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Abstract

The present status of experimental solar neutrino research is reviewed. Up-
dated results from the Homestake, Kamiokande, GALLEX and SAGE de-
tectors all show a deficit when compared to recent standard solar model cal-
culations. Two of these detectors, GALLEX and SAGE, have recently been
checked with artificial 51Cr neutrino sources. It is shown that astrophysical
scenarios to solve the solar neutrino problems are not favoured by the data.
There is hope that the results of forthcoming solar neutrino experiments can
provide the answers to the open questions.

1. Introduction

Experiments which can observe the neutrinos produced in the fusion reactions in the interior

of the Sun provide the only direct way to test the theories of energy generation in stars. A

second motivation arises from particle physics: solar neutrino experiments may be the only way

to obtain information on neutrino properties which reveal themselves only over astronomical

distances between neutrino source and detector.

The spectrum of solar neutrinos produced in the proton-proton reaction chain as pre-

dicted by Standard Solar Models (SSM) is displayed in Figure 1 along with the energy thresh-

olds of the running experiments (see below), gallium (Ga), chlorine (Cl) and Kamiokande

(K). Table 1 gives the fluxes of the different solar neutrino sources according to the SSM of

Bahcall and Pinsonneault [1] (BP 95). Other SSMs have been calculated by Turck-Chieze

and Lopes [2] (TCL) and by Dar and Shaviv [3] (DS). The resulting fluxes for the pp, 7Be

and 8B neutrinos predicted by these models are listed in Table 2 along with the values of the

BP 95 SSM [1]. The table also includes the predictions from an earlier SSM of Bahcall and

Pinsonneault [4] (BP 92), because in the past this model has often been used as a reference

model. Differences in the neutrino fluxes predicted by the various models are small for the



26

Table 1; Solar neutrino fluxes and capture rates for the Chlorine and Gallium detectors [1].

Neutrino source and

energy [MeV]

PP < 0.42

pe~p 1.44

7Be 0.38, 0.86

8B < 15

3He p < 18.77

13N < 1.20

15O < 1.73

17F < 1.74

Total

Flux at earth

[lO^cm^sec-1]

5.91

0.014

0.515

0.000662

1.21-10"7

0.0618

0.0545

0.000648

6.56

Production

37C1 experiment

—

0.22

1.24

7.36

0.005

0.11

0.37

0.005

9.3

rate [SNU]

71G a experiment

69.7

3.0

37.7

16.1

0.01

3.8

6.3

0.06

137

pp neutrinos (a few percent), 20 to 35 % for the 7Be neutrinos, and up to a factor of two for

the 8B neutrinos. This is mainly due to different choices on some of the solar model input

parameters, especially the astrophysical S17 factor (see Dar [5]).

Four solar neutrino detectors have been in operation during the past few years: the

Table 2; Solar neutrino fluxes and capture rates for different Standard Solar Models.

Solar Model

Reference

pp flux (1O10

7Be flux (109

8Bflux (106

37C1 signal

71 Ga signal

Kamiokande

cm~2s~x

cm-2s-1

cm s

[SNU]

[SNU]

signal

)

)

)

BP

6.00

4.89

5.70

8.0

132

=

[4]

±

±

±

±

±

1.

92

0.12

0.88

0.82

1.0

7

0

TCL

[2]

6.02

4.33

4.4 ± 1 1

6.4 ± 1.4

122.5 ± 7

0.77 ± 0

0

19

BP

[1]

5.91 ±

5.15 +

6.62 1

Q Q +

137 +

1.16 1

95

0.06

0.31
0.36

1'13
1.2
1.4

8
7

0.16
0.20

DS

[3]

6.10

3.71

2.49

4.1 ± 1.2

115 ± 6

0.44



27

o
x

O
c

3

J2
O

CO

o<u
CO

I

o

I
c
o
o

1010r

108 r

106 r

10*

1 • 1 1 1 .

. . . . 1 . '

:Ga
r—N

Cl

pep

K ;

0.1 1.0 10.0

Neutrino Energy [MeV]

Fig. 1: Energy spectrum of solar neutrinos produced in the pp chain. The vertical
dashed lines indicate the energy thresholds for the Gallium (Ga), Chlorine (Cl)
and Kamiokande (K) experiments.

