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REVIEW OF SOLAR MODELS AND SOLAR NEUTRINO EXPERIMENTS

D.R.O. Morrison

Abstract

The conventional wisdom is that the measured flux of neutrinos from the sun is significantly less than that calculated from
the Standard Solar Model (SSM) and that New Physics is required. Furthermore, it has been suggested that the neutrino flux
varies with the inverse of the sunspot activity. The SSM follows the evolution of the sun from its formation 4.6 billion years ago,
from a protostar, to the present. The model touches many aspects of physics and requires many assumptions, but despite the few
constraints, it is robust. However, the input data needs improvements and the errors are too small. Results from the
Kamiokande, Chlorine and Gallium Experiments, which are in apparent disagreement, are reviewed and found not to be
significantly inconsistent. Studies of vibrations of the sun, helioseismology, give new information. It is concluded that, at present,
the theory and the various experiments are not in significant disagreement and that there is no need for New Physics.

1. Introduction: conventional wisdom
For the last 15 years it has been the conventional wisdom that

there is a serious solar neutrino problem: the experimentally
observed flux was much less than that predicted by the theoretical
SSM [I].

Over the last 20 years Davis et a1. [2| have measured the
production of 37A]: from 37C1 in 615 t of perchloroethylene by the
reaction

v+37Cl a e’+37Ar. (1)
and have found an average rate of solar neutrinos of 2.| SNU to be
compared with the theoretical prediction [1] from the SSM of 7.9
SNU, where SNU stands for Solar Neutrino Unit = 10—36 s" (it is a
product of the neutrino flux and the theoretical cross section).

Over the last three years the Kamiokande water Cherenkov
detector has measured solar neutrinos and found [3] that the ratio

Experiment/SSM theory = 0.46 . (2)

Both the above detectors only measure higher energy
neutrinos, mainly from the decay of boron—8, but new detectors
employing gallium with the reaction

v+71Ga a e’+7lGe (3)

can detect most neutrinos including those from the basic pp
reaction. The Soviet—American Gallium Experiment (SAGE) has
presented results [4] giving a best fit of 20 SNU, a 68% upper
limit of 47 SNU and a 90% upper limit of 72 SNU to be
compared with the theoretical SSM value of 132 SNU.

It looks like a major disagreement between three experiments
and theory! However, it is necessary to consider errors before
making ajudgement.

If a disagreement is one or two sigma (standard deviations)
then that is considered not significant. If there is a three—standard
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deviation effect then that is generally considered adequate for
confirming an expected physical result (a famous theorist once
did an experiment: he took all the three-standard deviation results
he could find and then checked that after some years only half of
them still stoodl).

It has become a convention among many particle physicists
that to prove new and unexpected physics. one needs five stan-
dard deviations.

So the question is: what are the combined errors on the SSM
value and on the experiments?

Take the case of the Kamiokande Experiment which is a
cleaner experiment than the two radiochemical extraction
experiments since there is an important check on the events: the
direction is known and only the excess of events that are pointing
towards the sun are taken. The ratio (eq. 2) is

Experiment/SSM theory 2 0.46 i 0.05 i 0.06 , (4)

where the first error is statistical and the second systematic.
Combining these

Experiment/SSM theory = 0.46 i 0.08 . (5)

But this is only the error from the experiment, if the error on
the theory was zero then the difference between theory and exper—
iment would be

1.00 — (0.46 i 0.08) = 0.54 i- 0.08 , (6)

and would be considered significant. In the past the SSM values
have been taken from Bahcall et a1. [1] with an 11% error so that
the difference would then be

(l.00i0.11)—(0.46i0.08)=0.54i0.14 . (7)

But there are many SSM model calculations and the other
outstanding one is by Turck-Chieze et al. [5] who predict for the
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Chlorine Experiment 5.8 SNU with a 22% error which would
give for Kamiokande

(1.00 i 0.22) 7 (0.70 i 0. I 2) = 0.30 i 0.25 , (8)

which is just over one standard deviation and not significant.
Thus, whether or not there is a significant disagreement, depends
on which SSM model is chosen. Hence we must consider effects
with errors of the order of 10%. It will be shown that there are
several effects with errors of 10% or more.

