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Abstract Under conditions near the center of the Sun, it shows that 'Be atoms are completely ionized be-
tween R=0to R=0.1217R . The newly calculated "Be and B solar neutrino fluxes are about 4.00 x
10°cm=2+s"" and 6.18 x 10°cm ™2 +s~", while the corresponding predicted values of the standard solar
model are 4.80 x 10°em~2-s™' and 5.15 x 10%cm %+ s~ ", respectively. It will further increase the dis-

crepancy hetween the observed and the predicted neutrino fluxes in Super Kamiokande neutrino experiment.
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1 Introduction

The predominant reaction by which "Be is destroyed in the pp chain, under conditions existing
near the core of the Sun, is the electron-capture reaction 'Be (e, v.) "Li. The 'Be disappears
about a thousand times more rapidly by the 'Be (e, v,) 'Li reaction than by the "Be(p,Yy) °B
reaction'" . The equilibrium abundance of "Be is thus essentially obtained by equating the "Be (e,
v.) "Li rate with the *He(*He,¥) "Be. The "Be (p,¥) *B rate and, consequently, the *B (8" v,)
*Be ' rate are then proportional to this equilibrium abundance. J. N. Bahcall computed the "Be
electron-capture only considering the caplure of continuum electrons and neglecting the plasma
screening by the ionized gas of the star”' . While I. Iben thought that there is a finite probability
that " Be exists as an atom with one or two bound K-shell electrons’-, they computed the capture
rate of bound electrons in 'Be'* and 'Be'’ using Debye-Huckel approximation to estimate the
screening effect of the ionized plasma on the rate of bound-electron capture and found that the
bound-electron capture increases the total capture rate in the solar interior by 17—25 percent and
that plasma screening strongly affects the rate of bound-electron capture on the solar reaction of
"Be (e, v.) 'Li. And the bound-electron capture has an opposite effect on the solar *B neutrino
flux, which is of the same magnitude as the "Be neutrino flux'"* .

J. N. Bahcall’ then renewed to calculate the ’Be electron-capture rate considering the effect
of plasma and bound-electron screening in the reaction "Be (e, v.) 'Li and found that the total re-
action rate A,,,, ( considered the effect of plasma, bound-electron screening and the free-electron ca-
pture by "Be), for 'Be (e”, v,) "Liis 1.2 times than A, which is the reaction rate only consider-

ing the "Be capture from the continuum electrons.
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Because the predicted solar neutrino flux from "Be electron capture and the calculated abundance of
the "Be nucleus directly affect the "Be (p.Y) B reaction rate and, the ®B (3" v,) *Be” decay rate, so it
is of interest to examine quantitatively the influence of the free-electron capture and of K-capture by "Be

nucleus.
2 Calculation of reaction rate

The free-electron capture rate - may be written as
A =_r|¢‘(0)[2 A (1)
© T 2] g (0) 2T I b

where | ¢;(0) \2 is the free-electron density at the "Be nucleus in the star, 2| 1.0 (0) :3 is the electron

. . . In2 -
density at the "Be nucleus in a neutral, unscreened atom in the ground state, and A,,, = S:;—Bdays Y=1,

497 x 1077 sec ™' . Inserting the estimate of | @1, (0) )2 given by J. N. Bahcall'? and the estimate of
| ¢:(0) |: given by 1. Iben et al.”" . one has

1
Ao =231 %x10°(1 + X)pTg7[1 + 0.004( Ty - 16) Jsec™'
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where Ty is the temperature in units of 10° K, X is the mass abundance of hydrogen, and p is the matter

Aootal £ 1 3N _ oo - -
After considering the effect of plasma and bound-electron screening in the electron-capture reaction

"Be (e”, v,) 'Li, the rate at which "Be captures an electron in the solar interior can be written approxi-

mately in the following convenient form*+*

Kot = 2.31 x 107°(B)(1 4 X)pT;T[1 +0.004( Ty - 16) Jsec™
where ( B) represents the enhancement of the continuum capture rate by bound-electron capturet‘r , being
equal to 1.2.

In Eq. (3). the numerical approximation represented by the last bracketed expression is in accuracy
1% for 10 Ty <162 .