Homestake radiochemical detector utilizing neutrino capture in chlorine, the Kamiokande
water Cherenkov detector and two radiochemical experiments based on neutrino capture in
gallium, GALLEX and SAGE. Section 2 provides updated results from all four experiments.
Results on the 51Cr neutrino source experiments which recently have been performed for
GALLEX and SAGE are reported in section 3. Section 4 compares the experimental results
with the solar model predictions and discusses possible reasons for the observed discrepancies.
Finally, the status of the upcoming new solar neutrino experiments is presented in section 5.

2. Results of running or stopped experiments

2.1 Homestake detector

The Homestake radiochemical chlorine detector [6,7], located at the Homestake gold mine at
a depth of 1480 meters underground (4200 ±100 meters water equivalent) in Lead, South
Dakota (USA), is based on the neutrino capture reaction 37Cl(i/,e~)37Ar (Ti/2 = 35 d). The
threshold for this reaction is 814 keV. After an exposure time of 1 to 3 months, the 37Ar
atoms are extracted from the target liquid (615 tons tetrachloroethylene, C2C14) and counted
by observing their radioactive decay in a proportional counter.

The 37Ar production rate measured in 108 individual runs (runs 18 to 133) covering the
time period from 1970 to 1994 is plotted in Figure 2 [7]. The rate averaged over these 108
runs is [2.54 ± 0.14 (stat.) ± 0.14 (syst.)] SNU (1 SNU = 1 neutrino reaction per second in
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Fig. 2: Results of 108 individual runs from the Homestake experiment. The filled
rectangle labeled "combined" represents the production rate averaged over all
108 runs (from Cleveland et al. [7]).

1036 target atoms). This is considerably lower than the SSM predictions: almost a factor of
4 if compared to the BP 95 model, and still a factor of 1.6 if compared to the DS model (see
Table 2). This implies that the flux of 8B neutrinos which give the overwhelming contribution
to the Cl detector signal (see Table 1) must be smaller than the SSM predictions, a fact which
has long been known as the "Solar Neutrino Problem" (SNP).

2.2 Kamiokande detector

Since 1987 there exist experimental data from a second experiment, the Kamiokande detector
located in the Kamioka mine in Japan [8,9]. This experiment measures the Cherenkov light
emitted by relativistic electrons produced in elastic collisions between solar neutrinos and
electrons in the inner fiducial 680 tons of a large tank filled with a total of 2180 tons of water.
For background reduction, the threshold has to be set to a rather high electron recoil energy
(7.0 MeV total electron energy), therefore the detector is sensitive only to the upper end
of the 8B neutrino spectrum (see Figure 1). After 1043 days of data taking, solar neutrino
measurements were interrupted in 1990 for 9 months (end of Kamiokande-II) in order to
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replace dead photomultipliers, to implement new electronics and to add reflective mirrors for

better light collection. Data taking was resumed in December 1990 (start of Kamiokande-III).

Since then the detector monitored the solar 8B neutrino flux for an additional 1036 days. Solar

neutrino data taking ended in February 1995.

Figure 3 depicts all Kamiokande II and III data (10 periods with a cumulative live time

of 2079 days) [9]. The average 8B neutrino flux, when expressed in units of the BP 92 SSM

[4], is [0.492 ± 0.033 (stat.) ± 0.060 (syst.)], or if expressed as an absolute flux: (2.80 ± 0.39)

x 106 cm"2 s"1. This result is more than a factor of 2 lower than the BP 95 prediction [1],

but in agreement with the DS model [3] (see Table 2).

2.3 GALLEX detector

The radiochemical GALLEX detector [10,11], located at the Gran Sasso Underground Labora-

tory in Italy, is based upon neutrino capture in gallium, i.e. on the reaction 71Ga(fe,e~)71Ge.

The energy threshold (233.2 keV) is well below the maximum energy of the pp neutrinos, 420

keV (see Figure 1). 71Ge decays back to 71Ga by electron capture with a halflife of 11.43 d.

The last column of Table 1 lists the gallium detector capture rates for the different solar

neutrino sources according to the BP 95 SSM [1]. The total rate of 137 SNU is dominated

by 73 SNU from the pp and pe~p neutrinos resulting from the basic fusion reaction in the

pp chain. Predictions by the two other SSM calculations give slightly lower values, 115 SNU

(DS) [3] and 122.5 SNU (TCL) [2], respectively (see Table 2).

