
,....
2.

3.

4.
5.
6.
T.
8.
9.

:l0.

:2.
:3.

:c.
:'7.
18.

:9.

20.

21.
22.

23.

24.
25.

26.
21.

REFERENCES

J. N. BabcalI, Rev. Mod. Phys. 2Q, 881 (1978).
R. Davis, Jr., Proc. ot the Brookhaven Solar Neutrino Conference
1, 1 (1978).
J. K. Rowley, B. T. Cleveland, R. Davis, Jr., W. Hampel, T.
Kirsten, "The Present and Past Neutrino LUIIlinosity of tbe Sun,"
BNL preprint 27190 (1980). . .
J. N. Babcall and R. Davis, Jr., Science 191, 264 (1976).
J. II. Bahcall, Space Sci. Rev. 24, 227 (1979).
B. Pontecorvo, Sov. Pbys. JETP 26, 984 (1968).
S. M. Bilenky and B. Pontecorvo:-Pbys. Reports 41, 225 (1978).
L. Woltenstein, Pbys. Rev. D 17, 2369 (1978).
J. N. Bahcall, N. Cabibbo, andA. Yahil, Phys. Rev. Letters 28,
316 (1972). . ­
V. Barger, D. Cline, R. J. 1'1. Phillips, and K. Whisnant, Pbys.
Letters 2J!, 194 (lg80).
V. Barger, K. Whisnant, and R. J •.N. Phillips, Pbys. Rev. Letters,
~o be published (1980).
J. N. Bahcall and S. C. Frautscbi, Pbys. Letters ~. 623 (1969).
M. Scbvarzschild, Structure and Evolution of the Stars (Prince­
ton University Press, Princeton, NJ 1958).
,. D. Clayton, Principles ot Stellar Evolution end Nucleosyn­
thesis (McGraw-Hill, N.Y., 1968). 612 pp.
J. 1'1. Babcall, Phys. Rev. 136, B1l64 (1964).
R. S. Raghavan, Pbys. Rev.Lett. 31,259 (1976).
B. Pontecorvo, CbalkRiver Lab. Rep. PD-205 (1946).
L. W. Alvarez, Physics Notes, Mem •. No. T6T, Lavrence Radiation
Lab. (March 23, 1973).
R. Davis, Jr., Free. Int. Cont. on Neutrino Physics and Astro­
physics (Moscow) 2, 99, (F.I. Acad. Sci. USSR, 1969).
R. Davis, Jr., Proc. Intormal Conf~ on Status and Future of
Solar Neutrino Research (BNt 50879) 1,1, Ed. G. Friedlander
(1978). -
J. N. Bahcal1 and R. Davis, Jr., Science !Zh, 264 (19T6).
E. L. Firl!lll&ll, 16th Int. Cos. Ray Conf., Vol. 12 (Kyoto, Japan,
1979). -
J. II. Babcall, W. F. Huebner, S. H. Lubow, N. H. Magee, Jr.,
A. L. Merts, P. D. Parker, B. Rozsnyai, R. K. Ulrich, and
M. F. Argo, Pbys. Rev. Letters 45, 945 (1980).
J. N. Babeall and R. K. Ulrieh,~p. J. ITO, 593 (1971).
J ••• Babcall, B. Cleveland, R. Davis, ~, I. Dostrovsky,
J. C. Evans, W. Frati, G. Friedlander, K. Lande, K. Rowley and
J. Weneser, Pbys. Rev. Letters Vol. 40, No. 20, 1351 (1978).
V. Gribov and B. Ponteeorvo, Phys. Lett. 28B, 493 (1969).
R. Barbieri, J. Ellis, and M. K. Gaillard~ys. Letters ~,
249 (1980).

