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Resonant structure in charmed-meson decays
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It is suggested that the multihadronic states observed recently at SLAC from the decay of new particles have

a resonant structure. The composition of such a structure is discussed on the basis of a phenomenological

model for the nonleptonic decays of charmed mesons.

Recently narrow peaks have been reported"
from SLAC in the invariant-mass spectra of the
hadronic state K'm~ and E'm'm'm at about 1865
+ 15 Me& and in K'm'm' at about 1876+ 15 Me V. It
is natural to try to identify these peaks with
charmed-particle states. More peaks in other
multihadronic distributions are clearly expected
on the basis of this interpretation, so that a de-
tailed investigation of the nonleptonic decays of
charmed particles acquires considerable impor-
tance. Recently such an attempt was made' on the
basis of a simple phenomenological model and in

the present note we comment specifically on pos-
sible resonant structure one might expect on the
basis of this model in the hadronic states ob-
served at SLAC.

The charm-changing (hC =+1) weak nonleptonic
Hamiltonian can be written effectively in the cur-
rent-current form, and following the arguments
in the literature, ' we shall assume that it trans-
forms under SU(3) as a member of the 686* rep-
resent3tion. %e confine ourselves to the standard
Glashow-Iliopoulos-Maiani model' of charm, with
the weak currents taken to be in the usual V- A
form. Furthermore, we consider only the Cabib-
bo-dominated piece (~ cos'8c) of the weak Hamil-
tonlan so that

ff (~aC) = I) = ~ cos'e ((Z,'„,Z'„, j —(Z'„„&,j)

In Eq. (I) J„&=V„q+A„q is the V —A hadronic cur-
rent and a, P =1, . . . , 4 denote the quark flavors.
Also x is an enhancement factor that boosts the
particular SU(3) representation we are considering
over others. The model we use is implemented by
the following phenomenological relations between
currents and fields:

A"„8=&2fps„P8

where Q„"z and P8 are the physical vector- and
pseudoscalar-meson fields and fv and f~ represent
the vector and axial-vector couplings of the appro-
priate mesons to vacuum. Equations (2) represent
a generalization of the meson-dominance model
used by Sakurai' some time ago, which reproduces
the current-algebra constraints in K-2m and de-
scribes the parity-violating hyperon decays rea-
sonably well. The nonleptonie interaction is then
effectively a two-meson vertex involving vector
and/or pseudoscalar mesons.

The multihadronic states can be produced directly
or through states involving resonances like K*
and p. Thus in addition to the direct four-body de-
cay, the K m'7i'm state can also arise from
quasi-two-body decays like D'- K'*p' or quasi-
three-body decays like D K N'm and K m'p .
Similarly, the K w'w' state can also result from
the quasi-two-body mode O'- K'W'. The calcula-
tions of the various decay rates are performed as
follows. For the two-body or the quasi-two-body
decays, we use the phenomenological model out-
lined above. The three- or four-body decays are
hard to calculate reliably in this model or by any
other known methods, so we estimate them by
current-algebra techniques. Treating pions as
soft, the three- or four-body-decay matrix ele-
ments may be reduced to two-body or quasi-two-
body decay amplitudes, which in turn ean be cal-
culated using the phenomenological model. Taking
pions to be soft may be questionable here, but we
do not expect these estimates to be too unreliable. '
For the calculation of two-body or quasi-two-body
decays in the model, we also need to know the
strong coupling constants at the three-meson ver-
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tex involving various vector and/or pseudoscalar
me

sons�.

