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A radiochemical 7lGa-7iGe experiment to determine the primary flux 
of neutrinos from the Sun began measurements of the solar neutrino 
flux at the Baksan Neutrino Observatory in 1990. The number of 71Ge 
atoms extracted from 30 tons of gallium in 1990 and from 5 7 tons of 
gallium in 1991 was measured in tiveive runs during the period of 
January 1990 to December 1991. The combined 1990 and 1991 data 
sets give a value of 58+17Z-24 (stat.) ±14 (syst.) SNV. This is to be 
compared with 132 SNU predicted by the Standard Solar Model. 

INTRODUCTION 

The radiochemical chlorine experiment has observed a deficit 
of solar neutrinos over the last 25 years. The result of 2.2±0.3 SNU4 

is significantly lower than the Standard Solar Model predictions. 5- 6 

The Kamiokande II experiment began taking solar neutrino data in 
the mid-1980's and has confirmed this deficit.7 Both of these 
experiments are primarily sensitive to the high energy SB neutrino 
flux. A shortage of this component of the solar neutrino flux can be 
explained by either deficiencies in the solar model or previously 
unknown properties of the neutrino. 8 

*This work was performed under the auspices of the U.S. Department of 
Energy by LLNL under contract No. W-7405-Eng-48. 



The copious low energy solar neutrino flux comes from the 
fusion of two protons. This flux component is much less sensitive to 
alterations in the solar models, whereas new neutrino physics can, in 
principle, have a dramatic influence. Thus, a measurement of this low 
energy flux may resolve the Solar Neutrino Problem. An experiment 
using 7 1 G a as the capture material^ provides the only feasible means 
at present to detect low energy solar neutrinos. 

THE BAKSAN GALLIUM EXPERIMENT 

The Soviet-American Gallium Experiment (SAGE) has been 
accruing data on the low energy solar neutrino flux since January, 
1990 at the Baksan Neutrino Observatory. This paper will describe 
the current status of SAGE. 

The chemical extraction of germanium from liquid metallic 
gallium was first tested on a small scale in the U.S.10 and later 
developed and tested at a 7.5 ton pilot installation in Russia. 1 1 The 
experimental layout as well as the chemical and counting procedures 
have been described previously and are only briefly outlined he re . 1 2 

A solar neutrino measurement begins with the addition of 
approximately 700 ng of natural Ge carrier equally divided between 
the 8 reactors holding the 57 tons of Ga. After an exposure of 
typically 20 - 30 days, a solution of water, hydrochloric acid, and 
hydrogen peroxide is added. This solution is stirred vigorously and 
the mixture turns into a fine emulsion with an oxide layer coating 
the droplets. At this point, the Ge atoms migrate to the surface of the 
emulsion droplets, where they are taken into the acid solution as the 
oxide layer dissolves. When the oxide layer is entirely consumed, the 
acid solution containing the Ge resides on top of the Ga. The liquid is 
siphoned off and distilled to reduce its volume. 

Raising the HC1 concentration to an appropriate level will 
induce the formation of the volatile molecule GeCU which can be 
swept from the solution by flowing argon gas. The gas is passed 
through water to trap the GeCU. Sodium hydroxide and sodium 
borohydride are added to this water, and upon heating, the solution 
produces the gas germane (GetLt) which is collected, mixed with 
xenon, and put into a proportional counter (PC). The extraction 
efficiency as measured by the fraction of the recovered carrier Ge is 
typically 80%. 

7 I G e decays by electron capture to 7 1 G a with a half life of 11.43 
days. The 7 1 Ge is thus counted within the PC by observing the x rays 
and Auger electrons resulting from the relaxation of the electron 
shell. The PC is placed within a Nal well-type detector which itself is 



inside a large passive shield. The low energy electrons (1.2 and 10.4 
keV) resulting from the 7 1Ge decay will produce a point of ionization 
within the counter. Many background processes, such as beta 
particles, will produce an extended track of ionization. The charge 
from a point-ionization event will be collected much more quickly 
and thus result in a pulse waveform with a faster risetime. Thus, 
valid 7 1Ge decay candidates must have the appropriate energy, a fast 
risetime, and no Nal pulse in coincidence. A typical counter efficiency 
is 36% including these cuts. Usually, about 1 day passes between the 
end of the exposure and the start of counting. 

