
SOVIET PHYSICS JETP VOLUME 37 (10), NUMBER 4 APRIL, 1960 

PARITY NONCONSERVATION IN STRONG INTERACTIONS OF STRANGE PARTICLES 

S. G. MATINYAN 

Institute of Physics, Academy of Sciences, Georgian S.S.R. 

Submitted to JETP editor April 25, 1959 

J. Exptl. Theoret. Phys. (U.S.S.R.) 37, 1034-1040 (October, 1959) 

A modification of Lee and Yang's theory of strange-particle parity doublets is considered in 
which parity conjugation invariance is extended to weak interactions. As a result parity non
conservation in weak interactions is found to be closely related to a change in strangeness. 

Results of the analysis pertaining to the "forward-backward" asymmetry of the hyperon 
decay products are compared with the corresponding consequences due to parity nonconser
vation in strange particle production and interaction processes. Both interpretations are 
found to yield the same results as far as particles with odd strangeness are concerned. The 
two approaches can be distinguished by studying processes involving :S hyperons. 

1. INTRODUCTION 

THE question of parity nonconservation in strong 
interactions of elementary particles has recently 
come to hold considerable interest .1- 7 

Starting from a renormalizable Yukawa inter
action for elementary particles, Solov'ev1- 4 has 
shown that the requirement of CP invariance for the 
Lagrangian together with the laws of charge con
servation and isotopic invariance results in space 
parity conservation for electromagnetic and strong 
interactions of ordinary particles. On the other 
hand CP invariance and isotopic invariance do 
not lead to space parity conservation for strong 
interactions involving strange particles - iso
topic-invariant additions to the usual Lagrangian, 
which violate parity conservation, are possible. 

Parity nonconservation in strong interactions 
involving strange particles should lead to the ap
pearance of a component of the polarization vector 
in the plane of their production and should result 
in a "forward-backward" ("right-left") asymme
try in the distribution of the decay products. So 
far experiments have given no evidence for the 
existence of such an asymmetry, 6 although one 
cannot exclude the possibility that the angular 
dependence of the longitudinal polarization is 
such that a vanishing asymmetry results after 
averaging over the angle of emission of the hy
perons. It is also possible that this polarization 
will become detectable as the energy of strange 
particle production increases. 

In this paper we wish to show that effects aris
ing from parity nonconservation in strong interac
tions of strange particles, in particular the above-
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mentioned asymmetry, would also arise in a parity
conserving theory, namely, a modification of the 
parity-doublets theory of Lee and Yang8•9 which 
would not contradict any other experimental facts. 

2. STATEMENT OF THE PROBLEM 

We amplify the Lee and Yang parity-doublets 
hypothesis by the requirement that all weak (and 
electromagnetic ) as well as strong interactions 
of elementary particles be invariant under the CP 
operation of parity conjugation e- T, A1 - A2, 

etc. In this way parity doubling of all particles with 
odd strangeness is introduced. 

It is easy to see that this requirement automat
ically leads to parity nonconservation in weak in
teractions of strange particles whenever strange
ness changes by an odd number.* Indeed in such 
cases we have strange particles with odd strange
ness before (A-, ~- and K- decays) or after 
( :S-decay) the decay. The requirement that the 
decay process be invariant under parity conjuga
tion then results in either the decay of particles 
of opposite parities into ordinary particles in the 
same orbital states or (in the :S -decay case) the 
decay of a strange particle of definite parity into 
a strange particle of one or the other intrinsic 
parity, the decay products being in the same or
bital states in both cases. As a result, parity 
nonconservation in the decay is closely related 
to the change in strangeness. 

Extending CP invariance to the decays causes 
the parity doublets to have the same lifetime and 

*It is interesting to note that the dfi!cay E ... n + 11 for which 
t'!.S = 2, would be parity conserving were it to exist. 
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not to differ from each other in either weak or 
strong interactions. Consequently the question 
of the existence of a long-lived component of the 
~-hyperon parity doublet, not found in the experi
ments of Alvarez,10 does not arise. 

It is obvious that all known experimental facts 
which can be explained by the theory with parity 
nonconservation in decays without doubling the 
number of particles can also be explained by the 
present approach. 

