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The D —Ã q decay mode is shown to be suppressed by a large factor insensitive to
q-q' mixirg and SU{3)-symmetry breaking in all transitions via intermediate states with
flavor quantum numbers of aqq pair, e.g. , SU(3) octet, but to be roughly equal to the

and K g' when produced via exotic qqqq channels. The relative decay rates to K g,
& ~~', and & 7t distinguish between models producing the additional qq pair in weak or
strong vertices.

The Kg and Kq' decay modes are normally over-
looked because they are theoretically complicated
by mixing and experimentally difficult to observe.
However, the suppression effect is so striking
that it is of interest to search for this decay mode
in experiments and to analyze data for upper lim-
its if it is not seen.

The basis of the suppression is easily seen in
both SU(3) and quark-diagram descriptions, which
are mathematically equivalent in the SU(3)-sym-
metry limit. The even-parity Kg, states are
"almost exotic" even though their isospin and
hypercharge quantum numbers, I= 2 and Y= 1,
are not exotic. Their SU(3) classification has
90% of the wave function in the exotic 27 repre-
sentation and only 10% in the octet. The Kg,
state, on the other hand, is 100% pure octet.
Thus the Kg, decay mode is suppressed by an or-
der of magnitude in any transition via octet inter-
mediate states. This has been noted in the strong
decays of even-parity K~ resonances and in ex-
perimental analyses of s-wave Km scattering. "
Of particular interest for D' decays is the result
that Ag' is the dominant inelastic channel for Km

scattering in the D-mass region with no evidence"
for coupling to Kg. This strongly suggests that
any weak-interaction model which predicts a sup-

PACS numbers: 13.25.+m, 12.30.-s, 14.40.Pe

Nonleptonic decays of charmed mesons appear
to be complicated and not to fit any simple mod-
el. ' " Attempts to understand these decays ei-
ther by symmetries or dynamics involve fitting a
number of branching ratios with several independ-
ent amplitudes, either with different symmetry
properties or arising from different diagrams.
Assumptions that any one particular symmetry
amplitude or diagram is dominant have not been
successful, and complications from strong final-
state interactions and SU(3)-symmetry breaking
are difficult to include. '

This paper presents an alternative approach of
combining weak-interaction models with known
features of strong-interaction phenomenology to
find striking signatures which can distinguish be-
tween different classes of models. The peculiar
flavor symmetry properties of the Kg and Kg'
channels provide such a signature, namely the
suppression of the D —Koq decay by an order of
magnitude in any transition via intermediate
states saith SU(3) octet flavor quantum numbers;
e.g. , a single quark-antiquark pair and one or
more gLuons. This suppression is rigorous in
the SU(3)-symmetry limit, even in the presence
of strong final-state interactions, and is insensi-
tive to q-q' mixing and SU(3)-symmetry breaking.
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pression of the Kg decay mode retains this pre-
diction even in the presence of strong final-state
interactions; i.e., that the decoupling of Kg
which is rigorous in the SU(3)-symmetry limit
still holds in the real world as investigated by
experimental Km scattering.

The K'g decay mode is unhindered in D decays
described by diagrams of the general form shown
in Fig. 1, where the weak decay leads to a non-
trivial four-quark state with exotic 27 compo-
nents. However, K'q is suppressed in the SU(3)
limit by an order of magnitude in all diagrams
that have the general form shown in Fig. 2 with a
pure octet intermediate state of a single quark-
antiquark pair and one or more gluons. Many
models include dominant diagrams that have the
general form of Fig. 2, and therefore predict the
suppression K"q. One example is the annihilation
diagram.

