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FIG. 3. Distribu­
tion of M 1717 y for 
cases with Ey = 

0.5 - 0.8 BeV. 

tistics do not enable us so far to consider this 
problem in greater detail. 

The authors are grateful to L. B. Okun', a dis­
cussion with whom has stimulated the present work. 
We are grateful to V. I. Veksler for interest in the 
work, to V. G. Grishin and G. I. Kopylov for useful 
discussions and much valuable advice, and also to 
R. Aripov and A. I. Shklovskaya for help with the 
work. 

The authors are grateful to the laboratory group 
who participated in the measurements and calcula­
tions. 

l)The corresponding kinematic considerations are devel­
oped, for example, in[2J. Analogous indications concerning 
the possible existence of gamma-quantum sources are con­
tained also in[,,•]. 

2)The main results were reported by L. Strunov at the In­
ternational Conference on High-Energy Particle Physics at 
CERN, in 1962. 

3)In the region of the second maximum it amounts to about 
10 per cent. 

4)The average error in the determination of M7777y did not 
exceed 5 per cent. 

5) An analogous result was obtained also by another group 
in our laboratory[ 13 J. 
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J N 1949 Bohm observed experimentally [1] that the 
coefficient for diffusion of plasma across a mag­
netic field is appreciably greater than that pre­
dicted by classical kinetic theory. He concluded 
that this anomalous behavior is due to an instabil­
ity of unknown origin, which drives the plasma into 
a turbulent state, and proposed that the anomalous 
diffusion coefficient is given by 

Dj_ = cTji6eH, (1) 

where H is the magnetic field, T is the plasma 
temperature, c is the velocity of light in vacuum 
and e is the charge of the electron. Since that time 
numerous attempts have been made to establish the 
nature of the instability and the resulting turbulent 
state, but there has been little progress toward an 
understanding of the anomaly (at best, through the 
use of additional hypotheses it has been possible to 
obtain numerical (!) values that approach the diffu­
sion coefficient given above under certain condi­
tions [2]). On the other hand, continuing experiments 
on plasma diffusion (see the review in [3]) fre­
quently lead to contradictory results, some of which 
are in satisfactory agreement with classical theory. 
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We show below that a fully ionized low-pressure 
plasma in a strong magnetic field (p « H2/87r) can 
exhibit an instability even when the lines of force of 
the magnetic field (along the z axis) are all of the 
same length. The sole reason for this instability is 
the existence of a density gradient dn/ dx (along the 
x axis). An analysis of the turbulence arising as a 
consequence of this instability yields a diffusion 
coefficient that is approximately the same as that 
in (1). We show also that the relation in {1) is not 
universal; specifically, there are cases in which 
the diffusion coefficient can vary as H-2• 

In the present note, which is of preliminary na­
ture, we do not give the details of the derivation. 
Only a brief outline of our approach is presented. 
It is well known that a plasma, which can frequently 
be regarded as a quasineutral mixture of two gases 
(ions and electrons), can support the propagation 
of so-called drift waves; these waves satisfy the 
dispersion relation 

1 _ c kYT dIn n (x) = O, 
weH dx 

(we assume a perturbation in the form 
f(x) exp (iwt + ikyy + ikzz ). 

(2) 

It is found that the existence of a friction force 
between the electron and ion gases (in other words, 
the finite electrical conductivity of the plasma) can 
lead to the excitation of drift waves. We omit the 
derivation of the linear stability analysis, which 
differs from the usual drift-wave stability analysis 
only in the single term 

Frr = -me(Ve-Vt)V 

( Ffr is the friction force, me is the electron 
mass, Vi e is the ion or electron velocity, v is 
the effective frequency of electron-ion collisions) 
and give the final differential equation describing 
the perturbation of the electric potential cp: 

d2c:p { • (()HeWHik; [ (()e 1\ k2 __ 0 
---:,-- 1-l " 1-- J y(jl- ' 
dx- VkljW (t) ~ 

eff 
(I)Hi, e = m.c ' 

t.e 

_ k !!!__ li_l_n n (x) 
We- Y eff dx · (3) 

Here, mi is the ion mass. Equation (3) is ob­
tained under the assumption that the ions are cold 
(i.e., Te » Ti). This equation is reminiscent of 
the Schrodinger equation, but with a complex po­
tential: 

< WHewHi I 0 I [1- 2we (x) Q I (Q2 + 02)] k; 

U (x) = k! 1 + v (x) k! (Q' + 02) 

. WHe(()Hik; (Q Q2 - 0~ ( ) )) 
- l v (x) k! (Q' + o') - Q2 + o' We X ' 

w = Q + io. (4) 

In using the WKB approximation to estimate the 
eigenvalues of the frequency w corresponding to 
perturbations that vanish outside the plasma we 
make use of the condition [ 4J 

U (w, k, x0 ) = 0. (5) 

In the present case we find 

'•' (() ·k2 (() (() k2 
2 . ~He Ht z + · He Hi z 0 

W -l 2 W l We= . 
vky vk! 

(6) 

The maximum growth rate of the instability, which 
is of order o = - Im w "' - we, obtains for values 
of ky and kz that satisfy the condition 

(7) 

However, the wavelength A.x (in the direction of 
the gradient) of the perturbation is of order 

(8) 

The quantity A.x is automatically of order ky1 for 
values of ky and kz that satisfy Eq. (7). 

