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The Soviet-American Gallium Experiment i{s the first experiment able to measure the dominant

flux of lov snergy p-p solar neutrinos. Four extractions made during January to May 1990 froa
30 cons of galliua have been counted and indicate thact the flux is consisctent vich O SNU and is
less than 72 SNU (68% CL) and less than 138 SNU (958 CL). This is to be compared with the flux

of 132 SNU predicted by the Standard Solar Model.

1. Tntroduction

The discrepancy betwesn the solar nesutrine
capture rate predictad by Standard Solar Model
(55M) calculactions and the 37ar rata measured by
the chlorina experiment {n cthe Homestake Gold
Hine has persisted for mora than twventy years.
Recent calculated values of the flux are 7.9 +/-
2.6 (o) SNU (1 solar neutrine unir = 10°36
captures/target atom/sec) in the Bahcall-Ulrich
SSHl. This is to be compared vith the measured
value {n the chlorine experiment, averaged aver
1970-1988, vhich is 2.1 +/- 0.3} snu? (1 o).
This deficit has now been corroborated by the
Kamiokande 11 vater Cevenkav vxperlmont]. vhich
observes only 0.46 ¢/- 0.0 4/- 0006 of the flux
predicted by the Bahcall -Ulitch SSH, in fale
apgreeaent wvith the chlotine resule.

Solutfons to the “solar neutrine problem®
have been put forth vhich lnvoke efther
nonatandard solar models or v particle

¥/

physies The Cl and Kamfaokande exper iment

are primarily sensitive to the high energy sB
solar neutrinos, vhose production rate depends
cricically on the core temperature of the sun.
Numerous non-sctandard solar models® which reduca
the core temperature have been suggested,
incorporating reduced heavy element abundances,
high nagnetic fields, turbulent diffusion,
continuous mixing, and other effects. Howvever,
none of the nonstapdard models have bLeen able to
reproduce the observed 88 flux and still agree
with all other ohserved features of the sun.

Newv pacticle physics, such as

neutrino matter nsrlllnllonsﬁ'b

and neuttine
mapnetic nullon(s’, can also provide an
explanation of the "solar neutrine prelea”

The low enerpy neuttinos produced in proton:
proton fusion fn the Sun, whiieh account for mole
than 908 of solar neutiinoes, are far belov the
thresholds of the chlaorine and Vsmiok ‘ade

expeilments. The p p neutyr oo product fon Late

in the Sun b Lundamentally Hinked to the



observed solar luminosity, and i{s insensitive to
alterations in the solar models. The need for
an experiment capable of detecting these low
energy neucrinos L;s been apparent for many
years. Such an experiment may be sble to
differentiate betveen solar modei and particle
physics explanations for the solar neutrine
problenm.

A radiochemical experiment using 7lga as che
capture material provides a feasible means to

measure the p-p fluxS.

The inverse beta decay
reaction ve(7lca. 1Ge)e” has a Q-value of only
233 keV, allowing efficient detection of p-p
neutrines, which have an endpoint energy of 420
keV.

The SSH calculations of Bahcall and Ulri=hl
shov that the doainant contribution to the total
expacted capture rate in 7101 (132 +/- 20 SNU)
arises from t%e p-p neuctrinos (71 SNU).
Contributions by ’Be neutrinos (34 SNU) and B
noutrinos (14 SNU) are also iaporcanc. The
neutrino spectrum, togather with the thresholds
for various detectors, (s shown in Figure 1.

The current observed luainosity of the Sun
corresponds to a neutrino flux of 6 x 1010
ca'2sec’! from the p-p reaccion alone. This
conclusion is based iargely on enargetic
grounds, and {s insensitive to the details of
solar model calculations. This p-p flux
corresponds to a ainimum expected counting rate
in thy galliun et :tor of 70 SNU. Thus,
observation of significantly less chan 70 SNU in
the gallium experiment would be very difficule

to explain without invoking new neuttine

phys‘cs.

