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ABSTRACT

The Homestake chlorine detector measures the neutrino flux emitted by fusion reactions in the solar core, via
g)e reaction ’{e + 370l — e~ + 3Ar. The continuous twenty year record of these measurements indicate an average
Ar production rate of 0.49 4 0.03 per day corresponding to 2.2 £ 0.3 SNU. The v, flux appears to vary with the
11 year solar activity cycle, with higher v, fluxes during solar quiet periods and lower v, fluxes during solar active
periods. When the Homestake data is combined with the Kamiokande results, the region of overlap between the two
experiments is for an observed to predicted ®B neutrino flux ratio of about 0.4 and very little low energy neutrino
flux. If the Kamiokande resuits are corrected for MSW effects, neutral current scatterings by non—electron neutrinos,
then both the ®B and the "Be fluxes are about 1/3 of the Standard Solar Model predictions.

INTRODUCTION

For the past twenty years the Homestake chlorine
detector, 610 tons of perchloroethylene, has been en-
gaged in measuring the solar neutrino emission from
the sun. These observations:

1) provided the first experimental evidence that the
Sun generates energy by fusion reactions,

2) showed that the emitted flux of ve's is consider-

ably less than expected from the Standard Solar

Model,

indicated that the observed v, flux emitted by the
Sun appears to vary with the solar cycle, being
larger during solar minimum and smaller during
solar maximum.

These observations, together with more recent re-
sults from the Kamiokande electron scattering solar
neutrino detector and preliminary observations from
the Baksan gallium low energy solar neutrino detec-
tor, have led to the development of several very inter-
esting theoretical ideas that might account for these
observations of reduced v, flux and variation of that
flux with solar activity cycle. One general feature
of all of these suggestions is that the neutrinos have
characteristics that have never been observed in ter-
restrial experiments and that go beyond the standard
model of weak interactions.

One of these suggestions, the MSW mechanism,
proposes that a resonant conversion of ve's into an-
other neutrino flavor occurs within the Sun. A sec-
ond suggestion, the VVO mechanism, proposes that
the neutrino has a small magnetic moment and that
during periods of high solar activity there are large
magnetic fields within the Sun that extend over suffi-
ciently large regions so that some fraction of electron
neutrinos rotate their spin from left-handed to right—
handed. These right-handed neutrinos do not
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interact with matter by the standard V-A weak inter-
action and thus are not detectable in detectors that
utilize inverse beta decay processes. A third sug-
gestion, the transitional magnetic moment, combines
the MSW and VVO mechanisms by converting left—
handed ve’s into right-handed muon or tau neutrinos.

In this paper, we will:

1) provide a summary of the last two decades of
Homestake data,

2) indicate how these data correlate with solar ac-
tivity cycle,

3) compare the Homestake data with that from
Kamiokande and Baksan, and

4) provide brief summaries of the theoretical expla-
nations of these observations.

THE HOMESTAKE CHLORINE
SOLAR NEUTRINO DETECTOR

A description of this detector and tests of its op-
eration has appeared in several earlier papers [1,6,15}.
Here we will provide only a brief description, and will
focus on the data, its analysis and interpretation. The
detector, fig. 1, contains 610 tons of C9Cly. There are
2.17 x 10% atoms of 37Cl, the operative target, in the
detector. The interaction of interest is:

ve + 37C1 - e” + Ar.

The %7 Ar is removed periodically, about once every 60
days, from the detector by sweeping the detector with
a flow of helium. The helium and perchloroethylene
are thoroughly mixed by a set of 40 eductors. The
perchloroethylene is circulated through the eductors
by two large liquid circulation pumps. The circula-
tion established by these pumps insures that lig-
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FIGURE 1. A cut away view of the Homestake Perchloroethy-
lene Solar Neutrino Detector. The key features of the detector
in addition to the perchloroethylene are, the liquid circula-
tion pumps, the eductors that mix helium sweeping gas and
perchloroethylene, the condenser at the exit of the tank that
removes most of the perchloroethylene vapor from the exiting
gas, the molecular sieve that removes any remaining vapor
from the gas, the gas flow meter, heat exchanger and charcoal
trap that complete the gas cycle. In addition, there are the
reservoirs of 3Ar and 38Ar used to put the "carrier" gas into
the tank at the end of each extraction.
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FIGURE 3. The decay time distribution of the data in the
2.82 keV region shown in figure 2. The background after about
day 70 is quite flat and at a level of about 0.3 counts per 10
days per extraction. The data of the last year, not shown, is
typically a factor of 2 lower in background.
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FIGURE 2. (a) The pulse height spectrum of fast rising counts
in the proportional counter seen during the first 70 days (two
37Ar half-lives). The peak at 2.82 keV corresponds to the
Auger electrons emitted after K orbit electron capture by the
nucleus. The data from ten extractions in the period 1987—
1989 are used. The plot is normalized to a per extraction basis
so that the absolute rates can be utilized.