The experimental procedure for GALLEX is as follows. 30.3 tons of gallium in form of a
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Fig. 4; Results of 53 individual GALLEX runs obtained in the data taking periods
GALLEX I, II and III [11].

concentrated GaCl3-HCl solution are exposed to solar neutrinos. In GaCl3-HCl solution, the

neutrino induced 71Ge atoms (as well as the inactive Ge carrier atoms added to the solution

at the beginning of a run) form the volatile compound GeCLi, which at the end of an exposure

is swept out of the solution by means of a gas stream (nitrogen). The nitrogen is then passed

through a gas scrubber where the GeCU is absorbed in water. The GeCLi is finally converted

to GeEU, which together with xenon is introduced into a proportional counter in order to

determine the number of 71Ge atoms by observing their radioactive decay.

The results of 53 individual GALLEX runs corresponding to the data taking periods

GALLEX I, II and III axe plotted in Figure 4. Since in a single run on the average only 4.5

solar neutrino events are observed, there are rather large statistical fluctuations from run to

run. If all 53 runs are combined, a 71Ge production rate of [69.7 ± 6.7 (stat.) +3.9/-4.5 (syst.)]

SNU is obtained [11] (data point labeled "combined result" in Figure 4). This is between 51

and 61% of the SSM predictions and accounts just for the pp neutrino flux alone (see Tables

1 and 2).

2.4 SAGE detector

The second gallium solar neutrino experiment is carried out by the Russian-American SAGE

Collaboration [12,13]. Their detector uses gallium in its metallic form (melting point 29°C).

Except for the first 8 runs in which 27 tons were used, the total available amount of gallium is

57 tons. The SAGE detector is located in the Baksan Neutrino Observatory in the Northern
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Caucasus mountains at a shielding depth of 4715 meter water equivalent. Apart from the

first additional step employed in the chemical extraction (in which germanium is removed

from the gallium metal by a liquid-liquid extraction into a HC1-H2O2 phase) the experimental

procedure in SAGE is very similar to that of GALLEX (see section 2.3).

Initially, SAGE reported rather low 71Ge production rates, see for instance Figure 3 in Ansel-

mann et a!. [14]. On the other hand, the most recent SAGE average [13] based on 31 individual

runs (see Figure 5) is [72 +12/-10 (stat.) + 5 / - 7 (syst.)] SNU which is very in good agreement

with the GALLEX result reported above.

2.5 Molybdenum experiment

A few so-called geochemical solar neutrino experiments have been suggested in the past [15].

A large amount of a natural ore or salt deposit exposed to solar neutrinos over geological

time scales is used as a target for this kind of neutrino detectors. One of these geochemical

experiments has actually been carried out [15]. It is based on the neutrino capture reaction
98Mo(t/e,e-)98Tc' -+ 98Tc (halflife 4.2 x 106 a). The effective threshold is 1.74 MeV. Of

the order of 108 solar neutrino induced 98Tc atoms have been separated out of 40,000 tons

of molybdenite ore from the Henderson mine in Colorado (USA). The 98Tc atoms have been

detected as TcO4~ by negative ion mass spectrometry. The 98Tc production rate expected from

the 8B neutrino flux of the BP 95 SSM is about 20 SNU [1,27]. Unfortunately, the measured
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signal was about three times this value which probably was caused by a contamination of the

ore processing installation with cosmic ray produced 98Tc [16].

3. 51Cr neutrino source experiments

The radiochemical solar neutrino detection method is based on the removal of a few neutrino

induced atoms from large quantities (of the order of 100 tons) of target material. This corre-

sponds to separation factors of the order of 1029 ! There has always been some skepticism about

whether such a separation is indeed possible with a high and sufficiently well known efficiency,

even though numerous tests have been performed in the various radiochemical experiments

without any evidence for problems in this respect.

The most straightforward check, however, is the exposure of a radiochemical solar neu-

trino detector to an artificial neutrino source with known intensity and neutrino energy. Such

a demonstration of the reliability of the radiochemical method has recently been performed

for GALLEX and SAGE. In both cases an intense man-made 51Cr neutrino source has been

produced. 51Cr decays with a halflife of 27.7 days by electron capture to the ground state

(90.14%) and to the first excited state (9.86%) of51V, which subsequently decays by emission

of a 320 keV 7 ray to the ground state. Because of the L/K electron capture branching, there

are in total four monoenergetic neutrino lines produced in the 51Cr decay: 746 keV (81%),

751 keV (9%), 426 keV (9%) and 431 keV (1%).