?  THE BAKSAN GALLIUM EXPERIMENT

?2.1, The Baksan Neuttiny Obaervatory

The Soviet-Amelican pgallium solar neutrine
experiment ls aftuated ln an underground
lahoratory specially bHulle fn the Baksan Valley

of the Norchein Caucasy , USSR The laboratory

o.
s
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FIGURE 1
The Solar Neutrino Spectrum

is 60 w long, 10 m vide, and 12 m high. 1Ic s
located 3.5 ka from the entrance of a horizontal
adit driven into the side of Mount Andyrchi, and
has au ovethead shialding of 4700 mwe. The
laboratory {s lined with a 6 ma steel shell and
60 ca of low-radioactivity con-rete,

2.2, Extraction Procedurs

The extraction is based on the fact cthat
galliun melcs at 29.8 C. The low aelting point
askes it possible to keep the gallium in {ts
liquid form and Is central to the extraction.
The gallium Ls contained in chemical reactors,

3

each vith (nternal volume 2 @’ and 'ined with

teflon, The reactors are provided vith heaters
that waintain the temperature just ahove the
galllum melting point. Fach reactor holds abour
!} tons of gallium,

The chemlcal extraction process lrom metallic
rallium vag (irst develoned by Davis in the us?

and latet fully cested in a pilot experiment (n



the USSR. The process has been described in

decail elseuhelelo

described here.

and v | only be briefly

At the bezinning of each run,
approximacely 120 -icrograns of nactural Ge
carrier is added to each reactor Ln cthe form of
a2 solid Ga-Ce alloy. The reactor concents are
stirred so as to thoroughly disperse the carcier
throughout the Ga metal. Afcter a suictable
exposure interval (typically & weeks). the Ge
carrier and any 71ge atoms that have been
produced by neutrino capture are chemically
extracted from che gallium.

Mixing gallium metal with a veak acidice
solution in the presence of an oxidizing agent
rasults {n the extraction of germanium into che
aqueous phase. The extraction process begins by
adding to each reactor an extraction solution
containing 1 kg of HCl, 5.2 kg of Hy0,, and 68.8
kg of H30. The mixture is inrensively stirred
and the Ga metal cturns incto a fine emulsion.

The Ge dissolved in the Ga migrates to the
surface of the emulsion droplers. In
epproximately 10 minuces, the H707 is consuned:
almost all of the emulsion spontaneously breaks
dovn and the phases separate.

All of che extracts from the separate
reactors are combined, and the Ge i{s chen
concenctrated by vacuum distillation. The
concentrated extract {s then trausferred to a
glass vessel that Ls part of a szealed pas flov
system. Purified 12N HCl is added to this
solution to raise the HCl concentration to YN,
and an argon purge i Inirfaced uvhich sueenc the
Ge ax GeCly, from this acld molutfon into a
volume of 1 0 1 of HpO. A solvent extraction
proce: .te s tnen used to first ex.ract the Ge
tnto €1, and then back.-extract ft into W0

The next step of the procedure s (o
syntheslze the counting gas Gell, (germane) A
measured quantity of xenon is added, and this
mirture Is (nseried into a sealad propoitional
)

counter with volume of about 0 7% cm The Gell,

sample is then counted for 2-3 months.

The efficiency of extraccion of germanium
from the reacrors is measured at two stages of
the extracction procedur: by atoamic absorpeion
analysis. A final decermination of the quancity
of germanium {s made by measuring the volume of
synthesized GeH,. The uncertaincy in the
excraction efficiency s ctyplcally +/. 6y. The
overall exttaction efficiency is ctypically 80%s
and is stable and reproducible. The standard
procedure is to conduct three extractions in
series within a period of 5 days wichout adding
addicional carrier to the reactors. The CaH,
samples from each of these three extractions
are then usually counced separactely. In
addicion, "blank®" runs are carried out before
and afcer these three extractions by sweeping
the concentrared HCl solution used in the
excraction. Tnis is to ensure that no
addicional activicly is entering from cthe HCl or
is being removed from the extracrtion systenm.