Earlier versions of this work were presented at the 1990
Rochester Conference l6| and at the 1991 Lepton—Photon
Symposium and Europhysics Conference on High—Energy
Physics [7]. This review is by a particle physicist and is intended
for particle physicists.

2. Introduction to the evolutionary SSM
For the purpose of calculating neutrino fluxes, the most useful

model is an evolutionary one. An initial composition of the sun is
assumed at its moment of becoming a star, that is 4.6 billion years
ago. It is divided up into a large number of cells and the evolution
of each cell is followed taking into account all the boundary
conditions (hydrostatic equilibrium, energy transport, etc.), i.e.
there are a series of bins of time as well as of space. The model is
required to fit “all known data” namely the present day luminos—
ity Lo, mass M0, radius R0, surface composition and age.

The sun consists of ~ 70.5% hydrogen by mass. ~ 27.5%
helium and the sum of all other elements, sometimes called
“heavy elements” represent 2% of the total mass.

Fortunately our sun is a main sequence star which is
relatively quietly burning mainly hydrogen, so many simplifying
assumptions can be made such as spherical symmetry. The five
main cycles of reactions are illustrated in fig. 1. The basic
problem is how does the heat produced by nuclear reactions near
the centre of the sun get transferred through the sun to the outer
shell. It is assumed that, as illustrated in fig. 2, the sun can be
divided into three zones:
— core, where the nuclear energy is produced by fusion etc., it

extends to 0.3 R0;
— intermediate (or radiation zone), where heat is transferred by

photons, it extends from 0.3 to 0.7R0;
— convection zone, where there is convection which is assumed

to be the only method of heat transfer, it extends from 0.7 to
1.0 R0.
It is assumed that the heat is transferred in the core and

radiation zones by radiation and this is controlled by a single
parameter, the opacity. The opacity is a complex quantity; it is a
function of the temperature and depends on the abundances of the
elements at each radius.

In the convection zone it is assumed that the heat transferred
can be described by a single mixing parameter.
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The temperature at the present time is 15 million K at the
centre, 8 at the core/radiation interface and 2 million K at the
radiation/convection interface (~ 0.006 million K at the surface).
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3. Problems of the SSM
Evolutionary models are very complex and involve a

surprisingly wide range of physics topics and necessitate input
from many experiments. Here the most critical issues are evoked.
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3.1 Opacity and abundance
The abundance of most elements is measured at or near the

sun’s surface. It is assumed that these are the same as the
primordial composition of the protostar, with corrections to the
lighter elements for subsequent nuclear reactions. This
assumption that little has changed over the last 4.6 billion years,
is checked by comparing with certain meteorites which are
believed to have the composition of the solar system when it was
formed. The subject is very complex and detailed [8] but finally,
there is remarkably good agreement as shown in fig. 3, except in
the case of iron (lithium and beryllium will be discussed later).
Now iron is particularly important because in the core all the
lighter elements are completely ionized but iron has kept some of
its electrons; this increases the number of processes possible for
heat transfer and therefore makes a considerable change to the
opacity, in fact iron contributes ~ 20% to the opacity. Other
heavy elements behave similarly but their abundance is much
lower which is why iron is so important. The reason for the
discrepancy may be that on the surface of the sun only neutral
iron can be measured and this only represents ~ 5% of the total
amount of iron whereas in meteorites all the iron is measured.
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The values of the ratio of iron to hydrogen from measurements
at the surface and from meteorites are (4.68 i 0.33) 10—5 and
(3.25 i 0.075) 10—5 respectively a four-standard deviation

difference. Courtaud et al. |9| have shown that by taking the
value from meteorites instead of from the surface, the flux of
neutrinos detectable by the Chlorine Experiment is reduced by
20%.

