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The results of the 28 sets of measurements of the high-energy solar

neutrino flux made over the last 7 years are at variance with current

concepts of solar structure and evolution. Although numerous attempts

were made to reduce the theoretical values of the flux, the problem remains

crucial and is far from being settled.
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In this note we consider a new approach to reconciling the discrepancy

between theory and experiment.

It follows from Fig. 1, in which the relative probability for the

occurrence of different reactions of the p-p cycle is plotted as a

function of the velocity (energy) of the reacting particles, that the

effective region of the reactions He (He ,v)Be , Be'(e , v)Li , and
7 8Be (p,y)B producing high-energy neutrinos is situated in the higher

energy region compared with the fundamental reaction of the cycle* From

this, we can draw the obvious? conclusion that if the high-energy particles

turn out for some reason to be fewer in number than predicted by the

Maxwellian distribution, the energy released from the solar interior can be

attributed to hydrogen burning and the high-energy neutrino flux will be

depressed markedly.

Figure 2 shows the temperature dependence of the neutrino flux from
g

the B decay for two types of distortion of the velocity distribution of
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particles. It can be seen that at 15 x 10 K (a temperature typical of

the solar core) the high-energy neutrino flux decreases thousands of times.

Since this problem will be carefully examined elsewhere, we shall consider
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only some possible corollaries of the proposed hypothesis.

1. A small difference in the distribution of particles from the

Maxweilian in the high-velocity region may significantly decrease the

high-energy neutrino flux. The inelastic processes, in particular

ionization and excitation (in which the cross sections are energy

dependent), may be the causes of distortion in the distribution.

3 3 4
2. A decrease in the rate of the reactions He (He ,2p)He and

3 4 7 3
He (He ,y)Be increases the He concentration in the solar material and

3
decreases the energy release due Co hydrogen burning (a 3p -* He

4
transition occurs instead of a 4p - He ). As a result, the sun's central

temperature may be higher now than that predicted earlier. Moreover,

contrary to established opinion, the increase in temperature is not

accompanied by an increase in the high-energy neutrino flux. The

revised approach suggests that the neutrino flux from the first reaction

(En « 0.42 MeV) is comparatively higher (1.3 x 1 0
U v.an"2 sec"1). The

37 - 37
total rate of the reaction Cl (v,e )A produced by the neutrinos from

the reaction p(pe*,v)d is £_ =• 0.35 x 10" sec per Cl nucleus, which

»36 -1 1

is below the upper limit 5 s 10 sec measured by Davis.

3. An increase in He concentration in the solar interior may directly

affect the isotopic composition of the solar wind and solar cosmic rays.
3 3

The projected secular increase of the Me concentration in the solar wind
3can be attributed to the flow of He from the solar interior to the surface.

The difficulties in evaluating the anomalously large He fluxes and their
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2 4
variations during a flare * can be reduced or altogether eliminated by

3assuming a higher He concentration in the solar material. Note that

the He hypothesis plays a more central role in the case considered.

4. Since the CNO cycle is practically eliminated in the solar

interior, the ratio of the C /C and N /N concentrations at the

solar center must be the same as that on the surface. Therefore the

assumption that the experimental data for C /C and N /N in the

solar wind exclude mixing of the solar material must be radically changed.

Our current concepts of the production of the isotopic composition of

hydrogen in sea water should also be revised.
o

5. Because of the numerous discussions during the past year about

the unstable mixing of solar material in the central regions of the sun,

we attempt to present within the framework of the discussed hypothesis

an effective functional picture of the sun. Specifically, hydrogen
burning occurs during the initial phase of evolution; this results in

3 3
the production of He , followed by He burning. The cycle is then repeated.

Although the proposed hypothesis has many loopholes, we believe that

the aeuteness of the problem of solar neutrinos and the data on the solar

wind and solar cosmic rays justify determining the cause of the slight

variation in the distribution of particles from the Maxwellian.

1 should like to thank A.A. Levkovsky and G.V. Selitskaya for

performing the calculations.
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Figure 1. Relative probability of the reactions: 1, p + p - » d + e + v ;
2, p + d - He 3 + y: 3, He 3 + He 3 - He* + 2p; 4, He 3 + He 4 -
Be 7 + y; and 5» Be + P "* B 8 + Y» a s a function of the velocity.
The broken line denotes the Maxwellian distribution. The
temperature T is in millions of degrees.



Figure 2. Temperature dependence of the neutrino flux from the B decay.
1,2 - since the distribution of particles is distorted, the
rate of the reaction p(p,e+v)d at a given temperature decreases
by 10 to 20%, respectively. NQ is the neutrino flux for the
Maxwellian distribution.
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