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EXPERIMENTAL LIMITS ON EXTRATERRESTRIAL SOURCES OF NEUTRINOS
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The Brookhaven solar neutrino experiment has shown that the
total flux-cross-section product of neutrinos from the sun is
less than 10~3^ sec"1 37Ar atom. The experimental data can be
used to search for steady and pulsed sources of neutrinos in
our galaxy. The detector uses 610 tons of C2CI4 and neutrino
detection depends upon the 37ci(v,e~)37Ar reaction that has a
threshold of 0.814 MeV. The experiment has been in operation
during the period 1968-1973, and 16 experimental runs have
been performed. During the period 1970-1973 the sensitivity
was increased so that it is possible to observe 10 atoms of
37Ar in the detector, and during this period 8 experimental
runs were performed. The individual experiments will be
presented and the results used to estimate limits on the
steady neutrino flux or possible pulsed sources of neutrinos.
The E<pa limit noted above corresponds to the following limits
on the energy density of neutrinos of specific energy in
eV»cm"3: 1 MeV - 54,000; 5 MeV - 2,500; 10 MeV - 90;
100 MeV - 3.

1. Introduction. The Brookhaven solar neutrino experiment was
completed in early 1967 and has been operated continuously. The initial
results were reported in early 1968,-̂  and in a series of progress
reports.2~5 it is well known that the anticipated flux of solar neutrinos
was not observed,^>6 and it was only possible to set an upper limit on
the neutrino capture rate in 37C1 of 1 SNU (1 SNU = 10~36 sec"1).
Current standard solar model calculations7,8 forecast a capture rate
in 37C1 of 5.8 SNU, though with variations in the standard model by
introducing high central magnetic fields, or by interior mixing^*1" the
flux can be reduced below 1 SNU. The purpose of the present report is
to summarize the results obtained over the past 6 years with the view
of obtaining limits on the extra terrestrial neutrino flux, and
observational limits on possible pulsed sources of neutrinos in our galaxy.

37 37
2. Experimental. Neutrino detection is based upon the Cl(v,e~)J Ar
reaction (threshold 0.814 MeV), the inverse of the electron capture decay
of 37Ar (35 day half-life). The neutrino capture cross section is
calculated from the known matrix elements for the ground-state transition
(allowed) and various excited states.11 Of particular significance is
the capture of neutrinos to form the analogue state (super-allowed).
This transition is the dominant process for neutrinos with energy above
6.0 MeV. The detector uses 610 tons of liquid tetrachloroethylene,
C2CI4 (2.2 x 1030 37ci atoms), in a sealed tank. The tank is located
in the Homestake Gold Mine, Lead, South Dakota, at a depth of 4400 hg/cm^.

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED

\JS" -:;:7;:i'":StS^r'-"r-fi-«'Y



2
417

The tank of C2CI4 was allowed to stand for a period of several months with
a small measured volume (0.05-0.10 cm-* STP) of 36^r carrier dissolved in
the liquid. At the end of the period the tank was purged with helium gas by
a ' system of pumps and eductors. The argon was recovered from the helium
gas stream by passing it through a charcoal adsorber at -196°C. The
argon was removed from the charcoal by warming, purified by gas chroma-
tography and gettering, arid then placed in a small proportional counter
to observe the decay of 3?Ar (see ref. 1).

In the initial experiments (Runs 9, 12, 13, 14, and 16) pulse height
analysis was used to observe the characteristic 2.8 keV Auger electron
from the decay of 37^r. The individual pulse height spectra for these
experiments are given in references 1, 2, and 3. These pulse height spectra
were obtained over a 35-day period starting a few days after the sample
was collected. They were compared with similar pulse height spectra
with the counter filled with argon free of ^7^r activity. In these
experiments 9 to 12 counts were observed in the 2.8 keV region (fwhm) over
a 35 day period, and a similar number of events were recorded when the
counter was filled with argon free of 37Ar. In these experiments there
was no evidence for 37^r in the tank and it was concluded that (1) there
were less than 30 ̂ Ax atoms present in the tank at the time of purging,
(2) the neutrino capture rate was less than 0.6 per day, and specifically
the solar neutrino capture rate was below 3 SNU.

