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~his 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 1T -p, decay. In our experiment 
we studied the polarization of p, mesons with mo­
menta ~ 1.2 Bev I c at sea level. Muons with these 
momenta are mainly produced at heights of several 
kilometers and have momenta of 4 - 5 Bev I c at the 
moment of their creation. The Kp,2 decay, which 
makes up 60% of all K decays, may play an essen­
tial role in the production of p, mesons with such 
momenta. The p, mesons in the Kp,2 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 
y :::: 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 1T mesons. The dis­
agreement with the results of reference 4 is then 
explained by submitting that the 1J. mesons whose 
polarization was measured in reference 4 had sig­
nificantly lower momenta ( .... 2 Bev I c at the mo-
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USING the diagram technique developed by Mat­
subara1 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 e2/E is small, compared to the mean 
distance between particles R : e2 IRE = a « L 
We consider the case in which the chemical poten­
tial of the electrons p, and the temperature T 
are of the same order of magnitude; in this case 

ment of creation), to which the contribution from 
the Kp,2 decay is small. 

In this way it is possible to obtain information 
about the mechanism of the production of p, me­
sons of high energy by investigating the dependence 
of the degree of polarization on the p, 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 

tln 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. 
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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 

e2JT ~ e2Jv-........, e2/ (Ti2jmR2)¢;;.R 

it follows that R, the mean distance between par­
ticles is much smaller than the Bohr radius: 
R « 112lme2• 

If these conditions are satisfied the thermody­
namic potential n is expanded in terms of the 
small parameter a and with accuracy to terms 
of order a 312 is given by the expression: . 

~ e e 2 ~ ,- ( an. ani) •;, 
,Q = no - v q np np+q dpdq - -3 v 'It e3 2 -a + -a . , 

... flo, 

np = [l + exp (p2j2m- v-)/T]-1 , n = ~ np dp. (1) 

Here n0 is the thermodynamic potential of an 
ideal gas of electrons and nuclei, Vq = 47Te2lq2 

is the Fourier component of the potential of the 
Coulomb interaction e211ix I. IJ.e and IJ.i are the 
chemical potentials for the electrons and for the 
nuclei. 

The second term in Eq. (1) represents the ex-
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change energy of the electrons which, since it re­
fers to a single particle, is e2/R in magnitude. 
The third term in Eq. (1) is the result of the self­
consistent interaction between the particles; its 
order of magnitude is (e2/R) (e2/RT)tf2 (for a 
single particle). 

We may note that the result given in reference 
2 is not correct: this result does not take account 
of the exchange energy of the electrons and the 
self-consistent term has been computed incorrectly. 
This term was computed by means of the Debye­
HUckel method; however, this approach cannot be 
used because the mean wavelength of an electron 
in a compressed plasma is comparable to the mean 
distance between particles R. 

We are indebted to Academician L. D. Landau 
for discussion of this problem. 

1T. Matsubara, Progr. Theoret. Phys. 14, 351 
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THE question of the existence of a direct interac­
tion between K and 1r mesons has been discussed 
in several papers .1- 5 Because of the pseudo scalar 
nature of 1r mesons, a direct three-boson coupling 
of the type KK1r is possible only if the K mesons 
do not have a definite parity2 or if only combined 
parity IC is conserved in this interaction. 

In a recent paper, Pais5 discussed the original 
hypothesis that the parity of charged and neutral 
K mesons is different. In this case, the demand 
of charge independence in the pion-nucleon system 
places strong restrictions on the Lagrangian for 
strong interactions. Many reactions, for example, 
the char_ge exchange one ~ + n - K0 + p, turn 

out to be forbidden. In order to avoid this difficulty, 
the parity-conserving [K1r] -interaction 

[K7t] = f (2mx) [.i(+Ko7t+ +K°K+7t-], (1) 

is introduced. Here mK is the mass of the K 
meson. This coupling violates, of course, the 
symmetry property of strong interactions. 5•6* 
Pais considers that the coupling of Eq. (1) makes 
the main contribution to the "forbidden" reaction 
noted above. The coupling constant f evaluated 
from the charge-exchange reaction, turns out to 
be of the order of the electromagnetic constant e 
(the real expansion parameter is (f2/47r)(mK/m7r) 2 

"'0.3). 
In discussing the consequences of his hypothesis, 

Pais finds it necessary not only to resort to pertur­
bation theory for the [ K1r] - and [ NKY ] - coup­
lings, but also to make assumptions about the be­
havior of the S matrix far from the energy shell. 

The pair production of K mesons 

(2) 

seems to us to be of interest in verifying the ex­
istence of the [ K1r] -interaction (1). This reaction 
is, according to Pais,6 forbidden by the symmetry 
properties of the baryon-meson interactions, and 
would occur only as a result of the interaction (1). 
Therefore, the pair production (2) can be repre­
sented by the graph (see the figure): after virtual 

1r--p scattering; the 1r- turns into K- and K0• 

If we go over into the system A in which the mo­
mentum of the final proton is equal to the sum of 
momenta of the 1r- meson and the initial proton, 
then the momenta of the K mesons will be equal 
in magnitude and opposite in direction. 

If, in fact, a pair of K mesons is produced as 
a result of the reaction (1), in the system A the 
angular distribution of K mesons should be iso­
tropic. Such a reference system always exists. 
Its velocity relative to the laboratory system is 

v = c2 (1- p) j (w + Mc2 - E), (3) 

where l, w, and p, E are the momenta and total 
energy of the 71'- meson and final proton, respec­
tively, in the laboratory system; M is the mass of 
the proton. t 

There will not, of course, be complete isotropy, 
since the final state interaction has not been taken 
into account, and the [ K1r] -coupling was calculated 
only to first order. However, here it is not neces-


