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where a 0 and v0 are the radius 
of the first Bohr orbit and the 
velocity of the electron in the hy
drogen atom, and Z is the atomic 
number of the medium. (The val
ues calculated according to the 
formula are shown in Fig. 1a by 
the solid lines.) 

A theoretical calculation of 
the electron capture cross sec
tion performed by Nikolaev2•4 

gives a dependence of ai, i-1 on 
v, i and Z which is close to the 
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FIG. 1. Cross sections for (a) electron capture and (b) electron loss 
by nitrogen ions in nitrogen. The blacked-in symbols indicate directly 
measured values, and the symbols not blacked in in~icate those calcu
lated from the data on the equilibrium charge distribution. 
'V-i= 1, •-i = 2, e-i = 3, A.-i = 4; +,*,+-results of 
Nikolaev2; x -the values of a12 obtained by Korsunskii et al. 3 

as calculated by Gluckstern, 5 

differs significantly from the ex
perimental values. According to 
these calculations, the cross 
sections are proportional to v-3•5, 

and are 1.5 times greater than 
the experimental values for 
v,..., 7 x 108 em/sec. 

The cross sections ai, i+1 for electron loss (Fig. lb) in the velocity region investigated hardly depend 
on v. This is in agreement with the assumption that ai, i+1 have maxima close to these velocities, since 
at high velocities the cross sections for loss should decrease,2' 6 and at velocities less than those of the 
removal electrons, they should also be small due to the adiabatic character of the collisions. The value 
of ai, i+1 in argon is between 2 and 2.5 times greater than, and in hydrogen is between 6 and 10 times 
less than, the cross section for loss in nitrogen. 

1Teplova, Dmitriev, Nikolaev, and Fateeva, J. Exptl. Theoret. Phys. (U.S.S.R.) 32, 974 (1957); Soviet 
Phys. JETP 5, 979 (1957). 

2V. S. Nikolaev, Dissertation, 2nd Sci. Res. Phys. Inst., Moscow State University (1954). 
3 Korsunskii, Pivovar, Markus, and Leviant, Dokl. Akad. Nauk SSSR 103, 399 (1955). 
4V. S. Nikolaev, J. Exptl. Theoret. Phys. (U.S.S.R.) 33, 534 (1957); Soviet Phys. JETP 6, (in press). 
5R. L. Gluckstern, Phys. Rev. 98, 1817 (1955). 
6 N. Bohr, Passage of Atomic Particles Through Matter (Russ. Transl.) IlL, 1950. 
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As has been shown by Lederman's1 experiments, J.L--mesons coming from the decay of 7r--mesons are 
polarized to a large degree, and this polarization is maintained to a measurable extent even after the 
J.L --meson is captured into a Bohr orbit. A theoretical examination of the capture of polarized J.L --mesons 
by nuclei is of definite interest, since a comparison of the experimental and theoretical results would then 
make it possible to arrive at certain conclusions on the character of the weak interaction between 
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J.L- -mesons and nucleons. 
Let us consider the capture of a completely polarized J.L--meson by a nucleus. The interaction 

Hamiltonian can be written as the sum of all five types of interactions, namely 

H = 1/ 2 ~' g; C?n 0; ~p) 0fv (I -"is) 0; ·'! 1,) +Hermitian conjugate 
i 
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(1) 

(i = S, V, T, A, P). We shall consider the neutrino a two-component particle.2-h When a J.L--meson is 
captured, the nucleons in the nucleus gain an energy no greater than a few Mev, so that for the S, V, T, 
and A interactions we may go over to the nonrelativistic approximation for the nucleons. The pseudo
scalar interaction, which vanishes in the nonrelativistic approximation, then gives a contribution only if 
the coupling constant gp is much greater than the coupling constants for the other interactions. 

The matrix element calculated from (1) is 

M = 1/ 2 Uv (I -r5 ) {gsl + gvl~ + grSa + gASa~ + gpP} ui'-, 

l=~'Yj'Yie-iqrd't; S= ~'Yja'Y;e-iqrd't; P= ~'YjTs'Y;e-iqrd't, 
(2) 

where 'I!f and Wi are the final and initial wave functions of the heavy particles, and q is the neutrino 
momentum. Let us denote the mean value of the J.L-meson spin by u 0• We now calculate the square of the 
matrix element of Eq. (2), obtaining (setting v = q/q): 

21M 12 = I (gs + gv) I + gpP \2 (I + 0'0'Y)+ I gr + gA \2 {IS \2 (I - O'o'Y) + S;Sk ('1kO"o; + V;crok) + i [SS*] ('Y- O'o)} 

+ 2Re {(gr +~A) [(gs + gv)* I* + g~P*] (Sa0 + S'Y- iS ['Yo-01)}. (3) 

Let us consider the most common case, when capture of the J.L--meson leads to a neutron and a recoil 
nucleus. Quadratic combinations of the matrix elements I, S, and P, after they are averaged over pro
jections of the nuclear spin,· can depend only on two vectors. These are the unit vector n directed along 
the neutron momentum p = np, and the unit vector v. Further, we shall select only those cases in which 
n = - v, which can be done by selecting neutrons whose energy lies close to the upper bound of the neu
tron energy spectrum. The products of matrix elements that enter into Eq. (3) can then depend only on v. 
It follows from this that after averaging over projections of the nuclear spin, IP *, [SS*], and I*S must 
vanish. Indeed, IP* is a pseudoscalar, t and [SS*] and IS* are pseudovectors and can therefore not be 
constructed with the aid of a single vector v. Let us write 

The most general forms for SiS' and P *S are 

SSi< = I Cs 1 2 1~ a(-~ ·O;h + rxv;vk). p•s = c-;.,CsT"· 

where a > - 1/3. Inserting (4) into (3), we obtain 

2 I M 12 = { I gs + gv 12 I C,J 2 + I gp 12 I Cp 12 + 2Reg;, (gr + gA) c;-csT} , 

X (I+ O'o'Y) +I gr+ gA\ 2 1 Csl2(I- -{-\~3aa O'o'Y). 

