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the integrals over the rotational states of the mole
cule and the summation over MJ and MJ- ~ere 
done in Ref. 2. 

Summing the spin matrix elements, we get for 
the transitions in parahydrogen 

d~t~o = 0; dat~1 = 4la a2 (m I m)2 (kl'o I k) I: (0, J') dD. 

and in orthohydrogen 

where 

da{~0 = 4/ 9 a2 (:JR I m) 2 (kpH:k) I: (J', 1) dD.; 

da{? = 819 a2 (lli I m)2 (kpif k) I: (J', 1) dD., 

I: (J', J) = (2J' + 1) ~ (2L + 1) Cw,fi (k"'R.o/ 2), 
L 

L = J + J', J + J'- 2, ... ;p- J' j, 

" 
Cup= 112 ~ PL (cos 6) P, (cos 6) P" (cos 6) sin 6d6, 

0 

R0 = 1.4n2/mee2 is the internuclear separation in 
the H2 molecule. Summation over all possible J' 
gives the total cross section for transition of the 
p,- mesic atom to the lower hyperfine structure 
state: 

We thus confirm the conclusion1 that there is 
complete depolarization of p, mesons in hydrogen. 
This result enables us, in principle, to determine 
the polarization of the neutrino emitted in the proc
ess p,- + p - n + v, by measuring the polarization 
of the neutron along its direction of motion, which 
under these conditions should be complete. At the 
same time we see that it is not possible to do ex
periments in hydrogen for studying the ( p,pnv) in
teraction using polarized p,- mesons. 

In conclusion I express my sincere thanks to 
Ia. B. Zel' dovich and L. D. Landau for·.valuable 
comments. 

1 S. S. Gershtein, J. Exptl. Theoret. Phys. 
,(U.S.S.R.) 34, 463 (1958), Soviet Phys. JETP 7, 318 
(1958). 

2 M. Hamermesh and J. Schwinger, Phys. Rev. 
69, 145 (1946). 
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EXPERIMENTAL researches have been reported 
recently on the capture of neutrinos by nuclei (in
duced fJ -decay). 1 In this process, parity is not 
conserved, inasmuch as the reaction is brought 
about by {J -interaction. 2 Formulas are given be
low for the cross section of the induced {J -decay 
of protons 

(1) 

and deuterons 

(2) 

with account of the polarization of the incident anti
neutrinos, wherein the target nuclei are also con
sidered to be polarized. 

It is easy to show that the density matrix of a 
polarized beam of particles of spin i and mass 
zero is 

p = 1lz (1 + iy5 (Qy) + "Ay5) (~~q') Y4• (3) 

where q is the momentum of the particle Q = a 
pseudovector perpendicular to q, A = pseudo scalar, 
the upper sign referring to particles, the lower 
sign to antiparticles. 

In experiments on induced fJ -decay, neutrinos 
emerging from a reactor were employed. Under 
these conditions, it is clearly difficult for the po
larization of the neutrino to be other than longitud
inal. We therefore ass.ume in what follows that 
Q = 0.* The usual calculations then lead to the fol
lowing expression for the capture cross section of 
an antineutrino by protons: 

d~ I dD. = Mpc j8rc2, 

M = IX1 + IXzm IE + 1XaQP I qc + IX4Q~ I q + 1Xs{m I c) q~ I q 

+ IXaP~ IE + IX 7~ [ q x pJ/ qE. 

IXl = I Cs 12 +I c~ 12 +I Cv 12 + rc~ 12 + 3 (I Cr i 2 +! c~ /2 

+ 1 c A 12 + 1 c~ 1
2 ) 

+ 2"A Re (CsC; + CvC~ + 3CrC; + 3CAC~). 