In the quark picture the Kg suppression is easi-
ly seen in Fig. 2, where the qq pair produced by
the gluon can be either dd or ss. The two ampli-
tudes producing the Kq state via the dd or ss
components of the g interfere destructively be-
cause of the negative phase in the g wave func-
tion. This gives exactly the same suppression
factor as the mathematically equivalent SU(3)
treatment. However, the quark picture also in-
dicates the direction of the corrections for g-g'
mixing and SU(3) breaking. The destructive inter-
ference is not complete because the ss component
in the g, wave function is larger than the dd com-
ponent and the two contributions do not exactly
cancel. However, the dominant effects of mixing
and SU(3)-symmetry breaking both reduce the ss
contribution and suppress the Kg decay even fur-
ther by making the cancellation more nearly com-
plete. Thus the decoupling of the Xg channel is
stable against effects of mixing and symmetry
breaking, as indicated experimentally by the Eq
scattering results. "

For a more quantitative description of these
effects we consider in detail the decays O'-K P',
where P is a neutral pseudoscalar meson, m,
g, or g'. There is one quark-antiquark pair in

the initial state and two pairs in the final state.
There are only two mechanisms for the creation
of the additional pair, one weak and one strong,
shown in Figs. 1 and 2. The box denotes any
arbitrary set of diagrams.

(1) The additional pair is created directly in
the zoeak decay of the charmed quark c-sud,
with no further pair annihilation and re-creation
in final-state interactions. In this ease the final
state has the quark constituents (sd) (uu) and the
neutral pseudoscalar P' is created via its uu com-
ponent.

(2) The additional pair is created by a strong
gluon. This includes both the diagrams where the
weak transition leads to a single qq state and the
additional pair is created by gluons either before
or after the weak transition, and the diagrams
where a uu pair created in a weak transition via
the mechanism (1) above is annihilated into one or
more gluons and a new qq pair is created.

The transition amplitude for the mechanism (1)
can be written

where P„, P„, and P, denote the neutral pseudo-
scalar meson states with the quark constituents
uu, dd, and ss, respectively. Equation (1) ex-
presses the observation that transitions via this
mechanism must go by the uu state.

The transition amplitude for the mechanism (2)
can be written

(I'g
I
W ID'& = (&,&. I

G
I (sd)& ((sd) I W ID &, (2)

where P, and P, are any two pseudoscalar mes-
ons, charged or neutral, G is the operator which
denotes the transition from a single qq pair to
two pairs by strong gluon interactions, and W

describes the weak transition from the initial D'
state to an intermediate (sd) state, including ef-
fects of strong gluon interactions. The state de-
noted by the flavor quantum numbers (sd) may
contain an arbitrary number of flavor singlet glu-
ons in addition to the (sd) pair. Equation (2) ex-
presses the essential feature of mechanism (2);

FIG. 1, Weak pair creation.
FIG. 2. Strong pair creation. G denotes any number

of gluons.

1308



QQLUME 46, NUMBER 20 PHYSICAL REVIEW LETTERS 18 Mar 1981

namely that the transition proceeds via an inter-
mediate qq state which must be sd to conserve
charge and strangeness in the strong transition to
the final state. The flavor dependence of the
gluon matrix element is given by

&(su)(ud) I
G

I (sd)& = &(sd}(ddt I
G

I (sd)&

=(I/$)&(ss}(sd) I
G

I (s@&, (3)

where g is an SU(3)-breaking parameter which is
unity in the flavor SU(3) limit and is generally
less than unity. " We consider amplitudes in
which the additional qq pair produced is split be-
tween the two final mesons, in accordance with
the Okubo-Zweig-Eizuka rule. Thus the uu ampli-
tude contributes only to charged decay modes.

The gluon matrix element for the physical mes-
on final states is then given by

gives the following results:

&K'~'I wi ID'& = ~~(K'n. I wi I
D'&

=(&)"«'n, I w, ID'&,

&K'~'I wi ID'& = ~2&K'nl wi ID'&

= vY&K'q'I w

In the SU(3) limit, )=1,
—&K'~'I w, ID') = v 3(K'q,

l w, lD')

=(4)' '&K'n,
I w, ID'&.

In general, for arbitrary values of $,

&K'~'I w, I
D'&

=
I: ~&/(I —~~&}](K'nl w. ID'&

= [ 0 2/(1 + v 2 $)] (K' q'
I w, I

D') .

(8a)

(9b)

&»P. I
G I(sd)&

2 &P. I(sq)& &P. 1(«}(sq)(qd}I G I(sd)&.
q=gd, s

I
w') =(I/v2)IP„-P ),

I q,) =(I/Ie)IP„+P, -2P, ),
I ri, & =(I/v 3) IP„+P,+P,&,

I q) = —,
'

I P„+P,—vYP, ),
I
7)') = —'

I
P„+P~+ v 2P, ),

(6a)

(6b)

(6c)

(7a)

(7b)

where q, and q, are the SU(3) octet and singlet
states and Isgur's mixing angle" has been used
to define the physical g and g'. Our results are
insensitive to the exact value of this mixing angle.