Using a dimensional analysis we can write the 
turbulent diffusion coefficient in the form 

(9) 

where T is the correlation time, which may rea­
sonably be taken to be "' ( Im w ) -i and A.1 is the 
characteristic dimension of the turbulent fluctua­
tion in the direction perpendicular to H. It is 
reasonable to take A.1 equal to the wavelength of 
the instability A.x"' ky1• For the longest wave­
lengths ky"' 21r/r, where r is the transverse 
dimension of the system [the longitudinal dimen­
sion of the fluctuation k.Z1, however, is obtained 
from the condition for the maximum growth rate 
(7)]. As a result (9) yields 

D.l ~cT I 2rreH. (10) 

We now indicate possible deviations from Eq. 
(10). In very short tubes, where kz is limited 
from below by the condition kz :::: 21r/L11 ( L11 is 
the longitudinal dimension of the system), it may 
turn out that the condition in (7), giving the maxi­
mum growth rate, cannot be satisfied with ky 
"' 21r/r as H increases. It is evident from (7) that 
for a given tube length a point is reached at which 
the condition for maximum growth rate is violated. 
The critical field above which the nature of the dif­
fusion changes is of order 

(11) 

In this case the diffusion coefficient is given by 

D .l ~ (cT I 2neH) H• f H. (12) 
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We have not carried out detailed comparisons 
with the numerous experimental data in the present 
note because there are frequently other factors in 
plasma diffusion, such as effects due to neutral gas 
and the longitudinal current, that are not taken into 
account. However, the results given here verify the 
possibility of observing an anomalous plasma dif­
fusion proportional to 1/H. 
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POSSIBILITY OF DETERMINING rrrr-SCAT­
TERING PHASES FROM ANGULAR CORRE­
LATIONS IN Ke4 DECAY 

E. P. SHABALIN 

Institute of Theoretical and Experimental 
Physics, Academy of Sciences, U.S.S.R. 

Submitted to JETP editor November 23, 1962 

J. Exptl. Theoret. Phys. (U.S.S.R.) 44, 765-767 
(February, 1963) 

ExPERIMENTS on Ke4 decay are evidently to be 
initiated in the near future (one case of this decay 
has already been observed[1J). In this connection 
we wish to call the attention of experimental physi­
cists to the fact that an investigation of angular 
correlations in Ke4 decay can give information on 
the 1r-1r interaction. 

The effect of the interaction of the 1r mesons in 
the final state in Ke4 decay has been discussed 
earlier by Chadan and Oneda [2] and by ChioccettiPJ 
These authors have computed the "gain factor" for 
the decay probability due to the mutual attraction 
of the 1r mesons as compared with the decay prob­
ability in the absence of an interaction in the final 
state. It should be noted, however, that an estimate 
of the probability of Ke4 -decay that neglects the 
1r-1r interaction is based on rather arbitrary as­
sumptions as to the magnitude of the constant for 
this decay. [4-7] Hence, any experimental devia-

tion of the probability from the value given by this 
estimate could be due to the interaction of the 1r 

mesons and/ or to an incorrect estimate. 
We consider here another effect related to the 

interaction of the rr-mesons. Consider the asym­
metry in positron emission in the decay 

(1) 

with respect to the plane formed by the tracks of 
the rr-mesons. 

Let us analyze the decay of a K meson at rest. 
The momentum of the 7r+, k1o and the momentum 
of the rr-, k2, define a plane; the normal to this 
plane n is defined in such a way that for an ob­
server looking from the end of the vector n the 
smallest rotation from the direction of the track 
of the rr+ to the track of the 7r- is in the counter­
clockwise direction. 

If we neglect the particle interaction in the final 
state the angular distribution of positrons must be 
symmetric with respect to the plane defined by n. 
The absence of a term ( Pe • n) in the expression 
for the probability is a direct consequence of the 
conservation of time parity. The quantity (Pe • n) 
changes sign under the T-transformation k1 
- - k1o k2 - - k2, Pe - - Pe· The situation is 
changed if we take account of the interaction in the 
final state. In this case ( Pe • n) can contain an odd 
function of the rrrr-scattering phase as a factor. In­
asmuch as the signs of the phases are reversed 
under the T-transformation the term as a whole 
is T-invariant. However, it implies the violation 
of the symmetry indicated above. 

We will assume the existence of the rule 1.6. T I 
= % for lepton decay of strange particles. [8- 10] 
Then, using the S-matrix formalism for multi­
channel reactions [11] and assuming that decay 
leading to the formation of the system of rr-mesons 
with orbital moment l ::::: 2 is forbidden because of 
the high centrifugal barrier, we can write the de­
cay amplitude (1) in the form 

G - A A 

A = V 2 Uv {f 1eio>, (k1 + k2 ) 

+ f2ei"'' (ki- k2)} (I+ Y6) u,qJK<Jln+<Jl,-· (2) 

In this expression we have neglected the axial 
part of the current of the strongly interacting par­
ticles since its contribution must be small. [7] The 
real quantities f1 and f2 are functions of the invari­
ants ( k1 k2 ) , ( k1q), ( k2q) ( wh~re q is the four­
momentum of the K-meson); we assume that cp 0 
and 'Ph the rrrr-scattering phases in the S and P 
states respectively, are constants. 