IX" = - 2 Re (CsC~ + c~c~ + 3CrC~ + 3C~C~) 
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-21- Re (CsC'~ + CvC; + 3CrC~ + 3CAC~'), 

a3 = - i Cs 12 -I C~ i2 +I Cv 12 + I C~· 12 +I Cr 12 + I C~ 12 

-I CA 12 -I c~ 12 + 2/, Re (- Csc; + CvC~ 
+ Crc;- CAC~). 

a4 =- 2 Re (2cre; + 2CAC~ + C1C; + CsC; 

+ CAC~.+ CvC~)- 2A (Re (CrC; + C~c; + CAC~ + C~C~) 

+ 1 c r i2 + ! c~ 12 + 1 c A 12 + : c~ 12), 

a6 = 2 Re (2CAc; + 2CrC~ +ere~ -1- CvC~~ + CAc; + CsC;) 

+ 2A Re(2CAc; + 2c~c; + CrC~ + c~c~ + cAc~ + c~c;), 

as= 2 Re (2CAC~- 2CrC; -t CrC; + CsC;- CAC~:- CvC~) 

+ n (I cA ]2 + 1 c~ 12 -I Cr 12 -I c~ 12 

-t- Re(CrC~ + c~c~·- CAC~- e~e~). 

a,= 2 Im (CrC~ + C~c; + CvC~ + C~C~) + 21- Im (Crc~· 

- Csc'; + CvC~- CAC~). (4) 

Here q and p are momenta of the incident 
antineutrino and emitted positron, E = energy of 
the positron, m = its mass, t = polarization vec
tor of the protons. The cross section is referred 
to an element of solid angle of the momentum of 
the positron. The energy of the positron is fixed 
in (4) by the law of conservation of energy E = 
q - A, A = difference in the masses of the neutron 
and proton. In this case it is assumed that the 
Hamiltonian of the interaction has the same form 
as that of Lee and Yang.2 

It is easy to see that we can establish whether 
or not time parity is conserved in the capture of 
the neutrino by polarized protons. Measuring the 
total number of electrons emitted to the left and 
right from the plane q, t, we get for the differ
ence in cross section: 

where e = angle between q and t. If temporal 
parity (time reversal) is conserved, then a 7 = 0, 
0"+ = (1_. 

Capture of the antineutrino by unpolarized deu
terons was considered by Weneser4 without account 
of A and V variants, while the nonconservation 
of parity was not considered. Taking it into con
sideration that the neutrons in reaction (2) are in 
the main formed in the S state, and that 
(p -q)2/4ME0 « 1 (p -q is the total momentum 
transferred by the neutrons, and Eo is the binding 
energy of the deuteron), we obtain as a result of 
the calculations: 

da = ( i Rt i2/64 1r5) N psds dO.Mf dO.!, 

N = ~1 + ~2 7 -t ~./q~ -t 9~3 p;; - 2fa) ((pj)(qj) _ _!_ P_'!) 
qe 3 qe 

+ Uz' (~4 9l_ + ~5 m 9l_ + r. li) / q e q 1-'6 e ' (5) 

Rt = ~ ~j (r) ~d (r) d3r, 

~1 =I er 12 +I e~l2 +I eA 12 +I c~ 12 + 2A Re (ere;+ eAe~), 

~2 =- 2 Re (ere~+ e~~)- 2/, Re (ere~+ eAe;), 

~3 = {- (I er \2 +I e~ 12 - i eA !2 --I e~ 1
2 

+ 21, Re (ere;- eAe~)), 

~4 =- 2 Re (ere·;+ eAe~) 

- "- (I er 12 + 1 e~ 12 +I eA 12 +I e~ J2), 

~5 = 2 Re (CAc; + erC~) + 2A Re.(eAc; + C~C~), 

~6 =- 2 Re (ere';- CAC~) 

-I, (! Cri2 +I c~ 12 - i eA 12 -I e~ 12)· 

Here < Iz > and <I~ > are the average values 
of the projection of the moment of the deuteron on 
the Z axis and its square, j =unit vector in the 
direction of the Z axis, M =mass of the nucleon, 
f = momentum of the relative motion of the neutrons 
in the final state, 1/Jd = wave function of the deuteron, 
and 1/Jf = wave function of the relative motion of the 
generated neutrons. The rest of the notation is the 
same as in (4). The quantity f is determined by 
the law of conservation of energy q = ( f2 /M ) + 
E +A. We note that (<I~> - %> vanishes for 
unpolarized deuterons. 

Since Rf is essentially differ·ent from zero for 
f ~ a, then for q » a 2/M in (5) we can carry out 
the summation over f approximately, making use 
of the completeness of the functions 1/Jf. Then we 
get 

In conclusion, we express our deep thanks to 
I. M. Shmushk.evich and V. N. Gribov for useful 
advice in discussions. 

