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Elementary qualitative considerations suggest that
some model which takes into account the conservation
of angular momentum may be capable of accounting for
both pion and nucleon angular distributions and the
energy dependence of these distributions if it is as-
sumed that

(1) the pions are emitted during the interaction time
while the radiating system has no linear motion in the
c.m. system of the interacting nucleons;

(2) the more isotropically distributed lower energy
pions are associated with the lower total angular mo-
mentum states of the system and the higher multi-
plicities of pion production and, conversely, the more
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anisotropically distributed higher energy pions are
associated with the higher total angular momentum
states and the lower pion multiplicities.
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Capture of y— Mesons by Protons
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By use of a two-component theory of the neutrino the capture process and the radiative capture process

of a u~ by a proton is analyzed in some detail.

WITH the establishment! of the nonconservation of
parity, many experiments have been done and
will be done which will greatly increase our knowledge
concerning the nature of the coupling in 8 decay, in
7 decay, and in p decay. The purpose of the present
note is to point out that it may be possible to do the
same with the phenomenon of y~ capture:

ptp—ont. (1)
One notices, first of all, that the two main questions

concerning u~ capture are
(a) whether the u~ capture process is given by (1),

or by
b+ pnt, (1)
or by a combination of (1) and (1');
(b) what is the coupling that is responsible for u—
capture.
To make the analysis definite we shall assume that
the neutrino is described by a two-component theory
with zero mass.2?® Furthermore, we assume first that
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J. I. Friedman and V. L. Telegdi, Phys Rev. 105, 1681 (1957).
For other work on nonconservation of parity, see, e.g., Proceedings
of the Seventh Amnnual Rochester Conference on High-Energy
Physics (Interscience Publishers, Inc., New York, 1957).

2T, D. Lee and C. N. Yang, Phys. Rev. 105, 1671 (1957). We
adopt here the convention of that paper: that by » is meant
the state for which the angular momentum is parallel to the
momentum.

3 A. Salam, Nuovo cimento 5, 299 (1957); L. Landau, Nuclear
Phys. 3, 127 (1957).

process (1) prevails and write the interaction Hamil-
tonian as

H=3.C:n108,) h'0), 2

where ¢ runs over S, V, T, P, and 4, and O; are the
corresponding 4X4 matrices.*
We list the following results for the capture of u~ in

hydrogen.
1. The rate for process (1) in hydrogen is
(I/T)capz VZE/(27T203>7 (3)
where
£=|Cs+Cv | +3|Cs+Cr|?, (4)

p» is the momentum of the neutrino, and a is the Bohr
radius of the y— mesonic atom.

2. In process (1) with a completely polarized u~, the
angular distribution of the neutron is of the form?®

1+ costy, (5)
where

91= VA (oﬂypn)7

representing the angle between the spin direction of
u~, and the momentum of the neutron. The asymmetry
parameter a is

at=—|Cs+Cy|*+|Cat+Cr|2 (6)

4 The O; are defined explicitly in Eq. (11) of reference 2.

5 The angular distribution of the neutron [Eq. (5)] has also
been independently considered by W. Panofsky (private com-
munication),
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3. The transition probablhty Trad * for the radiative
capture process of x~ in hydrogen,

_ w+pontrtr, (M
is
Trad 1= [8277/ (6‘"'5)]7'1:@_1: (8)
where
=|Cs|*+|Cv|*+3|Cal*+3|Cr|™ )

4. In process (7) the v ray is circularly polarized.®
A polarization parameter 3 may be defined:

(Ng—N1)/(Nr+Nr)=8,
—|Cs|*—

(10)

(11)

In Eq. (10), N and N are, respectively, the number
of right-handed v rays and left-handed v rays.”
Equation (11) is independent of either the state of
polarization of the captured u~ meson or the energy of
the v ray.

5. For the radiative capture of a 1009, polarized
u—, the angular distribution of v ray is of the form

where
|Cy|2—3|C4|?+3]|Cr|2

148 cosb, (12)
where 8 is given by Eq. (11) and
2= £ (04,Py), (13)

with p, the momentum of the vy ray.

6. In the radiative capture process (7), the angular
distribution of the v ray with respect to the momentum
of the neutrino p, is of the form

14+ cosfs, (14)
where
0;= £ (py;pv),
and
y=—|Cs|*+[Cy[*—[Ca|*+[Cr|2  (13)

6 The radiative capture process of 4~ mesons and the polariza-
tion of y rays have also been independently considered by R.
Cutkosky (private communication) and R. Glauber (private
communication). -

7A right-handed (or left-handed) v ray is defined to be a
photon with its spin J,=+41 (or —1) along its momentum.
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In all the above expressions, we have neglected
(v/c) terms for the nucleon wave function. We replace
the wave function of the y~ meson everywhere by its
value at the origin.

7. If the law of conservation of leptons is valid,?®
then in the capture of u~ a neutrino must be emitted.
Otherwise, instead of Egs. (1) and (7), we may have

ot (1)
wtp—ntity. (7

In the measurements of (7 Veap, (77V)raa, 01, 62,
and 03 for reactions (1’) and (7’), the corresponding
parameters «, 8, v, £, n are replaced by o', 8, v/, &,
7. These new parameters are

and

=§£=|Cs+Cyr|2+3|Ca+Crl|2 (4")
n'=9=|Cs|*+|Cy|*+3|Cal*+3|Cr[?, 9
o =—at=|Cs+Cy|2— |Ca+CrlY (6")
B'n'=—PBn=—|Cs|?>+|Cv|*+3|C4|*—3|Crl2, (11)
and
y'n'=—yn=|Cs|*—|Cv|*+|Ca[*— [Cr|~ (15

Thus a complete measurement of these five parameters
may also give a check on the validity of the law of
conservation of leptons.

All the above formulas are calculated for u~ capture
in hydrogen. For p capture in heavier nuclei, the
parameter 3 and 8’ are unchanged, provided Ze?/Zc<1.
All other parameters depend sensitively on the nuclear
matrix elements which can be calculated by assuming
a certain definite nuclear model.
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