(b) The same plot as (a) except for the time period after day
105 (after three *"Ar half-lives). This plot is primarily of
counter background. There is no evidence of any excess in the
2.82 keV region. The absolute background rates in the region
below and above the 2.82 keV window very closely match the
rates in these regions in the early time data given in (a) above.
If the (b) plot is subtracted from the (a) plot, only a Gaussian
distribution centered at 2.82 keV remains.

llgl aMHl
;“Jwﬂiﬁwwlkhi @;é

FIGURE 4. Continuous twenty year record of 3’ Ar production
rates in the Homestake chlorine detector. These data indicate
an average % Ar production rate of 0.49 4+ 0.03 per day.



uid from all sections of the tank is uniformly swept.
The exiting gas then flows through a liquid nitrogen
cooled charcoal trap. The argon, which liquifies 10°C
higher than nitrogen, is absorbed on the charcoal,
while the helium passes through and returns to the
perchloroethylene tank[16]. In order to reduce lig-
uid nitrogen consumption, a heat exchanger is used
to cool the gas coming into the charcoal trap, while
heating the exiting gas.

After each extraction, a few tenths of a cc of ei-
ther 36Ar or 38Ar are added to the tank. The fraction
of this "carrier" gas that is removed during the next
extraction is used to determine the extraction effi-
ciency of each run. Extraction efficiencies of 90-95%
are obtained, with an average efficiency of 94%. This
efficiency is separately measured for each run by car-
rying out mass spectroscopy of the extracted gas after
all the 37Ar counting is completed.

At the end of the extraction cycle the charcoal
trap is heated and the trapped gas is swept out by
a flow of helium. The extracted gas is purged of all
reactive gases by several passes over hot titanium and
is separated from radon and any other rare gases by
gas chromatography. The remaining argon is then
put into a small proportional counter together with
some methane.

The filled proportional counter is put into a well
shielded enclosure consisting of: (1) a completely
closed copper electrostatic shield, followed by, (2) a
30 cm diameter Nal counter with a reentrant well
for the counter, followed by (3) paraffin, (4) mercury,
and (5) lead shields. Considerable effort is made to
control the materials within this shield and avoid any
radioactive contaminants. Our average background
counting rate within the 25% energy window used for
the 2.82 keV Auger signal from the decay of 7 Ar is
one count per 30 days. This average is for data since
1985, figs. 2 and 3. The best recent runs have back-
grounds of one count per 180 days, or two per year.

The proportional counter output pulse is ampli-
fied by a preamplifier located inside the copper shield,
and followed by a set of external amplifiers. The am-
plified pulse height and pulse rise time are then digi-
tized and that information together with any coinci-
dent signal from the Nal is recorded.

A set of electronic test pulses is sent through the
system several times per day and immediately after
each proportional counter pulse. These test pulses are
injected into the input of the pre-amplifier and thus
test the response of the entire amplifier and digitizer
system. In addition, a calibration of the proportional
counter with an 5Fe source is carried out every 60
days. The %Fe has a photopeak at 5.95 keV and an
escape peak at 3 keV, close to the 2.82 keV peak of
Auger electrons from the K orbital electron capture
involved in the 37Ar to 37Cl decay.
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Each extraction is counted for about one year,
about 10 ¥ Ar half-lives (35 days). The times of oc-
currence of the selected pulses (fast rising pulses in
the K electron capture energy region that are not in
coincidence with a Nal pulse) are fit to a two param-
eter distribution, an exponential decay with a 35 day
half-life and a time independent background, fig.3.
The fitting process, based on a maximum-likelihood
method, was originally designed by Bruce Cleveland
[9] and has had recent modifications by Paul Wilden-
hain. The results of this analysis together with the
mean exposure time of each extraction are given in
Table 1 and in figure 4. The last displayed extraction,
109, was acquired in March 1990. Our most recent
extraction, number 115, was carried out during the
first week of April 1991.