-38- DAVIS

SOLAR NEUTRINO EXPERIMENTS AND A TEST FOil
NEUTRINO OSCILLATIONS WITH RADIOACTIVE SOURCES

.ruce T. Cleveland, -.ymond Davis Jr., snd J. K. Rowley
Brookhaven National Laboratory, Upton, New York 11973

ABS"CUC'l'

The results of the Brookhaven solar neutrino esperiment are
given and compared to the most recent standsrd solar model calcula­
tions. The observatioDS are about a factor of 4 below theoretical
espectations. In view of the uncertainties involved in the
theoretical models of the SuD we do not consider the discrepancy to
be evidence for neutr ino oscillations. 111e status of the develop­
ment of a gallium solar neutrino detector is described.

Radiochemical neutrino detectors can be used to search for v.
oscillatioa. by using megacur1e sources of monoenergetic neutrinos
like 65zn. A quantitative evaluation of possible speri_nU using
the Brookhaven chlorine solar neutrino detector aDd a gallium
detector is given.

nrmooUCTIOli

In this report ve will give the results of the Brookhaven
solar neutrino experiment that has been operating for 12 years.
This experiment has always observed a solar neutrino capture rate
in 37ci belo" the rate expected from standard solar models. til
recent years the observed rate has been approximately a factor of
four below theoretical expectation. Among the various explanations
advanced for the low solar neutrino {ve> flux is neutrino oscilla­
tion. We will discuss this question briefly and point out that the
dominant .olar neutrino flux signal expected to be observed by the
37Cl experiment according to the standard BOlar model arises from
8B decays in the sun, and that the flux of these neutriUOlil may not
be reliably calculated. 111erefore ODe should exercise great
caution in using results of the 37Cl solar neutrino experiment as
evidence for \/e oscillations. Since the flux of low energy
neutrinos froa tbe chain initiating proton-proton reaction can be
reliably calculated, observing the flux of this component of tbe
solar neutrino spectrum could give aore direct information on tbe
question of neutrino oscillations. A radiocbemical solar neutrino
detector based upon the neutrino capture reaction 71Ga (ve , e- >71ee
has a sufficiently low ener~y thresbold to observe p-p neutrinos.
A gallium solar neutrino experiment can .eareb for oscillations of
electron neutrinos with an average energy of 300 keV over di.tances
of one astroDOlaical unit (1.5 s lOll m). Progress on aDd the
statua of the developaent of a gallium solsr neutrino detector viII
be deslo;:tbed.

Radiochemical solar neutrino detectors can also be used to
search for ve oscillationa by using "".source of neutrinos of vell­
defined energy such as 65Zn• Plans for csrrying out experi.ents
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along these lines using the Homestake chlorine detector and a small
gallium detector will be described in a later section.

0.47 * 0.05 atoms/day
0.08 * 0.03

Average 37Ar production rate
Background from muons
37Ar production possibly

attributable to solar neutrinos • 0.39 * 0.06 atoms/day

Possible solar neutrino rate· 5.31 x (0.39%0.06) • 2.1*0.3 SNU

where 5.31 is the appropriate factor for converting the rate in
atoms per day in a detector eontaining 2.18 x 1030 atoms 37Cl to
SNU (SNU • solar neutrino unit· neutrino captures per second per
37Cl atom x 1036).

The above rate is to be compared to the neutrino capture rate
of 7.8 SNU predicted using the standard solar model. 5 This model
will be discussed by John Bahcall at this conference. The
calculated rate depends upon a number of assumptions associated
with the standard solar model. For example, it is assumed that the
sun was initially homogeneous with the composition presently
observed in its photosphere, and that the sun is non-rotating.
spherically symmetrical, and constant in mass. This calculation
uses a mixing length theory for turbulent convective energy
tranaport and a modified ideal gas equation of state. 6 A large
amount of input data is used in the calculationa, some of which is
well known and accurately determined (mass. age. and luminosity of
the sun), some that is DOt as well measured or requirea
extrapolation to obtain relevant values (solar composition, and
nuclear reaction rates) and other information that must be
calculated or assumed (opacities, turbulent mixing processes).
Because of the diverse nature of the input data alone it ia
difficult to assess the errors involved in the calculated neutrino
fluxes. The atated error is 1.5 SNU for this most recent model
with a total 37CI capture rate of 7.8 SNU. Another very i.portant
consideration in interpreting the 37Cl solar .~utrino experiment is
that the .ajor contribution to the rate is from the 8B neutrinos,
and this source of neutrinos is very .ensitive to various
parameters and assumptions used in the solar ~odel. Table 1 lists
the neutrino sources io the sun, the calculated cross .ections and
standard solar model fluxes. It C&n be noticed that 6.3 SHU ia
attributed to the 8B neutrino flux alone.