2.2. "ce Background

The main source of 'lGe in the reaciors other
than froa solar neutrines is from protons
arising as secondary particles produced by [)
external neutrons, il) internal radioaccivity.
and li{/) cosmic ray muons. These protons can
injciace the reaction 7lcl(p,n)7lce. Extensive
vor' has pone into measurements and calculatfions
of \nesc “ackground chaine.s and {ndicate that
the total background preduction rate of Tge ts
less than 0.025% atoma/day in 30 tons of galljium
{.e., less than 2.5% of the SSM production rate.

Since these sources of ’lcn backpvound have
been made small, the major difticulty fur the
experiannt s the need to remove fhom the
OH

pallium the large quantities of logg lived Ge

(half life = 271 days) produced by cosmic rays
vhiile the galiium was on the surface, 6,

decays only by electron capture, so {ts decays
A

cannot be differentiated from thuse of Ge

The svbsequent docay ol ""(.‘l (halt lite - | 16



hours) 1s by positron emission Ln 90\ of the

cases. The 68

Ca decays can generally be
identi{fied by risetime analysls of the counter
pulse and by decection of a coincidence pulse in
the surrounding Nal cryscal.

2.3. Counting

The SSM predicts a production rate of 1 ?
716e atoms/day in 30 tons of Ga. At the end of
a 4 veek exposure period, an average of 16 7lce
accas vill be presenc. Under normal condicions,
chere is a one day delay becveen the end of
exposure and the beginning of councing. Taking
this delay into account and folding in che
chenical extraction and detector counting
efficlencies, cthen the mean number of detected
"Gy atons axnected in each run i{s enly 4.0.
Thus, the counting backgrounds wust be kept to a
small fraccion of a count/day.

Tue counting of the ge dacays has been
described in detall elsavherel?

briefly be described here. N, decays by

and vwill only

electron capture to the ground state of N,
with an 11.4 day half lifa. The only wvay to
observe this decay is to datect the low-energy
Auger electrons and x-rays produced during
electron shall relaxation Ln the resulting Mg,
aton. K capture glives Auger electrons with an
energy of 10.4 keV (41.5% of all dacays), 9.2
keV x-rays accompanied by 1.2 keV Auger
electrons from the subsequent M-L transicion
(41.2% of all decays), and 10.26 keV x-rayr
accompanied by 0.12 keV Auger electrons (5.3% of
all decays). L and M capture give only Auger
electrony with energies of 1.2 kaV and 0.12 keV,
vespectively

The Inwv . eneigy elections are detacted (0 a
small - volume proportional counter. I xenon §s
mixed in with the geimane to fncrease the
probability ot capturing some of the 9 keV x
rays, then (uith a 908-100 aixture o! Xe-Gelly)
4iv ol the decays are in the L peak and 41V are

in the K prak Due to consi{derably higher

backgrounds ir the L peak, only the K peak has
been used in the analysis presented here.

The major source of background in the
counters ls local radloaztivity. The councers
are therefore made from materials especially
selected to have a lov content of Ra, Th, and U
and are housed in large passive shields. To
further reject background events. 13 of 19
counting channels have an active Nal detector
around the proportivnal counter.

Background ra_loactivity primarlly produces
fast electrons In the counter. 1In contrast to
the localized ionizacion produced by che Auger
eleccrons from 7‘00 decay, chese fast ¢lectrons
giva an extended ionizacion signal as they
traverss the counter {nterlor. Since the
riseactime of the Ilnduced pulse incresses with the
radial excent of the lonization discance, Lt Is
possible to use pulse shape discriminacion to
separate the Nee decays from the background.
This is achfieved by differentiating the pulse
vith a time constant of about 10 nanoseconds and
measuring the resulting amplitude. One of cie
three councing sysceas also esploys a gigahert:z
transient digicizer to mcasurs the full pulse
vaveform for a microsecond.