Substituting Eqs. (3)-(7) into Eqs. (1) and (2)

The overlaps between the quark states and the
pseudoscalar mesons are assumed to be simply
related, i.e., all mesons in the pseudoscalar
nonet are assumed to have the same spatial wave
functions:

(K I(»)&=(K'l(s@&=(P.I(»)&
= &w l(ud}) =(P„l(dd})

=
&P„ I (uu}) .

This standard assumption in phenomenological
quark models is supported by the success of SU(3)
predictions for strong hadronic decays, and by
the theoretical observation that overlap integrals
between nodeless qq wave functions are very in-
sensitive to radial size differences between the
states. The neutral mesons are related to the
P„, P„and P„states by the usual expressions,

Equations (8a) and (8b) show that the transitions
to the K'm', K"ri, and K g' states via mechanism
(1) are roughly equal and insensitive to the mixing
angle. However, Eqs. (Ba) and (Qb) show that the
transition via mechanism (2) to the K q final state
is strongly suppressed over a wide range of mix-
ing angles and SU(3)-symmetry breaking. The
ratio of the reduced transition probabilities (with
phase space factored out) for the Krj and Kq'
transitions is ~ in the SU(3) limit with no mixing.
Both mixing and SU(3) breaking make the suppres-
sion stronger. With the Isgur mixing angle, the
suppression factor is [(1—W2g)/(I+ v 2$)]'. This
is less than z for all values of $ between v 2 and
I/v'8. Thus the Kg decay mode is suppressed at
least by a factor of 9 relative to Kg' when the
probability of producing an (ss}pair from the
vacuum is anywhere between double and & of the
probability of producing a (ddt pair.

Thus a measurement of the K'mo, P'g, and
K'q' branching ratios in the D' decay should be
able to distinguish between the two mechanisms. "
Even an upper limit on the ratio of unobserved
K'g decays to K'w' decays is significant. It rules
out mechanism (1) if it is well below the predic-
tion (8a) of &.

This approach can be applied to any process
which decays to K'P' or K P states via an inter-
mediate sd state. The results are a straightfor-
ward generalization of the well-known SU(3) pre-
dictions that the Eg, and E~q, decays are forbid-
den in transitions with E-type coupling and the
Kg, and K*g, decays are suppressed by a factor
of 3 relative to the m' decays with D-type coupling
and suppressed by a factor of 8 relative to the g'
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decays if the Okubo-Zweig-Iizuka rule is assumed
in addition to D coupling. When SU(3} breaking
and mixing described by Isgur's angle are includ-
ed, the results analogous to Eqs. (9) a, re as fol-
lows:

—«'&'I G
I (sd)&

= [ v 2/(1+ ~2])](It nl G1 (sd)&

= [~2/(1 ~ ~2()] (&'n'
I G l(sd)&,

(10a)

(10b)

where the upper sign is used for transitions de-
scribed by D-type coupling and the lower sign for
F-type coupling. Whether the coupling is D or F
depends in this ease upon whether the amplitude
is symmetric or antisymmetric under the inter-
change of the two final-state mesons. In the s-
wave D' decays (9), the amplitude is symmetric
and the upper sign of (10) is seen to be in agree-
ment with the results (9). The results (10) hold
for any (sd ) intermediate state and the K' can be
replaced by any K~ resonance or other state with
the same flavor quantum numbers.

If the three-body decays D'-ZmP' are domi-
nated by the W, mechanism, then the K*(890)q
channel should be enhanced and the E*(890)q'
suppressed (but probably unobservable because
of low phase space). However, for an s-wave
Km system the Keg mode is suppressed and the
Keg' enhanced. Thus if both decays are ob-
served, the Dalitz plots for the two should be
very different.

Application of these results to decays of strong
K* resonances may be of interest. Precise meas-
urements of the suppression factors may give in-
formation on the mixing angles and SU(3) break-
ing.
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