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Decay of Charged X Mesons
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The decay of the charged E meson is considered under the assumption of the existence of two parity-
conjugate particles with zero spin. The effect of a weak parity-mixing interaction, which may be of environ-
mental or intrinsic origin, is studied. Two limiting cases are examined. If the parity-mixing interaction is
weaker than the usual decay interactions, then the 8 and r mesons will appear to have the same lifetime far
from their point of production; however, near the point of production a difference in their lifetimes should
be discernible. On the other hand, if the parity-mixing interaction is somewhat larger than the decay inter-
actions, only a single lifetime would occur. Ordinary decay experiments will not serve to distinguish between
the latter case and the existence of a single kind of IC meson which decays without parity conservation.

I. INTRODUCTION jugation symmetry mentioned above in order that the
8 and 7 masses be equal. 7

It is the purpose of this note to investigate what is
to be expected in the decay schemes if two parity-
conjugate particles exist, and if there is also a weak
interaction which mixes parity. If this interaction is
weaker than the usual decay interactions, then the 8
and ~ could appear to have the same lifetime far from
their point of production; however, near the point of
production a difference in the lifetimes should be dis-
cernible. If, on the other hand, the parity-mixing inter-
action is larger than the decay interactions (but still
quite small), only a single lifetime would appear. In
the latter case it would be impossible from the study of
decays only to determine whether there is one meson
or two.

HE present experimental evidence concerning
E mesons indicates the existence of two par-

ticles with zero spin, equal masses and lifetimes, but
opposite parity. The equality of masses of two particles
with diGerent parity can be understood in terms of the
parity conjugation symmetry suggested by Lee and
Yang. ' In general, this symmetry will not yield equal
lifetimes (though this result could occur if there is an
accidental numerical relationship between the coupling
constants governing the decay phenomena).

Recently, Lee and Yang' have investigated the
possibility that parity is not conserved in the weak
decays. They have shown that experiments up to now
are not sensitive enough to test this question. ' If parity
is not conserved in the weak interactions, then the
data on the E-particle lifetimes could be understood in
terms of a single E meson. However, certain strong
interactions of the E meson can best be viewed in
terms of a %Ex interaction. As has been pointed out
by Goldhaber4 and Schwinger, ' the angular distribu-
tions in the production of E+ and E' and the angular
distribution of scattered E+ mesons can be understood
qualitatively in terms of such an interaction. Further-
more, such a coupling would give a E-nucleon potential
of su%.ciently long range to account perhaps for the E
hyperfragments. The pseudoscalar nature of the pion
6eld requires the existence of two E-mesons of even
and odd parity (8 and T particles) for a KICmstructure.
to appear in the Lagrangian. If such an interaction does
indeed exist, it is necessary to invoke the parity con-

II. ANALYSIS

We begin by considering the results concerning decay
phenomena that can be obtained from a Wigner-
Weisskopf line breadth analysis of the time-dependent
Schrodinger equation. We assume that the Hamiltonian
can be divided into two parts H=H, +H„, where H,
represents the strong interactions, and H„produces
the decays involving transitions between the eigen-
states of H, . Owing to parity conjugation, H, has two
degenerate eigenstates of opposite parity representing
the 0 and 7. particles. Because of this symmetry any
arbitrary linear combination of 0 and v forms an ade-
quate description of the system. The weak interactions,
however, disturb this symmetry and single out the 8
and v states. These states may then be expected to have
slightly diferent energies. We take this eGect of H„
into account phenomenologically by writing me and
m, for the 8 and ~ masses in H, . The 8 and v. will then
decay each with a simple exponential law whose time
constants are not expected to be equal. This is true
even if the mass degeneracy is not lifted since conserva-
tion of parity does not permit matrix elements linking
0 and 7..

We consider then the nature of the decay when the
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' T. D. Lee and C. N. Yang, Phys. Rev. 102, 290 (1956).' T. D. Lee and C. N. Yang, Phys. Rev. 104, 254 (1956).
3 Much more sensitive experiments have been suggested by Lee

and Yang (see footnote 2) and are now in progress at various
laboratories.
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¹=—X 1V„Ng= —XgNb, (2)

where E„E~are the number of a, b particles and )„)q

are their respective lifetimes:

" = Ical'P g+tge+ve)+ I eel'(X +p,+v, ),
(3)

Xg =
I
cg

I
'(X,+tg,+v, )+ I

cg
I
'(Kg+ we+ ve).