There is also an extensive set of plans for calibra-
tion of the Homestake 37 Cl detector and the proposed
127T detector terrestrial neutrino sources. The 3B sen-
sitivity of both 3Cl and 1?7 are being checked in a
measurement at the beam dump neutrino source at
LAMPF and an 37 Ar source, monoenergetic v, of 0.81
Mel\;7 is being considered to verify the "Be sensitivity
of **'1.

RESULTS AND COMPARISON WITH
THE STANDARD SOLAR MODEL

From the above data, we obtain an average 3" Ar
production rate of 0.49 £ 0.03 per day. A small frac-
tion, 10-15%, of this production rate is due to cos-
mic ray muon interactions. This background rate was
originally determined by measuring the depth depen-
dence of the 37Ar with a series of portable 2500 liter
perchloroethylene tanks. These were exposed at var-
ious mine depths and then brought to our laboratory
at the 4850 ft level for processing. By extrapolat-
ing from these data, the cosmic ray muon induced
background was determined to be 0.08 % 0.03 37Ar
per day. A second set of measurements, carried out
jointly with the late Edward Fireman, used a KOH
target to look for muon induced 3K to 37Ar transi-
tions[2]. These measurements, extended to the full
depth of the Homestake experiment, give a slightly
smaller cosmic ray production rate, 0.05 37 Ar per day
(preliminary analysis). The local cosmic ray muon
flux is continually monitored by a scintillation ho-
doscope that surrounds the perchloroethylene tank(3].

The conversion of the 37 Ar production rate to a
measure of the solar neutrino flux requires subtrac-
tion of the cosmic ray induced 37Ar rate. Because
the uncertainty in the cosmic ray background is com-
parable to the uncertainty in the total measurement,
the error in the solar neutrino flux measurement is ap-
preciably increased. Given the small rates involved,
we do not see a simple way to reduce the uncertainty
in the cosmic ray induced background.
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70.780
71.098
71.383
71.675
71.885
72.311
72.765
73.002
73.218
73.581
73.873
74.023
74.398
74.553
75.028
75.370
75.654
75.978
76.134
76.232
76.340
76.485
76.625
76.732
76.868
77.020
77.221
77.345
77.526
77.754
77.982
78.279
78.523
78.755
78.980
79.110
79.304
79.517
79.746
79.991
80.211
80.391
80.548
80.687

Table 1

SUN
SPOTS RUN
86.6 66
79.0 67.
57.5 68
50.2 69
63.2 70
63.2 71
61.3 72
43.4 73
46.0 74
25.6 75
23.9 76
27.6 77
39.5 78
55.8 79
18.9 80
9.0 81
39.7 82
7.8 83
4.3 84
21.9 85
12.4 86
12.2 87
l6.4 88
13.5 89
5.2 90
16.4 91
8.7 92
18.6 24
21.4 95
43.8 96
43.2 97
99.7 98
70.4 99
125.1 100
122.7 101
137.5 102
101.5 103
142.2 104
188.4 105
176.3 106
126.2 107
179.9 108
136.3 109
155.0

SIGNAL
0.36%1.25
0.32%0.27
0.36%0.19
0.48%0.31
0.08%0.22
1.21%0.37
0.64%0.30
0.0810.15
0.4810.24
0.50+0.33
0.48%0.33
0.46%0.22
0.75+0.29
0.60%0.27
0.8210.52
0.33+0.24
0.55%0.29
0.31+0.17
0.5810.26
0.60%0.26
1.26+0.57
0.00%0.26
0.2910.17
0.72%0.26
0.00%1.67
0.98%0.39
0.75%£0.33
0.97%0.36
0.69+0.28
0.30%0.19
0.7610.28
0.8210.32
0.94%0.85
0.93%0.33
0.04%0.13
0.53%0.38
0.36%0.24
0.0810.35
0.5710.26
0.96+0.33
0.48+0.26
0.22+0.19
1.20+0.36

MEAN

DATE

80.836
80.999
81.218
81.448
81.616
81.770
81.913
82.136
82.305
82.719
82.968
83.137
83.305
83.471
83.606
83.812
84.028
84.193
84.316
84.487
84.624
84.847
85.060
85.268
86.677
86.875
87.058
87.305
87.479
87.720
87.889
88.086
88.237
88.415
88.604
88.755