3.1 The GALLEX 51Cr source experiment

GALLEX has performed two 51Cr neutrino source experiments [17,18], the first one between

the solar neutrino data taking periods GALLEX II and III, the second one after GALLEX III

(see Figure 4). The sources have been produced in the Siloe reactor, Grenoble (France), by

neutron irradiation of 36 kg chromium powder enriched to 38.6% in the isotope 50Cr. Source

strengths of 62.5 PBq for the first and 68.7 PBq for the second source have been achieved.

These source activities are equivalent to production rates of 1310 and 1440 SNU, respectively.

The results are expressed in terms of R, the ratio of the 71Ge production rate measured

with the 51Cr source to the rate expected from the known source strength. This ratio R

came out to be 1.00 ± 0.11 for the first experiment (11 individual extractions). A preliminary

value for R obtained in the second source experiment (7 individual extractions) is 0.83 ± 0.10

[18]. The combined fit for both experiments gives R = 0.92 ± 0.08. This result provides an

overall check of the GALLEX detector. Unknown systematic errors on a level of 10% or larger

are excluded. It follows that the solar neutrino deficit measured with GALLEX (section 2.3)

cannot be an experimental artefact.
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3.2 The SAGE 51Cr source experiment

The 51Cr source used in SAGE has been produced by neutron irradiation of 510 g chromium
rods (enriched to 93% in the isotope 50Cr) in the fast breeder reactor in Aktau, Kazakhstan.
The source was placed for 5 months into a tank containing 13.1 tons of gallium metal. A
source strength of 19.1 PBq was obtained, this corresponds to a production rate of 3700 SNU
[13]. The ratio R, the 71Ge production rate directly measured with the source relative to the
rate expected from the source strength was determined in 8 individual exposures. The result
is R = 0.95 ± 0.11 [13]. This demonstrates also for SAGE that the observed deficit in the
solar neutrino measurements cannot be attributed to unknown problems in the the detector
performance.

4. Interpretation of the data

4.1 Time variations of the solar neutrino flux

The rate given for the Homestake detector in section 2.1 is a time-averaged rate, yet it has been
speculated (see for instance [6]) that the individual data are not randomly distributed in time
but exhibit an anticorrelation with the eleven-year sun spot cycle. Spin precession for Dirac
neutrinos [19] or spin-flavour conversion for Majorana neutrinos [20,21] with a large magnetic
moment (//„ > 10~n/XBo/ir) in the time-dependent magnetic fields of the solar convective zone
have been proposed as explanation for such a time variation. However, the significance for this
anticorrelation in the Homestake data has decreased since 1989 (see Figure 2 in [6]). Some
authors have tried other parameters as indicators of the solar activity, for instance the intensity
of the green coronal line [22] or the solar wind flux [23]. On the other hand, Kamiokande [9]
and GALLEX [11] do not show a dependence of their signal on sun spot numbers. The final
answer to this question must come from experiments with higher statistics, such as Super-
Kamiokande [9] (see section 5.1).

4.2 Astrophysical solutions

As mentioned in section 2, all four solar neutrino experiments show substantial deficits in the
observed signal if compared to recent SSM calculations. The largest of these deficits exists
for the Homestake detector, a fact which is well known since more than 20 years (SNP).
There have been many attempts to construct so-called non-standard solar models which in
most cases were tailored to yield a lower core temperature, thus resulting in a much lower
8B neutrino flux (see Dar [5]). However, recent improvements in the field of helioseismology
exclude this possibility, since measurements of the oscillation frequencies of the sun are in very
good agreement with the predictions from SSMs [24].

Even more difficult to resolve with non-standard solar models (see below) is the fact that
there is no room for a sizeable 7Be neutrino contribution in the measured signals. This so-
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Table 3; Combined x2 fit for 7Be and 8B neutrino fluxes (see text).

