LA-UR -1:461

_ qugu/ I ;

DE88 010957

LOS Alamos Natuonsl LADOTStOry 4 Operemd By the Unvertmy of Cawlorn fer the Unweg Btames Department of Energy under contract W-7408-ENG. 38

TITLE. ''The Soviet American Gallium Fxperiment (SAGE)"

AUTHOMNS):

SUBMITTED TO.

A. 1. Abazov, D, N. Abdurashitov, 0. P. Anosov, A. V. Avdeyev, Yu. 1.
Belousko, O. V. Bychuk, S. N. Danshin, L. A. Eroshkina, Z. L. Falzov,
V. I. Gayevsky, V. N. Gavrin, A. M. Grigorjev, A. V. Kalikhov, S. M,
Kireyev, T. V. Knodel, I. I. Knyshenko, V. N. Kornoukhov, S. A.
Mezentsevah, I. N. Mirnov, Sh. M. Ejikbosverpdze, A. V. Ostrinsky, V.
V. Petukhov, 0. E. Pikhulya, A. M. Pshukov, N. Ye. Revzin, A. A,
Shikhin, Yu. I. Shilo, Ye. D. Slyusareva, M. V. Stepanyuk, A. A.
Tikhonov, P, V. Timofeyev, E. P, Veretenkin, V. M. Vermul, V. E.
Yants, Yu. I. Zakhorov, and G. T. Zatsepin, Institute for Nuclear
Research of the Academy of Sciences of the USSR

B. C. Cl¢veland, T. J. Bowles, S. R. Klliott, H. A. O'Brien, D, L.
Wark, and ], T, Wilkeracn, P-3

M. L. Cherry, University of Pennsylvania

R. T. Koures, Princeton University

XVI INS International Symposium on Neutrino Mase and Ralated Topice,
Toyko, Japan, March 16-18, 1988

DISCLAIMER

This report was prepared us an account of work spunsored by an agency of the United Stales
Government. Naither the United Stales Jovernment nor any agency thereu!, nor any of their
employees, makes any warranly, express or implisd, or sssumes any legal liability or reaponsi-
bility for the accuracy, complatenesa, or usefulness of any information, apparsius, product, of
process disclosod, ur repre.ants that its use would not infcinge privately owned rights. Refer-
ence hersin to any specific commercial product, proceas, or service b, trade name, trademark,
manufacturer, or otherwiss does nol necessarily constitule or imply its endorsement, recom-
mendation, or favoring by the United States (overnment or any agency thersol. The views
and opinions of authors enpiessed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

By 2000018NCO OF 1P19 871810, (PO DUBISHE? 1980GNI108 NI (N0 U § COvirnMen retiens § NOAETSIUSIVE. FOYQIHY- {100 HOONDe 10 NW#& twd
he DUDHENEE 1u/m Of (A1 CONIDUNLEN, OF 10 Siew OINOrS 10 00 00. for U B Gevernment surpeess. ¢ Wt

e
The LOS AamOs NAUONA! LADOCIOrY r0AUES.N tNET IND Pudlisher 1Ganhly ts Oreie B8 work pOrfermes unier the susiuesd ol the U § WMMM“.Y

QISTRIBUTION OF THIS QOCUMENT 18 UNLIMITES

.?A)
LOS AlamO's iamenaeraiss

FORM NO 30 A4

A% e assa a.a:


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


The Soviet American Gallium Experiment (SAGE)

A. 1. Abazov, D. N. Abdurashitov, 0. P. Anosov, A. V, Avdeyev,

Yu. I. Belousko, 0. V. Bychuk, S. N. Danshin, L. A. Froshkina, E. L. Faizov,
V. I. Gayevsky, V. N. Gavrin, A. M. Grigorjev, A. V. Kalikhov, §. M. Kireyev,
T. V. Knodel, I. 1. Knyshenko, V. N. Kornoukhov, S. A. Mezentsevah,