+88.907

89.121
89.378
89.580
89.721
89.889
90.043

from Solar-Geophysical Data prompt reports
published by National Oceanic and Atmospheric Association
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SUN
SPOTS
155.0
174.4
135.5
90.
158.
162.
150.
163.
122,
118.
127.
51.
80.
91.
71.
55.
57.
83.
69.
46.
25.
22,
16.
16,

15.
10.
39.
17.
33.
39.
50.
76.
80.
111.
125.
125.
165.
138.
161.
176.
173.
177.
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The measured solar neutrino flux, 2.1 +0.2 SNU,
provided the first experimental evidence that fusion

reactions are occurring in the Sun. However, this ob-
served rate is about 1/3 of that predicted for this de-

tector by the Standard Solar Model. Among recent
calculations of the predicted rates for the chlorine de-
tector are those of Bahcall and Ulrich of 7.9+2.6 (30)
SNU[4], Turch-Chieze, et. al. [5], and Sackman,
Boothroyd and Fowler, 7.7 SNU [18]. The difference
between observed and predicted fluxes has attracted
considerable theoretical interest and will be discussed
below.

IS THERE VARIATION IN THE
SOLAR NEUTRINO FLUX?

A general characteristic of the data is that the
measured 37 Ar production gradually increased dur-
ing the period of the late 1970’s and then abruptly
dropped around 1980. Following that sudden drop,
the period of the 1980’s again saw a gradual increase
of the 37Ar production rate culminating in a rate in
the late 1980’s very similar to that in the late 1970’s.
Around 1989, the rate again dropped.

Beginning in the early 1980’s, a number of anal-
yses of this rate variation and suggestions of possi-
ble mechanisms occurred. The pattern of these flux
variations is similar to that of the solar activity cy-
cle, suggesting that the solar v, flux varied inversely
with the solar cycle. The best determined measure
of the solar cycle is the number of visible sunspots.
Records of sunspots date back to the 17th century
and are quite complete for the past 200 years. Other,
more recently measured characteristics of solar cycle
seem to follow the same general time variation as do
the sunspot numbers; e.g. the solar luminosity, the
p-mode acoustical spectra, and the solar diameter.

In figure 5, we compare the 37 Ar production rate
with the number of sunspots observed during the
same time interval. It is clear that when the sunspot
number is small, the 3Ar is high and when the
sunspot number is large, the 37 Ar is small. Infigure 6,
we combine these data into five points. A correlation
is rather apparent. This observation has been made
by a number of authors, with varying explanations
for this correlation. It is clear that improved statis-
tics are very desirable and that a higher counting rate
experiment is called for.

The Homestake data has been analysed rather ex-
tensively by a large number of groups (7, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38]. These analyses were made as the
data evolved. The questions addressed were: did the
data set arise from a constant flux of neutrinos and,
if not, did the variations that arose correlate with
solar or other astronomical phenomena? The con-
sensus in these analyses is that there is an apparent
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FIGURE 5. The argon production vs. sunspot number for
each of the extractions since 1978. There is a clear cut rela-
tionship; when the sunspot number is high, the argon produc-
tion is low and when the sunspot number is low, the argon
production is high.
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five points and the best fit line is shown.



anti-correlation of the 37 Ar production rates observed
by the Homestake experiment with the solar activity
cycle in the period 1977-1990. As is well known, the
galactic cosmic ray intensity also anti-correlates with
the solar cycle (e.g. see [39]). However, we do not
expect this variation in cosmic rays to effect the 37 Ar
rate since the muon induced background is very small
and since, 3 TeV muons, those that reach our detec-
tor, are not significantly effected by the solar cycle.
Nor would the neutrinos produced by galactic cosmic
rays in the earth’s atmosphere be expected to play a
role [40].

We are thus faced with two problems, why is the
observed v, flux less than that predicted by the stan-
dard solar model and why does the observed v, flux
vary with solar cycle?

SOLAR NEUTRINO
TIME VARIABILITY
AND FLAVOR CHANGE

There are two general possible sources for time
variation of the detected solar neutrino flux: either a
time variation in the fusion reaction rates in the solar
core or time variable absorption or interaction pro-
cesses that involve neutrinos as they travel through
the Sun. We are not aware of any models that predict
a short, 10 year time variation in the nuclear fusion
reactions in the solar core. Indeed, it is generally as-
sumed that the time scale for variations in the solar
core must be of the order of 107 years. However, one
must bear in mind that the solar activity cycle is not
understood, nor are other periodicities in solar phe-
nomena.

