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Conclusions about weak interactions from nonleptonic D decays are completely changed

by strong final-state interactions. The suppression of D E x found in some models is
completely reversed to F(D Xom ) =SI'(Do E 7i.+) by introduction of experimentally
measured Em scattering phase shifts in the exotic I =2 and nonexotic I = 2 amplitudes.
The &+Z /w+m ratio is very sensitive to meson resonances expected at the D mass.
Predictions less sensitive to final-state interactions are discussed.

=(v'p)A, exp(i0, ) —(v'3)A, exp(i5, ),
A(D'-K ~')

(la)

Recent treatments of nonleptonic decays of
charmed mesons' consider very specific and de-
tailed properties of the weak interactions but
completely ignore strong-interaction effects that
can completely swamp the effects under consider-
ation. " A simple example is given by the Kv
decays of the D'. Some treatments suggest that
the K'm' decay mode is strongly suppressed"
relative to K v'. However, both states are lin-
ear combinations of isospin eigenstates with I= —,

'
and I = a. Suppression of the K'vo mode implies
that the two isospin amplitudes nearly cancel in
the K'x' mode. This cancellation is changed by
final-state interactions which shift the relative
phases.

Consider a simple model with all final-state
interactions parametrized by phase-shift factors
exp(i5, ) and exp(i5, ) The .Do decay amplitudes
are

A(D'-K-x')

resonance with a mass of 1.4 to 1.45 GeV and a
width of 200-300 MeV, giving an s-wave phase
at 1.85 GeV varying between 110 and 160' for
different solutions. The I= 2 s wave shows no

resonances and a smooth phase variation well
described by an effective-range fit with a value
around -25 to -30 at 1.85 GeV. For 53
= -180' the suppression is completely reversed,
f'(O'-K'v') =8f|D'-K v'), and other predic-
tions" are drastically modified.

Complete descriptions of nonleptonic decay
must include such final-state interactions in full
dynamical calculations not possible at present.
Approximate estimates of final-state interactions
are obtainable from phenomenological models
using hadron scattering data and constraints from
analyticity and unitarity. ' Alternatively, flavor-
symmetry predictions using approximate sym-
metry groups" ' automatically include all ef-
fects of those final-state interactions invariant
under this symmetry. %e list here several ex-
amples.

The well-known selection rule

= (W)A exp(in ) + ( v'3)A, exp(i5 ), (lb)
r(Z'- n'v') =0

A, = —v2 A, (2a)

(2b)

In the presence of final-state interactions the
neutral decay is suppressed only if 63 ~,. But
the I= & channel is exotic and has no resonances;
the I= ~ channel is not exotic and has many K*
resonances. In a recent partial-wave analysis of
elastic K& scattering' the I= —,

' s wave shows a

where A, and A, denote the I= —,
' and I= 2 ampli-

tudes without final-state interactions. If the neu-
tral state (1b) is completely suppressed in the
absence of final-state interactions, then

follows only from the isospin transformation
properties of H„„&and isospin invariance of
strong interactions and is unaffected by SU(3)
symmetry breaking, strong final-state interac-
tions, or an increase in the number of quark
flavors. It is therefore no surprise that it holds
in an SU(3) treatment even when the number of
flavors are increased from four to six. '

The U-spin symmetry predictions' for D' de-
cays in the four-quark model,

QD -KK )=0,
r(D' -K'K )= PD' -~ '~-), -

(4a)

(4b)

are not as solid as the isospin selection rule (3)
because of U-spin symmetry-breaking effects
already discussed' for the analogous electromag-
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netic U-spin predictions,

o(e'e -y-K"K") =0,
o(e'e -K'K ) = o(e'e -~'s ).

(6a)

(5b)

jugate final states which have the same resonance
structure and strong interactions. The U-spin
Weyl reflection' which interchanges s and d fla-
vors induces the transformations

Whether such U-spin breaking is significant at
this mass is still an open question, with argu-
ments presented on both sides. '" " However,
serious SU(3) breaking would be introduced by
an ideally mixed nonet of scalar resonances in
this mass range. A scalar nonet nearly degen-
erate with the tensor nonet is suggested by the
e(1300) under the fwith a width of 200—400 MeV
and the K*(1420) mentioned above. An isoscalar
state under the f '(1516) with a width of 200-400
MeV, a tail appreciable at the D mass, and a
coupling to KK but not to» could explain the ex-
perimental discrepancies reported for the rela-
tion (4b) by introducing a relatively small reso-
nant amplitude interfering constructively with
nonresonant background.