The existence of K -particle doublets permits 
the introduction in a natural way of a strong KK1r 
interaction, which leads to a number of experi
mentally-confirmed consequences. However this 
interaction may also be introduced in Solov'ev's 
theory, where there is no need for parity doublets, 
since the conservation of combined parity permits 
the Lagrangian of a strong (parity violating) local 
KK1r interaction to be written in the form 

LKrt = igKrt {W Koi.D + KK~ 1.1>+ }, 

where <I> is the wave function of the 1r meson. 
However this Lagrangian is not invariant under 

rotations in isotopic spin space. Consequently it 
is possible in principle to verify the K -particle 
doublet hypothesis by studying the universality of 
isotopic invariance in strong interactions and the 
existence of a strong KK1r interaction. (In this 
connection we should mention the work of Taylor11 

in which very general considerations based on a 
method of Chew12 are used to show, by comparing 
the theory with the experimental results on the 
production of strange particles, that a strong KK1r 
interaction is necessary. ) It is true that one must 
keep in mind the hypothesis advanced by Pais13 •14 

according to which the K+ and K0 mesons have 
opposite parity. Here there are two possibilities: 
the KK1r interaction conserves parity but isotopic 
invariance is violated, 13 or the alternative - iso
topic spin is conserved but parity conservation is 
violated. 14 

It is seen that the question of K -meson doub
lets can hardly be solved in the framework dis
cussed above. A real possibility for verifying 
the parity doublets hypothesis will be indicated 
below. 

Before passing on to a study of the consequences 
of the hypothesis of strange particle doubling on the 
processes of their interaction and production we 
note the following circumstance. 

The revival in this paper of the parity doublets 
hypothesis is connected with the fact that, as will 
be seen later, the existence of a "forward-backward" 
("right-left") asymmetry in processes involving 
strange particles may be explained not only by 

giving up space parity conservation in strong in
teractions of strange particles but also on the 
basis of the above introduced hypothesis. Also 
it is possible to find experimental tests to deter
mine whether the "forward-backward" ("right
left") asymmetry in processes involving A and 
~ particles is due to parity nonconservation in 
strong interactions or not. 

3. INTERACTION AND PRODUCTION OF 
STRANGE PARTICLES 

Turning now to effects resulting from the hy
pothesis discussed above we use the notation of 
Lee and Yang.9 

Let us consider first the process of K- -particle 
capture by protons leading to formation of ~- -hy
peron doublets which subsequently decay, with the 
K- beam consisting of a coherent mixture of e
and T- particles with amplitudes ae and a 7 . 

The density matrix describing the ~--hyperon 
beam at the instant of production (t = 0) is given 
by 

( !, (0) + P1 (0) a J (0) + \P 1 (O)a) 

D (0) = , J+ (0) +~Pi (O)a I 2(0) + P~ (O)a . 

The diagonal terms in Eq. (1) correspond to the 
usual density matrix for a beam of intensity I 
and polarization P, the off -diagonal terms re-

(1) 

suit from interference effects between the doublet 
components of opposite parity: J is a pseudoscalar, 
\lJ is a polar vector. The time dependence of these 
quantities is given by the exponential factor e -A.t 
where A. - 1 is the lifetime of the ~ - particles 
(it is the same for ~1 and ~2 in the model 
under consideration). 

For the capture process Ii, Ji, Pi and \Pi 
are given by 

/1 (0) = /1 (t) lt=o =I a--el 2 1 al 2 + Ia, 12 1 bl 2, 

/2 (0) = lae 1
2 1 b 12 + Ia, 12 1 a 12 

J (0) = aeoc1' I a 12 + a,afi I b I\ P1 (0) = Re [aeoc::-ab+] kr;/kr., 

P2 (0) = Re [aeoc:tba+] kr,fkr,, 

\lJ (0) = li<Xe 12 ab+ + Ia, 12 ba+] kr,fkr,, (2) 

where k~ is the momentum of the ~- hyperon. 
In Eq. (2) a and b denote the amplitudes for the 
processes e- + p __.. ~1 + 'Tr+ ( T- + p __.. ~2 + 'Tr+) and 
e- + P- ~2 + 1r+ (T- + p- ~1 + 1r+) respectively. 
These processes are dynamically different since 
they lead to final states with different orbital an
gular momenta, so that a ¢b. 

The ~--hyperon decay process is described 
by the column ( cf. reference 9 ) 

M = (Ao[1 +xok]) 
Bo[x+oll] ' (3) 
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where K is the degree of parity nonconservation 
in the decay, and k is a unit vector along the di
recti on of the decay nucleon (in the hyperon rest 
frame).* A0 and B0 are related to the probabili
ties A.i of the ~ 1 of the ~ 2 decay by 

(4) 

(Of course, in our model expression (3) must com
mute with the parity conjugation operator Cp so 
that A0 = ± B0 and K = ± 1. However we find it 
convenient in the following to use this general 
notation for purposes of comparison and only to 
impose the above equalities in the final expres
sions.) 