The neutrino flux is very sensitive to the opacity as a change
in it causes the rate of heat transfer to change and hence the
temperature in the core. The neutrino fluxes vary greatly with the
temperature, the powers for the pp, 7Be and 8B neutrino sources
being 4, 11.5 and 24.5 respectively I9]. However, the model has
considerable stability as there is appreciable feedback. Thus,
changes in the temperature are limited by the need to match the
present—day luminosity of the sun.

It should be remarked that the calculations of opacity are very
complex (for a start one must know all the energy levels of all
isotopes) and historically these have changed significantly several
times causing estimates of the neutrino flux to vary. At present
large teams of people are performing these calculations again and
it may well be that the opacity and hence the neutrino fluxes will
vary again. Thus, Saio [10] in 1990 found the flux for chlorine to
be 5.8 SNU instead of the value of 7.9 SNU given by Bahcall et
a1. [1.11]; he attributes the difference to using a slightly older set
of opacity tables.

3.2 Nuclear-reaction cross sections
Most have been well measured but the most problematic one is

7Be+p—>8B+y. (9)
There are two problems. The first problem is that the

experimental values measured are from 110 to 4000 keV while
the region of astrophysical interest is below 20 keV, hence some
extrapolation is necessary.

Bahcall and many other authors use the 1965 extrapolation of
Tombrello et a1. [12] who assumed only 5 state whereas it can be
seen from the data shown in fig. 4(a), that a d state is also
required [9] as the astrophysical S function 817 (E) rises steeply
with energy. This extrapolation with s and d state has been made
by Barker [13] and more recently by Kajino [14]. Turck-Chieze
et a1. [15] used this value and effectively showed that the value of
7.9 SNU of Bahcall et a1. [11] should be reduced by 13% to
6.9 SNU from this cause alone.

The second major problem is that at the crucial lower
energies, below 400 keV, there are only two series of
experimental results and as shown in fig. 4(b), these two disagree
violently, there being no overlap of the data points. Up to now,
the convention has been to take the average assuming the
experiments to be of equal worth. However, the 1983 experiment
of Filippone is fully described in Physical Review C [16] and
seems a carefully performed experiment with many corrections
made, whereas the experiment of Kavanagh et a1. [17] was
performed much earlier in 1969 and is referred to in 12 lines of
an abstract in the Bulletin of the American Physical Society so
that it is difficult to judge the experiment. Now from compiling



thousands of cross sections for CERN/HERA reports, we have
found that, over a fourteen year period, experimental methods
and corrections change appreciably so that, when there is a large
discrepancy, it is normal that the later experiment has learnt from
the much earlier one and in time will prove to be more accurate.
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Furthermore, the convention adopted in the Particle Data Group
compilations [l8l is to exclude data which are not reported in
refereed journals. Hence only the Filippone values should be
used, again lowering the cross section and hence the neutrino
flux.

Recently, Johnson et al. | l9| have studied “The Fate of 7Be in
the Sun”. They conclude that it is necessary to extrapolate to
317(0) using s and d waves. They use other selection criteria to
conclude that the Bahcall SSM neutrino flux should be reduced
by 8%, whereas taking only the Filippone results and their
extrapolation would lower the flux by |7% or l.3 SNU to give
6.5 SNU. Taking two further factors into consideration (proton
stopping power and 7Li ((1, p) 8Li cross section), Barker and
Spear |20| lowered the flux by 30% or 2.4 SNU to 5.5 SNU. As
the I982 Bahcall value I2l] was 19% higher than his [988 value,
it may be seen that the uncertainty is large.

Thus, the situation is very unsatisfactory and it would be
good if one or more experiments be performed to measure this
important and controversial cross section.

It should be noted that the measurements are not easy since as
shown in fig. 4(0), the cross section falls very steeply with energy
and is only 3 nb at the lowest energy reached of 117 keV,
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A further point should be made: since the two experiments
disagree substantially, the error taken on the average should be
large enough to take this into account, but it seems “typical”
errors, which are smaller than averaged errors, have sometimes
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been taken. To take an extreme example, it one value is 30 i- l
and the other It) i 1 then taking a “typical” error would give
20 i I while a more conventional averaging is closer to
20 i 10 i 1. This needs careful checking.