Combining the data for all runs gives a lIIOst likely 37Ar
production rate of 0.47 *0.05 atoms per dsy. There is a background
production of 37Ar in the liquid resulting from cosmic ray muon
interactions. This muon background is evaluated by measuring the
37Ar production rate in perchloroethylene at shallow depths
(300-1100 m.w.e.) and extrapolating these measured values to
determine the rate in the solar neutrino detector (4400 m.w.e). We
will use a bsckground of 0.08 % 0.03 37Ar atoms/day estimated by
this method. 3 Experiments are in progress by E. L. Fireman4 to
evaluate this critical background by measuring the depth dependence
of mu~ photonuclear interactions in potassium by the process
39K(~ ,~%U,p)37Ar. Subtracting the muon background we obtain
the following result:

5

,0

SNU ,10
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AD apedment designed to observe the neutrinos freD the sun
bas been o~rating since 1967 in the Homestake Gold Mine (depth
4400 he/m). A radiochemical technique is used that depends upon
observing radioactive 37Ar recovered from 615 tons of perchlor­
oetbyleae (~C14).1 Neutrino detection depends upon the neutrino
capture reaction 37Cl(v ,e-)37Ar aDd the calculated neutrino
capture cross-sections.! The results frCD a series of 40 aeasure­
ments over the period 1971 through 1979 are given in Figure 1. The
values for the individual runs were obtained freD argon gas samples
r_el from the liquid and counted for periods of 150 to 250
days. a sufficient ti_ to distinguish a component decaying with
die 35 .., half-life of 37Ar from the counter background. The
coaat1n& data was treated by a maximum likelihood statistical_tbocl. '!he 'l7Ar production rates are given for 40 individual
~Eper1ments. The periods of exposure are indicated by the
horizOIltal bars, and the errors given correspond to the 67 percent
eocfidence level. The errors shown are statistieal, and the
fluctuations are in accordance with expeeted fluctuations obtained
by Monte Carlo simulations.

----------- J



table 1

SOLAR NEUTRINO FLUXES· AND CROSS SECTIONS··

v + 37C1 _ e· + 3711r • _ 3711r
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incorrect knowledge of the solar interior. Neutrino oscillations
could of course account for the discrepancy, a factor of 3.6 ~ 0.9,
or a part of it. depending upon the value of the mixing angle and
oscillation length.

lIlN SOLAR. IE1J'IIUJIO UPEUMI'JITS

H+H- l)*.* (G-0.42) 6.1 x 1010 0+ v

H + H + .- - D + " (1.44) 1.5 x 108 1.56 x 10.45

7ae aeul 4.1 x 109 2.38 x 10.46

Q

5.85 x 106 1.08 x 10.42
'-3 \2~ca)'

15; de=.a/ 3.7 x 108 6.61 x 10.46

:~ deo! 2.6 x 108 1.66 x 10.46

Ne~trjno :>~.rees , Ene"9ies F1~x on Earth

• In C11-2 sec·'
Cross section
a In C11

2
capt~re Rate

37
11r.0 x 1036 sec· 1

SIlU

o

0.23

0.98

6.31

0.24

0.04

There ia great interest in performing additional experiments
directed toward observing the BOlar neutrino spectrum. At this
conference there will be a report by R. s. Raghavan on the develop­
ment of a direct counting neutrino detector baaed upon the
1151n(v.e-)1155n*_1155n reaction. Another approach to observa­
tion of the solar neutrino spectrum ia to perform a aet of
measurements with radiochemical detectors having different
threshold energies and sensitivities to the neutrino flux. 2 The
radiochemical detectors considered for this purpose are based upon
the following reactions: 71Ga~v.e-}7lGe. 7Li(v.e-)7Be.
&lBr(v.e-)81Kr. and 37CI(v.e-) 7Ar. table 2 compares these

table 2

COMPARISON OF RADIOCHEMICAL SOLAR NEUTRINO DETECTORS

Percent of signal from various solar neutrino sources, standard model.