We obtain for the angular distribution of the 
nucleons relative to the direction of emission of 
the ~ - hyperons (in the hyperon rest frame ) : 

W = Sp (MDM+) = N + Q cos6, (5) 
N =A fl a i2 +I b 121 \ <Xe + <X-r 12, 

Q =+)..!I <Xe 12 +I <X-r 12 + Re <Xe<X:JI2 Re ab+, (5') 

where the upper sign corresponds to K = 1 and the 
lower sign to K = - 1. 

A characteristic of the "forward -backward" 
asymmetry formula obtained here, as distinct from 
the results of Lee and Yang, 9 is the coherence of 
the (} and T particles in the K- -capture proc
ess. This fact is obviously related to parity non
conservation in the act of decay. 

The circumstance that no "forward-backward" 
asymmetry has been observed in K- captures may 
be explained by assuming that one of the amplitudes 
a, b is small in comparison with the other at en
ergies of the order of the energy available in the 
K- capture process. Of course, neither here nor 
below do we obtain any changes in lifetime charac
teristic of the Lee and Yang work, since A.1 = A.2 = A. 
and the masses of the components of the doublet 
are strictly equal. 

Let us consider next production of A and ~ 
hyperons in 1r-N or N-N collisions. In this case, 
after "averaging" over all remaining particles in
volved in the reaction, we get9 

/1=/2=/, P1 =P2 =p.n, J=O, 

\P = \P+ = 'Y1kinc + 'Y2kA, (6) 

where Pi are the usual polarization vectors, n 
=kine x kA; J-1., v1, v2 are constants depending on 
the dynamics of the process; kine and kA are 

*We assume here for simplicity that the degree of parity 
nonconservation x is the same in the decay of I, and Iv 
although from the invariance of expression (3) under the 
0-> 't conjugation one can deduce only that x,x2 = 1. This 
however does not affect results connected with maximal parity 
nonconservation in the decay when x 2 = 1. 

unit vectors in the direction of the incident par
ticle and of the hyperon in the center of mass sys
tem. 

For the angular distribution of the decay nucle
ons in the rest frame of the hyperon we find the 
expression 

W =!I A0 12 +I B0 121 [(I + x2) I+ 2xp.nkl 

+ (I + x2) 2 Re A0B;i (vi kine+ 'Y2kA) k. (7) 

Here k is a unit vector in the direction of the 
nucleon momentum; we do not as yet consider our 
specific model and therefore use expression (3). 
This corresponds to the fact that parity nonconser
vation is not connected with the invariance of weak 
interactions under the (} - T conjugation. 

The term proportional to K and intrinsically 
connected with parity nonconservation in the decay 
gives rise to the "up-down" asymmetry. The 
"forward-backward" ("right-left") asymmetry, 
expressed by the second term in (7) could also 
arise if parity were conserved in the decay proc
ess. In that case the "effective" asymmetry co
efficients in the decay would be, generally speak
ing, different in the direction n and v1kinc + v2kA· 
This is an example of the independence of effects 
due to parity nonconservation in the decay from 
those due to the parity doublets in the conventional 
treatment, as was pointed out in the past by Arno
witt and Teutsch.15 

On the other hand, if parity is not conserved 
in the strange particle production process then 
the density matrix for the hyperon beam will have 
the following structure:* 

I+ a P + a\J), 

and for the decay M = A0(1 +Kak). 
For the corresponding angular distribution we 

find 

W =I A 0 12 [l (I + x2) + 2x (P + IP) kl (8) 

with the same asymmetry coefficients. However 
it is not difficult to see that Eq. (7) also gives equal 
asymmetry coefficients if we take into account the 
equalities A0 = ± B0, K = ± 1, which hold in our ap
proach. In that case 

w = A[/+ (P + IP) kl (9) 

and the consequences due to parity nonconservation 

*Let us note the difference in the formal apparatus in our 
case and in the case of parity nonconservation in strong in
teractions. In the latter case the density matrix for particles 
produced in strong interactions has on the diagonal pseudo
scalar terms, whereas in our case the pseudoscalars appear 
only for the off-diagonal elements of the density matrix. 
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are the same as the consequences arising from our 
model. 

