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217 (1967).
SH. C. Goldmire, Jr. , and F. C. Michel, Astrophys.

J. Letters 156, Llll (1969).
It has been brought to my attention that similar con-

clusions have been reached by P. Goldreich (Ref. 14
quoted in Ref. 2 above), but I have not yet seen a copy
of this reference. See also A. J. Deutsch, Ann. Astro-
phys. 18, 1 (1955).
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In a 540 000-frame stopping-E' exposure at the Brookhaven National Laboratory alter-
nating-gradient synchrotron, the branching ratio 1 (Z np v)/I'(Z all) is found to
be (0.43+ 0.09) x10 . Combining this with the world-average Z ne v branching ratio
of (1.10+0.05) x10 ~ gives I'&/I'e =0.39+0.08, which agrees with the universal V-A
prediction of 0.45.
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Equation (1) is valid up to 0(()').
The quanity y clearly vanishes if the interaction

is pure ~ and A. It could also vanish due to an
accidental cancellation, which is unlikely a pri-
ori. If we assume V-A, then the ratio B pro-
vides a test of p.-e universality.

%e have scanned 540348 frames of stopping-
film, obtained at the Brookhaven alternating-

gradient synchrotron 30-in. hydrogen bubble
chamber, for the decays Z -np v. ' The events
were identified by seeing the p, stop in the
chamber and decay to an electron. All events
were required to satisfy the following criteria:

One of the most straightforward tests of p-e
universality and the &-A interaction' in strange-
particle leptonic decays is a measurement of the
ratio of the Z decay rates: I (Z -np v)/
I'(Z -ne v). If we assume ) -e universality,
but not the ~-A form, the matrix element for
Z -nlv can be written

5

M ~ Q C,(u„r,u, ) [u,r,(1+y5)u„j,
X=1

where l = p. or e; the I'q are the five Lorentz co-
variant operators 1 (S), y, (P), y„(V), y y, (A),
and o„s (T); and the C~ are the coupling constants.
In this general case, the p.-e ratio is given by'

First scan
Second scan

Region I

(80 +13) Q
(89 + 10) %

Begion II

(43 y12) /p

(86+13)Q

The 56 events were divided into groups according
to their momentum and to the scan or combina-
tion of scans in which they were found. Each
event was weighted by the inverse of the efficien-
cy for its group. Each event was also weighted

by the inverse of the probability that a p, of that

(1) Z produced by at-rest E, (2) 0.1 ~ Z

length ~0.95 cm, (3) lp dipl~60', and (4) 32 - i1

momentum ~80 MeV/c.
The upper length cut on the Z removes back-.

ground due to A's produced by stopping Z 's.
The upper p, momentum cut removes background
due to Z -n&, r- p, v, where the r- p. decay is un-

detected. There is a small background due to
the radiative decays Z -n~y, w - p v. A Monte
Carlo calculation shows that this background is
&1 event. Since we expect &1 genuine Z

event to be rejected because of a sizable plural
scattering kink, we make no subtraction for ra-
diative background.

A total of 56 events were found which satisfy
all of our criteria. In order to determine the
scanning efficiency, a special second scan was
undertaken, in which only Z- p. and Z-v-p,
events were recorded. About half the film was
scanned in this way. The first scan was found to
have a momentum-dependent efficiency. In order
to take this into account with minimum increase
in statistical error, the events were divided into
momentum regions: (I) 32 ~p& ~ 55 MeV/c and

(II) 55 &p„- 80 Me V/c. The scanning efficiencies,
based on 26 events found in the double-scanned
film, were the following:
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FIG. 1. Observed Z np, v events weighted for scan-
ning efficiency and stopping probabQity.

momentum will stop within the chamber. The
stopping probability function was obtained by a
Monte Carlo calculation. ' Figure I shows a histo-
gram of the events, weighted and unweighted,
compared with the theoretical spectrum.

