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for K,=—30 MeV/c is 2.2 at 6, =61° (Ref. 1). This
ratio is easily understood from the full width at half-
maximum of about 60 MeV/c [see R, Hagelberg, E. L.
Haase, and Y. Sakamoto, Nucl, Phys. A207, 366 (1973)]

for the d-q intercluster momentum distribution, |F(z)I?,

found by analyzing the data from the reactions ®Li(x,
xd) and ®Li(x, x@). In Fig. 1 these values are used to
determine the relative height between the two groups of
points,
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"The Watson-Migdal formula does not give the cor-

rect description for FSI effects in the higher E,. o Te-
gion where the factor Fpg; calculated with this formula
falls to zero, The Jost function (Ref. 5) has to be used
for a more correct treatment for the enhancement of
the cross sections.

%The ¢.m.’s of the d and « clusters are well separated
from each other because of the small d-« separation
energy of ®Li. The asymptotic part of the d-« inter-
cluster wave function dominates F (k) for small .
The antisymmetrization effects of particles between
the clusters do not play an important role for QFR in-
volvmg small 2, although these effects may give rise
to the k dependence of the shrinkage of the clusters
for larger values of
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We consider in a schizon-model framework the suggestion of Nieh, Wu, and Yang that
J°(3.105) [or ¥°(3.695) ?] exhibits CP nonconservation. Constraints are delineated for con-
sistency with known CP nonconservation in K;°—~27. We examine also the consequences
of a different avenue for C P nonconservation should the J particles (with pairwise strong
interactions to hadrons) be identified with the a particles of Lee.

Recently Nieh, Wu, and Yang' made the enor-
mously interesting proposal that (i) the J(3.105)
particle,® as part of an isotopic doublet set (J*,J°)
and (J°,J°), is very likely to involve CP noncon-
servation analogous to that of the W,°-W,° com-
plex of the old schizon model,® and (ii) the dou-
blets have pairwise strong interactions with had-
rons (e.g., J*J~,J%J°+ hadrons) and hence an
additional additive quantum number ¢ (= +1) con-
served in strong and electromagnetic interactions
but changed in weak interactions. Here we con-
sider these propositions and their possible con-
sequences for CP (or T via the CPT theorem)
nonconservation given the currently known con-
straints in both CP-conserving and -nonconser-
ving interactions.

Schizon model for (J,).—We shall henceforth
use the generic symbol X to denote J(3.105) for
convenience of notation. For the most part our
estimates will be made on the assumption that
X=J(3.105) though they can be readily adapted
for ¥(3.695).* As pointed out by Nieh, Wu, and
Yang,! X*(7;1) coupling has to be very small,
hence X* cannot be the mediator W* for 8 decay.
We shall assume that X* is not coupled to the
charvge-changing lepton curvent at all. Similarly
the X°(vv) coupling also has to be negligibly small,
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hence we write the total interaction Lagrangian
density in the following form:

£=£Stmng+£y+£xo-l+£x-l+£x_s, (1)

where £, denotes the electromagnetic interaction
and

Lxou=ig[ey\(l+y)e+(e-p)X°+He.,  (2)
Lx-y =gO[IX* +J,°X,° +J*X ] +g'J ,°X,° (3)
Lx.s =ga[SX* +S°X%*]+ H.c. (4)

Here g%/4m~2 %107 (for V ~A lepton current) and
~4 X107 (for pure V lepton current), consistent
with the “medium-weak” leptonic decay proper-
ties of the X°(3.105) particle.! The combinations
X,° and X,° are®

Xa0:2-1/2(—X0—X0*)7 X60=2'l/2i(X0_X0*)’ (5)

while ¢, J,°% J*) and J,° represent isovector and
scalar hadronic (V, A) currents, respective-

ly, for which® AN=AS=0. For Eq. (4), S,S°is
an isotopic spin-doublet hadronic (V,A) current
for which AN=0, AS=~1. The parameters b, a,
and g’ are to be constrained below by experiments
involving both CP-conserving and -nonconserving
decay interactions. In particulav, for g’+0 and
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simple possible forms for J,° [e.g., pp +nn 0¥
2(AR) - (pp ) — (#n)], violation of time-reversal
invariance would occuy from Ly s+Lx_; and
hence for |AS| = 1 nonleptonic processes. It should
also be stressed that though Eqgs. (1)-(5) with X
instead of the usual W intermediary do not repre-
sent “conventional” weak interactions (i.e., are
not necessarily related to the square root of usu-
al weak interactions), they do preserve the |AI]
=3 rule for strangeness-changing decays of par-
ticles and suppression of AS=+2 interactions.

