLES) curve, the existence ol Fermi
clicet produces a flat region at soall
ra whercas, by marked contrast, the
KL('S)  curve is seen to POssess a
small local maximum. Clearly, when
the K-und L-shell clectrons have dif-
ferent spin assignments but are both
described by orbitals of s-type sym-
metry, & double occupancy can oceur
in the K-shell region. The maximum
values and their tocations of the den-
sity distribution {unction max/f{r;) ate
fwbulated  intable (1) of curves A and
B which are presented in Lig.(7 ). This
figure shows as 7 ocreases, the maxi-
mum probabilities ol the inter-particle
densily distribution function f(r;») for
singlet and triplet stute are increasing
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and they are observed that the locations
of these maxima decrease as Z become
large Fermi hole is plotted as a differ-
ence between f{riy) of KL( 35 ) shell
(riplet state } and shell KL( 'S ) shell
( singlet state Yor a scricsof Z for
Li-Like ions in fig.(2 ), fig.(4 ) and
fig.(6 ). lnspection of fig.(8 ) which
shows as 7 increases, the radius of
Fermi hole decreases and it is observed
that the depth of Fermi hole increases
as Z become large, all that because the
nuclear charge is increasing. The ra-
dius and the area of the holes lor
groups of Li are tabulated in table (2).

(2)The partial Fermi hele
Ag(r,,.r, jresults and discus-
sion:

The g(rizr;) diagrams (surfaces
and contours) for KL('S)-aud
KL{S )-shells for group Li-Like ions
presented in figs.(9,10,11,12),show the
change in behavior of the inter-particle
probability functions as the position of
the test electron is varied . These sur-
faces have their main characteristics
located about the r;; = #; diagonal line
and parallel to the rjz axis for small ry
_In addition, and as expeeted, when 7.
increases the pattern contracts towards
the origin and the magnitude of these
densities increases. The diagonal dis-
tribution is again asymmetric with the
ri2 = rp axis: the maximum is always
slightly on the right hand side (RHS)
of rjp = rp axis for any selected and
fixed r; value outside the K-shell ifrom
the comparison between the g(ry»r))
surfaces and Contours for the KL{ L5 e
and KL(’S) - shells, it can be scen thal
a dillerence exists only al aly
Since there is no Fermi effcct in
KL( 'S )it can also be seen that the re-
moval of mini K-sheil density causes
the main characteristics o move to-
wards the origin slightly. The contour
diagrams shows that the g(riari) be-
comes more diffuses and decreases in

Fp2
=P

(WS

(W]
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magnitude as Z increases for Li iso
electronic  sequences .The locations
and the maximum values of the partial
density distribution [unction  g(risri)
when 7 fixed and ;> is varied then
roo fixed  and sy i varied of KL( "S)
and AL¢ *S 7 for the Li-like ions are
tabulated 1 table (3 ).

A partial Fermi hole as a difference
between  triplet state !\'!.(JS) and sin-
glet state KL( 'S ) is plotted as a sur-
face diagrams ol the series of Z in the
fig.(13 ) lor Li-Like ions. And il is
plotied as a contour diagrams ol Lhe
series of 7 inthe lig.(14) for Li-Like
ions. The surluce dingrams shows that
the depth of partial Fermi hole is in-
creases and the radius is decreases as 4
increasing and the contour diagrams
shows i Fermi hole becomes more dif-
fuses and decreases in magnitude as Z
increases. The size of the partial Fermi
hole, as presented 1 the fig.(15) and

fig.(16), can be studied clearly by the
surface

and the contour diagrams for
[i-Like 1ons. :

Conclusions
From the present work, we de-

duce somce notes lur some atomic
propertics wned Fermi hole and Cou-
lomb hole.

1. Duc o the Permi effect, the

firiy) forthe NL{ 35 ) -shell gives a
flat region at small rpz and this re-
sult approves  the definition of
Fermi hole whereas, the result for
the A7.( 'S) -shell do not exhibit a
{lat region due o a Coulomb repul-
sion between unlike spin orbitals.

As 7 increases, the maximum
probabilities ol the inler-particle
disteibution {unction f{r3) for sin-
glet and triplel state increases and
also the locations of these maxima

E\.)

decrvases as 20 mercuses.

The  muagnitude  density  of
efrpsr) forsingletand triplet state
increases as 2o 1Creases.

[P
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4. The radius of Fermi hole de-
creases and the depth of Fermi hole
increase as Z increases.

Vabte ) the vadius and the wea of Fermi hole oy, (7., ) vsing iacoee:

Fock approximation for Li-Like nums.

5. As Z increases, the depth ol i
- . . L rll
partial Fermi hole increases and the pimmns L T
radius decreases fon au Pennd bl
Li 0.935 V009648
Table (1) The locations and the maximum values of the inter-particle e - I
denslty distribution function ffr;3) for the Li-like ions. He 0.658 St
Aton i 0510 0.021904
- Blsell - s
0.3 0016924
KL( 's)
Li
32 ©.26752
. ) 1
' N
Kli{’n) 32 26614 i S \-\ ’
\ :
i \
[ 04 0.044626 sl of
KL(') : /
Y
N .
; W s 5z i
26 0.46222) v \ 1
£
g Ki(*) 18 0.400295
(AY
I Kif'n) 43 001201 R
Bi* 14 0.64674
vrET
S
KL( s} 14 0.64557
. ar
a SR R s
Ul 3 1w
r12
7 Fig.{1} The inter-particle distribution lunclion ffr5) for Li aton
Table (3) The locations and the maximam valucs of the peartial density distribution function gfr..7d for HF wavelunction, (A KIS {BY KLeAs)
when vy fixed and iy 1s vacied thea rip fixedand ry is varted for the Li-like ions.
aiom
or Shell ‘ﬁ_ﬂ fisey - when ¢y b fircd frud i i
i I grn.rd ] 7 CTRa . 4 I
i
KL(*S) 036 31 o1s1s 3z 08 GAum? E !
m df(rizd o 1‘ L ——ilv-—
KLig'tsy 0.34 3l 019235 32 635 0.19207 : H
% W ! A |
] " -un : ! !
«L( 'Sy 028 19 046188 20 0.26 0 46005 ) i
be' KL('S) 0.25 34 0.1jfl§| . 19 035 0.13711 e
KLL'S) 220 1.5 0.58092 14 022 08313 Iz
1r = i ) > . S
. B KEGPS) 020 3.0 0.14603 " 834 5.056650 Fg.{2} Feemi hole as a ditterence between the fster partivle dot b

L
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