Thus, the theoretical neutrino flux should be appreciably
reduced and the errors increased.

3.3 Other SSM experimental problems
It has been said that the SSM should fit ALL data. However,

it may be pointed out that there are some other problems:
— the abundance 0f7Li at the surface is 1% of that calculated,
— the abundance of 9Be at the surface is half of that calculated,
— the abundance of 3He has a small excess over that calculated,
~ a helioseismology result I22] is in 8 sigma disagreement with

the calculation of Bahcall et al. [l I].
It is interesting to note that 7Li and 9Be burn at temperatures

of 2.5 and 3.5 million K which is just inside the radiation zone.
Lebreton and Maeder [23] have suggested that there is
appreciable diffusion in the convection zone and there is “over-
shooting” into the radiation zone; this would allow the 7Li and
9Be to burn and would also explain the small 3He excess as it is
produced in the radiation zone.

3.4 Assumptions in the SSM
Among the main assumptions are: no rotation, no magnetic

field, no diffusion (neither turbulent or steady state), no over-
shooting, n0 hydrodynamic convection, but spherical symmetry.

- Rotation: the sun rotates in 25 days at the equator and 35
days near its poles. When the sun was born from the large cloud
of the protostar, it was probably like a T Tauri with a disk; so it
was then a fast rotator and would accrete from its disk. This
would burn up 7Li. It would slow down losing angular momen-
tum with its solar wind (the solar wind is now very small, E44
Mo per year). Thus, there is some small amount of residual
rotation whose proportion inside the sun is unknown though
probably small.

- Magnetic field: there exists a magnetic field which is
evidenced by the sunspots observed. The solar dynamo is
complex and non-linear.

° Diffusion: as explained above, diffusion can explain the 7Li
and 9Be disagreements with the SSM. The amount of diffusion in
recent eons can be tested by studying 3He; it is created in the
radiation zone and burnt in the core zone so that it is expected to
have a maximum at a radius of 0.3 R0. If there were appreciable
diffusion in the radiation zone then the amount of 3He at the
surface would be much bigger.

- Overshooting: in general boundaries between zones are not
sharp as assumed, and evidence for this is given above.

. Calculations in the convection zone: due to the small
number of pieces of input data used, the SSM can assume only
one mixing parameter for the convection zone although there are
many complex factors operating in the convection zone, such as
the giant cells and small ones, the tubes 01‘ magnetic flux, etc.

4. Helioseismology
The sun is a resonant cavity with some ten million modes of

which several hundred thousand have been measured. At present
they are best observed as acoustic p waves, where [2 stands for
pressure with a five minute period, which are measured to one
part in ten thousand (later it is expected that the g waves, where g
stands for gravity, will be very useful).

With these very accurate measurements [24L it is possible to
do inversion calculations which allow the pressure and tem—
perature to be established at different radii. These calculations
give a lower central temperature than the SSM. This type of work
is very recent and clearly will become more and more important
as it gives a totally independent way of studying the sun.
However, it is sometimes wise to wait until a field matures, so the
helioseismology results have not been used in this comparison of
theoretical calculations and experiment.

5. Many SSM calculations
There is a tendency in the particle physics community to

consider that there is only one evolutionary model calculation and
this is called the SSM calculation, but in fact there are many
evolutionary model calculations. Of these two are outstanding:
(a) Bahcall and co—workers [1.11];
(b) the French—Belgian Collaboration of Turck-Chieze et al. [5].

