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THE theory of the universal Fermi interaction 
with (V-A) coupling proposed by Marshak and 
Sudarshan1 and by Feynman and Gell-Mann2 is 
supported by all existing experimental evidence 
on (3 decay. To explain the equality of the Fermi 
(3 -decay constant and the constant for the f.1. decay, 
Feynman and Gell-Mann have put forward the hy
pothesis of a conserved vector current in the weak 
interactions. This hypothesis leads to the appear
ance of an anomalous magnetic-moment effect in 
the (3 decay (" (3 magnetism"). Calculations of 
the effect have been'made by Gell-Mann and oth
ers3-5 and have apparently already received ex
perimental confirmation in (3 decay. 6 

The latest experimental data show that the prob
ability of the {J decay or ( f.l., v) decay of hyper
ons is apparently considerably smaller than that 
given by the universal (V-A) theory. 7 But even 
if these data are confirmed and we are forced to 
abandon the universal interaction including the 
hyperons, nevertheless the universal interaction 
between (p, n), (e, v), and (f.l., v) will remain 
an extremely probable hypothesis. 

Since it already seems that the (3 decay and 
the decay of the f.1. meson can be explained within 
the framework of the (V-A) theory, it is of par
ticular interest to examine the process of f.1. cap
ture and test the idea of the universal (V-A) in
teraction in this case. 

In the present note we present expressions for 
the probability of the capture, the angular distribu
tion, and the polarization of the emerging neutrons 
in the case of capture of polarized f.l.- mesons by 
protons, based on the assumption of the universal 
(V-A) coupling with conserved vector current as 
proposed by Gell-Mann and Feynman. 

The capture probability and the angular distri
bution are (in units li = c = 1 ): 

w = (21tt2 (1ta~t12-1 G 2/ [ 1 + rxP (n• s)] p 2 dQ, 

I= 1 + 3t-2 + ~ (1 + t-2) +~fl. (2t- + ~fJ.I2), 
lrx = 1-- f-2 + ~ (1 + f-2)- ~fl. (2), + ~fJ.I2). 

The total probability for capture is 

't-1 = 2-1Q27t-2a-;;ap2f. 

The nolarization < <Tn > of the neutrons is given 
by ~~~. formula 

/[1 +rxP(n·s)](on) = [a+b(n·s)]n+cs, 

a = - 2 [f- (f- + 1) + ~t- + ~fl. (f- + ~fl. I 4) J, 

b = - ~P [t- (t- + 1) - fl. ( 1 + t- + ~fl. 1 2) J. 

c = 2P (t-- 1)[t- + ~ (t- +fl.) I 2]. 

Here we have used the notations: pn is the momen
tum of the neutron, and Ps is the polarization of 
the f.1. meson (n and s are unit vectors); A.= 

- CA/Cy, (3 = p/M; G = 21/ 2 Cy is the universal 
coupling constant; M is the nucleon mass; f.1. = 
f.l.p - f.l.n is the difference of the magnetic moments 
of the proton and neutron; af.l. = ( mf.l.e2 ) -l is the 
radius of the mesonic K orbit in hydrogen. 

Terms of the order (vIc )2 have been neglected 
in the calculation ( v is the speed of the neutron). 
In addition it has been assumed that in the pseudo
vector coupling the higher moments do not give an 
additional renormalization. A numerical computa
tion (taking G = ( 1.01 ± 0.01) x 10-5M-2, f.1. = 4. 7, 
A.= 1.24, (3 = 0.1) ·shows that the effect of the 
anomalous magnetic moment increases the total 
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probability of capture by ~ 17 percent, and the 
angular correlation coefficient by a factor of about 
2.4; the polarization of the neutrons is changed 
only slightly as compared with the results of the 
ordinary theory. At present calculations are being 
carried out on the capture of mesons by nuclei ac
col:'ding to the Feynman- Gell-Mann theory. It can 
be expected that in this case also the correction in
troduced by the anomalous magnetic moment will 
be large. 
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AN experiment was carried out in 1958 in Mos
cow in an attempt to explain the discrepancies ob
served in our earlier experiments. 1•2 

In these experiments we studied the electron
photon component of extensive atmospheric show
ers ( EAS), and in particular the fraction of high
energy electrons and photons near the shower axis. 
A cloud chamber with lead plates was used for that 
purpose. 3 The energy of electrons and photons was 
determined from the number of particles in the cas
cade showers produced by them in the lead plates. 

The energy spectra obtained for the region < 109 

ev in references 1 and 2 were different. In addition, 
the fraction of high-energy electrons and photons 
p ( 2:: 109 )/ p ( > 0) at 0 to 3 m from the shower axis 
amounted to ( 1.85 =F 0.25)% according to reference 
1 and to 2::10% according to reference 2. Several 
reasons for the discrepancy were indicated: 1 

(a) difference in shower sizes, (b) different transi
tion effects in the roof above the apparatus, and 
(c) large errors in the axis location by means of 
the hodoscope in reference 1. 

An additional experiment was carried out at 
sea level to study the problem, using the same 
cloud chamber. The selection method4 made it 
possible to record EAS, the axes of which fell in 
70% of the cases at a distance 0 to 3 m from the 
chamber. The mean shower size was ~ 3 x 104 

particles. Such showers were studied in reference 
1 with best statistics. A total of 385 showers were 
recorded during 400 hours of operation. 
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Integral energy spectra of the electron-photon component. 
The ordinate represents log p ( 2: E), where p(2: E) is propor
tional to the density of electrons and photons per 1 m2 in one 
shower. The abscissa represents log E, where E is the energy 
in ev, x) data of reference 1 in the range 0 to 3 m, •) data of 
the present experiment for all distances (70% of the showers 
in the range 0 to 3 m). The spectra are normalized at E = 109 ev. 

As the result of the measurements we obtained 
the integral energy spectrum of the electron-photon 
component shown in the figure. The spectrum ob
tained in reference 1 for distances 0 to 3 m is in
cluded for a comparison. It can be seen that the 
spectra are different below 109 ev. 

The fraction of high-energy electrons and pho
tons was defined, as in the earlier experiments, 
as the ratio of the density of electrons and photons 
with E 2:: 109 measured in the cloud chamber, to 




