Figure 3 shows dGIII/dt at p; = 16. The experi-

mental data are taken from [11, bgopp = 6.5 GeV~2. The

200 -
effective slope of the differential cross section of w0 N\
A; production, calculated from formula (3),,yields b E\
= 19 GeV at |t| < 0.05. At a ratio do” t(t = 0/ [
doI(t = 0) = 2 [1], formula (4) results in very good i K\
agreement with experiment. The total slope of (4) at
[t] < 0.05 1s 11 GeV™2 (experiment [1] ylelds 11.5 *
1 GeV-?). Here
; do OPE

d
__f {t+ =0) =~ 1.2 mb/GeV2 , — (t =0)= 2.4 mb/GeV2
dt dt

EVENTS/4,02 (GeV/c)?2

and the total cross section of reaction III is of the -
order of 500 ub, which i1s in agreement with experi- N
ment [1].

1 1 1 1 1 ]

We note in conclusion that an analogous compari- 47 Y, yY;
son with the experimental data on diffraction pro- “Ep*lJGw2’
duction of N*f/2 is complicated to a considerable de-

gree by the fact that, in addition to the already men- s . .
tioned effects, an appreciable contribution can be Fig. 3. Differential
made by Regge poles not connected with the f-meson > n—ﬂ+w‘p Dashed
exchange degeneracy in the baryon vertices (for ex- CUPVE — Cross Sec—
ample, p). The qualitative picture may correspond in tion at |t'| <0.15
this case to that considered in [7]. - T

cross sectlon of m™p

Solid curve - one-
pion-exchange cross

We are grateful to V.M. Budnev and I.F. Ginzburg section [6]

for a discussion.
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In their last series of experiments, Davis et al. [1], who registered
neutrino fluxes from the sun with the aid of the reaction C1®*7(v, e™)Ar®?, re-
vealed a noticeable deviation from the predictions of the theory of solar evolu-
tion. The experimental counting rate of the Ar37 atoms is (1.5 * 1) x 1073°
sec™! per C1%’ atom. The corresponding theoretical value obtained in the most
realistic model of the sun for the product of the neutrino flux ¢, averaged
over the particle spectrum by the cross section of the reaction C137(v, e )Ar37
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is much larger than the experimental one and equals 0 = (9 £ 5) x 10 %8
sec”tatom™?! [2].

This discrepancy forces us to analyze methods of calculating the cross
sections of the nuclear reactions of the hydrogen cycle on the sun, which lead
to neutrino emission:

Hl(p, e*v) HZ(p, y) ‘@

(He?, 2p) He?, (1)

(a, y)(ej WLi7(p, a) He?, (2)
{p. ).')BB( Y e*)Beg*( a)He?. (3)

The usual nonresonant method of extrapolating the cross section of the process
He3(He®, 2p)He", measured only up to 80 keV energy [3], into the region of
lower energles raises some suspicions. We shall show that one can expect the
existence of a narrow O¥ level in the Be® nucleus near the threshold of dis-
integration into 2He3, and consequently a resonant energy dependence of the
cross section of the reaction (1).

Let us turn to the experimental data on the level spectra of the nuclei Li®
and He'. According to the analysis in [47], there are in He* two dipole states

with " = 17 and T = 1, having a shell configuration ls p> in the excitation
energy interval 27 - 30 MeV, and, below it, a monopole excitation with JT = ot
and T = 0 at E¥ = 20.3 MeV. From the experlmental data on the photonuclear
reactions on Li® [5] and from the experiments [6] on the quasi-free scatterlng
of protons by Li7 it is known that at E¥ = 18 - 20 MeV there are in the Li®
nucleus excitations with configuration |s3p?>, correspondlng in terms of the
cluster terminology to dipole excitation of an o particle in Li® [7]. Using
the data on the He* spectrum we find that on going over from the dipole internal
excitation of the o cluster to the monopole one, the corresponding level with

JT = 1% and T = 0 in Li® falls in a region that 1s 7 - 10 MeV lower than the
the group of dipole levels, i.e., somewhere into the region of E¥ =~ 12 MeV,
Since Be® and H® have a isospin T = 1,
A T T Y T T no analogous state exists in these
- nucleli. Each of the three nuclei with
= 6 should have a level of identical

nature with J" = 0f and T = 1, result-
ing from the exeltation of the quasi-
deuteron into a singlet cluster state
with T = 1, while retaining the mono-
pole excitation of the o cluster. In
] Li® the first o level with T = 1 and
Vi E*(Ll ) = 3.5 MeV results preclsely
from a deuteron excitation of this type
[87. Adding 3.5 MeV to E%(Li%) of the
monopole ex01tatlon of the o cluster we
find that the 01 level of Be® or He®
falls into the reglon of the threshold
. of production of 2He® or 2H®. The re-
y FZAJ duced width of the decay of this state
o : > : r 7 ey via the channel 2N + He*, owing to the
r? disintegration of the cluster, should
be much lower than the reduced width of
Ratio of the rates of the reso- the decay via the channels He® + He® and
nant and nonresonant reaction u® + HY. We note in addition that the
He3(He®, 2p)He* vs. the param- review [9] contains indications that
eters Er and T at & = 0.
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Li® has a positive-parity level at E¥ = 15.8 MeV.

Returning to the astrophysical aspect of the arguments developed in favor
of the existence of new levels in nuclel with A = 6, we can assume that the O
level of the nature indicated above falls in the region of the Gamow peak
located in the region 20 keV above the threshold of the disintegration of Be®
into He® + He®. To estimate the influence of the resonance on the rate of the
reaction [1] we have used in the calculation the value TC = 1.5 x 107°K for the

temperature at the center of the sun, with the aid of which the value ¢6 =
(9 = 5) x lO'se'sec’latom'1>was obtained in [2].

The figure shows the ratio X = <Gv>regk6v>nonrés(<cv> is the product of the

cross section by the velocity, averaged over the Maxwellian distribution) of
the rates of the resonant and nonresonant reactions as a funection of the reso-
nant energy Er and of the total width T of the resonance. To obtain the maxi-

mum effect, the reduced width of the input channel should be assumed equal to
the Wigner limit 3h2/2uR2, where R = 3.4 F is the radius of the channel. It is
seen from the figure that the maximum value of the ratio is ~2 x 10® at E_ =

21 keV and T < 6 keV. ‘ d

The decrease of the counting rate as a result of the strong enhancement of
the rate of the reaction (1) can be estimated for the detector used by Davis

. . A0 37T
with the aid of the formula [10] (¢G)res = ) (¢0)nonres' Under the most

favorable case, the counting rate can decrease by a factor 16 and may turn out
to be at the level of the sensitivity threshold of the detector, which is ~0.4
x 10738 seclatom™?! [17.

We add that in the case of resonance with £ = 1, in spite of the decreased
penetrability of the P-wave by a factor V102, a several-fold decrease of the
counting rate is still obtained.

In connection with the indicated possibllity of explaining the experiments
of Davis et al., searches for an exact position of the levels 1* and o% with
isospin T = 0 and T = 1 in Li® in the region E¥ ~ 10 - 16 MeV are of interest.
In principle, one can attempt to observe these levels in the reaction of in-
elastic electron scattering, which can lead to a monogole excitation of the a
cluster in Lie, and also in the reaction Hes(u, n)Be®®™ with the aid of the spec-
trum of the emitted neutrons.

The authors are sincerely grateful to R.A. Ermazhyan for valuable discus-
sions of the results of the work and of important questions concerning the
structure of the Li® nucleus.
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