For simplicity, we shall assume gener-
alized universality of vector couplings (all strong
vertices involve at least one vector meson) and
adopt an SU(4) generalization of the Sakita-Wali'
inte rac ti on Ham il ton ian

2gH» =ig Tr(p„Pa„P) + —e» ~~ Tr(Ps„p„s~y)m

——,ig Tr(F» Q&Q„) —
2 Tr(F»F„&F~„)

(3)

where g is the universal coupling constant and m
is the invariant mass. Considering our present
meager knowledge and understanding of charmed
particle decays, it is neither feasible nor perhaps
desirable at this stage to cornplic ate the analys is
by introducing symmetry -breaking effects in Eq.
(3) through unknown parameters. However, it
should be noted that experience based on SU(3)
indicates that coupling constants, unlike masses,
are better described by group symmetry. Further-
more, one might expect that the principle of uni-

versalityy

of vector couplings may provide a rea-
sonable approximation in some special sense. ' We
shall be interested in calculating the ratios of the
rates for various decay modes which would be in-
dependent of the coupling constant g. Note also
that these ratios are also independent of the en-
hancement factor x in the Hamiltonian (1).

The calculations are elementary and the details
will be left out. The parameters of the model f„,
fr, and m may be better determined when suffici-
ent experimental information on charmed-meson
decays is available. For present purposes we
choose them as follows. If we use Weinberg's
first sum rule" for asymptotic SU(4) saturated by
vector mesons alone, we obtain that »s„'/f»' would
be the same for V =p, K *, D ~, and F*. This de-
termines all the f»'s we need if we use the value
fz'/4w = 2.1 obtained from the experimental rate"
for p -ee. For the pseudoscalar coupling con-
stants, we may use the SU(4) result f,=fr =fn=fz
together with the determination f„=93 MeV from
the leptonic decay of pions. " The mass m will be
chosen, somewhat arbitrarily, to be the mass of
the decaying particle. Now, our calculations show
that the contributions to the rate for D -K m'w'm

decay arising from various decay modes are given
in the ratio"

K «p:K «w'w:p K w'.K w'w'w (direct)

=3.0x 10-'.3.4x 10-'.1:9.1x 10-' . (4)

Similarly, the contributions to D'- K ~'m' arising
from the decay modes D'- K *m' and O'- K m'n'

(direct) are obtained to be

K "w':K w'w' (direct) = 1:0.18 (5)

K'«p':K'«w'w-:p'K w':K w'w'w (direct)

= 1:9.0x 10-'.0.14:1.1x 10-' (6)

and

Ko*w':K w'w' (direct) = 1:0.10 .

In contrast to the result (4), in the present case
one would expect to observe roughly equal numbers
of K' * and p' in the final hadron ic state K m m' m

In conclusion we would like to mention that in our
analysis we have not considered decay modes in-
volving resonances other than K * and p. If the
phase -space restrictions are not too severe, some
of these modes may be important. Thus, even if
we ignore the uncertainties in our calculations, the
quantitative dominance of p and K * in the hadronic
states may not be as large as one might infer from
the results (4) and (5), or from (6) and (7). The
relative importance of the various decay modes
considered would of course remain unchanged.

The results (4) and (5) show that the dominant con-
tribution to the decay D' -K m 'm 'm arises from
the hadronic state p'K m ', whereas the final state
K m'n' in the decay of D' arises mostly from
K'*w'. The quantitative estimates in (4) and (5)
may suffer from some uncertainty inherent in our
model and the current-algebra techniques em-
ployed, and may also be subject to some change
with the variation in the input parameters (within
reason). However, we believe the qualitative fea-

turess

of these results are sufficiently reliable to
be of interest. We urge the experimentalists to
look for any resonant structures in the multiha-
dronic states resulting from the decays of the new
particles. Confirmation (or contradiction) of our
results would be of great value in providing clues
towards an eventual unde rstanding of the nonlepton-
ic decays of charmed me sons.

The spin-parity assignment of the new particles
observed at SLAC has not yet been determined ex-
per imentally. It is conceivable that these particles
are charmed vector' " rather than charmed
pseudoscalar mesons. If this were the case, the
analog of the results (4) and (5) for the relative
importance of the various modes contributing to
the decays D'*- K m'w'w and D *-K m'm' are,
respectively, given by '4
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