Although these calculations were initially independent, they
agree very well, e.g. some respective values are:

Bahcall
Central temperature 1.56
Central density 148 147.2 g cnr3
Central pressure 2.29 2.27 E'7 dynes s—'
Gallium neutrino rate 132 125 SNU

Turck—Chieze
1.55 E7 K

But 37Cl neutrino rate 7.9 5.8 SNU
with one sigma errors 0.87 1.3 SNU
or as percent 1 1% 22%

From all the preceeding discussions, it is clear that the
estimate of the neutrino flux for chlorine and its error, using an
evolutionary model needs some reevaluation. After applying the
modifications discussed above, it may be estimated that both of
these SSM calculations give values that are close to 5 SNU and
the errors on the 37C1 rate are ~ 30% or more. However, it is
important that a new full calculation be done to give a more



precise estimate, though it is likely that the error will always be a
guesstimate because of the many uncertainties and approxi—
mations. It will be noted that this value of 5 i 1.5 SNU is less
than one standard deviation from the Kamiokande value.

6. Experiments
The experiments are of two types. Firstly, the observation of

Cherenkov light by arrays of photomultipliers from electrons
which are scattered forwards by neutrinos. Secondly, extraction
or radiochemical experiments where neutrinos convert a few
atoms of the target to another element and these atoms are
extracted and their decays are counted.

6.1 Water Cherenkov detector — Kamiokande
The Kamiokande Experiment is run by a large powerful,

well—funded group. They do many careful calibrations and their
experiment and results are well and fully described.

The basic process is neutrino scattering of electrons which
then give Cherenkov light which they detect.

The most important point about their experiment is that they
measure TWO quantities at the same time; firstly a count and
secondly the direction of the electron relative to the sun‘s
direction. A clear peak can be seen in fig. 5 in the direction of the
sun and the excess in that direction is then taken as coming from
solar neutrinos. If they did not have that directional measurement,
then their experiment would not be useful.
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Counts of the Kamiokande detector plotted against the angle of the election to the
sun's direction [3|.

Assuming the value of 5 i 1.5 SNU, then their measurements
are less than one standard deviation from the theoretical value.

It should be noted that in their 1040 days of operation as
Kamiokande 11, they counted an excess of ~ 100 events (with
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corrections this becomes about the 165 counts shown in the
plots). This implies that they count about one event per 10 days
or 35 events per year. it is intended to increase this counting rate
by building the SuperKamiokande detector which will have a
total mass of water of 32 000 t instead of the 3000 t now.
Kamiokande 111 is now taking data and the cold tusion cells of
Steve Jones et at. near the centre do not seriously affect the
performance as the volume is so large.

6.2 Extraction of 37Ar from 37Cl, Davis et al.
Since 1967 Davis and co—workers performed a pioneering

experiment by extracting 37Ar from a tank of 615 t of tetra—
chloroethylene C2Cl4. This contains some 121 or 141 tons 01 37Cl
quoted as 2.3 X If)30 atoms 01‘37Cl.

The 37Ar decays by electron capture. The hole in the K shcll
can give an Auger electron of 2.8 keV. The counter of 0.5 cm3
volume is designed to measure this electron. The half-life of the
decay is 35 days.

There are two crucial dates in this experiment begun in 1967:
(a) In 1970, it was decided to Lise the rise time of the pulse as it

should be shorter for a decay which is localized in the
counter, than for a traversing cosmic ray background particle.
The data before 1970 were subsequently not used.

(b) For one and a half years in 1985—1986, the two pumps had
broken down and measurements were stopped until new
pumps could be installed.
A typical run lasts 50 days and after extraction the counting is

continued for 260 (lays. For the period 1970 to 1984. the data
were analyzed to give 339 counts of 37Ar and 435 background
counts [25], this gives an 37Ar uncorrected counting rate of one
per 15 days or 24 counts per year for this period. comparable with
Kamiokande.

As this gives ~ 5 counts per run on average, ultra-low level
statistical analysis is required and this is described by Cleveland
[26] where Poisson statistics and maximum likelihood methods
are required. It should, however, be observed that in the graphs
published there seem to be an abnormal number of runs with zero
or one count. It should be noted that in the method of analysis
negative values are not allowed and since these could easily occur
by statistical fluctuations, this could affect the result.

Now a major point made earlier was that counts alone are not
convincing, it is better to have a second measurement. In the case
of chlorine this could be the observation of a decay half—life of 35
days characteristic of 37Ar.