Good rejection of background events is
obtained vith a counting mixture of 104 Gel, and
90\ Xe. This gas mixture glives a resolution of
18-21% at 5.9 keV, with a measured total
counting efficiency in a 2 FWVM vindow around
10.4 keV of )6%. This efficiency includes
peoartrical effeces {nside the counter and
excludes events vhose risetime s outside a 994
acceptance window,

The total background rate of selected
counters [11led with 908 Xe, 10t Gell, has been
measuted (n the enetgy interval of 07 1) 0 %V
to be appruximately 1.% cts/day. The coun; e

n

background In the “"Ge K peak acceptance vindow
{« approximately 1 event per mouth.

Y6 Dete tor Callhratfon



After filling a counter with the Getl,-Xe
mixture, the counter is calibrated using an
external >3Fe source, which illuminates the
central part of the counter through a thin side
window. The uniformiky of the counter response
has been checked over a limited region by first
calivrating the counter with the 55Fe source at
90° to the counter and then at +/- 45° along the
axis of the counter. This is done to ensure
that the counter performance at the window
position has not been degraded by polymerization
of Ge compounds on the anode wire due to
repeated exposure to the source at the window
posicion. Calibracions of the counters are
repeated at approximately one month intervals.
The stability of the counters used i{n the data
reported here was quite good, with typical gain
variations observed of 3-4%. These gain
varfations did not affect the results of the
analysis of any of the runs reported here.

The 35Fe calibration i{s used to generate a
two dimensional plot of inverse risetime versus
energy. A rectangular acceptance window is then
calculated around the 5.9 keV >7Fe peak which
accepts 2 FWHM in energy centered arnund the Fe
energy peak, and 95% of the risetime

distribution. The position of the acceptance

window for the s

Ce K peak {3 calculated by
first determining any offsets by fitting the
35Fe spectrum from the centrold of the Xe escape
peak at 1.4 keV tc well above the 5.9 keV J7Fe
peak. The centroid of the acceptance boxes for
the "lce k peak {s then determined by scaling
from the >Fe peak. The width of the 71, K
peak window {5 determined by scaling the width
fn energy as the square root of the energy and
setting the width {n risetime to be constant and
rqual to the width for the 51')I-‘e peak. In order
to check this extrapolation procedure, a counter
was [1lled with the standard Gel,-Xe mixture (n
which the Ge had been act{vated tn the lox

Alamos Omega West reactor., This provided an

internal calibration source of 71Ce in the
counter gas with a Total counting rate of less
than 10 cts/s. All of the counting systems were
calibrated using this counter. The spectrum
from this counter taken simultaneously with the
external >Fe source in shown in Figure 2. The
acceptance boxes for the 33Fe and the 710e K
peak are marked and this data clearly shows that
the extrapolation method used is correct. The
peaks occur all with the same risetime since
they are all due to low energy x-rays which
produce point ionjization in the counter. Events
witn lower values of 1/risetime are due to
background pulses which produce extended

fonizacion in the counter,.

1/Risetime
e

P I

o
ADC Value

FIGURE 2
Caggbrution Spectrum7Yslng External
Fe and Inter al Ge Sources.

2.5. Analysis

The analysis searches for events which are
within the 716@ K peak acceptance window and
wialch have no Nal acrivity in coinclidence, A
maximum likelfhood analysis is then cartied out
on these events by fitting the time distribution
to an exponential decay with an 11.4 day half.

life and a constant background,



). EXTRACTION HISTORY
The experiment began operation in May of

6sGe from 30 tons of

1988, when removal of che
gallium commenced. - The 68ce accivicy in che
ficsc exctraction froam the 10 tons of Ga was 7700
cts/day in the Ge K-peak, The chemical

q 68

extraction efficiency an Ce counting rate

vere monitored during most of the initial

Gsce ractes

extractions and showed chat the
tracked the chemical extraction efficiency for
the first nine or ten extractions. However,
beginning with the extraccions in January 1989,
ict became clear that there was a source of long
lived residual activity which did not decrease
rapidly wich further extractions. The level of
this acctivity was about one rount/day in the Ge
K peak. Although the source of this accivicy
has not been deflinitely ifdentifiad, exhauscive
testing indicaced that it came from elther the
reactor vessals or the gallium. The most likely
possibilicty is cthact there was some diffusion of
long-lived 68ce from the original dircy gallium
into the teflon linars. Further extraccions
continued to slowly reduce thiz background.
Each reactor has now undergone at least 20
extractions and in recent runs, the activicty in
the Ge K-peak has typically bean less than 0.2
cts/day.

