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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 
(1955). 

2 L. D. Landau and E. M. Lifshitz, 
CTaTHCTH'IecKa.H tf>uamra (Statistical Physics ) 
GTTI, 1951, §74 [Addison Wesley Cambridge, 
1958.] 
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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-
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sary to resort to assumptions about the behavior of 
the S matrix off the energy shell. 

Such assumptions can lead to more detailed pre­
dictions. For example, if the virtual 7r- meson 
goes off mainly in the direction of the initial 7r­
meson, just as a real 1r- meson resulting from 
shadow scattering at high energies, then in the 
center-of-mass system, the summed K -meson 
momentum is directed mainly forward. Similar 
assumptions have been used widely by Pais5 in 
describing the reaction 1r + N - Y + K and others. 

The author is deeply grateful to Chou Kuang­
Chao for valuable discussion. 

*If the K+ and K0 have the same parity, then only the 
combined parity IC is conserved in the interaction of Eq. (1). 

tlf the K+ and K0-mesons have the same parity and strong 
baryon-meson couplings are symmetrical according to Pais,6 
then one might introduce a 4-boson coupling to avoid the diffi­
culties. Then for non-derivative couplings, for example, 
K ( 't, IT) KIT 0 , considerations about the isotropy of K- and ~ 
in the system A remain valid. 

1 M. Goldhaber, Phys. Rev. 101, 433 (1956). 
2 J. Schwinger, Phys. Rev. 104, 1164 (1956). 
3 v. G. Solov'ev, J. Exptl. Theoret. Phys. 

(U.S.S.R.) 33, 796 (1957), Soviet Phys. JETP 6, 
613 (1958). 

's. Barshay, Phys. Rev. 109, 2160 (1958); 
Phys. Rev. 110, 743 (1958). 

5 A. Pais, Preprint, 1958. 
6 A. Pais, Phys. Rev. 110, 574 (1958). 
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~UTSISHVILI1 proposed a method for the polar­
ization of ferromagnetic nuclei. We undertook to 
apply this method to nuclei of non-ferromagnetic 
elements introduced into a ferromagnet. In this 
communication we report the results of experi­
ments on the polarization of nuclei of Au198 in a 
gold-iron alloy. A specimen (with 0.3% gold by 
weight), made into a disk 0.3 em in diameter and 

0.01 em thick, was exposed to thermal neutrons in 
a reactor. The activity of the Au198 nuclei formed 
in the specimen was approximately 4 microcurie 
during the time of the experiment. After irradia­
tion, the specimen was annealed in vacuo and sol­
dered to the end of a copper "cold pipe," joined to 
copper plates pressed into a potassium-chrome­
alum block. The sa).t was adiabatically demagne­
tized at initial field and temperature values of 
20000 gauss and 1.05°K. The gamma rays were 
register.ed by two scintillation counters with Csi 
crystals (diameter 40 mm, height 40 mm ). 

The Au198 disintegrates via {3 decay ( 2-- 2+ 
transition), followed by emission of 411-kev gam­
ma rays ( 2+ - o+ transition). At a temperature 
near 0.015°K the anisotropy of this gamma radia­
tion is E = 1 - N ( 0) /N ( 1r /2) (where N ( 0 ) and 
N ( 7r/2) are the readings of the counters placed 
parallel and perpendicular to the direction of the 
polarizing field of the permanent magnet) was 
found to be 3.3%. The magnetization of the speci­
men in the field of the permanent magnet was 
"'0.6 of saturation. The true value of the aniso­
tropy, corresponding to 100%magnetization of the 
specimen, was therefore E = 3.3/0.6 = 5.5%. It 
follows from this value of E that the quantity 
{3 = J.lH/kTI (J.l is the magnetic moment of Au198, 

I the spin of Au198, and H the magnetic field on 
the Au198 nucleus) ranges from 0.3 to 0.4, while 
the polarization f1 of Au198 ranges from 0.25 to 
0.35. The values of {3 and f1 were computed 
from the values of E by the Tolhoek and Cox for­
mulas.2 The indeterminacy in {3 ~d f1 is caused 
by the fact that the parameter 7\., which depends 
on the matrix elements of the forbidden Au198 tran­
sition ( 2- - 2+), is unknown. 

The magnetic moment of Au198 is 0.5 ::1: 0.04 
nuclear magnetons. 3 This, together with a value 
{3 = 0.3 to 0.4 measured at T = 0.015°, makes 
H = (0.5 to 0.7) x 106 oe. 

So strong a field can be apparently explained 
only by the presence of a magnetic moment at the 
electron shells of the gold atoms in the gold -iron 
alloy (unlike the gold atoms in the metallic gold, 
which are diamagnetic ) . This magnetic moment 
may be due to an exchange interaction between the 
electron shells of the gold and iron atoms in the 
alloy, similar to the interaction between the elec­
trons of the iron atoms. However, it is not im­
possible for the gold atoms in the alloy to be para­
magnetic ions having no exchange bonds with the 
iron atoms. 

It is hoped that the method of introducing nuclei 
into ferromagnetic alloys will increase consider­
ably the number of elements capable of polariza-