Let us consider one more interesting example of 
a process involving strange particles* 

(10) 

in which the capture takes place from the S -state 
of the continuous spectrum. If parity is not con
served in this process the A0 particle should be 
produced in S as well as P states, so that the 
transition amplitude has the form (compare ref
erence 16 ): 

a1Ilt + a2Ils +X [(3j2)'/•b1kAS + 3'1•b2kAS' Ilt + b3kA · S'Ils], 
(11) 

where ai and bk are amplitudes for the S - S 
and S - P transitions respectively, 

Ilt = r- (3 + a 1 a2), 

S=Ha1 +a2), 

and x is the degree of parity nonconservation in 
the process (10). The subscript 1 in the spin ma
trices refers to the strange particles, subscript 2 
to the proton. For the angular distribution of rr 
mesons from the ~ decay we obtain the following 
expression: 

W = )..J [~ + 4Re (xoc) k,kA></(1 + x 2)], 

where I is the intensity of the ~ 0 beam, 

oc = ~IV% at (bl + b2 /V2) + ~ aiba], 

~ = H3\ a1\2 + \ a2\ 2 + 3\ b1\ 2 + 9\ b2\ 2 + 3 i ba [21. 

(12) 

Let us now discuss the same process from the 
point of view of the parity doublets hypothesis 
advanced here. The density matrix of the inci
dent ~ 0 -hyperon beam consisting of ~~ and ~~ 
has the form (for hyperons of low kinetic energy): 

( /1 J ) 
Pi= r 12 . (13) 

We assume, without loss of generality, that the 
relative parity of ~ 1 and A1 is positive. Then 
the reaction corresponds to S - S transitions. 
and the existence of doublets of the ~ and A 
particles will result in the S - P transitions: 
~1,2 + P- A2,1 + p. In this case the transition 
amplitude is in the form of a 2 x 2 matrix 

( S-->S S->P) 
S->P S->S (14) 

where S - S, S - P represent symbolically the 

*It is in this reaction that a nonvanishing "forward - back
ward" asymmetry of rr- mesons from A0 decay was observed, 
although the results are not definitive. 

amplitudes of the corresponding transitions of the 
strange particle + proton system, taken from the 
work of Pais and Treiman.16 

After some calculations we find for W the fol
lowing expression: 

W = 1- {[/ + ReJ] ~ + 2 Re (I +J) ock,kA}, (15) 

where we have already set K = ± 1, as well as 
11 = Iz =I. 

4. DISCUSSION OF RESULTS 

From a comparison of (8) and (9) with (12) and 
(15) the conclusion follows that if parity noncon
servation in the decay is the maximum possible 
(as is in agreement with experimental data ) then 
the consequences due to parity nonconservation in 
the strong interactions of strange particles are the 
same, as far as production of particles with odd 
strangeness is concerned, as the consequences 
due to the hypothesis of invariance of all interac
tions under the (;I-T COnjugation. 

The two approaches (should the "forward-back
ward" asymmetry be definitely proven) may, how
ever, be distinguished by studying, for example, 
reactions producing E particles: 

rr- + P-->- ::.- + K+ + Ko, 

(16) 

If the "forward-backward" ("right-left") asym
metry in processes involving A and ~ particles 
is connected with invariance of the interactions 
under the e - T conjugation then there should 
be no "forward-backward" ("right-left") asym
metry in the distribution of the A0 particles ( 7r

mesons) from the :=;- decay because the :=;
particle is not a parity doublet and consequently 
will have zero longitudinal polarization (in our 
model parity is conserved in strong interactions ) . 
If, however, the indicated asymmetry is due to 
parity nonconservation in the strange particle 
production process then the asymmetry of A0 

particles ( rr- mesons) from :=;- decay will, 
generally speaking, be different from zero. 

Indeed, in the framework of parity nonconser
vation for processes involving K mesons and hy
perons, the reactions (16) may be caused by the 
following renormalizable parity-conserving inter
actions (we assume here for simplicity that the 
parity of all fermions and K mesons is positive); 

g5 (NeA + .i\e'+NJ. g7 (3t2e+A + .Aet2El 

and the following CP and charge-invariant but 
parity nonconserving interactions: 

ig~ rRr5Ae- .i\e+15NI. ig; rE"15t2e+A + .i\e,15t2E.J. 
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The effective matrix element for the process, in
cluding interferences between the interactions with 
primed and unprimed constants, will contain pseudo
scalar terms and, generally speaking, the :s- par
ticle will be longitudinally polarized. 

The same conclusions follow from Sakata's 17 

model in which the interaction (AA) ( NN ) re
sponsible for the production of strange particles 
of any strangeness does not, generally speaking, 
conserve parity. 7 

In connection with all that has been said a study 
of reactions of the type (16) becomes of great in
terest. 

In conclusion we might venture the hypothesis 
that the various kinds of asymmetries of physical 
processes are not a consequence of an asymmetry 
of space but are due to specific properties of the 
neutrino and of the strange particles. It is possible 
that invariance of all interactions under the "0 -T 

conjugation" is a formal expression of some pe
culiar intrinsic properties of strange particles. 
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