The counter is typically calibrated once a month with aii 
external 55Fe source. The K-peak acceptance window in energy and 
risetime is determined by extrapolating from the 5 5Fe peak. The 
extrapolation procedure was verified by filling a counter with 
71GeH4- As of yet, the L-peak background has been too high to be 
included in the analysis. 

MEASUREMENT OF THE SOIAR NEUTRINO FLUX 

Results from measurements carried out in 1990 and 1991 are 
reported here. Earlier data taken during 1989 are not present here 
due to the presence of radon and 6 8Ge residual contamination. 7 1Ge 
decay candidates are analyzed using a maximum likelihood 
technique 1 3 which fits the time distribution to an 11.43 day half-life 
exponential decay plus a constant rate background. 

The results from each of the twelve extractions are shown in 
Fig. 1. Note that for May of 1990 and June of 1991 no risetime cuts 
were applied due to instabilities with the risetime electronics. 

The systematic uncertainties in the chemical extraction and 
counting efficiencies were typically 6% and 10%, respectively. For our 
result of 58 SNU, this results in an uncertainty of 7 SNU (68% CL). 

The systematic uncertainty in extrapolating the risetime cuts is 
estimated using a cut that includes all events not in coincidence with 
the Nal counter which are within the energy cut of the K-peak 
acceptance window with no cut made on risetime. This produces an 
uncertainty estimate of 9 SNU (68% CL). 

The uncertainty in background determination under the 7 1Ge 
decay curve due to possible time variations of the counter 
background was checked in a number of ways. The tests were 
consistent with the hypothesis that the background rate is constant. 
The combined 1990 and 1991 data sets show no change in the 
background counting rates at iong time. This is reflected in the 
acceptable goodness of fit test results. Therefore, we assume the 



background rate is constant in time and do not assign any systematic 
uncertainty arising from possible temporal variation. 
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FIGURE 1. The results of the first 12 extractions are shown by the circles. The 
indicated uncertainties are statistical only and are 68% CL values. The triangle 
represents the combined analysis result of all 12 extractions. 

An additional systematic effect is due to background reactions 
which could produce 7 i G e and the possible presence of radon, which 
can mimic a 7 1 G e signal. The total background production rate in 30 
tons of liquid gallium metal of all germanium activities from external 
neutrons* internal radioactivity, and cosmic ray muons has been 
calculated to be less than 2.5% of the SSM production r a t e 1 4 , based 
upon our studies and measurements of these various background 
processes. This results in an uncertainty of 3 SNU (68% CL). The data 
has been examined to search for a possible presence of radon. No 
evidence for radon was found and a systematic uncertainty of 8 SNU 
(68% CL) was assigned. Adding these contributions in quadrature 
results in a final estimate of 14 SNTJ (68% CL) for the systematic 
uncertainty. The result of the 12 extractions is 58 +17/-24 (star.) * 
14 (syst.) SNU. This assumes that the extraction efficiency for 7 1 G e 
atoms produced by solar neutrinos is the same as that measured 
using natural Ge carrier. 

EXTRACTION EFFICIENCY CHECKS 

While all available information leads one to expect that the 
extraction efficiency for 7 1 Ge atoms produced by solar neutrinos 



should be the same as for the carrier, it is important to test this 
assumption. A test to search for possible losses in the extraction of 
7 1 G e atoms compared with the natural Ge isotopes was carried out in 
which the Ge carrier was doped with a known number of 7 1 G e atoms. 
The doped carrier was added to one of the reactors holding 7 tons of 
gallium. Three successive extractions were carried out and the 
number of 7 1 G e atoms in each extraction was determined by 
counting. Table 1 shows the results of this measurement and 
indicates that the extraction efficiency of the natural Ge carrier and 
7 1 G e track very closely. The third extraction had a sensitivity of only 
200 atoms detected due to electronic problems with one channel of 
the counting system. The half life of 7 1 Ge in this extraction test was 
measured to be 11.0 ± 2.4 days, consistent with the known half life. 