With the extractions beginning (n April 1989,
the aralysis indicated the presence of several
counts per run with a half life reasonably

’lCe. However, as statistics

consistent with
from additional extractions In June, September,
October, and December 1989 bufle up, the best
fit to the half-life was Jeterminsd to be 4 4/.
1 day, vhich is consistent with radon rather
thin ’lGe. Subsequently a large, ultra low
background hyper pure permanium solfd stare
detector vas Installed at the expetlment and

used to assay all of the reagents,

that the wvater used In the germane synthesis did

{ndeed contaln rome radon To ellafnate the

It vas found

radon, newv extracrion procedures were
implemented beginning with che January 1990
excraction. These procedures included using
old, distilled tritlum free water and addicional
purification of ocher reagents to remove radon.
These procedures resulted in the eliminacion of

the radon contaminatlon in che extractions.

4. MEASUREMENTS OF THE SOLAR NEUTRINO FLUX

4.l. Scaciscical Analysis

Extractions from the 30 tons of gallium were
carried out in Jjanuary, February, March. and
April of 1990 using the new procedures described
above. Data froa earlier extractions is not
included in the analysis here due to the radon
contaminaction of the daca. The data from the
January 1990 extraccion in the region of che

Nge x peak is shoun in Figure 3.

[N -
.
e 45 59 5
0 LI [ ‘JE: a_ 1 LR}
1 1 . 2 . : Y k) -
14 46 . o
o . L) . E
e ol ¢ i
ae 4 Extraction January 1990
¢ . {62 Days counany) i
. X
o7 I
L L T v
) L1 “
Energy (ADC)
FIGURE )

Blowuj of Risetime " versus Energy
for the ‘anuary Extraction Data.
Dars correspond to events which have
anso~lared Nal accivity.

The acceptance window shown vas determined using
the exttrapolation procedures [rom ke described
abave. The date at which eacl event occurred
alter the start of countliog is shown next 1o the
event. It Is cleat [tow the data that theve are
essentially no early time events consistent with
a "lGe hall 1tfe of 11.4 days vithin the

acceptance window, This conclusion remains true



even Lf one includes all of the events outside
the accepcance window. The same conclusion is
reached vhen che February, March., and April runs
are exanmined, "

The resulcs of che maximum likelihood
analysis ave shovn in Table 1. Ue noce that the
best fic value of 29 SNU for the February run is
due to the occurrence of one evenct in the first
day of counting wichin the acceprance window,
Whea one fits all four data sets simultaneously,
the maximum likellhood analysis finds that cthis
count is consistenc with background. Thus, the
best fit value for the sum of all four runs is O
SNU, {.e., the maximum likelihood fit describes
the data best by assigning all councs to

background.

Table 1. Scacisctical Analysis
(* indicates run is still counting)

RUN__ BEST FIT . 68y CL 95% CL

JAN 0 SNU 80 SNU 166 SNU
FEB 29 105 191
HAR* O 139 251
APR* 0 163 287
SUM 0 SNU 55 SNU 105 SNU

4.2. Systemacic Effects

Systenmatic effects fall into three
categories: uncertaincies in efficlencies, a
possible variation in time of the deteccor
background causing an incorrect background
subtractlion, and uncertainties in vhe
extrapolation of the MNge K peak acceptance
vindov from the Mge calibracion.

