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THE violation of the law of parity conservation in
weak interactions is known to lead to the longitudi-
nal polarization of the u meson in the 7—pu de-
cay in the center-of-mass system. The p mesons
observed at sea level are produced in the decay of
7 mesons in flight. A current of y mesons with
energy E, is generated by 7 mesons in a certain
energy interval AE;. Since the energy spectrum
of the m mesons in the atmosphere decreases fast
with the energy (~ E!~Y7), there will be an excess
of p mesons flying, in the center-of-mass system,
into the forward hemisphere relative to the direc-
tion of motion of the m mesons, i.e., the p-meson
current will be polarized. The degree of polariza-
tion of the the y mesons was theoretically deter-
mined by Gol’dman (reference 1).* It is given by
the expression

R I [ = A

where v is the velocity of the p meson in the
center-of-mass system, measured in units of c;
v is a parameter characterizing the energy spec-
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trum of the particles which generate the u me-
sons. It was further shown!s? that the depolariza-
tion due to scattering of the u meson before it
comes to rest is negligibly small. The polariza-
tion of the p mesons can be determined by study-
ing the asymmetry in the electron emission in the
u — e decay.

In the two-component theory of the neutrino,
this asymmetry is determined by the formula of
Lee, Yang, and Landau:

W (e, 6) de d = o= [(3 — 2¢) + £ (2e — 1) cos 6] de dQ, (2)

where € is the energy of the positron in units of
the maximal energy, ¢ is a theoretical parameter
which is close to unity and depends on the coupling
constants, 71 is the degree of polarization, and 0
is the angle between the polarization vector of the
¢ meson and the direction of emission of the elec-
tron.

The present note is devoted to the experimental
determination of the degree of polarization of the
cosmic ut mesons at sea level. The measured
quantity is the relative yield of decay positrons
emitted into the upper hemisphere in the decay
of the p' meson as it comes to rest. The p—e
decays were observed in a large rectangular Wil-
son chamber containing 9 copper plates each 4 mm
thick. The presence of 550 g/cm? of material on
top of the chamber determined the momentum of
the p mesons decaying in the chamber as py R
1.2 Bev/c. In total, 202 meson decays were ob-
served. In 122 events the positron was emitted
into the upper hemisphere and in 80 events, into
the lower hemisphere. The relative number of
decays in which the positron was emitted into the
upper hemisphere is thus Bgy = 0.604 + 0.034,F
which corresponds to a degree of polarization
n=0.98*):%. To ascertain that no coarse syste-
matic errors were incurred which might lead to
an asymmetry, a control experiment was run in
which the copper plates in the chamber were re-
placed by iron plates, which were so magnetized
in the horizontal direction as to depolarize the u
mesons completely. In this experiment the rela-
tive number of decays with the positron emitted
into the upper hemisphere was Bge = 0.516 + 0.052,
which is in good agreement with an isotropic dis-
tribution B8 =0.5.

Theoretical calculations! of the degree of polar-
ization of the u mesons produced by m mesons
give the value 7 = 0.3. The experimental result
is therefore not in agreement with the theoretical
value. It also contradicts the experimental value
n=0.19 £ 0.06 of Clark and Hersil.*



446

This discrepancy may be due to statistical fluc-
tuations, which have a probability of ~1%. If fur-
ther investigations confirm the results of our ex-
periment, one may be led to the assumption that
the p mesons within the considered range of mo-
menta are produced in the atmosphere not only on
account of the m—pu decay. In our experiment
we studied the polarization of p mesons with mo-
menta R 1.2 Bev/c at sea level. Muons with these
momenta are mainly produced at heights of several
kilometers and have momenta of 4 —5 Bev/c at the
moment of their creation. The Ky decay, which
makes up 60% of all K decays, may play an essen-
tial role in the production of y mesons with such
momenta. The p mesons in the Ky, decay are

practically completely polarized, if the energy spec-

trum of the K mesons in the atmosphere falls off
with the energy corresponding to a parameter value
v = 2 (reference 1). For satisfactory agreement
with experiment it is sufficient to assume that, at
energies of ~ 10 Bev, the number of K mesons
amounts to 20% of that of the © mesons. The dis-
agreement with the results of reference 4 is then
explained by submitting that the p mesons whose
polarization was measured in reference 4 had sig-
nificantly lower momenta (~ 2 Bev/c at the mo-

LETTERS TO THE EDITOR

ment of creation), to which the contribution from
the Ky, decay is small.

In this way it is possible to obtain information
about the mechanism of the production of u me-
sons of high energy by investigating the dependence
of the degree of polarization on the y meson en-
ergy.

The authors are grateful to A. I. Alikhanyan for
his constant interest in this work and valuable ad-
vice.

*Hayakawa made a similar calculation.2

1In the calculation of the transmission coefficient of the
positrons in the plates and of the number of positrons exiting
into the .upper hemisphere, we used the Wilson’s3 theoretical
energy-range and scattering-range relations.

1L. I. Gol’dman, J. Exptl. Theoret. Phys.

(U.S.S.R.) 34, 1017 (1958), Soviet Phys. JETP 7,
702 (1958).
2S5, Hayakawa, Phys. Rev. 108, 1533 (1957).
3R. R. Wilson, Phys. Rev. 84, 100 (1951).
4G. W. Clark and J. Hersil, Phys. Rev. 108,
1538 (1957).
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USING the diagram technique developed by Mat-
subara! for statistical Green’s functions in quan-
tum statistical mechanics, we have calculated the
interaction correction for the thermodynamic po-
tential of a completely ionized degenerate plasma
in the case in which the electron plasma is a Fermi
gas while the nuclei form a Boltzmann gas.

The calculation is carried out under the assump-
tion that the mean scattering amplitude in the Cou~
lomb field e*/E is small, compared to the mean
distance between particles R : e?/RE=a < 1.

We consider the case in which the chemical poten-
tial of the electrons u and the temperature T
are of the same order of magnitude; in this case

the mean energy E is of the same order of mag-
nitude as the temperature T. We may note that
under these conditions the plasma is highly com-
pressed; from the inequality

€T ~ €%~ e/ (k?/mR?) <R
it follows that R, the mean distance between par-
ticles is much smaller than the Bohr radius:
R « h%/me?.

If these conditions are satisfied the thermody-
namic potential @ is expanded in terms of the
small parameter o and with accuracy to terms
of order a¥? is given by the expression:

e 2 - on on;\
Q=Qo—qun,fnp+qdpdq—?V'ne"(Zﬁ—FE) )
np = [1 4 exp (p?/2m — w)/T]Y, n= Sn,, dp. (1)

Here @, is the thermodynamic potential of an
ideal gas of electrons and nuclei, Vg = 41re2/q2
is the Fourier component of the potential of the
Coulomb interaction e?/|x|, pe and pj are the
chemical potentials for the electrons and for the
nuclei.

The second term in Eq. (1) represents the ex-



