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pair production, with inclusion of the spin states 
of the particles, we find 

where 

a= ('It I 8) (e2 I t.c)2 {(1 + s_s+) (1 + ll') F1 

+ (1- s_s+) (1-ll') F2- (1 + s_s+) F 3 

+ s_s+ (1 -ll') F 4 + (s_ + s+) (l + l') F 6}, (3) 

F1 = 2k I K3 + 1l2 WI K 4 - 1 I K2) q, 

F2 =- kl K,3 + 112(1 / K,2 + k2 I K,4) q, 

Fa = k (3k~ + 2k2) I K.5 + W I 2K.6 + k 2 I K.4 - 3 I 2K.2) q, 

F 4 = (3k~ + 2k2) 1 kK.3 + (k 2 1 2K.4 + 1 1 K 2 - 3 1 2k2) q, 

Fs = k2 I K.4 + qkk~l 2K.6 , 

q = In (K. + k) I (K.- k), K = V k 2 + k~. 
Here p_ = P+ = nk is the momentum of the elec
tron (positron); ko = m 0c/li corresponds to the 
rest mass of the electron; S± = ± 1, with s_ = 1 
(or s + = 1 ) for the state of the electron (or pos
itron) with right-handed polarization, and s_ = 

-1 (or s + = - 1 ) for the state of left-handed 
polarization. 

From Eq. (3) it follows that: 1) in the collision 
of two right-handed ( l = l' = 1) or two left
handed ( l = l' = - 1 ) quanta there can be produc
tion of an electron and positron with right-handed 
(s_ = s+ = 1) or with left-handed (s_ = s+ = -1) 
longitudinal polarization, the probabilities being 
different for the two polarizations. In such colli
sions, however, there cannot be production of an 
electron with right-handed ( s_ = 1) and a posi
tron with left-handed ( s + = - 1 ) polarization, or 
vice versa (s_ = -1, s+ = 1 ), since the cross
section 0' for this is zero. 2) In the collision of 
two quanta, one with right-handed ( l = 1 ) and 
the other with left-handed ( l = - 1 ) polarization 
(or vice versa, l = -1, l' = 1) there can be 
production of: a) an electron and positron with 
right-handed ( s_ = s + = 1) or with left-handed 
( s_ = s+ = -1) polarization, the probabilities 
for the two results being equal; or b) an electron 
with right-handed ( s_ = 1) and a positron with 
left-handed ( s+ = -1) polarization, or vice 
versa (s_ = -1, s+ = 1), with equal probabilities. 

In the ultrarelativistic case ( K and k » Ko) the 
expression (3) goes over into the following: 

a= i(~)' ;. {(1 + s_s+) ll' + (1 -ll') [s_s+ 

- (1 - s_s+) (i - In ¥o)] + r (s_ + s+) (l + l')}. (4) 

The analysis given above can also be carried 
through for Eq. (4). 

By averaging Eq. (3) over the polarizations of 
the quanta and summing over the spin states of 
the electron and positron, we get the cross-section 
for pair production by the collision of two unpolar
ized quanta: 

ao = ~(fc)' 

{ k k (2k2 + 3k~) ( 3 k4 ) K + k} 
X K3 - K" + 2K2 - 2K6 ln K- k • (5) 

In conclusion we express our gratitude to Pro
fessor A. A. Sokolov for his constant interest in 
this work and for valuable comments. 
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THE best confirmation of the universal V-A in
teraction1 is now coming from nuclear f3 -decay 
experiments and from the study of the branching 
ratios for the different decay modes of the 1r 

meson. 2 This interaction also explains to a certain 
degree the equality of the probabilities for the 
Ke3 and KJ-!3 decays and the absence of the Ke2 

decay. 3 However, in the calculation of the leptonic 
decay rates of the I:- and A0 hyperons,4 (which, 
admittedly, were obtained without account of the 
form factor and the renormalization constant), 
the V-A interaction leads to values for these 
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rates which are too high in comparison with the 
upper limits set by experiment. Taking account 
of the form factor with an accuracy including the 
first two terms in its expansion in powers of 
(p/M)2 lowers the rate of, e.g., the ~- -p + e 
+ v decay by a factor of 2.5 (reference 5). In 
the leptonic decays of the hyperons, therefore, 
either the unknown form factor plays an important 
role, or the decay mechanism is different from 
the four-fermion V-A interaction. 

In the present note we consider the decay of a 
hyperon at rest into leptons via a virtual K meson 
whose spin is assumed to be zero (this should lead 
to a lower decay rate than that obtained with the 
local four-fermion interaction). We calculate the 
ratio, R, of the energy spectrum of the nucleons 
for the Y - n + J.l. + v decay (a) and the corre
sponding spectrum for the Y- n + e + v decay (b). 
The experimental determination of R for the pur
pose of identifying the decay mechanism is, of 
course, much more difficult than the determina
tion of the ratio of the decay rates. On the other 
hand, neither the absolute values of rates of the 
decays (a) and (b), nor their ratio can be computed 
exactly. 

Without recourse to perturbation theory, we 
can write the matrix element for the decay proc
ess in the form 

M = f (s) (unOru.) (u"r (g + g'rs) u.) (1) 

(the indices specifying the parity of the K meson 
are omitted), where r is either 1 or y5, and 
f ( E ) is some unknown function of the nucleon en
ergy, which also depends on .G and the masses 
My, Mn, MK, m7r, but not on either me or mJ.I.; 
G and g, g' are the strong and weak coupling 
constants, where gfG- gS (or gp) for MK- oo, 

These expressions for M correspond to the S and 
P variants of the theory of the four-fermion inter
action. According to (1), we obtain for the energy 
dependent (i.e., the nucleon energy) decay rate 

dW Ids = const ·I f 12 V s2 - 1 

(smax- s)2 (s + 1) I (1 + M~- 2Mys), (2) 

Emax = (Mf-m2 + 1)/2My is the maximal energy 
of the nucleon in units of Mnc2• The signs ± refer 
to a scalar and pseudoscalar virtual meson, re
spectively. It is seen from (2) that the ratio R 
is independent of the parity of the meson and of 
the factor f. It is connected with the analogous 
ratio F, obtained from the V-A variant without 
account of the energy form factor and the renor
malization constant, in the following way: 

I ( My (e2 -1) )] 
F = R L m~ +My I - 3 (My- e) (Mye -1 

My(e2-1) \J-1_ H 
X [m;+ My(1-3(My-e)(Mye-1)) =R (s), (3) 

Eihax and E~ax are the maximal energies of the 
leptons for the decays (a) and (b), respectively. We 
note that the factor H ( E ) , which determines the 
deviation of R from F near the upper limit of 
the energy spectrum of the nucleons, reaches the 
values ~ 2.5, ~ 2.0, and ~ 2.6 for the leptonic 
decays of the ~. ~-. and :=:- hyperons, and is 
close to unity at the beginning of the spectrum. 

In conclusion I thank I. S. Shapiro for suggest
ing the topic of the present note and for interest 
in this work. 
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IT is known that the angular distribution of J.1. - e 
decay electrons is given by 

4rcdN!do=1-acos6, a=AP/3=a0P, (1) 

where A. = 3a0 = - cos ( V, A ) determines the rela-