Several mechanisms have been suggested for
changing the state of neutrinos as they pass through
the Sun. The first of these, the MSW (Mikhe’ev,
Smirnov, Wolfenstein) mechanism [12], proposed that
ve's undergo a resonant transition to another neutrino
state, either muon or tauon, in a region of the Sun
where the effective masses of the two neutrino states
are degenerate. In order for this process to operate it
is necessary that a lepton flavor changing interaction
exist. No such interaction has been observed in earth
based experiments or in cosmic ray neutrino observa-
tions.

The effect of the MSW process is to attenuate
the v, efficiently by converting them to more massive
neutrino states. These heavier neutrinos have too lit-
tle energy to drive nuclear transformation processes,
since a muon or a tauon must be produced in the fi-
nal state, and thus are not detectable in our detector.
The MSW mechanism was originally proposed to ex-
plain the large difference between the observed and
predicted neutrino fluxes. It does not naturally have
any time variable transformation rate [41].

A second idea, suggested by Voloshin, Vysotskii,
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and Okun, [13], is that the neutrino has an anoma-
lously large magnetic moment, 10719 pp. It is fur-
ther assumed that during the solar active period the
internal magnetic fields in the Sun are several kilo-
gauss and extend over 10%cm. Under these condi-
tions, the left-handed v, can have their spins rotated
and become right-handed particles. Right-handed
neutrinos will not interact by the conventional weak
interactions, V-A, and thus may not be detectable.
The VVO suggestion first arose to explain the flux de-
crease in 1980. They pointed out that the sharp dips
in the 1980 data corresponded to the times during
the year when the earth was furthest above or below
the solar equator, around March 5 or September 5.
It is assumed that during the solar active periods the
magnetic fields in the Sun are toroidal, with opposite
directions in the northern and southern solar hemi-
spheres, and with no magnetic field along the solar
equator. Thus, the largest flux reductions might be
expected when the earth is at the extremes of solar
magnetic latitude and the smallest reductions would
occur when the earth is aligned with the solar mag-
netic equator. However, the solar magnetic and rota-
tional equators do not necessarily coincide.

Lim and Marciano and Akhmedov [14] merged
the two above ideas into a third suggestion, invoking
a transitional magnetic moment. In this model, there
is a simultaneous magnetic moment flip and MSW
flavor change, which convert a left-handed v, into a
right-handed v, or v, (anti-neutrinos in the Majo-
rana case). Both magnetic moment suggestions could
give rise to the observed anti—correlation of chlorine
detector count rate with solar cycle activity (as mea-
sured by the sunspot number).

The MSW process may depend on neutrino en-
ergy and thus can result in a distortion of the neutrino
energy spectrum. Bahcall and Bethe [42] suggest that
the parameters of MSW that correctly describe so-
lar neutrino effects supress low energy neutrinos and
leave the high energy ones virtually unchanged. The
VVO mechanism is probably energy independent and
should effect all neutrino energies equally.

It is thus desirable to determine the neutrino flux
as a function of energy. The chlorine detector is sen-
sitive to two neutrino fluxes, 8B and "Be. However,
with only one measurement it is not possible to de-
termine separately the reduction factors for these two
fluxes. Instead, in figure 7, we show the locus of all
possible fits to the data. On the horizontal axis we
have the ratio of the observed to predicted 8B neu-
trino flux and on the vertical axis the observed to
predicted low energy neutrino flux, For example, it
is possible to find solutions which maximize the high
energy flux at the price of no low energy neutrinos or
solutions which allow the full low energy flux with ex-
tremely little 8B neutrino flux. Another experiment
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ratio of the observed to predicted ®B neutrino flux and on the
vertical axis the observed to predicted low energy neutrino
flux.
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Kamiokande was observing. The Kamiokande results appear
as a vertical band since only high energy neutrinos are in-
volved. The region of overlap between the two experiments is
for an observed to predicted ®B neutrino flux ratio of about
0.4 and very little low energy neutrino flux.
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suggests that the B and the “Be electron neutrino fluxes are
now about 1/3 of that predicted by the SSM.
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is required to permit the separate determination of
the fluxes from these two sources.