Uo e 7.8 SIlU
37C1_37Ar 7liJ Be 7l Ga_71Ge 81Br_81Kr

J. 1I. Bal>tal1, W. F. Heubner. S. H. L~b"", II. H. 111gee. II. l. Mertz, P. O. Parker.

!. !!en'"!.; ancl R. K. Ulrich

J. N. Ba'>Clli1. Rev. Mod. PhyS. ~. 881 (1978)

A l!1IIIber of non-standard lIIOdeh have been calculated that
give solar Deutrino capture rates in 37Cl in the range 1 to 2 SHU.
Various features are introduced in these mdels that lead to lower
internal temperatures and thereby yield lower llJl and 7Be production
rates. 7 A.1dlough mst of these mdels do agree with the results of
the chloriDe experiment. they are not generally accepted because
some of the aechanisms invoked do not seem to be reasonable or they
lead to consequences that are in conflict with observations. Of
these .art')us models ona of the mst reasonable simply assumes that
tile he,avy element composition in the interior of the sun is a
factor of ten below the accepted photospheric value. The lower
heavy el_ent compodtion reduces the opacity. which gives l_er
internal temperatures. and leads to a capture rate in 37Cl of about
1.5 SNU.

There are ..ny uncertainties in the theoretical calculations
of tbe solar Deutrino spectrum and the errors are difficult to
evaluate properly. Therefore. the difference between our result of
2.1 * 0.3 srm and the rate of 7.8 * (-1.5) estimated from the
standsrd sodel could easily be ascribed to our incomplete or

Neutrino Source

H+H+D+e+ + v

H + H + e- + 0 + v

7Be decay

13N decay

150 decay

88 decay

E.o

Tons Element for 1
v-o::,wture/day

o

3

12

3

~
7.8

356

0

LJ
0

22 8

10 27 ~
3 1 4

21 3 10

44 2 9

41 100 6.3

3.5 34 495
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(1)

Tole 3

Absorber Source Detected A (c..- l Me-I)
Isotope

CzCl 4 65ZU 37Ar 0.0112

7.1 M eaC13 51Cr 7lee 0.0284

7.1 M GaCl] 65ZU 71.ee 0.0367

so.. of the advantagea of radiochemical neutrino oscillation
experiments are:

1. The neutrinos are .anochroutic
Z. The neutrinos are of the electron type for which

oscillation. ha"e been reported by leines et al.10
3. The source can be _de quite compact - -
4. The source strength can be accurately calibrated
~. The neutrino absorption cros.-aection is well-kaova
6. Background production rates due to a-particles,

Ilautrons, alld IlIUOt\S caD be made negligibly small.
':he::e 1s culy :: m.!.nor residual background effect from
solar neutrinos.

7. ~rrferen= neutrino oscillation lengths can be sampled
hi placiC6 concentric detectors about the source.

The principal difficulaty la experiments of this type i. that
very large source strengths are required. With the strongest
available reactor flux an irradiation time of approximately one
year is needed. E"en then, large targets are required (1-10 .. in
diameter) and the neutrino capture rates are low (less thall 5 per
day).

We shall DOW outline the procedures used la the calculation
of the expected capture rate and thea present two radiochemical
experiments that are feasible at the present time.

Consider a point source that emits s neutrinos per second and
an extended absorber that contains n atollls/em3 of a neutrino
absorbing isotope. From the definition of the cross-section u, the
neutrino capture rate R is given by R - A·G where A • nsu depends
on the physical properties of the source and absorber alld

G 1 J dV
-- ::z41r absorberr

depends only on the source and absorber geollletry (r here ia the
distance from the source to an arbitrary point in the absorber).
The factor A is gi"en in Table 3 for cross-section. calculated by
Rahcall. 2 The geometrical factor G can be expressed in closed form
for siaple geo_tries such as a sphere or a cylinder, aDd can be
easily evaluated for ~ore coaplex geometries or for an extended
source by Monte Carlo techniques.