Comparing Eq. (2) with Eq. (3), we can obtain

At = 1,24, (4)

But under conditions near the center of the Sun the temperature is 15.67 x 10° K. the equilibrium
energy is about 2keV. While the "Be atom completely ionized energy is about 0.45keV (the fourth ioniza-
tion potential of the "Be atom is 216.6eV, the third ionization potential of the "Be atom is 153.1eV. the
first ionization potential plus the second ionization potential of the 'Be atom is about 30eV) . The equilibri-
um energy is more 4 times than 'Be atom completely ionized energy. Thus, even if there is a finite proba-
bility that the "Be exists as an atom with one or two bound K-shell electrons in the center of the Sun be-
cause of the Maxwell-Boltzmann distribution, the existing probability should be small.

According to the standard solar model (SSM), the abundance of "Be atom and the solar temperature
are gradually decreasing nuder the solar center. From 0 to 0.1217 R, (here R, is the solar radius) , the
average abundance of "Be atom is about 94 .02 % "Be atom abundance of the whole solar, and the average
temperature is about 13,87 x 10° K.

Because compound and ionization of atoms in the Sun is in heat equilibrium state, the differential

. 7 . !
compound cross section of "Be ions can be expressed as'®

2% 72 2k Z1) (gnln)) (5)
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here n is the main quantum number of electron state in atoms, Z is the atomic number, a, is the fine

L . 1 y rl.‘
structure conslant | @y = —— |, k7' is 1/2n de Broglie wave length of incident electrons (k' =

dre, ke mi
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mv is the momentum of incident electrons), [ is the ionized energy, h is Planck constant. ¥ is the fre-

quency of radiation photons, gr(n) is Guant factor, gg{n)=1.
If the kinetic energy of incident electron is much less than the ionized energy of the atomic ground
71

state, the energy of radiation photons, hy=~ =3-. A convenient representation of Eq. (5) can be written
n

(m?). (6)

ZZ
op(n) = 1.01 x 1071 Z8x{n)
ny

By Eq. (6). we can calculate the compound rate coefficient of "Be ions. which represents its rate to com-
pound and ionize. It can be accurately written
a,(T) =J on(n)of(v)de, (7)
0

here T is the temperature of the solar core, v is the velocity of incident electrons, f( ) is the Maxwell

distribution function. It can be written
3 2
) = an( 50)  wtexp( - ) \
sy = an{ 5hm) o exp( - 5i7) - (8
Because we only consider K-shell electron of "Be, namely, n =1, and gg(1) =1, so

7777\77”””"”"*w—”w,,,,,,wi{l ( T) = [‘jb UR( 1 ) Uf( U)dv = 1 Ol x 10—|3 X

on( 5ma) " [ (28D g - 1) 0o

= 8.915 x 107 (cm’® + s°1). (9)
In other words, for "Be ions, its Debye screening length can be computed by following expressiorn

A ( Ll )m (10)
0= Kng, Z* ’

. . . 1 .
here k is Boltzmann constant, T is the average temperature in solar core, and K = Treo ot Mtseis the niean
¢

"Be atoms or ions number density, ny, =4.886 x 10°/m*>" . We can calculate "Be ions’ Debye length
by Eq.(10}, A, =3.07x 10" "' m.
While the average velocity of incident electron can be calculated by the following expression

7= T o 30 107 (s) (1)
mm

So, under the heat equilibrium condition in the solar core, fraction of "Be atoms with one K-shell ¢!ectron

1s
N , . Ap
N—:(l—exp(—a,(T)/\r,t)): 1 - exp _al(T)Ncr . (12)
0
here N, is the mean electron number density between R =0 to R =0.1217R;,, N, is the mean 'Be ion
number density at t =0, N, =5.121 x 10%/em®>! . Thus
N
N, ~ 0. (13)
It means that 'Be atoms are completely ionized in the solar interior. And the rate at which 'Be cap-
tures an electron in the solar interior can be computed by simple following formula

A;Dtll = Ar . (14)
Comparing Eq. (14) with Eq. (4), we find
Alol.l = 1‘2A:olal . (15)

3 Discussion and conclusion

From the calculation above, we may conclude that the "Be atoms completely ionized, and :he predict-
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ed rate of 'Be electron capture by the standard solar model is 1.2 times bigger than the newly computed
electron capture rate in the solar interior. The predicted value of the "Be solar neutrino flux will decrease
from 4.80 x 10°cm ™25 """~ 10 about 4.00 x 10°cm~2+s"", and the predicted value of the *B solar neu-
trino flux will increase from 5.15 x 10%m ™ 2-s™ ' t6 6.18 x 10°cm ™25~ ' . It will further increase the
discrepancy between the observed and the predicted neutrino fluxes in Super Kamiokande neutrino experi-

ment .
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