(4) 

(5) 

From Eq. (5) one can conclude that when the capture process gives rise to neutrons whose momentum 
is in the direction opposite to that of the neutrino, these neutrons are directed primarily along (or 
against) the J.L-meson spin, and their angular distribution is given by the expression dW /dQ = 1 - {3 cos e, 
where e is the angle between the direction of motion of the neutron and the J.L-meson spin. For the scalar, 
vector, and pseudoscalar interactions (and their cross products) {3 = 1. For the tensor and axial vector 
interactions (and their cross products) {3cannot in general be calculated from (5). (It follows from (5) 
that {3 = - (1 - 3a) /3(1 + a), where -1/3 < a < oo, so that -1 < {3 < 1.) For J.L--meson capture by pro
tons, a = 0 and {3 = - 1/3. Since nonzero values of a are due to trapping of the neutron in the nucleus, 
one may expect that in lighter nuclei a is almost zero, so that for these, {3 is close to -1/3. 

If we select neutrons whose energy lies in the upper part of their energy spectrum, where the inten
sity begins to decrease (the neutron energy is greater than, or of the order of E0, the binding er:.ergy of 

*The factor 1 - y~ in Eq. (1) corresponds to the creation of a neutrino whose spin is directed along 
its momentum; y5 = (~J). 

tThe bar indicates averaging over spin projections of the initial nucleus and summing over those of 
the final. 
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the neutron in the nucleus), their angular distribution will be confined to a relatively narrow cone about 
a direction opposite to that of the neutrino momentum. The width of this angular distribution is of the 
order of !::.. cos ~ ,..., mE0/pq ,..., 0,4. 

Thus an experimental measurement of the angular distribution of the high-energy neutrons arising 
from the capture of polarized IJ. --mesons by light nuclei may make it possible to distinguish between two 
classes of interaction between #J.--mesons and nucleons. One class comprises the scalar, vector, and 
pseudoscalar ({3 = 1) interactions, the other the tensor and axial-vector ({3 ~ - 1/3) interactions. 

1 Garwin, Lederman, and Weinrich, Phys. Rev. 105, 1415 (1957). 
2 L. D. Landau, J. Exptl. Theoret. Phys. (U.S.S.R.) 32, 407 (1957); Soviet Phys. JETP 5, 337 (1957). 
3 T. D. Lee and C. N. Yang, Phys. Rev. 105, 1671 (1957). 
4 A. Salam, Nuovo cimento 5, 299 (1957). 
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THERE exists at present experimental evidence1 of the ability of negative mesons to catalyze a nuclear 
reaction between two singly charged ions (p, d, t) by bringing the reacting nuclei closer together (see 
Zel 'dovich and Sakharov, 2 where additional refe'rences are given). The meson is not lost in the nuclear 
reaction. 

For IJ.-mesons in a liquid mixture of p and d, the reaction probability is no greater than several 
hundredths per meson entering the mixture. This small probability is determined by the ratio between 
the mean time for creating a mesomolecule (pd/)., ddiJ.) and the lifetime of the 1J. meson, which is 2 x 10-6 

sec. One is naturally led to enquire whether there exist in nature some long-lived mesons, and whether 
such mesons may not in practice make possible a self-maintaining nuclear reaction of hyperon isotopes. 

The second of these questions can definitely be answered in the negative. For all imaginable reac
tions there exists the probability that the meson will be bound to the helium nucleus produced in the 
nuclear reaction. Owing to the positive charge of the HeiJ. system, other nuclei, including those of hy
drogen, cannot come very close, so that the bound meson leaves the reaction and can no longer perform 
its catalyzing action. 

The probability of binding was calculated by a method developed by Migdal3 in treating the probability 
that an atom is ionized during {3 -decay. At the time the nuclear reaction is taking place, the two nuclei 
involved are close together and the wave function of the meson in the adiabatic approximation is that of 
the mesohelium ion ·1/Ji (r), where r is the distance between the meson and the point at which the two 
nuclei meet. 

The helium nucleus produced in the reaction has a definite energy E0 (which is 0,8 Mev for d + d 
--He3 + n, and 3.5 Mev ford+ t --He4 + n) and a corresponding velocity. To account for this, the 
meson wave function should be multiplied by eipz/ti, where the z axis is along the direction of motion 
of the nucleus, and the momentum p is the product of the nuclear velocity by the reduced mass 
m = MiJ./(M + IJ.), where IJ. is the meson mass and M is the mass of the helium nucleus. Expanding 
.Pi ( r) eipz/ti in meson eigenfunctions in the field of the helium nucleus, we obtain the probability for one 
or the other final meson states after the nuclear reaction. 