OasEllVl.1IC IiEUUIN:> OSCIIJ.ATIONS nm KEGACURIE P~~D!OACTlVE SOURCES

detectors. It shows the r+cr .. the toM of tile element require'
for 0_ v-c:apture per day accordilll to the standard aolar lIodel. 5
tbe -.tn body of the table 11"•• the percent of the aignal
CGDtribated by the "ario.. ueutrillO sourca in the sun. The pp
re.cUOIl rate 1D tha sun is very vell calculated and 18 essentially
bdepeculeut of the usual iaput data. The ..jor energy producing
re.ctiou ill the sun are those of the pred_inant p-p I chain,
B(K,e+,v)D(B,l)3ae(3ae,Zp)4ae, that includes only this one ueutriDO
~ac1q reaction. 'fIIerefore, the p-p reacttotl ute is related
'ftC)' directly to the aolar lllaiaOalty alld, if the SUD is indeed
pndaclaa _ray by hydrogen fudoll, the p-p rate i. eatabihhed.
If a _reaeut of the total capture rate ill 7lee is ..ade, it
IIGoulcl he between 67- and 100 $NU, the lover UlIlit bef-ng the p-p
flux contribution alone. If we have confidence itl tllh argm"pot,
~ a sipsl lover tbau 67 SMU could be evidence for ueutr1uo
OltCillatioDS. A galli_ solar tl8utritID experilllent baa great
pIX_Uel for teatiq whether the lower than spected solar
_triDo capture rate ill 37Cl is a result of incorrect solar
structure or 1Dput data or is a _equence of a property of the
aeatriDo ~ as oscillation or decay.

A Call1... solar neutrino detector is being developed through
a jo1Jlt prograa of se"eral laboratories: the Max-Plsnck Institute
at Heidelberg, the We1zaann Institute, Institute for Advanced
Sbldy, the Uni"eraity of PetlnsylYan1a, and Brookhaven National
Laboratory.8 The product, 71Ge, is separated from the tar~et, a
vater solation of Gael3 with added hydrochloric add, 88 7 GeC14 by
a belila purge. A pilot detector that uses 1.3 metric tons of
plli_ is _ ia operation. Extraction of 7lGe is essentially
er-itati"e, and it la clear that a 50 ton solar neutrino experi­
_ U bdeed feaalbla. The aext step in development is the
ca1lbratiou of a galliua detector with a ..gacurie radioactive
_ce of IIOnoenergetic neutrinos. This source calibration can
eenre .. a test for neutrino oscillations, as will be described in
the aea:t aection.

IbJ. section deals with possible radiochemical experimenta
that c:aa teat for the s1stence of abort range neutrino osc11la­
rt-. TbU type of ellEer1Slent follova the original suggestion of
L. V. Alvarez to use a Szn source to Masure the neutrino absorp­
U- en..-section of 37el.9

'DIe paeral principles of an oscUlation experilllent are quite
.traic1atforvard: a strong source of a radioactive isotope that
~ya prl..r1ly by electron capture la prepared. The shielded
eoarce is placed deep UDderground witbltl or near to a target
8aI:.n.1 that is able to capture the _itted neutrinoa by an
laver.. beta decay proce.. that lead. to a moderately long-Uved
prodae.t laotope. This product 1s extracted from the target by
c~cal 8e8D8 and thea counted by detecting the beta decay back to
the «ip.,al target isotope. Possible sources include 5lCr and
6Sza; ....ible target isotopes are 7U, 37el , 7lea , 81Br, etc.



