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PHASE-SHIFT analysis of the differential cross
sections of elastic scattering and scattering of n~
mesons with charge exchange does not give a
single-valued solution. As shown by F‘ermi,1 the
study of the polarization of recoil protons can be
of aid in the choice between the different sets of
phase shifts, since they give different angular dis-
tributions of polarization.

The polarization of recoil protons in 7~ -p
scattering has been measured thus far only in one
work, on 223-Mev 7~ mesons.? The polarization
was measured at two scattering angles of the 7~
mesons. Agreement was found with one set of
phase shifts of the Fermi type, but the statistical
accuracy did not allow the complete exclusion of
one of the sets of the Yang type.

In this letter we present the preliminary re-
sults of the measurements of the polarization of
recoil protons in the scattering of 300-Mev 7~
mesons on hydrogen. The measurements were
carried out by means of a hodoscopic system of
counters, the construction of which has been de-
scribed earlier.3:*

When the scattered 7 meson and recoil proton
fall into the counters of the control system, a -
pulse is produced which triggers the hodoscope.

In analyzing the photographs obtained, only those
pictures were examined on which the process of
elastic scattering of the 7~ meson was recorded,
and cases of scattering of the proton in the carbon
target and in the walls of the gas-discharge count-
ers were chosen. We observed 305 cases of scat-
tering, which were separated into three groups ac-
cording to the direction of flight of the recoil pro-
ton from the hydrogen target. The results obtained
are shown in the table, where the data have been
summed over the volume of the chamber and are
shown in such a way that all cases of scattering
are taken as occurring in the chamber on the
right. The polarization of the recoil protons was
defined as

P =(NL— Ng)/P,(NL+ Nrg),
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Proton
recoil angle|{ Np | N P
(deg in lab)

15—23 43 48 0.124-0.20

24—32 85 58 | —0,454-0.19

33—41 45 20 - 0.21
—(0‘ ’0—0.32)

where Ny, and NR are the numbers of protons
scattered to the left and to the right, P; is the
analyzing power of the arrangement and was de-
termined from the data of references 5 and 6. The
direction of polarization was taken parallel to

k; x kg, where k; is the momentum of the inci-
dent 7~ meson and k, is the momentum of the
scattered 7~ meson.
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Curve I —set of phase shifts o, = 17.1° o,, = 11.4°,
®,, ==5.0°% Curve II-set of phase shifts @, = 3.6°
a,, =-22.3°% a,, = 14.6°

The figure depicts the results of the present
work and the polarization vs pion scattering angle
curve for two sets of phase shifts obtained in ref-
erence 7. In the latter experiment it was found
that the first set is the most probable. The ex-
perimental values of the polarization, as can be
seen, are in satisfactory agreement with the first
set of phase shifts and increase the probability
that the sign of the phase shifts «; and ay is
positive.

In conclusion, we express our gratitude to A. A.
Tyapkin for help in this work and R. M. Sulyaev and
L. I. Lapidus for constant interest in the work.
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1. The process of non-radiative transformation
of the p meson into an electron in the Coulomb
field of the nucleus,

W+ Az —> Az +e 1)

may occur with greater probability than the decay
u — e + vy, if the monopole form factor for the
transition p —e is larger than the dipole form
factor. Weinberg and Feinberg! quoted the ex-
ample of the four-fermion interaction of the type
(eu) (ff) (where f is a charged particle) for
which this situation may occur in principle. Stein-
berger and Wolfe? have made attempts to discover
the process (1). According to their data the ratio
of the probability of process (1) and the probabil-
ity of the ordinary capture of yu mesons by the
protons of the Cu® nucleus is <5 x 1074, These
experimenters searched for the reaction (1) by
registering the electrons with energies of about
100 Mev.

In this note we discuss a different method for
detecting the reaction (1). Let us consider a u -
mesic atom with a light even-even nucleus (for
example, C!2, O, or Ne?). Inthe 6 to 10 Mev
region of the excitation energies these nuclei have
excited states 0* from which decay with emission
of a particles takes place.® Our proposed method
for the detection of the process (1) consists of reg-
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istering the « particles of known energy emitted
by nuclei which have been excited to the 0* level
as a consequence of reaction (1). The probability
of this process can be calculated. It is equal to
(in units where i =c=1)

b= 2z (1 — 20) Qo P | fro. (2

Here w is the excitation energy of the nucleus in
units of the rest energy of the u meson, u (we
assume that w < 1), Q, is the nuclear matrix
element for the transition 0*— 0*:

o= CAZ0* |12 — & (ur)?| A20%, @3)

and fp, is the electric monopole form factor for
the transition yu — e, which depends on the mo-
mentum transfer q = pe —py (pe and py are the
momenta of the electron and the 4 meson) in the
following fashion:

e (%) = ¢°G (¢?),

It is convenient to compare Wffoe with the proba-
bility for the ordinary capture of u~ mesons,

Wt Az—> Az +v (5)

limG (g% < o for ¢*>—0. 4)

(this type of reaction has now been relatively well
studied in the case of C!2). The probability W’i‘fy
for the process (5) has been calculated by a number
of authors.*® Using their result and formulas (2)
and (4), we obtain

Whe/Wi =2 w302 [1 +2(0" — )] 1| w*Qo /My, (6)

Here w’ is the difference in energy of the nuclei
f(Az_y) and i(Ag) (in the units p, o < 1),
n=G(u?)/g% My="p| ME P+ 2| M2, (7)

where g is the universal constant of the weak

four-fermion interaction as detefrmined f1:om the

decay time of the u meson; MlFf, and Mlé are

the Fermi and Gamow-Teller matrix elements for

the allowed transition i —f including meson cor-

rections and corrections for the finite wave length

of the neutrino (see reference 4). In particular,

formula (6) gives for the ratio of the probabilities

of processes (1) and (5) for the C!2 pucleus

W (™ + C2 > CI2% - ¢)/W (= + C'2— B12 4 v)
=1.1-1072y. (8)
2. An effect which hinders the observation of

reaction (1) (if the « particles are registered)

is the Coulomb excitation of the nucleus of the

u -mesic atom by the decay electrons from the

1~ meson. This effect, however, occurs relatively

seldom owing to the smallness of the phase volume.
The calculation leads to the following formula for



