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The effect of electron-electron Coulomb correlation on orbital
electron éapture by the nucleus has been treated by the multiconfigu-
rational Hartree-Fock approach. The theoretical 7Be L/K capture ratio
is found to be 0.086, and the ;?Ar M/L ratio, 0.102. Both ratios are
smalier than the independent-particle predictions. -Measurements

.exist for the Ar M/L ratio, and agreement between theory and experiment

is excellent.
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Benoist-Gueutal's insightl that atomic electrons must be included
in a complete description of orbital electron capture by the nuc1eus2
led to the introduction of atomic exchange and imperfect-overlap factors
in the theoretical capture probabiiity.s"s A1l existing work on electron
capture has been carried out in the independent-particle approximation;
effects due to electron-electron Coulomb correlation have beeh neglected.
Here we report on a first effort to take correlation into account, by
using the multi-configurational Hartree-Fock (MCHF) approach.7 e
calculate the 7Be L/K and 37Ar M/L capture ratios.

The nuclear electron capture rate 152

ae =0 B, =K LM, .., (1)

where A? is the rate obtained when atomic matrix elements are neg]ected,8
and Bi is the exchange-overlap cerrection factor. For example, if the
initial and final states are represented by a single Slater determinant,

BK is

By = K{<2s'|25> <35'|3s> - {25'[1sp> 3s' 35> [st(o)/R1s(0)]
- 25t |253< 38 15[ Ry (0)/R (0) 12, (2)
where

K = <15'I ]S>2<25|| 25>2<2p'l 2p>ZQ(2P)<35:| 35>2[(}(35)"]]<3p,|3p>2q(3p)'
(3)

Here, q(ng) is the occupation number of the ng shell, and primes denote

2,9

the daughter atom. BahcaHz'6 set K=1, while Vatai retained the factor.

Similar expressions exist for BL and BM'
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The capture ratio for shelis i and j, in allowed transitions,
is

(44/25) = (3y/24)%(8,78,), (4)

where

(047)° = 1R /RS ONE/D), 103 =KLy M (5)

$

The R's are electron radial wave functions, evaluated at the origin, and
the q's are neutrino energies. The contributions from L2 and M2 glectrons
are neglected here.

In our MCHF calculation, the ground state is
' <1
¥y (1LS) Z, C; oly;Ls) (6)
i

and the final-state wave function, describing the hole state after

capture, is .
i — ! !
vy (L) = 6y erluils), (7
.i
The atomic matrix elements become
I ]
N =
,<l¥j|®lwg/' E Cjkc1'<¢k|©|¢i>’ (8)
i,k
where we have ©= 23 abRb(O), and a_ is the destruction operator.4 The
b
exchange-overlap correction factor is

By Z

J

y. ||y }:2

?(0)
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where the summation extends over the sLates included in the multi-
configurational expansion.
For the 7Be L/K capture-ratio calculation, the ground state is
represented by
2
)

= Cyy (15225 + C2¢2(1522p2). (10)

¥q

The 1s~hole state after K capture is
= C ¢](1525 ) o+ C ¢2(152p ). (11)

The 2s-hole state after L] capture is represented by the single

configuration

v = v (15%2s), (12)
For the 37Ar M/L capture-ratio calculation, we take the ground-
state MCHF wave function to be

2

-=
It

c ¢](1522522p 3s 3p6)
+ €0, (15°25°2p°3p%3 ('s)
(Is 25° 2p 635 3p4(]S)3d2(1 ))
(152 s22p83523p% (%) 302 (%p)
(15%2522p83523p% (') 3d?( Dﬂ. (13)

3
+

-n-c.o

4
5‘!’
The 2s5-hole state is

+ C

n

H
¢1(152252p63523p5)

Os 252p83s 3p4(1 )3d2(] »
(52252p 3s 3p4(3P) P3d2(3Pﬂ
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The 3s5-hole state after M1 capture is

6

u

f CJ]¢; (1522522p 353p6)

I
Cya% ( 1522522p83s23p%("0)3d)
( 1522522p6353p4(]S)3d2(]S))
(1s22522p5353p4(39)4P3d2(3p))
(152252200 3s3p* (p) 2p3d?(3p)) . (18)
7

¥
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The MCHF wave functions were computed with the Frocse-Fischer program.
The electrostatic Interaction matrix elements were calculated with Hibbert's
p\r'ogr'am.]0 The one-electron overlap integrals are 1isted in Tables I and II.
The electron radial-wave-function ratios at the origin and the overlap-
exchange correction factors Bi as well as the electron-capture ratios
are listed in Table III. For comparison, theoretical single-configuration

2 and the experimental resu]t}1 for 37Ar are also listed;

HF capture ratios
there is no measurement of the T8e L/K ratio.