I. N. Mirnov, Sh. M. Ejikbosverpdze, A. V. Ostrinsky, V. V. Petukhov,

0. E. Pikhulya, A. M. Pshukov, N. Ye. Revzin, A. A. Shikhin,

Yu. I. Shilo, Ye. D. Slyusareva, M. V. Stepanyuak, A. A, Tikhonov,

P. V. Timofeyev, E. P. Veretenkin, V. M. Vermul, V. E. Yants,

Yu. I. Zakhorov, and G. T. Zatsepin
Institute for Nuclear Ressarch
of the Academy of Sclences of the USSR
Moscow, USSR

B. C. Cleveland, T. J. Bowles, S. R. Elliott,
H. A. O'Brien, D. L. Wark, and J. F, Wilkerson
Physics Division, Los Alamos National Laboratory,
Los Alamos, New Mexico, USA

M. L. Cherry
Department of Physics, University of Pennsylvania
Philadelphia, Pennsylvania, USA

R. T. Kouzes
Department of Physics, Princeton University
Princeton, New Jersey, USA

(Presented by J. F. Wilkerson)

ABSTRACT

A radischemical experiment using the reaction »_  + 7ge + "lga + 0" to
determine the integral flux of low-energy nautr!non from the sun is
currently under preparaticn at the Baksan Nsutrino Observatory in the
USSR. Measurements are scheduled to commence by late 1988 using ~30
tonnes of metallic gallium. With this amount of gallium it should be
possible to obtain a fractional statistical accuracy of 12-15% after
one year (assuming the standard solar model neutrino flux). While
initial measurements are in progress, installation of the remaining 30

connes of gallium will proceed in order to perform the full 60 tonne
experiment.

1. Introduction
The sun !s believed to produce a copious flux of electron neutrinos in
the procass of the fusion of {our protons to %4e. Th. fallure to observe

these neutrinos in the expected number constitutes the solar neutrino problem.
The radiochemical Cl-Ar experiment of Davis and collon;uoll and the water



Cherenkov counter in the Kamioka mine? both show that the flux of "high"-

energy neutrinos from the decay cf 88 1s much less than predicted by the
standaré solar model’.

Many hypotheses have been advanced to explain this discrepancy, ranging
from errc in the astrophysical input for the calculations, through errors in
the calculations themselves, to particle-physics solutions such as neutrino
oscillations or exotic massive parricles at the core of the sun. While the
proposed astrophysical solutions all seam to run into difficulties with other
observables, several particle-physics solutions are apparently viable.
Interest in this possibility has boen heightened by the theoretical discovery
of the Mikhevev-Smirnov-Wolfenstein offocc“. whereby neutrino oscillation
phenomena can be enhanced in matter. Whatever the solution, it is clear that

the limited data available permit only judicious speculation.

A besic question is whether the initial step of the fusion cycle, the
proton-proton fusion, is occurring at the expected rate. While tha reactions
forming 88 are a very minor branch, with little influence on energy
production, the pp reaction is fundamentally linked to the total luminosity of
a steady-state sun. Failure to observe the pp neutrinos with the flux
predicted by the standard model would strongly indicate the preseance of
neutrino oscillations. An experiment with 74Ga as the sensitive medium is
capable of registering these low-energy neutrinos bscause of tha inverse beta
decay’s lov energy threshold (23] keV). By using between 40-65 tonnes of
natural gallium metal, the SAGE collaboration should be able to address this
fundamental question.

2. Bxperimental Overview

In the gallium radiochemical neutrino experiment the metallic gallium lis
exposed to a source of neutrinos for a given time (21-30 aays; after +hich the
7lce atoms that have been prodiiced by neutrine capture ars extracted via a
cliemical procedure. A schematic representation of the procedure ias
fllustrated in Fig. 1. Detailed pilot studies with 7 tonnes of metallic
gallium st the Institute for Nuclear Research (INR)5 ard !ndependont studies
with 10 kg of metallic gallium at Brookhaven National Laboratoxy6 have
denonstrated the viability of the metallic based extraction technique.



