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The consequences of the assumptions that (1) the intermediate boson W has pair strong
interactions and (2) W¥=aT particles of Lee (thus leading to C P nonconservation) are
studied and found to lead to a consistent picture.

It is the purpose of the following note to point
out that the propositions that (1) the intermediate
vector boson W has pair strong interactions!
with known hadrons and (2) W*=q* particles of
Lee?® lead to a consistent theoretical and experi-
mental picture. The (a+,a_) particles, postulat-
ed in connection with electromagnetic CP noncon-
servation, can be pair produced in strong inter-
actions with the known hadrons, have charge Qg
=(+e, —e), and satisfy®

+y_y o+ -
Cstla Y=la™), Cstla Y=la™),

|a—>ECyTIa+>;

where Cg¢ is the particle-antiparticle conjugation
operator, C.y the charge conjugation operator,
and 7T (= Ty) the time reversal operator. For
simplicity, we shall assume that a* and the asso-
ciated K m current are both unitary singlets (/=N
=S§=0). As pointed out by Lee,? unitary (and iso-
topic) singlet current K u can be readily contruct-
ed from the fields associated with the a particles.
(1) The W-pair theory.—A particular model of
W with quadratic strong interactions, the triplet
version with nonzero triality, has been consid-
ered some time back by Ryan ia._l_.1 and Pepper
et al.’ and found consistent with experiment. In
the present context, postulate (2) supplies a
physically meaningful additional quantum number
Q i in place of triality conservation of the triplet
version.! Of course both @ conservation and
triality conservation W111 forbid such unwanted
strong reactions as w* +p-W  +p+ 21" which
can lead to unobserved fast double 8 decay. The
existence of W pairs with strong interactions
will also circumvent the question raised by Dy-
son® concerning the nonexistence of a weak
charged boson, since the W is now on a similar
footing with =, K, and deuteron in having strong
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interactions. Such (WW) pairs can presumably
generate excited W states as well via, say, a
bootstrap-type mechanism.

(2) Mismatch of discrete symmetries in W*
=q* hypothesis. — The usual mismatch theory®
takes the following form:

H H
Hst Y wk
c =C =  C
st % wk
P =P % P (1)
st Y wk

= =T =T
Tst T‘y wk st

Here each interaction Hamiltonian H; (i =strong,
¥, and weak) is separately invariant under its own
P;, T;, and C;, while the CPT theorem takes the
form CgtPgtTst =Cy Py Ty =CykPwkTwk. A spe-
cific mismatch model of Hst(SU(B)) [the SU(3)-
invariant part of H st] and H, in terms of quark
fields and spin-1, unitary-singlet, a-particle
field has been presented by Lee.?

There is, however, an important new feature
introduced when we add on the hypothesis w*
=g*. This is most aptly illustrated by examining
the implications of the assumption given in Eq.
(1) that Tgi = Tywk (or equivalently, CstPst=Cwk
XPyk) for semiweak vertices like (pnW), (ApW),
(Iyyw), etc. For instance, a straightforward in-
terpretatlon of operation CgPgt (= CykPwk) to
an —pna would suggest violation of charge
conservation !

Following Lee and Wick,® we consider first

H= Hfree i Hst(SU(3 N+ Hwk’

(2)

where Hyy is the usual current-current weak in-
teraction, while H¢pree is the free-particle Ham-
iltonian in which the masses of the different had-
rons within the same SU(3) multiplet are consid-
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ered to be the same, and the masses of all lep-
tons are set equal to zero.

The significance of discrete operations in semi-
weak interactions can be best illustrated by writ-
ing the weak current J) in terms of quark fields
0(F, 1), B, 1), and P,(F, 1) as

T
= ’
Iy =0, vy, (L+ 7)Y,
T
iy, y4rk(1+y5)¢ve
o
vip 74y>‘(1+y5)¢vﬁ, 3)
where ¥,’=cos0y, + sinfy, and 6 is the Cabibbo

angle. The Hamiltonian for semiweak interaction
(with appropriate coupling g) is

H(WE) =H(ab) =gJ, W *+Hec.

