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Introduction

Sun is a huge nuclear reactor, where lots of reactions are going on,
synthesizing hydrogen into helium, and subsequently to the heavier
elements.

In these reactions some neutrinos are created.

The experiments so far performed have detected lesser number
neutrinos than that theoretically expected

This may be due to the facts
1 The detection experiments might be faulty.
2 The calculation of expected neutrino fluxes might be wrong because of

poorly known input parametes and uncertainties in the calculation with
the standard solar model.

3 Something might be lacking in our understanding of the neutrino
properties.

All those possibilities have been ruled out and some other ways are to
be look out.
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Solar Neutrino

4p → 4He + 2e+ + 2νe + 25 MeV

Neutrino Flux = F = No. of neutrinos produced per second / 4πD2

No. of neutrinos produced per second =
2L⊙
25

L⊙ = 4× 1033 erg/sec. D = earth-sun distance = 1.5× 1013 cm

Using these one can find the neutrino flux as

F = 6× 1010cm−2sec−1

In the next figure the pp and pep chain, CNO cycle and energy distribution
of the flux of solar neutrinos from various reactions are shown.
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Radiochemical detectors

νe + X → e− + Y

This is called inverse beta decay

X → Nucleus kept in the detector

Y → Radioactive product nucleus

Y nuclei are extracted chemically, and their number gives the neutrino
capture rate.
The experiments involve various target materials given in the table.

Advantage
One can detect the low energy neutrinos.In 17Ga the threshold is so low
that low energy pp neutrinos can be detected.

Disadvantage
One cannot tell the times of arrival or the energies of the neutrino
captured.
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Geochemical detectors

The basic principle is same as that of radiochemical detectors.

Only difference is that the product nucleus Y has very long half life
ranging 105 to 106 years.

In rock samples or natural ore deposits, one can look for the product
nuclei, and their amount will tell us about the solar neutrino flux over
the last million years and so.

Disadvantage

One need how much Y nuclei were supposed to be present primordially in
the rock sample.The estimates are not very accurate.
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Electron scattering detectors

νe + e− → νe + e−

Advantages

1 The scattered electron is highly peaked in the forward direction.Thus
by looking the direction of the electron one can reconstruct the
direction of the incoming neutrinos and verify that it comes from the
sun.

2 One can make an event by event detection, identifying the arrival
times and energies of the neutrinos.

Disadvantage

Any incident neutral particles can cause the same kind of signature.Thus
the contributions of gamma ray etc. are to be subtracted.
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37 Cl Experiment (νe +
37 Cl → 37Ar + e−)

For more than two decades, Davis along with his group detected solar
neutrinos deep under a mine in South Dakota, USA.

Their detector contained 2.2× 103 atoms in the form of liquid C2Cl4.

The threshold energy is 0.814 MeV.Therefore, the experiment cannot
detect any pp neutrino.
8B neutrinos contribute most to the capture rate.

The mean value of the experimental data with 1σ error is

φDavis = 2.1± 0.3 SNU
1 SNU = 1 capture per 1036 target atoms per second

Theoretical calculations with the standard solar model carried out by
Bahcall group yields

φtheo = 7.9± 0.9 SNU
⇒ PDavis = φDavis

φtheo
= 0.27± 0.4 6= 1

⇒ Solar neutrino problem
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Other experiments

Kamiokande experiment

It detected neutrino by electron scattering method.

In the early run its threshold was set at 9.3 MeV.

Later the background calculations were improved and the threshold
was brought down to 7.5 MeV.

Its result gave

PKam = φKam
φtheo

= 0.46± 0.5 (stat)± 0.06 (syst.) 6= 1

71Ga experiment (νe +77 Ga → 71Ge + e−)

Its threshold is set to 0.233 MeV.

It can capture many of neutrinos from the pp reaction.

Two important groups performed this experiment is SAGE group and
GALLEX.

All those experiments show that solar neutrino problem exist
independent of the result of Davis group.
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