We next estimate b, a, and g’ from decay con-
straints. For a full-fledged (V,A) doublet cur-
rent for S and S° the K;°— p*y” decay requires
that

gla/my®<Gpa?oras=1.6x10"¢, 6)

if we identify my with 3.105 GeV. From Eqs. (2),
(3), and (5), it is evident that X,°=J(3.105).
Hence, assuming that I'(X,°~ hadrons) <100 keV,
we have crudely g%b%n x < 100 keV and, within
reasonable limits,

1<b<10. (7

It seems reasonable that the near-degenerate
orthogonal state X,°(3.105) (which has only had-
ronic couplings) should have a substantially smal
ler hadronic width than I'(X,°). For definiteness,
we take T'(X,°) ~ 20 keV, hence

I'(X,%) ~20 keV ~g'%ny or g’ ~1/400. (8)

The Fitch-Cronin CP-nonconservation parameter
In,.| in K%~ 27 is given by

In.-l ~(gg'a/m )G e/N2). (9)

For parameter a given by Eq. (6), the CP effects
due to the present model are far too small to ac-
count for the observed value |7,.|~2Xx10"3. We
shall therefore make the futher assumption that
the hadronic currents J, J,°, and J* and S, S°,
S*  and S are pure vector cuvvents®; likewise
Eq. (2) is modified by dropping the axial-vector
parts. It is important however to retain (at least)
the axial-vector piece for J,° since the decay
K%~ 27 is also parity nonconserving! The decay
K;°—2p is no longer relevant to our discussion
and the limit on parameter @ is now determined
from K—~7ll (I=1,¢). With g2/47=4x10"% we
have

(10)

The estimate for || from (9) and (10) is now com-
patible with the experimental number.
Such a model for CP (or T') nonconservation

gfa/my®<Gpa, or a<l.5a.

will of course preserve the IAﬂ =3 rule and hence
I, ~Ingl is expected. Except for |AS|=1 non-
leptonic decays [with T -nonconserving amplitude
~1073 X (T -conserving amplitude)], it would be
difficult to find other evidence for nonconserva-
tion of CP. The neutron dipole moment” is of
order g%a?bgg’(my/my)*my™ and is hence in the
range (10°2~10"2")¢ cm. However establishment
of X,° of narrow hadronic width and the study of
interference and regeneration effects in the de-
cay of X,° and X,° analogous to the Ks°-K;° com-
plex situation® will offer fairly convincing support
for the model. Note that the decay angular dis-
tribution for X,°~ I (I=e, ) is predicted to be
1+cos?6. Finally, the set of currents (J, S) can
be taken to form an SU(3) octet.®

Modified chimevon model for (J, ¥).— Here we
take advantage of the postulated pairwise strong
interaction' XX(hadrons) and identify the X or J
particle with the a particle of Lee!° analogous to
the old W= a chimeron model.'! We may retain
the medium-weak structure given by Eqgs. (2) to
(7); however, we set g’=0. The source of CP
nonconservation is now intrinsic to the properties
attributed to the X =a particles themselves. In
this case the ¥ =S=0 isodoublets (X*, X°) and
(X° X") have charges"!°

Q=Q; +Q, (QJ;QK):(Iz’t/z)’ (11)

with the following quantum numbers (conserved
in strong and electromagnetic interactions): for
X+ , .

1

@Qs, Q)= @z, %)9

for X°,

@s,Qx) =, -2);
for X°,

@y, Qx)=(~3,3);
for X7,

Qs,Qx)= (-3, ~5).

They are therefore hybrid a particles in possess-
ing both @ charges' and “ordinary” charges
Q,.1%1% According to this model** CP nonconser-
vation in weak (and strong) interactions involving
just the usual hadrons is of order af. Here f is
the strong-coupling constant (~1) associated with
the strong interaction of two neutral currents
Li1=fixjn (e.8., jx=X04pYsqpX, jn=NysyN); such
an £ vertex is C-noninvariant. Ithas been point-
ed out'*'*® that the W =a model leads to the con-
straint that in the weak interaction CP noncon-
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servation must take place in the first order in f
and in the zero order in electric charge e, hence
f~1073, For the X=a model, the X* is not cou~
pled to the charged lepton current and the medi-
um-weak £x.s vertex is drastically attenuated
vis-a-vis £y.s [cf. Eqs. (4) and (6)]. Thus in
processes like K;%= 21, A°—p +7°, v+n—pu +p,
etc., the af-type CP nonconservation (with f~
to 1) can be the dominant contribution.

It has long been recognized'® that CP-nonvariant
vertices describing the emission of photons by
ordinary hadrons must be necessarily isotopically
invariant (A7=0) independent of whether the a
particles respect minimal electromagnetic inter-
action and whether these particles are isotopic
singlets. Hence CP effects are absent in 7%~ 7°
+et +e” and Z°~A%+e* +¢” and are drastically
suppressed in n°~ 777" 7° To obtain consistency
with present limits on T nonconservation in the
neutron dipole moment,'® e +N—~ e +N*(I=3),
and C nonconservation in n°— 7*7"y, it is best to
assume that the K;°— 27 decay'” represents “deci-
electromagnetic” violation' (with f~ ).