where W) (a)) are the operators describing the

charged W (a-particle) fields; both Wy* (ax*) and
Jy ¥ are related to their Hermitian conjugate op-
erators WXT (axT) and Iy T by Wy =wy T (ap*
=ay 1) and Jy* =J3T for x4 while W,* = -W,T (a,*
=—a,1) and J,* = -J,T,

Since we assume the CPT theorem, the discus-
sion of CgtP gt = CykPwk can be more conviently
discussed in terms of Tgt and Tyk. We define

T J T “l==J ¥, -
wk u wk u (£, -0),
T W T  —'=-W *F, -
wk u wk Wu (£, =)
—1__, x
or kaauka a,* (5)

=gJ,a,*+Hc., (4) and choose T4t =Tyk. The Tgt operates on the
elementary quark fields ¢, ¥,, and ¥; as
Z»bl ¢1(?, "t) ‘pz’
T |4 |=v, v v, Ul (T, =0 |= 7,7, ¥, ¢/ cosb+yysinb |, (6)
st s 1°2°3 by(T, ~1) 17273 ¥, sinf—y,’ cosb

P FE D =9(F, 1), YT, 1)=(cosb),+(sinbd)yd,, ¢"(F, ) = =(sinb)y, + (cosb)y,.

- Here the y matrices are in the Majorana repre-
sentation, U(6) is an element of SU(3) with explic-
it form

0 cosf sinf
U= cos® =-sin®6 sinfcosb |,
sin@ sinfcosf —cos?h

while 6 is the Cabibbo angle. For the leptons,
the Ty (or Tgt) transformation exchanges®® ey,
Vg, and pg v

kawlka
It is evident that Eqgs. (3), (6), and (7) do lead to
consistency with transformation of J; under Tk
as delineated in Eq. (5).

The semiweak vertices [Eq. (4)] have the de-
sired transformation property under 7y, while
Hy,y satisfies Ty Hy(8) Ty~ =Hyk(~t). Since
U(6) is an element of SU(3), the choice of Tgi
(= Tyy) as set out in Eq. (6) in terms of the quark
fields leads to TyiHgt(?) Twk ™ =Hgt(—1) where
Hgt is the SU(3)-invariant part of the strong-in-
teraction Hamiltonian. Model examples of Hgt
and Hyk in terms of quark and e-particle fields,
satisfying these conditions, can be taken from
those of Ref. 2 and will not be discussed further
here. Note that T, defined in the present con-

-1 7 — =
717273¢Vl(r, ), l=e,u. (7)

text is the same as Cyk7wk of Lee and Wick.®

In a realistic situation, the Hamiltonian H of
Eq. (2) is supplemented by electromagnetic and
SU(3)-breaking Hamiltonians H, and Hgt’. These
interactions break the symmetry of the model un-
der discussion, incurring mismatch to such hith-
erto exact relations like the condition Ty = Tgt.”
The typical electromagnetic mismatch correc-
tion® to Ty = Tt is of order a. For Hgi!, we
can characterize the mismatch correction to Tyk
=Tgt by the estimate®

6x[SU(3) breaking]. (8)

The Cabibbo angle 6 is of order §, while the the-
oretical expectations are that SU(3) breaking is
S10% (such anomalies as the K- mass differ-
ence are to be understood perhaps in terms of
the higher mass-scale picture® proposed for
quarks, triplets, and possibly a* as well).

Hence (8) can be of order « also.

The particular form chosen in (8) is dictated by
the fact that in the limit 6 -0, Tgt=Tyk holds
even if SU(3) is broken [as long as SU(2) is good].
This is because in this limit the transformation
Tst does not involve mixing between (p,%) and X
quarks. (8) is the simplest expression® which
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takes this into account. Note that (8) vanishes
for either =0 or [SU(3) breaking]=0; thus it
represents a very lenient condition. However,
the quark model makes it immediately obvious
that Ty =Tgt cannot be true exactly when both
SU(3) is broken and 6+0.