Following these experiments a recording system was developed for
observing the pulse rise-time and the pulse height for each event. The
range cf the 2.8 keV Auger electron in the counter gas is approximately
0.05 mm, a distance small compared with the diameter of the counter. The
compact cluster of ion-pairs from such an event is collected by a high
speed charge sensitive preamplifier giving a fast rising pulse. The
pulse from the preamplifier is fed to an Ortec timing amplifier (410)
that integrates (10 n sec) and differentiates (10 n sec) the charge
pulse. This shaped pulse is fed to a pulse stretcher and is digitized.
This signal is plotted on the y-axis of a two parameter plot and is
designated amplitude of the differentiated pulse (ADP). The pulse from
the preamplifier is also routed through a conventional amplifier and a
second analog to digital converter. This information is plotted on the
x-axis and constitutes the energy scale. The energy and ADP scales were
calibrated with an 55pe source that illuminates the interior of the :
counter through an end x*indow. This source produces soft photoelectrons
over the entire energy spectrum up to a paak at the maximum energy of
5.9 keV. These pulses were used to define the region of fast counts. A
60Co gamma source brought near the counter produces Compton electrons
that pass through the counter and give pulses over a wide rise-time and
energy range. These G^Co pulses have rise-time and energy distribution
similar to background pulses from external gamma radiation. In experi-
ments reported the rejection ratio for °®Co gammas varied from 82 to 98
percent. A plot of the results from run 27 is given in Fig. 1.

The rise-time and energy allows one to characterize 37^r decay
events and has the effect of greatly reducing counter backgrounds. This
system was used from run no. 18 up until the present time. The data for
runs 18 through 28 are given in Table 1, along with the period the tank
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spectrum for run no. 27. The
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TABLE 1. Summary of Reults

Shielding

Bare

water

Run
No

18
19
20

21
22
23
24
27
28

Period of Exposure

Apr
Nov
Mar

June
Oct
Dec
Mar
July
Nov

12-Nov 14, 1970
14, 1970-Mar 6,
6-June 17, 1971

17-0ct 2, 1971
2-Dec 13, 1971
13, 1971-Mar 2,
2-May 18, 1972
7-Nov 5, 1972
5, 1972-Jan 26,

1971

1972

1973

37Atoms Ar
in Tank

23 + 9
30 + 9
10 + 8

- 7 + 4
8 + 5

-9 + 4
10 ± 6
44 ± 10
8 ± 6

37Ar Production
per day

9.46 ± 0.18
0.69 ± 0.20
0.24 ± 0.18

-0.16 ± 0.09
0.19 ± 0.13
-0.22 ± 0.10
0.26 ± 0.15
1.00 ± 0.25
0.20 ± 0.14
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was exposed. The Ar atoms in the tank at the time it was purged was
deduced from the total events recorded in the fast region, defined by the
heavy lines, with the correct energy (fwhra at 2.8 keV) during the first
70 days of counting. We subtracted from these events a background number
of events in the fast region determined by the number of events recorded
in the slow rise-time region multiplied by (1-R)/R. R is the rejection
ratio defined as (slow events)/(slow events + fast events) determined
with a 60co source. The number of ^kt atoms present in the tank at the
time it was purged was obtained from the number of events above background,
the counting period, counter efficiency, and argon recovery yield. A more
detailed analysis is in progress, and the results given here are to be
regarded as preliminary.

In all experiments performed through run 20 the tank was unshielded
from the surrounding rock wall. There is a background effect from fast
neutrons produced by (ot,n) reactions and spontaneous fission from uranium
and thorium contained in the rock. The reactions leading to 37^r in the
tank are the successive reactions 35ci(n,p)35s followed by 37ci(p,n)37Ar.
This sequence of reactions has a neutron threshold of 1.0 MeV. After
run 20 the rock cavity containing the tank was flooded with water
producing an effective fast neutron shield. Fast neutron measurements
indicated this background effect was small but runs 18, 19, 20 do appear
to be somewhat higher than the later runs with the water shield in place.
However, with the water shield in place the only remaining background
effect is from cosmic ray muons. This background has been evaluated by
Wolfendale and Younĝ -2 from 37Ar production rates in C2CI4 at various
depths in the mine from 25 to 1080 hg/cra2. The total rate produced by
muons (0.065) and cosmic ray produced neutrinos (0.024) was 0.089
37Ar atoms/day, and if the tank is exposed to the saturation level there
should be 4.5 37^r atoms present from these cosmic ray processes.