The X, X pair can be produced in strong inter-
actions fromp +p~X+X+...0orp+p~X+X+.. .
The C-noninvariant effects must be of order f
here and large asymmetry between the energy
distribution of X and X, say, is expected from
the latter process [e.g., dN(Ex+ =E,, Ex-=E,)
#dN(Ex+ =E,, Ex-=E,). The decays of X,X are
generally of medium-weak strength, satisfying
the rule |AQ,| = |AQg| =3 ; examples are (X*, X,°,
X,%)—~ hadrons (AS=0), X,°~ 1 (I=e, n). Processes
(x*, X,%) =~ (I7) + hadrons (AS=0) have strength
Jgb approximately semiweak.

Finally, Gell-Mann'® has stressed the striking
eightfold mass degeneracy obtained should X form
bound states with a usual hadron. For instance,
from the set (X*p, X%; X%, Xp) we generate,
via CPT, the set (X"p,X%; XP,X*p) with me-
dium-weak decays with AS=0 to hadrons and
leptons. Such spectacular events should be
watched for in the neighborhood of m ; +m, and/
or m,+m,. Again if the decay ¥°(3.695)
—~J°(3.105) + (77) is strong,'® we would be tempted
to assign similar isodoublet structures with Qg
=¢/2=+3 for both ¢ and J. This raises the further
possibility that bootstrap between them might
lead to an enriched mass spectrum replete with
“nonexotic” Q=0 states ¥y, ¢J, and §iJ) coupled
to normal hadrons and perhaps exotic states (yJ,

- ¥y, and JJ) with @, +#0 (akin to the Z* hyperon
resonance).

We have considered also the nonhybrid (@4 =1,
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Qs =0) isotriplet a =X particles X **, X* and X°
However the resulting model is extremely un-
attractive.

Note added.—The present model with a vector
(x*, X,%° X") would, however, predict a predom-
inant decay of X,°(3.105) into 27*27°, 37%37", etc.
If it turns out that this is not the case experi-
mentally, we can modify our models in the fol-
lowing way: We choose (J,J,°% J*) to be axial-
vector, hence I'(2n* 27" +37%37" +...)~ 0. Either
the leptonic coupling of X,° is now axial vector or
else there will be parity-nonconserving effects in
the resonance region. Though the X,° has a sig-
nificant decay into 27*27°, 37*37", etc., it is not
coupled to lepton pairs and hence can only be
identified through production in hadronic-initiated
reactions.
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A current-algebra result is derived for the slope of the scalar form factor in K;3 decay
which is valid at all momentum transfers. This theorem is compared with the previous
results of Dashen and Weinstein and Dashen, Li, Pagels, and Weinstein. Our analysis
indicates that there are large corrections to these previous results at t =m Kz +mgl.

The semileptonic decays of the K meson have
provided an important testing ground for basic
theoretical ideas regarding the symmetry prop-
erties and the dynamics of the strong interaction.
In particular, considerable effort has been de-
voted to understanding the momentum -transfer
dependence of the form factors in K;; decays. A
theorem regarding the slope of the scalar form
factor in such decays was obtained some time
ago by Dashen and Weinstein' and was later mod-
ified by Dashen, Li, Pagels, and Weinstein®
(DLPW). In its amended form the theorem de-
termined the slope at the unphysical point ¢ = ;2
+m,? to be 3(Fy/F, —F,/Fg) +0(€), where the pa-
rameter € sets the scale of chiral symmetry
breaking. The leading term, 3(F,/F, -F,/Fy), ‘

is of order €lne. In this paper we generalize the
DLPW analysis to yield a theorem valid for all £.
We then make a simple estimate which indicates
that the corrections to the DLPW result are of
order 50% at # =my®+m,?. Finally, we give an
exact evaluation of the theorem based on a pre-
vious analysis® we have made of three-point func -
tions within the framework of the (3, 3*) model
of chiral symmetry breaking. We again find cor-
rections on the order of 50% at { =m > +m,°. The
reason the corrections are so large is that they
are of order 2m,°/m,” relative to the leading
term.* The exact predictions of the theorem are
in good agreement with the experimental data.®
First we derive the generalized theorem. We
define the standard K,, form factors f,(f) by

(M @IV, O M (R)) =i fae [ f () +a) ¥ +f (1) (R - )*], (1)

where f =(k -¢)®. Our interest is in the function D, (#) defined by

Dabc(t)Eifabcﬁabc(t) Ei(Ma(q)l apVbu(o)' Mc(k» :ifabc ((mc2 - maz)f-p.(t) + tf—(t)]o (2)

We begin by studying the function

S(?, k2, t7)= [dxd*ye'®e”#(0| T[8,A4," (x)3,V,°(0)8, 4,” ()] 0), 3)

which we consider as a function of the variables ¢% %2 and t'=(k —q)?- o(k®2+¢?. o0 is an arbitrary con-

stant.

For 0=1 we reproduce the DLPW analysis. It is useful to isolate the meson poles appearing in

Eq. (3) since this will enable us to identify the on-shell amplitude D,,. Thus, following DLPW, we in-
troduce currents A" in which the meson poles have been removed,

8,AH(p) = 8,AHp) = (p>=m? ' lim (p*—m?)8,A*(p). (4)

2 m
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