COMPARISON OF HOMESTAKE
DATA WITH THAT OF
OTHER DETECTORS

By combining our observations with those from
other detectors, Kamiokande and Baksan, we can de-
termine the fluxes from the various neutrino sources
in the Sun, 8B decay, e~ + "Be and P-P fusion, and
so see if there is any energy dependence of the v, flux
attenuation.

During the period 1987-90, the Kamiokande II
water Cerenkov detector measured solar neutrino
flux via elastic scattering from electrons. Since the
Kamiokande threshold for scattered electrons was
high, about 9 MeV for the first half of this period
and 7 1/2 MeV for the second half, the detector is
sensitive only to neutrinos from 8B decay. The ob-
served rate is 0.46 4 0.08 of that predicted by Bahcall
and Ulrich and shows less than 30% time variation
(11].

In figure 8, we show the same ratios of observed
to predicted fluxes for 8B and low energy neutrinos
as in figure 7, but only use the Homestake data that
corresponds to the period when Kamiokande was ob-
serving. The Kamiokande results appear as a vertical
band in figure 8, since only high energy neutrinos are
involved. The region of overlap between the two ex-
periments is for an observed to predicted 8B neutrino
flux ratio of about 0.4 and very little low energy neu-
trino flux.

Even if v..’s are converted into other flavors, these
converted neutrinos may still produce a signal, albeit
diminished, in the Kamiokande detector, since these
other flavor neutrinos can scatter from electrons via
neutral currents. However, these converted neutrinos
will not induce 37Cl to 37Ar transitions. Thus, the
Kamiokande detector will detect a different neutrino
fiux than will the Homestake detector. The correction
for this effect is model dependent and so cannot be
completely specified. This fact is important to bear
in mind when comparing the signal rates of different
kinds of solar neutrino detectors.

As an example, we will assume that the MSW
model applies and that we can ignore any variations
of neutrino resonant transitions over the 8B decay
spectrum. In that case, we find that of the 0.46 of
the SSM signal reported by Kamiokande, 0.35 is due
to charged current scattering of v, and 0.11 is due to
neutral current scattering of all neutrino species. In
figure 9, we show the same overlap of Homestake and
Kamiokande results, except the Kamiokande signal
has now been adjusted to center at 0.35 of the pre-
dicted SSM. The resulting solution now suggests that
the "Be v, flux is also about 1/3 of that predicted by



the SSM.

A third detector, the Baksan gallium solar neu-
trino detector has recently become operational. The
"1Ga to "1 Ge transition has a very low threshold, 233
keV, and thus can be driven by the P-P fusion neu-
trinos. The fluxes of the Standard Solar Model pre-
dict that a gallium detector should see a signal of 132
SNU, of which more than half, 70 SNU, come from
the P-P neutrinos, 34 SNU from the "Be neutrinos,
14 SNU from the CNO cycle and 14 SNU from the
8B neutrinos. The observations for the first half of
1990, reported at Neutrino 90, are that the observed
signal is less than 70 SNU. After subtracting the con-
tributions to the signal from 8B, "Be and CNO, as
determined by the MSW solution of 20 SNU, we are
left with an upper limit of 50 SNU. Again, we are
left with a considerably reduced solar v, signal. As
further data is obtained from both the Baksan and
GALLEX gallium detectors, a clearer picture of the
P-P neutrino flux will emerge. Present indications
are consistent with significant reductions of v, flux
over the entire solar neutrino spectrum.

The next several years present a most unusual op-
portunity in solar neutrino investigations, the simul-
taneous operation of four different detectors, Home-
stake, Kamiokande, and the two gallium detectors,
Baksan and GALLEX. Being able to use all these
data simultaneously will permit far more complex
fits of the solar neutrino emission and thus allow
much better determination of the characteristics of
the emitted neutrinos and therefore of the mecha-
nisms operating in the Sun that modify neutrino fla-
vors and states.

There is also an extensive set of plans for calibra-
tion of these solar neutrino detectors using terrestrial
neutrino sources. The 8B sensitivity of both 37Cl and
the future Homestake 1271 detector are being checked
in a measurement at the beam dump neutrino source
at LAMPF and an 37 Ar source, monoenergetic v, of
0.81 MeV is being considered to verify the "Be sensi-
tivity of 127,
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