3. Discussion. The most sensitive experiments are the experimental
runs 21 through 28, because in these experiments the tank was shielded with
water and 3?Ar decay events were characterized by pulse rise time and
energy. In deducing limits to the extra terrestrial neutrino flux we will
use these experiments. Examining the data presented in Table 1 shows that
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most of the Ar-like events recorded can be explained by counter back-
ground, and therefore a distribution of positive and negative number of
Ŝ Ar candidates were recorded. Run no. 27 stands out a factor of four
above the other runs. The individual ADP-Energy plots are given in Fig. 1,
and it may be observed that,\clear cluster of 14 3'A.r-like decay events
was recorded of which approximately 3 could be attributed to counter
background. In subsequent counting periods 10 and 7 37Ar-like events
were recorded,with 4 expected as background.

This single experiment is the only one that could conceivably be
attributed to an extra terrestrial pulsed source. We cannot raise
strong arguments that this is indeed the case but let us consider some
possibilities. There was a large solar flare on August 4, 1972 that
produced 2.3 x 10^0 protons/cm^ with energies above 60 MeV, but it is
extremely unlikely that neutrinos or any other penetrating particles
would be produced by this event. On September 2-11, 1972 a large radio
outburst was recorded from Cygnus X-3, but again this is an unlikely source
of neutrinos. Of specific interest in the experiment is that the atmo-
sphere contains some 37&r from nuclear weapons testing. However, the
specific activity of air argon at the time the sample was collected was a
factor of 50 below the specific activity of the air argon present in the
sample counted. Therefore, the 3?Ar observed in run 27 could not be from
contamination with air argon. None of these explanations can satisfac-
torily explain the 44 + 10 3?Ar observed in run 27. It is interesting to
relate this result to a possible super-nova event. If such an event
occurred at a distance of 10 Kpc, one solar mass equivalent of neutrino
radiation with an average energy of 10 MeV would give a pulse of 6 x
neutrinos of the electron type (1/3 of the total neutrino flux). The
average cross section for neutrinos with a Maxwell-Boltzman energy
distribution with an effective temperature of 10 MeV (kT) is 3.5 x 10"*1

cin2. it follows that 10"^ solar mass equivalent of neutrino radiation at
10 Kpc would be required to produce 44 atoms of 37Ar in the tank (calculated
for Nov. 5, 1972). This is not an unreasonable result particularly in view
of the fact that most of our galaxy beyond 10 Kpc is invisible.

Let us now consider that there is present a steady flux of extra-
terrestrial neutrinos. The measurements presented above do not detect
this flux but may be used to set an upper limit. The 37/ir production
rates listed in Table 1 can be averaged, including run 27, to obtain
0.21 +_ 0.06 3^Ar atoms per day. Subtracting the estimated muon and cosmic
ray neutrino background of 0.089 + 0.003 we obtain a rate of 0.12 + 0.06
37Ar atoms day"1 in 2.2 x 1030 atoms of 37C1 th a t could be attributed to
neutrinos. The corresponding flux-cross section product is (0.6 +0.3) x
10-3° 37ci atom""1 sec"1 or an upper limit of 1 x 10"36 3'C1 atoms"1 sec"1.
Using this rate limit and the known neutrino capture cross sections, the
set of extra terrestrial neutrino flux limits given in Table 2 were
calculated.

The upper limits on the energy density of neutrino radiation are
given in the last column. It is interesting to compare these limits to the
total energy density of cosmic radiation of 0.3 to 1 eV/cm3. The limit
listed for 100 MeV neutrinos approaches the cosmic ray value.
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TABLE 2. Extraterrestrial Neutrino Flux Limits

.. Neutrino Neutrino Energy
.Neutrino Cross-section Flux Limits Density Limits
Energy, MeV cm2 cm"2 sec"* $E/c (eV/cm3)

1-1

5
10
50
100

References

5.1
6.7
3.8
2.9
1.3

X
X
X
X
X

10-«
10-44
10-42
10-40
10-39

<2.0
<1.5
<2.6
<3.4
<7.6

X
X
X
X
X

109
107
105
103
102

<54,000
< 2,500
< 90
< 6
< 3
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