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ABSTRACT

Interesting physics and predictions are discussed in the doubly quark-mixing ma-
trix suppressed charm meson decays: into vector-pseudoscalar, pseudoscalar-pseudoscalar,

vector-vector mesons.
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Introduction

When Rafe (Schindler} asked me to talk about the ﬁhysics that we can learn from
the doubly quark-mixing suppressed charm decays, I was both surprised and delighted.
I long had the conceptiuvn that the doubly suppressed decays might not be available for
study experimentally for a long, long time. These decays, which we can study in our quark
diagram scheme, became more (_)f a nuisance in a manuscript and subject to cuts if the
editors or referees complained about the length of the paper. It is most encouraging that
the doubly suppressed decays will be one of the important agenda for this future machine.
I happily “dig” out the part of a table which had those doubly-suppressed decays. In the
quark diagram scheme study of nonleptonic decays, the doubly suppressed decays are an
integrated and necessary part of the program in our attempt to understand the complex

nonleptonic decays.

All charm meson decays can be described by six types of diagrams, (1) as shown in
Fig. 1. These are characteristic diagrams with all strong-interacting QCD gluon effects
included. The identities of these diagrams are not changed by strong interacting gluons.
In Tables I, II, III, the doubly suppressed decays of DT, D% D} are given. They are taken
from Ref. (2). Do note that we had included the effects of final-state interactions and
parametrized of some SU(3) symmetry breaking effects, (see the differences in the last two
columns of the tables. The amplitudes with a subscript k are the hairpin diagrams which

we ignore in our discussions here.).
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Fig. 1. The six quark diagrams for a meson decaying to two mesons.
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I. Charm meson D — VP decays, into vector and pseudoscalar bosons

Our analysis of recent data of charm mesons decaying into a vector meson and a

pseudoscalar meson D — V P have established the following:(3)

Final-state interaction is definitely important in D — K*x, (as in the D — PP

pseudo-pseudo meson decays).

D° — ¢ KP is solely from the W-exchange diagram, with final-state interactions taken
into consideration. Its observation and size showed that the W-exchange diagram C’
is significant.

D% — K970 K*-x7t, associated with the measurements of D* — ¢7*, DF — ¢t
give the value of the W-exchange diagram C'. But we found that C' # C’, which
implies important SU(3) breaking.

From D} — K®*K?*, and D} — ¢nt, K*%xF, D¥ — ¢nt, we obtained that the

W-annihilation diagram D is important.
From D} — ptn® = D=xD

From Fermilab E691 result D;*'l’ mtw = |D|>>|D|=|D'|.

Continuing in that spirit I list in the following what we can learn in the future analyzing

the doubly suppressed decays. From Table I of doubly suppressed Dt — V P, we have the

following predictions:

The measurement of DT — p°K ™ will give a measurement of the amplitude B, (since

D is small and final state interactions are expected to be small in this exotic channel, i.e.

3/2
A,gp

=0, 5;/&; = real). That will check with the value of the amplitude B obtained in

Ref. (3) from studying the nonsuppressed D — V P decays.

Based upon D'/, D being small, we can predict

1 o
T(D* - wK*) = (s1/e1)? - EI‘(D;* — ¢nt)= T(DT — p°K™),

T(D* - K**ng) = sT(D¥ = K**no),

and their measurements will give the amplitudes A’ and A respectively. Here we use

the notation ? to denote the conditional equality if the final-state-interaction effects are
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absent, i.e. if A =0, § = real. (We ignore the hairpin diagram contributions in this paper.

This is specially a good approximation for vector boson due to the OZI rule).

The observation of D — ¢K™ will clearly establish the existence of the W-annihilation
D type diagram and measure its value. That will check checking the value so far obtained

in Ref.(3) from analysing nonsuppressed decays.

The interesting point in D° decay is that the observation of D° — ¢K° will establish

C type amplitude, and its value.
In D} decay we predict
DD} — K™K (s1/e)20(D* — K*n),
T(Df = K*°KY)= (s1/c))’T(D* — p* KO).

Here the final-state-interactions in the K* K systems are expected small, since they are

all exotic channels.

II. Charm meson D — PP decays, into pseudoscalar-pseudoscalar mesons

For analyzing the recent data of charm mesons decaying into two pseudoscalar mesons

we have established the following:(s)
e Final-state interaction is important (4)() in D — K.
o The W-annihilation diagram p is important in D, — PP.

e D% — K°KP can only come from effects of final-state interaction and/or with SU(3)

breaking. Its observation by Fermi lab experiments E400, E691 establish such effects.

o The loop-diagram contributions in D decays only come in the SU(3)-breaking form

(€ = &), (F — %) because Vi,V + VgV = 0. It is established to be small in the

D% - K9K° measurement.

For one singly suppressed decay, I had an ancient prediction:

Vcd

Ve

2 1
=3 %X 0.05 = 0.025.

[(Df -a*x%) 1
(Dt — Kont) 2

Currently experimental measurement has an upper bound about twenty times of this pre-

dicted value. I would encourage experimentalists to continue to look for it.
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Now from the Tables of doubly suppressed decays, we can anticipate the following

predictions:

In D* decays: T(D" — Kt7%= (D" — K*ng) = T(D* — K*no),

which measure the amplitude A, since amplitude D is small.

In D° decays:
I(D° - K*77) = (81/¢1)*T(D° = K~n+), T(D° — K% = (s;/e1)*T(D° — K°x°),
I'(D° — K°ns) = (s1/e1)’T(D° — K mg), T(D° — K°no) = (s1/e1)*T(D° — K mo);

In D} decays: T'(D, — K°K*)= = (s;/c;)’T(D* — K%rt);

III. Charm meson D — VV decays, into vector-vector mesons

The quark-diagram scheme description for D decaying into vector-vector mesons is
the neatest comparing to those of decays into vector-pseudoscalar meson and decays into

pseudoscalar-pseudoscalar mesons. From Table III for doubly suppressed D — V'V decays,

we have the following predictions:

The observation of D" — ¢K** will establish and measure the W-annihilation diagram

D.

The observation of D° — ¢K*® will establish and measure the W-exchange diagram

C, and we predict

2

I(D° — ¢K*) = <S1/01)2P(D° - ¢_I?*0); I(D° - wK*%) = (sl/cl) (D% — w?*o);

2 2 s
P(DO —’p—K*+) — (81/01) P(DO — K*—p-f-); F(DO — pOK*O) — (31/01) F(Do — OpO).

b

We also predict

2 ——f
T(Df — K**K*) = (31 /cl) I(D* - " K.
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Conclusion

We see that the doubly suppressed decays provide many interesting physical and im-
portant information. Measurements of doubly Cabibbo suppressed decays are important

in our effort to understand the nonleptonic decay machanism.
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