Electron correlation is geen to have a substantial effect on nuclear
capture ratios when outer electrons are involved. Compared with single-
configuration HF results according to Vatai's approach,2 the MCHF L/K capture
ratio of /Be is reduced by 4.4%; the 3/Ar M/L ratio is reduced by 11% and
brought into excellent agreement with experiment.z’]T

This work was supported in part by the U.S. Army Reseérch Office

(Grant DAAG29-78-G-0010) and by NASA {(Grant NGR 38-003-036).

GE 18
RIGINAL PA
O POOR QUALITY




-6-

'p, Benoist-Gueutal, C. R. Acad, Sci (Paris) 230, 624 (1950).

2For a recent review, see W. Bambynek, H. Behrens, M, H. Chen,
B. Crasemann, M. L. Fitzpatrick, K. W. D. Ledingham, H. Genz, M. Mutterer,
and R. L. Intemann, Rev. Mod. Phys. 49, 78 (1977).
33. N. Bahcall, Phys. Rev. Lett. 9, 500 (1962).
43. N. Bahcall, Phys. Rev. 129, 2683 (1963).
J. N. Bahcall, Phys. Rev. 131, 1756 (1963).
65, N. Bahcall, Nucl. Phys. 71, 267 (1965).
C. Froese-Fischer, Comp. Phys. Comm. 4, 107 (1972).
H. Brysk and M, E. Rose, Rev. Mod. Phys. 30, 1169 (1958).

E. Vatai, Nucl. Phys. A156, 541 (1970).

105 Hibbert, Comp. Phys. Comm. 2, 180 (1871).
]1J. P. Renjer, H. Genz, K. W. D. Ledingham, and R. W. Fink, Phys.
Rev. 166, 935 (1968).



-7-

TABLE 1. MCHF <h2'|n@> overlap integrals for 4Be electron capture

K capture

|1s) |2s%

L] capture

|2p> s> |25

{1s*| 0.97209 -0.19099
{2s'| 0.17193  0.96785

<2p'|

0.96247 -0.15591
0.08271 0.88283
0.99260
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TABLE I, MCHF <b2'|n%> overlap integrals for 1BAr electron capture

15> |2s> 12p> {3s> |3p> |3d>
L, capture
Qs | 0.99873 -0.02977 ~0.00630
s’ | 0.02705  0.99250 -0.10496
2p' | 0.99858 -0.02279
(3s'| 0.00798  0.10177 0.99274
(3p'| 0.02142 0.99927
{3d" | 0.99954
MI capture
(s'| 0.99875 -0.02921 -0.00628
<2s'| 0.02623  0.99228 ~0.09736
2p' | 0.99445 ~0.08177
(s' | 0.00702  0.09020 0.98913
3p' | 0.07552 0.99047
(ad' | | 0.93200
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TABLE II1. FElectron radial wave-function ratios Rens(

overlap correction factors B1 and capture ratios Ai/Aj.

2
0)/Rn.s(0), exchange-

Element Quantity Result
B ) ) HF 0.0332
st(o)/R1s(°)'{ MCHFC 0. 0300
[ HF(v)2 0.816
B, q HF(8)° 0.900
| MCHF® 0.792
[ HF(v)® 2.222
B < HF (8)P 3.045
| MCHFC 2.259
HF (V)2 0.090
M/ 3 HF(B)P 0.112
MCHFC 0.086
a2 2 HF 0.0977
18 Ras(n)/RZS(O){ )
MCHF 0.0669
J HF (V)@ 1.121
B, HF(B)P 1.171
\ MCHF® 1.098
([ HF(V)®@ 1.322
By 1 HE (8)P 1.549
| MCHF® 1.674
( HF(v)? 0.115
i, 4 HF (B)° 0.129
MCHEC 0.102
Experimentd 0.104 fg:ggg
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Footnotes to Table III.
artree-Fock, Vatai's approach {Refs. 2,9).
bHalr'tree-Fock, Bahcall's approach (Refs. 2, 3-6),
Cpresent multi-configurational HF calculation.

doef. 11,
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