Experiments

included in the fit (a)

H K
H G
H G S
K G
K G S
H K G
H K G S

Percentage of cases

(6)
5.4
3.1
1.9
2.1
1.2
0.7
0.5

(c)

0.6
0.1

< 0.1
< 0.1
< 0.1
< 0.1
< 0.1

8Bflux

(d)

0.39 ± 0.03
0.37 ± 0.03
0.36 ± 0.04
0.48 ± 0.07
0.47 ± 0.07
0.39 ± 0.03
0.39 ± 0.03

(a) H = Homestake, K = Kamiokande, G = GALLEX, S = SAGE
(b) best fit yields a non-negative 7Be flux
(c) best fit overlaps with solar model region (see Fig. 6)
(d) in units of the BP 92 SSM

called "7Be problem", has been realized a few years ago from the gallium detector results when
their statistical errors (especially that of the GALLEX result) became sufficiently small [10]. It
should be noted, however, that the 7Be problem in principle became apparent already in 1990,
see the comparison of the Homestake and Kamiokande results with solar model calculations
[25].

There have been a large number of publications in the past few years in which the
experimental solar neutrino data have been confronted with possible astrophysical solutions,
see for instance Hata et al. [26]. We apply here a similar and rather straightforward procedure
in order to extract information about the fluxes of the different solar neutrino sources from
the updated experimental results by performing a x2 minimization. The expected signals for
each of the solar neutrino detectors are calculated as a function of the solar pp, pep, 7Be
and 8B neutrinos fluxes and then compared to the measured values. The neutrino fluxes are
chosen by a Monte Carlo technique, with no constraints from solar models except that the
resulting energy production in the sun is required to be consistent with the observed solar
luminosity (luminosity constraint, see Bahcall [27]) and that the pp-pe~p branching in the
starting reaction of the hydrogen fusion chain is the same as given in SSMs. Errors of the
experimental results as well as of the neutrino reaction cross sections are properly taken into
account. The CNO branch is set to zero, since any CNO cycle contribution to the energy
production in the sun would exaggerate the 7Be neutrino problem.

The results are presented in Figure 6 and in Table 3. Figure 6 displays the predictions
for 7Be and 8B neutrino fluxes of about 130 solar models (standard and non-standard) which
have been published over the last 25 years (open circles). The SSMs mentioned in section 1
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(labeled BP 95 [1], TCL [2] and DS [3]) are indicated by solid circles. All fluxes are expressed
in units of the BP 92 model [4]. Note that because 7Be and 8B neutrinos are produced by
either electron or proton capture on the same nucleus (7Be ), their fluxes are related to each
other. This leads to the fact that there are no models located to the left of the dashed line
in Figure 6. There has been an attempt titled "Last hope for an astrophysical solution to
the solar neutrino problem" by Berezinsky et al. [28] to construct solar models to the left of
the dashed line in Figure 6 (using non-standard values for the astrophysical S33, S34 and S17
factors), without success. The last sentence in their paper reads: "Thus, the last hope turned
out to be a no-hope case".

The x2 minimizations presented here lead to the same conclusion: the measured data
do not favour an astrophysical solution to the solar neutrino problems. The best fit including
all four experiments (indicated in Figure 6 by the solid square) is far away from any realistic
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solar model prediction and yields zero for the 7Be neutrino flux and (2.2 ± 0.2) x 106 cm~2s~1

for the 8B neutrino flux (equivalent to 39% of the BP 92 SSM flux [4]). The error ellipses

around the best fit include 90% (solid line) and 95% (dotted line), respectively, of all MC

simulations. Table 3 summarizes the results of the different x2 minimizations, in which the

data of 2, 3 or all 4 experiments are used. The best fit for the 7Be neutrino flux is in all

cases zero, whereas the 8B flux comes out between 36 and 48% of the BP 92 SSM [4] (last

column in Table 3). The percentage of cases in which the best fit reaches into the region of

standard and non-standard solar models, i.e. is located to the right of the dashed curve in

Figure 6, is always very small (< 0.6%, see column (c) in Table 3). If negative 7Be fluxes are

allowed in the \2 minimization, the results in column (b) are obtained: only a small fraction

of all simulations gives a non-negative 7Be flux, the overwhelming part requires negative (thus

unphysical) 7Be fluxes, indicating that the model applied does not adequately describe the

measured data. All these conclusions are virtually independent of the experiments included

in the fit, i.e. they do not change if one or even two of the experimental results were omitted

from the fit.

4.3 Neutrino mixing

The overall conclusion from section 4.2 leaves the other widely discussed solution to the solar

neutrino problems, neutrino mixing, as the more likely candidate. Here one considers especially

the matter enhanced neutrino oscillations, the Mikheyev-Smirnov-Wolfenstein (MSW) effect

(see [29-31]). If mixing is restricted to the two-neutrino case, then the expected suppression

factors (relative to the SSM predictions) for the Homestake, Kamiokande and gallium experi-

ments can be calculated as a function of two parameters, Am2 (the difference of the squared

masses of the two mixing neutrino eigenstates) and sin22# (where 0 is the mixing angle).