In order to determine the total p, branching
ratio the theoretical fraction of the p. spectrum
between 32 and 80 MeV/c is needed. This quan-
tity is somewhat sensitive to the weak magnetism
term in the interaction. Using the values' E,
=-0.233, E,=0.303, and G, =0.058 for the vector,
weak-magnetism, and axial-vector coupling con-
stants, respectively, we find the fraction between
32 and 80 MeV/c to be 19.4 /o. The total number
of Z produced by at-rest R's in the film was de-
termined by a separate scan to be (2.08+ 0.05)
x10' Z .' Combining the above experimental re-

I I I I I I I I I l

-l.0-0.8-0.6-04-0.2 0 0.2 0.4 0.6 0.8 l.O

FIG. 2. Effect of coupling constants on branching
ratio 1 (Z -np p)/1'(all Z ).

suits, we obtain for the total p branching ratio

= (0.43+ 0.09)x10

Figure 2 shows the effect on this branching ratio
of varying G,/&, and E, over a reasonable range.
These variations change the calculated fraction
of the p. spectrum between 32 and 80 MeV/c.
It can be seen that the present experimental er-
ror in the p, branching ratio is larger than this
theoretical uncertainty.

To determine the p.-e ratio, we use the world-
average Z -ne v branching ratio'

I'(Z -ne v)—.=- (1.10+0.05) x10

Table I gives the branching ratio, the p,-e ratio,
and the parameter y defined above. For compari-
son, the results from the Z -np, v branching
ratio of the Heidelberg group' are also shown.
The two experiments are in good agreement, and
both are consistent with p-e universality and the
V-4 interaction.

Alternative tests of p-e universality in strange-
particle decays are provided by comparison of p,

and e decays in E&2 and Kz, decays. " Both agree

Table I. Test of p. -e universality and V-A interaction.

This experiment
Heidelberg~
Average
Theory

r(Z- -nq- v)
I"(Z all)

x 103

0.43 + 0.09
0.45+ 0.08
0.44 + 0.06

0,48b

I (Z np, v)

r(Z —-ne-&)

0.39+ 0.08
0.41+0.08
0.40 + 0.06

0.45

-0.23 &y & 0.03
-0.20 &y & 0.07
-0.18 &y & 0.02

0

Ref. 6. One-angle Cabibbo fit taken from Filthuth (see Ref. 4).
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with p-e universality, the former to an accuracy
of -20 @ and the latter to an accuracy of -14'fo
when the present uncertainty in the ratio f /f,
is taken into account.
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The capture rate of solar neutrinos is estimated for a number of targets that have been
suggested previously as possible detectors of solar neutrinos. It is shown that the most
important feasible experiment to be carried out in the future employs 7Li as a detector.

The purpose of this Letter is to suggest that ac-
cording to certain criteria the most important,
feasible experiment involving solar neutrinos,
following the "Cl experiment of Davis, Harmer,
and Hoffman, ' is one in which 'Li is used as a de-
tector. We first summarize the present theoreti-
cal and experimental situations regarding solar
neutrinos and then present a table of the estima-
ted capture rate of neutrinos for a number of pos-
sible targets. Using this table we show why,
among the many experiments that have been pro-
posed previously, ' ' an experiment using 'Li now

seems most desirable.
Recent theoretical work has established the de-

pendence of the estimated capture rate in the "Cl
experiment on the parameters assumed and the
assumptions made concerning the way nuclear fu-
sion reactions generate the solar luminosity. ' It
is convenient in discussing solar neutrino experi-
ments to introduce a solar neutrino unit: 1 SNU
=10 "capture per target particle per second. '
If the CNO cycle is the dominant energy sourcs
in the sun the expected capture rate is 35 SNU, "
the rate estimated from the P-P chain using
"standard values" for all nuclear and composi-
tion parameters is 6 SNU, "' the rate deter-
mined by using" "Li(n, n')'Li(n, y)'Li to estimate
the low-energy cross-section factor (S») for the
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