Here Ag, ), are the transition probabilities for 8—+2m,

0—+3m, respectively; p&, , for 0, ~~E»., and v&, , for
7 'T~Ep3 E 3 The rate of appearance of E 2 is given by

Ne~ Xe(l ci I'cV.+——I c,
I
'kg)
=lbg(le~I'e +'+ Ic21'e "") (4)

Similarly,

Ne. ——X,(I e, I'e—+'+
I cq I'e-"")

N»= (I &~ I't g+ I &e I't .)e ~'
+(Ic2I't e+ le~I'tg, )e-"".

III. COMPARISON WITH EXPERIMENT

For simplicity we consider two limiting cases for
comparison with the available data.

Case A: Icgl'/Ic&

In this case the parity-mixing interaction is small
compared to the decay interactions. We assume here
that 1/Xe is of the order of the 8' lifetime as might be
expected from phase space considerations. Hence Xg))X,
though it is possible that Icgl9, g Ie~l9„. Under these
circumstances 'A&))), and only the b particle will occur
in the E-meson beam, accounting for the observed
single lifetime 1/X&. The a particle will decay near the
point of production and predominantly into the E 2

mode because Ic~ I'/Ic2I' is large. In this case the E 2

decay curves would show a compound structure with a
break occurring at a time t Lin(lc&l'/Ic2I')]/Xo after
production. (This mixed exponential behavior in the
other decay modes would not be readily observable. )

Harniltonian contains a small added contribution H
which mixes 0 and 7. The appropriate eigenstates are
then (see Appendix):

y, =c~eyc2r, Pg=c)*r c—2*8 Ic&I'+ Ie2I'=1 (1)

These are the states that decay with a simple exponen-
tial law provided the line breadths are smaller than the
total energy separation of states a and b. The particles
produced by the Bevatron can be described by linear
combinations of lt, and f& with arbitrary phases and
amplitudes. Averaging over these parameters yields a
result which is equivalent to the production of equal
amounts of the "particles" a and b which subsequently
decay in a statistically independent fashion. Thus, if
the above criteria for simple exponential time depend-
ence is valid, the usual radioactive parent-daughter
decay equations hold. The states a and b decay accord-
ing to

The validity of the lifetime analysis depends upon the
smallness of t//eE; here eE is the energy shift between
the a and b levels which in this case comes predomi-
nantly from the mass shift caused by the decay proc-
esses. From the values of ) obtained below, a mass
shift of ~10 4 ev would suffice to satisfy this condition.
Such an order of magnitude does not seem unreasonable
though, of course, practically nothing is understood or
known about this quantity.

From the experimental lifetime 1/Kg=1.2X10 ' sec
and the abundance ratios, ' information on the values of
X&, X„etc., may be obtained:

X,=0.83X10' sec ' (lcgl'/Ic~l')lie=1. 74X10' sec ',

p, =5.4X10' sec ', v, =0.33&(10' sec—'.

Here we have assumed that pe p, and ve v, and have
used the fact that le~I' 1 for this case (see Appendix).
Taking Kg~10" sec ' (as suggested by the 8' lifetime)
yields Ic&l'/Ic&l' 2X10 '; thus the smallness of this
parameter is verified. With these numbers one obtains
X —Pg 10"sec '.

The value obtained for tU, is in agreement with that
to be expected from the universal axial vector coupling
for p+ v decays suggested by Bludman and Ruderman. "
From the results obtained in the Appendix for the
special form of II chosen there, the coupling constant

g appearing in B is given by

46m c2 1
gm= gP p

m cg 30
(6)

Smith, Heckman, and Barkas, University of California Radia-
tion Laboratory Report UCRL-3289 (unpublished),

~ Some indication exists for the short X+ lifetime in cloud-
chamber work: Arnold, Balam, and Reynolds, Phys. Rev. 100,
295 (1955);see also G. H. Trilling and R. B.Leighton, Phys. Rev.
100, 1468 (1955)."S.A. Bludman and M. A. Ruderman, Phys. Rev. 101, 910
(1956).

where we have used 8m~10 ev, and gF' 10 " is
the usual Fermi weak decay constant. The axial vector
coupling constant is also smaller than gF. It is con-
ceivable that these two effects have a cornrnon origin.