Uncertainties {n elficlencies (nclude
uncertainties in the amount of galljum (0.5W),
the exposure time (U.1%), the delay time betveen
start of the extraction and the start of
counting (0.5), dead time 1n the counting,
system (0.95%), amount of Ge carrier Introduced
(54). amount of extracted Ge carrier (3%),
detector efflciency (19%), risetima cut

acceptance (%), and rueipy cut acceptance (%)

The coral systematic error due to efficiencies
is determined by adding these uncertainties in
quadracure to obtain a total uncercaincy of 21%
(12 SNU, 68% CL) and 42% (44 SNU, 95% CL).

The uncertainty in background subcraction

under cthe 71

Ge decay curve due to cime
variations of che counter background was checked
in tuo ways. Flrst, the dacta from che /lge K
peak vas analyzed using only the first 30 days
of daca and the increase in the limit vas only 5
SNU (68% CL).

scatistics, the avents wvithin the 55Fe

Second, in order to get bactter

acceptance vindowv vere also splic into two cime
periods of 30 days each and the maximum allowed
variacion was determined. This variation was
then converted into a maximum allowed variacion
in the background rate for che Tge K peak,
assuning chac the change in background rate is
independent of energy. This gave a maximun
change in the 71Gc race of 19 SNU (68% CL) and
35 SNU (95% CL). To be conservative, wa used
the larger number (19 SNUI) of the two techniques
in determining the uncerctainty in ctime
variations in the background race.

Ve note that the data is totally consiscent
vith a8 constant background and no Tge decays.
The first 30 days of data (about three 7160 half
lives) has 8 counts in the 7lce K peak and the
second 30 days has 7 counts. The second 30 day
period must be corrected from 7.0 to 8.3 counts
due to the fact that the March and April runs
have so far counted only for 52 and )9 days
respec-ively.

The uncertainty in the position of the 7lce
acceptance vindow by extrapolating from the
position of the Ve acceptance window resulcs
{n an uncertainty of vhich events are to be
considered as candldates for l‘Ce decay. While
there is a very small uncertainty in determining
the acceptance limlts fn enerpy, the uncertalnty

In the extrapolation for the acceptance linmits

on the risetime of the cvents may be



appreciable. This uncertainty is due largely to
nonlinearities and offsets in the risetime
ele~croniecs. Houcver|_Fhere is a limiting bound
co the poslicion of che windov on risectime: no
real pulse can have a risetime vhich is faster
than for point fonization in the councer.
Occasionally, there can be noise pulses with a
faster risetime. bur such nolse pulses are
extremely rare in the K peak region (less than
one or two per month). Thus, the maximum
uncertaincty in the Tlge rate can be determined
by shifting the position of the acceptance
window in rlse:lne'l dowun (see Figure 3) uncil
ane starcs to exclude some of the events. By
shifting the acceptance window in inverse
risetime down, one includes additional
background events, but ensures chat no possible
7lce candidate events are excluded by the cuct.
This procedure {s the most conservative one
possible slnce it maximizes the background
included wirhin the cut withour excluding any
possible 710e candidates.
The data for each extraction was then reanalyzed
vith the shifted acceptance vindow and the
change in the besc fit and upper limits vas
deternined. The value for the best fic did not
change, due to the fact that rhere rre simply
very fev early time events, within either the
unshifted or shifted acceptance windovs., The
change in the upper limlts for all four
extraccions combined together wvas determined to
be 13 SNU (68% CL) and 19 SNU (95% CL).

4.3. Initial Results

The combined data from all four extractions
is shown in Figure &4, which shows the incegral

7'6« K peak

time plot of events within the
acceptance window, ln this fipgure, the value of
the curve is lncremented by one count every time
a candidate event occurs. Also plotted s a
straight line, which corresponds to a constant

background, One observes thac this provides a

good it to the data. The curved line

corresponds to the exponential decay of 710:
purely atr the level predicted by the SSM and
does not include any background. The fact that
the daca falls well below this line indicaces
there {s a deficit of solar neutrines. 1In facc,
even if one ascribes all of the candidate events
to be signal, cthe tocal observed number of
counts i{s still one half of that predicted by
the SSM.
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FIGURE &
Integral Plot of “"Ge K Peak Events.