(6) 

*If we keep terms in (3) proportional to Q, then there arise 
components in the expression for the cross section of the proc
ess under consideration which change sign upon substitution of 
the primed constant for the unprimed. This apparent contradic
tion with the work of Pauli 3 is explained by the fact that Q is 
not a directly observable quantity and, as can be shown, itself 
changes sign upon substitution of the primed constant for the 
unprimed in an interaction which corresponds to the creation of 
a neutrino. 

1 Cowan, Reines, Harrison, Kruse and McGuire, 
Science 124, 103 (1956). 
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2 T. D. Lee and C. N. Yang, Phys. Rev. 104, 254 
(1956). 

3 W. Pauli, Nuovo cimento 6, 204 (1957). 
4 J. Weneser, Phys. Rev. 105, 1335 (1957). 
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THE determination of the parities of K mesons 
and hyperons has for some time been one of the 
central problems of the experimental physics of 
elementary particles. Since the strong interactions 
conserve strangeness and the weak interactions do 
not conserve parity, we can speak only of the rela
tive parity of K mesons and hyperons, i.e., of the 
signs of PKPNP A• PKPNP!:, and so on. We dis
cuss below an experiment which provides a possi
bility of determining the sign of PKPNP A· 

Let us consider the capture of a slow K- me
son from an S state by a proton, according to the 
reactions 

K- + p ~ AO + 7ro + 7ro, 

K- + p ~ A0 + 7r+ + 7r-. 

(1) 

(2) 

Since parity is conserved in the strong interactions, 
the parity of the system A + 21T must be equal to 
the parity of the system K + p. Let us consider 
the two possibilities. 

1. Suppose PKPNP A = + 1. In this case the 
transition amplitudes for the two reactions have 
the forms 

A1 = -(a+ bp2 + cq2)/V2 + · · ·, 

A2 =(a+ bp2 + cq2 ) + dpq + .... 

Here q is the difference of the momenta of the 
two 1T mesons and p is the sum of their momenta, 
equal to the momentum of the A particle. The en
ergies released in the reactions (1) and (2), if the 
K meson had zero kinetic energy, are 47 and 38 
Mev, respectively, and the maximum momenta p 
and q are of the order of P.1r (we use units ti = 

c = 1 ) . If we assume that the dimensions of the 
region in which the strong interaction occurs are 
of the order of 1/mp < r < 1/p,1T, then we can sup
pose that pr < 1 and qr < 1 and confine ourselves 
to terms independent of p and q. In this case 

(3) 

and we find that the angular distributions in the re
actions (1) and (2) are spherically symmetric, the 
A particle is not polarized, and consequently the 
angular distribution of the 1T mesons coming from 
its decay is isotropic. If the energies released in 
the reactions (1) and (2) were the same, then from 
Eq. (3) we would get for the cross-sections of re
actions (1) and (2) 

(4) 

Inclusion of the effect of the difference of the mas
ses of ~ and 1r0 in changing the volume in phase 
space gives instead the ratio 

2. Suppose PKPNP A= -1. In this case the 
transition amplitudes must have the forms 

(5) 

A1 =- aapfV2, A 2 = aap + baq, .(6) 

where 0' is the vector of the Pauli matrices. 
Again we have retained the lowest powers of p 
and q in the expressions for A. Calculating the 
angular distribution, including effects of the possi
ble polarization of the A particle, we get 

da1 (p, q, ~) = 1/ 4 1 a J2p2dp1, (7) 

d::'!. (p, q, ~) = 1/ 2 {p2 1 a 12 + q2 ! b !2 + 2Re (a*b) pq 

+ 2 Im (a* b); [p x qll dp1, (8) 

where t is a unit vector in the direction of polari
zation of the A particle, and dpf is the density of 
states. 

We see from Eq. (7) that as before the cross
section of reaction (1) is isotropic and does not de
pend on the polarization of the A particle, but un
like the case PKPNP A = + 1 the matrix element is 
now proportional to p and the probability for emis
sion of low-energy A particles is sharply reduced. 
The cross-section for reaction (2) is in this case 
anisotropic and depends on the polarization of the 
A particle. Generally speaking, the A particle 
will be polarized in the direction normal to the 
plane in which the products of the reaction are 
emitted. In virtue of the nonconservation of parity 
in the decay, this has as a result that the numbers 
of 1T mesons produced in the decay of the A par-