The assumption of parity conjugation invariance im-
plies the existence of two A' particles of opposite parity,
A~ and A2. From phase space considerations, one would
expect A~ and A2 to have comparable partial lifetimes
and hence A' should show a compound decay curve.
Presumably there should soon exist enough experi-
mental data to clarify this point. It should be noted,
however, that if the A&, say, decays through a scalar
coupling while the A& decays through a p5 coupling,
then the partial lifetime of the A2 will be 200 times
smaller than that of the A&. Under these circumstances,
the situation will be similar to that of the 8 and 7 decays,
though here it is the short lifetime that is being ob-
served experimentally.
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Case B:
I
c,

I
'/

I
c,

I

'—1

This case requires a parity-mixing interaction some-
what bigger than the weak interactions. In particular,
as shown in the Appendix,

I
c2I'—

I
ci I' holds provided

that eg 8m/m))1. Under these circumstances the cri-
teria for the validity of the lifetime analysis, 7~/8E X/
g„m«1, is satisfied. The states p and fb whose decays
obey simple exponential laws are now given by

p.= (8+v)/V2, pb= (8—r)/V2. (7)

It follows from Eq. (3) that 7i =Kb=2(7ie+pe+ve+7i,
+p,+v, ) so that only one lifetime exists. From the
experimentally observed abundance ratios one finds in
this case that A, ,=1.7X10' sec

p
Xe 3.5)&10' sec ',

p, +pe=10.8X10' sec ', and v, +vg=0. 7X10' sec '.
The value of ) z obtained here is considerably smaller

than that expected from phase space considerations.
Such a result would be compatible with the selection
rule AT=+ —,'discussed by Wentzel. " If p, =pz, this
rate is again in agreement with that obtained from the
universal axial vector (and equivalent vector) inter-
actions of Bludman and Ruderman. "

It should be noted that in this case decay experi-
ments on a beam that is not parity-polarized will yield
the same results as would be obtained if there existed a
single meson which decays without parity conservation.

IV. DISCUSSION

The considerations of this paper are subject to fur-
ther experimental tests. For example, the validity of
Case A depends strongly on the existence of a short-
lived component for the charged E rnesons; this matter
will be clarified as more events are studied, particularly
by means of bubble chambers. The experiments recently
suggested by Lee and Yang7 ' may test the underlying

assumptions of this investigation, namely, parity con-
jugation and parity mixing. These experiments involve
an asymmetry in the distribution of the decay products
of hyperons with respect to directions occurring in the
strong interactions in which the hyperons are produced.
The possibility of observing an asymmetry which shows
that parity is not conserved is independent of whether
or not there are parity conjugate E particles. Similarly,
the asymmetry involved in the experiment which would
verify the existence of parity doublets may appear
whether or not parity is conserved in the weak decays. "

If parity mixing does exist, it may be of an environ-
mental or intrinsic nature. At present it is somewhat
di%cult to see what environmental factors could cause
sufhcient parity mixing for particles of zero spin. On
the other hand, if parity nonconservation is of an in-
trinsic nature, it may be connected with the weak
decay interactions themselves.

"G. Wentzel, Phys. Rev. 101, 1215 (1956).
"However, if parity is not conserved, the time dependence of

the angular distribution is different from that given by Lee and
Yang. In particular, the asymmetry in question may still be
observed even if bm is larger than the level width.

while the total energy shift between the two eigenstates
of the system is

8E=E. Eb= Loco'+4
I
Hg, I']—l (A.5)

For H weak, i e., He, ((8b&, one obtains (c2/ci),—H, /4e& while for He, ))kv one gets (c2/ci) H,g/—
I
H, g I

(which is just a pure phase factor).
The parity-mixing interaction II can be char-

acterized in a simple way by assuming

H = 2mem, g d'x(8(x—)r(x)+ r(x)8(x)], (A.6)

where 8(x) and r(x) are the 8 and r field operators, and

g is the coupling constant. A straightforward calcula-
tion yields

He, (8IH
I
r)= ,'g me——m. (id—e~.) * (A.7)

For the situation where (c2/ci), is small, this gives

)cga H, e 1g m
8m=m, —m„

scil, Ru 4 8m
m =—', (mg+m, ) (A.8)

to first order in bus.
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APPENDIX

We consider here the effects of the mixing Hamil-
tonian H on the eigenstates of II,. H, has two eigen-
states I8) and I7) with energies big= (p'+mp)' and ce,
= (p'+m, ')~ representing the 8 and r mesons. (We
have included phenomenologically the mass shifts due
to H in our formulas. ) The states of H, +H Lwhere
H has matrix elements Hg, between I8) and Ir)$ can
be represented by

y=c, I8)+c, I.). (A.1)

The Schrodinger equation, (H,+H )f= EP, yields the
equations

c, (~e E)+cgHe,—=0,
(A.2)

cg((u, E)+c,H, e 0—. ——

The energy eigenvalues are then found to be

E., b= —,
' (cog+re, )a L(8(u/2)'+

I
He,

I

']*', (A.3)

where Ro=co& —co, is the energy shift due to JI„, and
the plus (minus) sign refers to the state p, (fb). From
Eq. (A.2), one easily sees that

(c,y )c,q
* H, e

(A.4)
—,'8~+I (8~/2)'y IH„I'j-