Corrections to the selection rule (4a) for SU(3)
breaking in final-state interactions are obtainable
with the approach used in Eqs. (1):

r(D' -K K ) = Z(L) -K'K ) tan'[-,'(()0 —6,)], (6)

where 5, and ~, are the I= 0 and I= 1 phase shifts,
respectively.

U-spin predictions less sensitive to symmetry
breaking may be obtained by relating charge-con-~

K —K,
&+n & v+,

D D .
Using (7) we obtain for the four-quark model

r(D'-K'K w') = r-(D'-K K'~-).

(7a)

(7b)

(7c)

(8)

The kind of symmetry breaking discussed in con-
nection with Eq. (6) should not affect the relation
(8). Thus a comparison of the experimental tests
of the two predictions (6) and (8) should indicate
whether the violation of (6) presently observed
comes from an additional U= 0 component in

H„„k or from U-spin-nonconserving final-state
interactions. However, subtle U-spin-symmetry
breaking effects can still be present. The con-
tribution of the K*+K state to K'K z' is not
balanced by the U-spin-reflection contribution of
p+v to K'K'v because the P'K' channel is
closed for p' decay.

Additional U-spin predictions relate Cabibbo-
allowed transitions to doubly unfavored transi-
tions. The terms in B„„I,which generate these
transitions go into one another under U-spin re-
flection. Using the notation of Quigg' for the C = 1

part of +weak&

H„„q(A.C= 1) = {cs,du) V»V»+ {cs,su)V» V» + {cd,duj V»V»+ {cd,su) V»V»,

we obtain

r(D'-1') r(D'-J ')
r(D'-f) r(z'-f ')

r(z'-f ) v„v„'
Vii Vn

(10)

tion.
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where f, f', or f" denotes any Cabibbo-favored
fina]. state for the decay considered, andj de-
notes the doubly unfavored state obtained from f
by a U-spin reflection. Thus

r(D'-K'v-) r(f)'-K'~')
r(D'-K ~') r(f)'- K'~o)

r(f)o -X'q) v„v„
These predictions are unaffected by a treatment
of final-state interactions like Eq. (1a) if the
phase shifts are invariant under charge conjuga-
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After the original version of this paper was submit-
ted for publication a paper by J. F. Donoghue and Barry
R. Holstein f Massachusetts Institute of Technology. Re-
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cluding a discussion of final-state interactions with a
point of view similar to ours, but a very different anal-
ysis of the scalar meson resonances and very different
conclusions.
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The decay J/f into 3p final states has been studied. No evidence is found for the ex-
istence of the X(2.83) or any heavy narrow state (e.g. , the g, ) decaying into two pho-
tons. Upper limits are given on the branching ratio J/g —q, , q, —2y for q, masses in
the 2.7—3.0-0eV region. In addition, the branching ratios J/$-yq, yq' are measured.
It is found that the p' branching ratio is higher than previously reported.

Using a nonmagnetic neutral-particle detector,
the "Crystal Ball," we are studying the e e an-
nihilation process with the SPEAR storage ring
at various energies. We report here our results
for the decay of the J/g into Sy final states with
the J/g produced directly via e+e - J/g, and in-
directly via e'e - g'- m+m J/g.

The three-photon final states of the J/rj can be
reached through either J/g-yX, where X is any
state which decays into two y's (e.g. , mo, rt, rt'),
or J/g- Sy (direct). When the J/g is produced
directly, the quantum electrodynamics (QED)
reaction e+e - Sy also contributes. There is no
such contribution when the J/g originates from

g' decays.
The g„which is the 'Sp state of charmonium

predicted by charmonium models, ' is a further
possibility for the X. Evidence for a state at a
mass of 2.83 GeV has been reported by another
experiment' in a study of the reaction e'e - J/g
—Sy. However, the strength of the signal at the
reported mass is inconsistent with the prediction
of these models and has posed serious difficulty
to their advocates.

The Crystal Ball is shown schematically in
Fig. 1. The main components are the following:

(1) The ball, consisting of two hemispherical
sh'elle of Nal(T1) 16 radiation lengths thick, cen-
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