1. Introduce Known Amount Of Ge Carrier

2. Separation Of Ge From Ga Metal

Mix Hy, HCI, & Ho0, with iquid Go (6 Tana/Reactor) ~ 0.5 hr
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Gos Chramatography Purificat ion

Fig. 1. Schematic diagram ot the Ga-Ge chemiocal extraction
procedures.



Presently, over €0 extractions have been performed on the INR pilot system

with an average extraction efficiency in excess of 90%.

After the axtraction, the germanium is synthesized into germane (GeH,)
gas vhich is then combined with Xe and inserted into a small volume (-0.5 cc)
ultra-low-background gas proportional counter, where the T1ge decays are
counted. For extraction from 30 tonnes and assuaing a standard model based
solar nautrino flux of 132 SNU (1 SNU = 10°36 captures per second per target
atom), one expects only 8.3 7100 atoms present after a 21-day exposure. Thus,
extremely sensitive low-background counters are required. These are allowed
to count for a long period of time (3-6 months) after filling in order to
allow for the complete decay of the 71Ge 8o that the detector backgrounds can
be accurately determined.

3. SAGE Collaboration

Scientists at INR initiated work on the Ga-Ge measurement in the mid-
1970's. By 1985 this effort had resulted in the excavation of the shielded
chanbor at the Baksan Neutrino Observatory of the INR, the procurement of over
60 tonnes of gallium metal, the construction and testing of a chemical
extraction system, and the development of a low-background detsctor counting
systen. In 1986 several US institutions were invited to joirn the INR effort
and the SAGE collaboration was born. The addltion of the US scientists was
primarily for the purpose of providing more support in the avea of detector
counting systems as well as to assist in some details of the germana chemistry
generation and purification. A further motivation in forming the
collaboration was to try and accelerate the measurement scheduls.

4. Btatua

The SAGE expariment is situated i{in a specially fabricated and shielded
chamber of the Baksan Neutrino Observstory of the INR in the Caucasus
Mountains in the USSR. The 60 m long, 10 m wide, 12 m high chamber is located
3500 meteras from tha entrance cf the horizontal adit at a depth of
4800 h;/cnz. At this shielding depth the effect of the cosmic-ray background
is reduced to a negligible level (<1%). Construction of the chamber is
complate. It 1is sealed &nd watercight with a full coating of low-background
concrete. The electrical utilities, chilled water, air conditioning, process



stean, and the system for purification and cooling of the Ho0, Hy0, and HCL
are in place and functional.

The ten chemical reactor vessels needed to hold the 60 tonnes of gallium
are in place on the chamber floor and four have been cleaned and wired for use
in the initial measurement. Each reactor holds ~ 7 tonnes of gallium metal.
The 30 tonnes of gallium metal to be used in the initial measurement is now ar
Baksan and has recently been installed in the reactors. Construction of the
glassware and apparatus necessary to perform extractions on the initial 30

tonne experiment is now being completed.

An INR constructed four-counter counting rystem has been developed and
is now located in the chamber. A US bullt four-counter system is scheduled tu
be shipped to Baksan by mid-Swummer 1988. Data analysis techniques using
digitizer based rise-time discrimination methods are being developsd and
tested both in the USSR and the US.

The present schedule calls for extractions to purify 3C tons of gallium
(by removing 68Ge that accumulated in the Ga before it was installed
underground) to commence by the summer of 1988. After shake-down of this
system, neutrin¢ flux measursments should start near the end of 1988.
Asgunming no unforaseen difficulties or delays, it is expected that an initial
result from the 30 tonne gallium measurements will be obtained in 1989. If
after one year of measurement the standard solar model neutrino flux were to
be observed, this result would have a fractional statistical accuracy of 12-
154. This is certainly sufficient to determine whether the pp flux from the
sun is a factor of three down from the predicted standard solar model value as
is the case for the "high"-energy srlar neutrincs.
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