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At present there exists a serious discrepancy between

theoretical predictions of the capture rate of solar neutrinos and the
rate measured in the solar neutrino experiments. ‘he main part of }37
solar neutrino flux is due to reactions of the proton-proton chain .
The capture rate of these neutrinos (~ S;{u) 1s most sensitive /3/ to
the cross-section factor Sii of the initial p+p<*¢ie‘Vé reaction.
Therefore estimations of any correction to this factor are important.

The original statement 4 about the existence of a high
maximum in the cross-~section of the proton-proton reaction due to the
proton electric polarizability effect disagrees with a recent examina-
tion 2 of this effect performed within a modified low-energy
scattering theory for Coulomb plus long-range potentials 6 + There-
fore an independent high-accuracy numerical calculation of the proton
polarizability correction to t he factor Siiis important both in view
of theoretical discrepancies/4'5/ and new planned experiments/7/.The
way and results of that calculation are discussed in the present
work.

The factor S‘i 1s proportional to the ‘square of the nuclear
transition matrix element. In the impulse approximation the calcula-
ticn of thic olomont radnees to an evaluation of the overlap integral

/8/
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Here 5'£= 4,316 fm /9/ is the deuteron radius, C:% ) is the
Coulomb-barrier factor, n= 1/2kR with R=28.81 fm 9/ is tne Bonr
radius and K is the proton-proton relative momentum corresponding
to the energy E=(hK)z/m in the proton-proton c.m.s. To calculate
the function LLd y 1.e. the § -—component of the deuteron wave
function, we have used the SJ ‘-spline interpolation /10 of tabu-
lated Reid values /11 correspohding to the Reid soft-core potential.
The §-wave proton-proton scattering function LLPP satisfies the
Schrddinger equation written in units h=c=m=1 35 follows

Hupp(z)=(a§'+KZ—V(7))UPP(':)=0. (2)

In our case the interaction V 1is the sum of Coulomb ( 1/ZR ),
short-range ( \G ) Reid soft-core /11/ and polarization ( V? )
potentials. The polarization potential in the short—rénge region is
not yet determined exactly, therefore we limit ourselves to the
representation 1




VP=—(oL/’c”R) Bcz-1py, (3
where @ is the step function and the experimental value of the
single-proton electric polarizability constant o is equal to
10‘3 fm3 /12 « In the. low-energy limit the phase-shift of the scatter-
ing problem (2) is not sensitive o1 to variations of the radius

Tp . We used IP= 4 fm, which corresponds to the interaction
range of the short-range potential Vg « Agcording to our WKB-esti-
mation 14 the proton polarizability contribution to the integral
(1) s small ( ~ 107%%) . Hence, a high-accuracy calculation of
upp - function is necessary.

Now we describe the most significant numerical details. The
problem (2) has been solved within the variable phase approach 15/
described in detail in ref./6/. The equatio7s for the phase-functions

sn(¥) and ¢scr) (see eqs. (3.3) of ref. 6/) have been integrated
in the interval Tp<7<7, . For an accurate consideration of the
short-range singularity of the Reid soft-core potential we have
chosen the lower limit 7, sufficiently small, namely, 2= 10'3fm.
The upper 1limit ¢, has been defined by the criterion (5) of ref.'";
namely so that the phase~function (€S(t) does not change in eight
significant digits with increasing v 1in the wegion 7>7, . To
obtain the physical long-range aswvmptotins far the Myy-vf:n:tic;,
we multiplied it (see eq. (3.5) of ref./s/ ) by the normalization
factor

c, pS
const = k Cyop cos & P/CS(Zu).

Further we calculated this function, its first and second derivatives
with step 10'4 fm, and used the ng—spline interpolation 10 o In
this way we obtained the proton-proton wave function satisfying the
inequality

lu o Hupo (0l < 1078

where the H operator is defined by eq. (2), and ¥p £ T < 7,

The practical upper limitYA of integral (1) was chosen equal to
80 fm, whioch ensured the calculation of /\ with relative
accuracy ~'10'6.

Qur result A(E,d) = 2,638 for the zero energy and Zero
constant o in eq. (3) agrees with A(0) =2,633 calculated in
ref. 16/ for the same Reid soft-—core potential. To demonstrate the
influence of the proton polarizability effect of the proton-proton

2

reaction, we have constructed the function
CCE,a) = ( NAE, &)/ AAE,0)-1). 4)

For any fixed oA <1 :t‘m3 this function increases by a factor

of 1.02 with increasing energy from O to & kev corresponding to the
average temperature of the solar interior. The values (in per cent)
of function (4) for zero energy and several constants M) are
presented in the table. Even if the constant o is thousand times
as large as its experimental value, the contribution of the proton

Table . Proton-polarizability correction (4) to the factor Sii
for zero energy

oL (£m?) 0,001 0,01 0.1 1.

C0,d% > 0, 0002 0, 002 0. 02 © 0,2

polarizability to the factor 541 is much smaller than its well-known

9%-uncertainty 1 due to 2,5%-uncertainty from the nucleon-nucleon

interaction, 2%—uncertainty from the exchange mesonic¢ currents, and

so on, Therefore the proton polarizability correction to the factor
54, like the vacuum polarizstien carvection 17/ and tho looilioa

scrgening ane /8/ is unimportant unless the nucleon-nucleon interac-

tion is known with a sufficient accuracy. Our novel numerical resulis

prove that polarizability of the proton has a negligible effect on

the cross~section of the proton-proton reaction and thus confirm

the conclusions of ref. > .
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NynemmeB B.B., ComosBuoma 0.1,
Bknapg sddexTa NOAAPH3YEMOCTH MNPOTOHOB
B cedyeHHe MPOTOH-IIPOTOHHOH peakIiHH

E4-88-471

B pamkax Metoma dasoBbx byHKUHME YCTAHOBNEHO, UTO BKIAf,
3dpdbekTa 3JIeKTPHUECKOH INOJIAPU3YEMOCTH NPOTOHOB B BeJIHYHHY

acTpodusiHyeckoro S;,-¢aKkTopa NPOTOH-NPOTOHHOH DpeaKIuH He
NpeBbmAaeT 2.10747.,

Pa6ora BhmonHeHa B JlaGopaToOpHH TeopeTHUecKOH (GH3HKH
onsy.
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astrophysical factor S;| of the proton-proton reaction
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In the framework of the phase function approach the
contribution from electric proton polarizability to the

is found to be smaller than 2-1074%Z.

The investigation has been performed at the Laborato-

Preprint of the Joint Institute for Nuclear Research. Dubna 1988