When the Kamiokande II data were presented in five intervals
of time, it can be seen in fig. 6 that there was excellent agreement
with the Chlorine Experiment for four of the five intervals. If one
takes the first two intervals, chlorine runs 92 to 100 (Le. from
1987.0 to 1988.4), then the Chlorine Experiment found a rate of
3.6 SNU, in agreement with Kamiokande [25] and furthermore
the time distribution of the decays [27] shown in fig. 7(a), gives a
half-life of the order of 35 days. However, the low interval of the
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Chlorine Experiment is runs [01 to 104; the time distribution for
these four runs is not available, but it is for the 5 runs 101 to 105
and as can be seen in fig. 7(b), this shows rather a longer half—life.
This would seem to suggest that when a 35—day half-life is
observed, a neutrino rate equal to that observed by Kamiokande
is found, but when this important 35-day indicator is absent, a
very low counting rate is observed.

This important consideration should be checked by grouping
runs over one to two year periods to see if the 35 day half-life is
observed. Similar analysis can be made using the 2.8 keV peak
expected in the energy spectrum and this is clearly observed [27]
for the combined runs 92 to 100 but very much less for the runs
l01 to 105 (note run 105 has a high flux).

It is interesting to compare the Chlorine results for various
time intervals with possible expected values:

5 i 1.5 SNU
0.46 X 7.9 = 3.6 i 0.6 SNU

Proposed SSM value
Kamiokande value, approx. [25]

Reported Chlorine results:
1972 upper limit [28]
1970—1984 [29]
1986—19882 [30]
1987.0—1990 [3]

< 1 SNU
2.05 i 0.3
3.6 i 0.7

4 high periods (~ 3.6 SNU) and one low

(note that if one takes the whole period 1970 to 1990, the average
is only 2.3 i 0.3 SNU and this conceals the possible step up at
1986 when the experiment was restarted).
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Possible conclusions are:
Until the pump failure, the rate was low, 2.05 SNU. After the
restart, the rate was high (3.6 SNU) except when the 35 day
half-life was not clearly observed. It would be interesting to
know if during the 18-month wait until the new pumps were
available, whether the physicists used the time to improve the
counters or other parts of the experiment.
It is suggested that results of counts should only be published
when that set of counts shows clear evidence of a 35-day
decay half-life.
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6.3 Gallium Experiments
There is a tremendous advantage in using gallium as a target

for the solar neutrinos in that low—energy neutrinos can also
convert the 7'Ga to 71Ge. With the Kamiokande and Chlorine



Experiments only the higher—energy neutrinos can be detected
and they come from rare processes that are peripheral to the main
pp fusion reaction that gives most of the solar neutrinos. Hence
the argument is often used that by measuring with gallium the
basic mechanism of the sun's burning is being tested and any
disagreement with theory would be much more serious than a
disagreement observed in a peripheral process. There are two
large Gallium Collaborations: the SAGE, at Baksan, USSR and
the Gallex Collaboration which is installed in the Gran Sasso
tunnel, Italy. Both had 30 t of gallium; the SAGE Experiment has
now started running with 60 t. The SAGE Collaboration uses the
gallium as a metal while Gallex has it as a chloride GaC13; this
implies different extraction procedures.

The 7lGe decays by capture of an electron from an inner K,
L, shell. The half-life is 1 1.4 days. The energy of the K shell is
10.37 keV which should be easy to measure, but it is much less
for the L and M shells, being 1.3 and 0.16 keV respectively.
However, of the 88% captures that go by the K shell, only 41.5%
give an Auger electron while the other 46.5% go by emission of
X-rays plus a low—energy (1.12 to 0.11 keV) Auger electron
which are difficult to detect.

(a) The SAGE Experiment
The SAGE Experiment uses a 0.7 cm3 proportional counter

and a NaI detector in coincidence for the X-rays. However, they
say that they can only measure the Auger electrons of 10.37 keV
from the K shell; this means they are only measuring 41.5% of
possible decays. Taking into account the extraction efficiency,
counter efficiencies and 7Ge atoms decaying before being
extracted, the counting rate should be about one event per 10
days, that is about the same as for the Kamiokande and the
Chlorine Experiments.