As an illustration, let us consider again the
classic CP-nonconserving decays Ky°—~2m. Our
theory states that in the presence of H,, and Hgt’,
the observed CP nonconservation in the neutral
K-meson complex is due to the presence of sec-
ond-order terms

+H H (9)

6H "H
( s) v wk’

t© wk
where Hy is the usual AS#+2 weak interaction
and is invariant under CP (or Twk =Tst). The
SU(3)-breaking Hgt’ conserves isospin, hence the
first term of (9) contributes a mismatch to Tyk
=Tgt characterized by the “coupling” parameter
given by (8) (of order a) and observes the AI=3
rule. The second term of (9) is of form J K Hyk
where J; observes the A/=0, 1 rule, while by
our assumption K respects the AI=0 rule.
Hence this term allows for both AI=% and AI=%
components to the K7°~ 27 modes—both contrib-~
uting mismatch to Ty =Tgt at level of the fine
structure constant . We therefore expect (8) to
contribute to phenomenological parameters®:!!
€ and €’ at the order of O(a).

Remarks.—(a) The procedure of defining Tgt
[Eq. (6)] as an operation transforming the proton
quark to a linear combination of neutron and lamb-
da quarks ¢, ~ ¢’ is somewhat unusual. However,
we have only used the freedom® that is available
in the limit of SU(3) when electromagnetic inter-
actions have been switched off [cf. Eq. (2)].

(b) Propositions (1) and (2) lead not only to a
mismatch between T'gt and 7 but also between
Tgt and Ty via the SU(3)-breaking strong inter-
actions and Cabibbo-angle considerations. This
picture is physically reasonable since imposition
of the condition W* =a* must necessarily entail
some restriction on our ability to define Tgt and
Twk—just as the existence of a* itself imposes a
mismatch between Tgt and T,,.

(c) The quark model is used above only to give
a simple and clear idea of the Ty and Tgt sym-
metries. One could equally well work directly
with the currents J),, the properties of which can
be specified by referring to Eq. (3).

(d) We have assumed that ¢* and a~ are both
unitary singlets (I=N=S=0). In this case the ob-
served A =% rule for strangeness-changing non-
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leptonic decays has to be understood in terms of
an ad hoc assumption of octet dominance. To the
extent that we have made no commitments on
whether neutral members to a* exist, our theory
has no neutral currents.

(3) Experimental consequences.—The CP-non-
conserving consequences of the present theory
are in a large number of cases identical with
those due to an isosinglet Ku current itself.
These have been summarized by Lee?® and are
compatible with data. The neutron electric di-
pole moment depends on the coupling of AS=0
nonleptonic weak interactions. This latter is in
principle estimable from the Cabibbo current-
current Hamiltonian used here. However, there
may be dynamical suppression of this coupling as
is the case for the AT=3 amplitude in Cabibbo
current-current theory (also not understood).

The most relevant test of the theory remains
whether W (=a) spin-1 particles exist. Simula-
neous search for W¥ in v(v)+Z ~ wE+1T 4+ zZx
and a* (=w%*) inthe strong process p+p—~a +a
++e¢ to identify their common mass M (>2.5 GeV
according to Pepper Lal.‘) is needed. As point-
ed out by Lee,’ large asymmetry in the energy
distribution of a* is expected from the latter re-
action. If W=qa is an SU(3) singlet, the decays
W =n"(959)[or E(1420)]+1+7;, W= wg(@g)+1+7y,
W =~ £5(1250)[ ¢ '(1500) ]+ + 7} [where subscript s
denotes SU(3) singlet part of w, ¢, f, and f'] are
expected to be competitive with the usual weak
leptonic and nonleptonic decays of the W meson.

(4) L’Envoi.—1It is important to emphasize that
the propositions (1) and (2) cannot be combined
into a single proposition since W¥ can be equal to
a* without either particles’ having strong interac-
tions'® with the known hadrons. In the latter mod-
el'® gt communicates with hadrons via the usual
electromagnetic intermediary leading to « (fine
structure constant) type suppression of CP-non-
conserving effects in 7~ (27y), y+p -7 +n, and
the neutron dipole moment. On the other hand,
as first pointed out to us by Goebel,** the cosmic-
ray muon anomaly of the Utah experiment!® can
perhaps be better explained in terms of W me-
sons with strong interactions because of the larg-
er production cross section by primary protons
afforded by collision p +p = wrrwT+ hadrons,
ete.

We are deeply indebted to Professor T. D. Lee
for extremely helpful suggestions concerning- this
work—especially with respect to the mismatch
problem for discrete symmetries. Several perti-
nent comments from Professor R E. Marshak
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