The overall best fit value and upper limits
to the solar neutrino flux was determined as
follows. Ths best Lit value vas determined by a
combined analysis of four extractions. The
upper limits wvere dete.ained by adding the
statistical uncertaintles (55 SNU) In quadracture
wvith the systematic uncercainties due to
efficiencies (12 SNU) and time variacion of the
background (19 SNU). The systematic uncertaincy
In determining the risecime acceptance wvindow
(13 SNU) wvas then added linearly Lo the above
uncertalnty. While this is very coiservative,
it takes Ilnto account the possibility that there
may be a systematic bias in the vay in vhich ve
determine the acceptance windows. The results
of the analysis of the [our runs, expressed both
la SNU and as a fraction of the $5M, are.

(vhere A - LlGe excraction efficiency )

Carrier extraction efficiency



BEST FIT 683 CL 953 CL
0 sNy 12 sy 138 sNy
A A

0.0 SSM 0.0 : SSM  1.05 ssM

A A
The factor A is included since Lt has not yet
been demonstrated that the extraction efficiency
of the "lge produced {n inverse beta decay by
solar neutrinos is equal to the extraction
efficiency determined using the nacural Ge
carrier addzd to the reactors. It is certainly
to be expected thac A =1, and no viable physical
mechanisa has been postulated in vhich A could
be differenc than 1. Nonetheless, the factor A
is Included in ordar to explicitly identify the
one assumption made in decermining the scated

limits,

4. FUTURE PLANS

Monchly excractions from the 10 cons of
gallium vill contlnue. At che same tiae,
furcher tests to underscand the source of the
remaining background will be conducted, and the
detector wvill be expanded to the full 60 ctens of
gallium. The additional 30 tons is nov stored
underground and wvili be installed inco reactors
shortly. During the purificacfion of this
additional gallium to remove Sﬂc.' studies will
be carried our te optimize the chemical
exctraction efficiency.

The ‘lge L peak data is praesencly being
analyzed. If the background can be reduced
further. either by {denclficaction and
elinination of the background source In the
experiment, or by Improved analysis techniques,
the counting efficiency {n the experiment cculd
be almost doubled.

The number of channels in the presesnt
counting systems is belng Increased to allow for
longer counting times for each extractlion and to

allov additional systematic checks of reagents,

counter backgrounds., etc. to be carried our.

Significant quancicies cf scable 726e and
736. isotopes are avallable that will be ysed
sequentially for che Ge carrier. HMass
spectrometric analysis of the lsotopes [n the
germanium excracted “rom the reactors should
yleld an improved understanding of che chemical
pProcess.

As an inlcial cesc of the extraction process,
ve plan Co shorcly dope one of che reaccors with
a known nunber of Mg, atoas along vith che
natural Ge carrier and compsre the extraccion
e{ficiencies. A final calibraclion of the
decector is planned using a Slce neucrino
source. It is expected thac an activity of 0.8
MCi vill be obtained by irradiacing abouc 200 g
of enriched chromium (86% soCr) in che Soviet

ol3

reactor SM-2 (thermal flux - 3.2 x 1 neutrons

ca? sec'l). Approximately 400 decays froa the
"lge acons produced by this source are expected
to be detected, ylelding a stacisctical accuracy
In the calibration of 5¢. This calibracion

experiment |s expecred to occur in early 1992.

5. SUMMARY

The firsct daca from a galllua solar neutrino
experiment is consistent with no solar neutrino
induced avents being observed. The inlcial data
{ndicates chat the flux may be less than that
expacted frem p-p neutrinos aleone, thus
indicacting chat che solar neutrino problem also
applies to the low enargy p-p neutrinos.
However. ti.e statlscics are limited and
additlonal systematic checks are planned to
check extraccion efficlencles. It Is
anticipated that within zhe next year the SAGE
experiment vill be able to definltively
determine whether the flux of low energy solar
neutrinos 1s sufficlently low to indicate -he
need to Invoke new particla physics in order to

explain the solar neutrino probles.
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