Ve< suppose that the electron type neutrinos ..ittecl by the
.ource osdllate into~ other type and that the 'prob&bllity of DO
oscillation at the elistance r (CIII) from the eource ia Ihen by the
staDdard formula,

Per) • 1 - ain2(2o.) sin2(0.0127 a~r/E) , (2)

where am is the .ixina anile, a.2 is the neutrino .... difference
in eV2, aDd E la the neutrlDO enerlY in MeV. the neutriDO captur.
rate 1a the preseace of oscUlations ia then eas11y calculatell by
iDC1udiq Per) fro. eq (2) into the'intelund of 0 in eq (1).

1Vo possible experiments will nov be conaidered. The first
iD_lY.. placiq a 1 Me: eource of 65Zn inside a tube that _tends
til the center of the 100,000 gallon ~C14 detector 1a the Baaestake
aiDe. 1Vo obviollB advantag.s of this experiaent are that the
detector presently exists and that the bac:qround has been well
cletenaiaed. the dep.nd.nc. of the capture rate on ariJ. for the caBe
of aadaal ald1ll la liven in Pilure 2. Vithout oscillstione the
captur. rate of l18utrlDOS from the BOurce 18 4.2 per day and there
ia alao pr.sent a bacqround production rate of 0.5 per day. the
error hers ladicated on this figure are at the 68% confidence level
aDd are due only til random effecta. These errors have been
calculated by a ai_lation of the entire process of 37Ar
production, extraction, and countina for a set of experimental
conditions that are believed to be realizable in practice. The
production rate due to the neutrino source wea extractell fraa the
al_lated c:ountins tilUS by a ..xilllUlll likelihood method. It 1a
evident fro. Piaure 2 that for a.2 > 0.2 ev2 the production rate at
the 90% confidence level falls below the predicted rat. 1a the
absence of osdllaUou. The lower limit on a.2 that ia obtalnec1
for other choic.s of the mixing angl. is pr.sented 1a Figure 3.

Another possible experim.nt employs s target of a water
BOlution of OaC13.8 All of the procedurea for _traction,
purification, and COIlnting of the 7lee that i. producell by neutrlno
capture haft been _11 developed. Background effects due til
_trona end a-particla are known and caD be controllell by
_itabl. choice of 1.oc:ation end ..terlels of construction. The
_ produced bac:qround 1a much less severe thaD for ~C14 and la
le.. than 0.1 per day for depths areater than 1800 b&lei2. The
bacqrouad effect due to solar aeutrlnos 1a believell til be 0.2 to
0.3 per clay for the approximately 10 tons of Oa that 1a Maded for
a neutrino source experiment. In thla ca.. siace an exper1.ent can
be desiaaed specifically to search for neutrino OBcUlationa, it
c:aD be _de 1a tWD different zones. IrI1 experim.ntal c:onfiauration
that could be built conslats of a central tank that forma the inner
zone surrounded by six close-packed tanka .. the outer zone. Vith
a 2 III: BOurce of i5Zn in a central annulus the capture rates 1a the
i_ aDd out.r zones of a 10.6 ton Ca detector are Ihen _ a
f_tion of a.2 in Fiaures 4 and 5, respectively. Thla ..ain is
for uxi.al .ixi. and the error bara are at the 68% confidence
level far a reasonabl. ac:hedul. of _peri_ntal operations. A .ro
bac:q~nd has been asalDed in both zon.s. U.. _pare t....
pre4icted rat.s in the two zones, there are two reaiona of aJ. over
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which the rates eliffer by more than two standard deviationa. These
relioaa are plotted for this and for other mixing angles with a
dashed line in Figure 6. These regions happen to overlap til a
considerable extent with the regions sUllestell by the reactor \/e
experiaent of Reines et a1. l 0 We can aleo look at only the rate in
the outer ZODe, and, 'iii''-..noer aimUarto that for the Cl
experiment, obtain the lower bound for a,.2 given by the BOlld line
in Piaure 6.