It is well known that there are (at the 95% confidence level) two consistent MSW solutions

for all experiments: the so-called "small angle solution" at sin220 ~ 0.006 and Am2 ~ 6x

10~6 eV2, and the "large angle solution" at sin220 ~ 0.7 andAm2 ~ 10~5 eV2 (see for instance

[29-31]).

For completeness it should be noted that there is also a solution for vacuum neutrino

oscillations which can accomodate (within error limits) the results of all four experiments [30].

In this case Am2 must be close to 10"10 eV2 (which corresponds to an oscillation length of 1.65

Astronomical Units for a 10 MeV neutrino) and mixing must be nearly maximal (sin22# ~ 1).

5. Upcoming experiments

At present, the problems with solar neutrinos are still not finally solved, though there are now

much more constraints on possible solutions than a few years ago. The final answer, especially

the decision of whether or not new physics is required to explain the measured data must

come from a new generation of solar neutrino experiments.
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5.1 Super-Kamiokande

It has already been mentioned (section 2.2) that the Kamiokande detector has stopped solar

neutrino measurements in February 1995. However, Super-Kamiokande, a 50,000 ton water

Cherenkov detector viewed by 11,2000 photomultiplier tubes, has started to take solar neutrino

data in April 1996 [9]. The anticipated fiducial mass for solar neutrino measurements is

22,000 tons, about 30 times larger than Kamiokande. With an energy threshold of 5 MeV,

the expected solar neutrino event rate is 24 per day (assuming the 8B flux observed with

Kamiokande). This much higher rate obtained with Super-Kamiokande may allow to observe

the change in the energy spectrum of the recoil electrons if the MSW effect is at work.

5.2 Sudbury Neutrino Observatory

The Sudbury Neutrino Observatory (SNO) is a 1,000 ton heavy water Cherenkov detector

surrounded by 7,000 tons of light water and viewed by 9,500 photomultiplier tubes. SNO

is presently being built in a nickel mine near Sudbury, Canada [32,33]. The acrylic vessel

for the D2O and the photomultiplier tube structure are about half completed (August 1996).

SNO intends to measure the electron neutrino content of the 8B neutrinos as well as the total

(flavor-independent) flux via their charged-current {ue + d —>• e~ + p + p) and neutral-current

{yx + d -> vx + p + n) interactions with deuterium. Solar neutrino measurements will start

in 1997.

5.3 Borexino

Borexino aims at the detection of 7Be neutrinos via neutrino-electron scattering in 300 tons

of liquid scintillator (fiducial mass 100 tons) viewed by 2000 photomultipliers [34,35]. A

measurement of the 7Be neutrino line intensity would be extremely useful since it would al-

low the unambiguous interpretation of the results from the Cl and Ga detectors. There are

huge problems concerning the radiopurity of the scintillator and its surroundings. However,

measurements with a pilot installation (Counting Test Facility, CTF) have yielded very en-

couraging results. The conceptual design of Borexino implemented in the CTF has been shown

to work. The internal activity of the liquid scintillator could be reduced from initially 600

events per day to a rate consistent with zero. Borexino is expected to be in full scale operation

in 1999.

5.4 Iodine experiment

A new radiochemical detector based on the neutrino capture reaction 127I(ive,e~)127Xe* —>• 127Xe

(halflife 36.4 d, effective threshold 0.79 MeV) is under preparation [32,36]. A pilot experiment

using 100 tons of 127I in form of a Nal solution is presently installed at the Homestake gold

mine in Lead, South Dakota (USA). The final detector size will be 1,000 tons of 127I. The

advantage of the iodine detector as compared to the chlorine detector is the higher rate (41
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SNU versus 9.3 SNU for the BP 95 SSM [1]), the larger sensitivity to 7Be neutrinos and the

much faster extraction (99% extraction efficiency in one hour) which in principle would allow

to measure a possible MSW day-night effect. On the other hand, the neutrino capture cross

sections on 127I are not well known. For instance, a measurement of the cross section for 7Be

neutrinos can be achieved only by means of an artificial 37Ar neutrino source.
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