Runs lasted from 19 to 42 days and counting results have
been shown for 26 to 96 days after. The five runs made in 1989
were rejected (the December run because a four-day half-life was
observed corresponding to radon). Of the 1990 runs, five were
accepted and three rejected.

In fig. 8 are shown the graphs presented [4] for four of the five
accepted months and a drawing of the other month where one count
was observed on the first day and then no further counts were
recorded. The number of SNU for each month is given (the total
gives 20 SNU quoted in sect. 1), it is calculated on the assumption
that there is a constant background and an exponential decay with a
half-life ”c of 11.4 days. It may be noted that there is no indication
of such a 11.4 day half-life; this is shown by the markers ‘c, 21 and
31: for 11.4, 22.8 and 34.2 days. If one adds the data for all five
months together, there is no indication of an exponential decay, in
fact the data have a small negative component.

The major worry is that the few atoms of germanium
produced are lost in the long extraction process. If this were so,
then one might expect by statistical fluctuations some positive
and some negative SNU values, however, since the program

D R 0. Moiiison

considers negative values to be unphysical and these are put to
zero SNU, what one should expect would be equal numbers of
zero and positive values giving linally a small positive result and
this is what is observed. An attempt has been made to test direct—
ly if germanium is lost or reaches the counter by bringing a
200 000 cuties neutrino source to the gallium, but was un—
successful. It is intended in the Fall 01 1992 to take a stronger
source, one million curies, whose neutrinos will irradiate the
gallium and the resultant germanium will be extracted and
counted. This is a crucial test and it is wiser to wait for this result
before drawing conclusions.

(b) The Gallex Experiment
The Gallex Collaboration has now started to take data in the

Gran Sasso tunnel. They say they will not announce any results until
they have done all calibrations and tests.

(c) Possible conclusion
As for the Chlorine Experiment, it is suggested that results

only be presented when sufficient statistics have been accu—
mulated to confirm that the counts come from 7|Ge, for example
by observing the 1 1.4 day half-life.

7. Solar cycles
The variability of the rates from runs of the Chlorine

Experiment has been noted by several authors who suggest that
there is a correlation with solar cycles.

The most complete investigation of this question has been
that reported by Filippone and Vogel [31] who took all the data,
not a selected sample, and analyzed them with Poisson statistics
as befits low statistical data. They found the best fit was obtained
with a cycle of 4.5 years. However, the most popular fit
suggested is with the inverse of the sunspot activity. They found a
probability of 3.9% for a constant flux while assuming there was
also a correlation with (sunspot number)—I increased the
probability to only 8.3% which seems a small increase con-
sidering the extra free parameters.

When the chlorine results are taken for the period after the
restart in 1987, no significant effect is seen if one excludes the
one bin during which no 35-day half—life was observed.

It is suggested that no conclusion on any possible correlation
be drawn until the runs have been grouped to show the 35—day
half-life. The Kamiokande II Experiment does not show [4] any
fluctuations during a period when the sunspot activity was
varying sharply. Further dividing the data into night and day, or
by seasons, as has been suggested, also does not show any signif-
icant variation. The new Kamiokande 111 data confirm the
absence of any variation with sunspot activity and the results for
the combined data is shown in fig. 9.

The overall conclusion is that there is no significant evidence
for any variation of the solar neutrino flux with any solar cycle.
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8. Conclusions
The evolutionary (SSM) makes a number of assumptions, has

many input values which have and should change appreciably
giving lower SNU values; however, the model is robust and
broadly satisfactory. The overall conclusions are that solar
neutrinos have been measured and that the rate for higher—energy
neutrinos is in agreement with evolutionary model calculations.
Definitive results for lower—energy neutrinos are awaited. There
is no significant evidence that could, at the present time, be
interpreted as requiring New Physics.

The sun is the only star near us and it is a tremendous laboratory
that is vital for understanding stellar evolution. It is important that a
wide variety of experiments be performed to study the sun.
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