TABLE 1. Extraction efficiency of Ge carrier and 7 lQe . The amount of added 
carrier was 525±26 tig of natural Ge and 6555*359 atoms of 7lGe. 

Run Carrier (ug) 7 1 Ge atoms Carr. Effic. 7 1 Ge effic. 
1 
2 
3 

410=10 
97=2 
21±1 

5188*195 
1131-107 

<200 

78±4% 
84±20% 

79-5% 
84±26% 

sum 528-10 6519 
+2227-422 

10-15% 99 
+6/-8% 

The measurement with the 7 1 G e doped carrier tests the overall 
extraction procedures of the experiment. However, it does not test 
for possible losses which might occur during die formation process. 
In inverse beta decay, the resultant 7 1 G e atom may be in an excited 
state or, in some fraction of the events, the 7 1 G e atom is ionized. It is 
possible, albeit very unlikely, that these excitations may drive some 
chemical reaction which may result in the 7 1 G e atom being tied up in 
a chemical form which we cannot efficiently extract. During the 
removal of die cosmogenic 6 8 Ge produced when the gallium was 
stored above ground, it was demonstrated, at some level, that atoms 
which have been produced in excited states can be extracted from 
metallic gallium. This 6 8 Ge was removed by repeating the usual 
extraction procedure many times. The amount of extracted < l 8Ge for 
each of these extractions tracked the measured extraction efficiency 
very well. 

We are currently carrying out a set of measurements designed 
to test directly this question. Rather than looking at inverse beta 
decay, we can look at beta decay in the gallium. In the sudden 
impulse approximation, atomic excitations of an atom during beta 



decay should be the same as those formed in inverse beta decay. In 
this experiment, we have taken a few grams of gallium from the 
reactors and then removed all of the residual Ge carrier. The gallium 
was then irradiated to form 7 0 Ga and 7 2 Ga from 6 9 G a and 7 1 Ga 
respectively by (n,y) reactions. We expect to produce 7 0 G a / 7 2 G a in the 
ratio of 1/1.80. The 70Ga and 7 2 Ga subsequently decay to stable 7 0 G e 
and 7 2 G e with half lives of 21.1 minutes and 14.1 hours respectively. 
The gallium metal is kept liquid (in order to simulate conditions in 
the solar neutrino runs) and allowed to sit for a few weeks so that all 
of the 7°Ga and 7 2 G a have decayed. The stable 7 0 G e and 7 2 G e are then 
extracted from the irradiated gallium using the same procedure as in 
the full-scale solar neutrino runs. Both the absolute amounts of 7 0 G e 
and 7 2 G e and their ratio are determined by mass spectroscopy. Table 
2 shows the preliminary results from our first measurements. It 
appears that 7 0 Ge and 7 2 Ge are formed in the amounts expected. The 
ratio of the two isotopes agrees quite well with that expected. As the 
absolute extraction efficiency was not very accurately determined in 
these first experiments, a more precise set of measurements is now 
underway. 

TABLE 2: Results from the Ga(n.y) test. 
Isotope Expected Measured Efficiency 

7 0 Ge 9.3 Mg 9.1 fig 98±10% 
7 2 Ge 17.8 \ig 16.4 ng 92*10% 

Finally, an experiment using a neutrino source is planned in 
order to test the overall extraction efficiency in situ. A suitable 
neutrino calibration source can be made using 5 1 Cr, which decays 
with a 27.7 day half life by electron capture, emitting monoenergetic 
neutrinos of 751 keV (90.2% BR) and 426 keV (9.8% BR). .An 
engineering test run with a lower intensity 5 !Cr source was carried 
out during the fall 1990. A full-scale calibration run is scheduled for 
early 1994 using a 0.5 MCi 5 1 C r source. 
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