It la apparent froa these Uaures that interesting neutrillO
oscillation experiaents can be performed with a 65zn source and
either a gaUiua or chlorine target. Such aperimenta, sensitive
to oscillation leDltha of the order of several aeters, are loaical
steps to be taken on the way to a full-scale plliUlll BOlar neutrino
.xperlaent. They would settle the question of the po8sible
oscillation8 suggested by the Reines aperiment. In addition, if
it 1& shown that auch oscillationa do DOt exiat, the calculated
neutriuo capture eross sections of thes. tarl.ts can be confirmed.
Thea a full 8cale gallila solar neutrino experiJllent could be
confidently undertaken which would yield critical information about
the reason for the present diacrepancy between the reaults of the
chlorine experiment aacI the predictions made by the standard solar
model.

Figure 2
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DIRECT DETECTION AND SPECTROSCOPY OF SOLAR NEUTRINa5
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ABSTRACT

The development of tbe Indium Solar Neutrino Spectrometer is reviewed. Tbe impor­
tance of position sensitivity in tbis detector is emphasized. A novel concept for a 'neutrino
chamber' is advanced and being developed. A solar prototype chamber could be applied to
reactor" experiments.

I. INTRODUCTION

Almost since tbe development of tbe "0 radiocbemical solar neutrino detector some 20
ycars ago, tbere bas been a parallel but unsuccessful searcb for a pbysical technique by
wbicb solar neutrinos could be directly countedl.1. The desirability of sucb a metbod stems
largely from tbe fact that tbis approach oWers tbe only way to measure tbe energy of the
detected neutrino. The energy spectrum of solar neutrinos constitutes the most complete
experimental information on tbe solar interior that can possibly ~ obtained.

In 1976. a promising development occurred witb tbe discovery of tbe possibility of
inverse tJ-decay in II 'In]. This approach, witb a tbresbold of 128
keV « E;-"(pp) - 420 keV. a distinctive delayed coincidence signature and only a rela­
tively small target mass of 4 tons of In (for I ,-apture/d) oft'ers, in principle, most of tbe
features long sougbt for in an ideal solar neutrino detector. In practice, bowever, tbe prob­
lems imposed by tbe weak (T - 7XIO I4y) tJ-radioactivity of In necessitate no less tban tbe
development of a ncw kind of counting instrument to realize tbe potential oft'ercd by this
approacb. Ideas underlying a novel 'neutrino chamber' bave been developed in tbis labora­
tory and experimental worlt to demonstrate 'proof of principle' of tbis device is in progress.
Tbe problem of electronic silnat conversion in sucb classes of devices is being studied by a
group at MIT led by Martin Deutscb u part of a Bell Labs-MIT collaboration· aimed at
developing the In solar neutrino detector.

2. THE NEUTRINO CAPTURE REACTION IN lI'1n

Fut Gamow-Teller /I-dcf:ay is obserYed systematically between 9/2+ states of In isotopes
and 1/'T Sa nuclides tbroulbout tbe mus range 111-131 (sec Fia. I). At tbe Iigbter end
of tbis ranle Sn decays to la by electron capture, crossinl over to In-Sn /I-decay at the
beavier end. Ncar tbe crossover. at A - lIS. tbe two levels arc only 128 ItcV apart, the
9/2+ lenl beinl tbe grouad state of IUln wbile tbe 7/2+ level which lies above, is an
excited metastable state (T - 4.7 "sec) of lI'sn. These systematics and the nuclear 1l1'llC­
ture data show that innrsc /I-decay induced by solar .-apture in lI'In would populate only
this 7/2+ metastable state in lI'sn the matrix element for which can be inferred witb
confidence from the tr·decays of tbe neighbouring members of tbis familyJ. Witb tbe cross
section for ,-apturc c:aJc:alated],5 on tbis basis and tbe neutrino BUlles predicted by tbe
standard sow model. tbe man of In for an average ,-apture rate of lid is -4 tons. min
(isotopic abundance 96'>\) is a lonl-Iived nuclide (see Fia. 2) decaying by a biBhlybindered
tI-transition (Q - 4~ keV) to 1I'sa (stable). The lI'sn 7/2+ isomeric state is depopulated
by a _de of a 116 lteV transition which is SO'J, internally converted into a -94 keY
electron (e.) followed by a 498 ItcV 'Y-ray h31.




