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Abstract

The decays of charm mesons are describes in terms of quark-

diagram amplitudes. Experimental implications of these amplitudes are

also discussed.
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I. Introduction

Recently there have been many interesting experimental results in the

(1))

area of charm decay, e.g. the two bodyAdecays and the life time

. 3 0 o+ - . . .
differences of D', D . These experimental data have resulted in our

(5)-(8) |

further understanding of the'charm decay mechanism.
Within the symmetry of SU(3), the two-meson decays of DO, D+, F' have

been classified by Wilczek and'Waﬁg'in Ref. (5) in terms of five dynamical

amplitudes and two weak mixing éngle parameters. However the physicél

meaning of the five amplitudes was not illustrated. 1In this paper

we give a quark-diagram.classificaﬁion of tﬂe charm decayé, total decay

rates as well as decay rates of definite final states. This provides a

general framewérk into which future experimental results and strong-dynamics

effects can be incorporated.
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II. Classification according to quark diagrams

There are six distinct diagrams é, b, ¢, d, e, and f for the weak

decays of a quark-antiquark system; as shown in Fig. 1. These graphs mean

to include all strong interaction effects. Our current .understanding of

the strong interaction does nqt.yet allow us to inclﬁde explicitly their
effects; however they should not change the distinctions made among these
diagrams classified according weak interactioﬁ.properties. Formatioﬁ of
hadrons in the final state is obtained by combining the various quarks and
antiquarks (a quark-antiquark pair can be added if they are needed to form
the parﬁicular hadronic states), . In diagrams of Figs. (la) and (2a) hadrons
are formed from quark-antiquark pair (4,3) separately from those from (1,2).
In diagrams Figs. (1b) and (2b) hadrons are fo%med from the quark-antiquark

pair (1,4) and from (3,2). Therefore diagrams a and b are distinct.

a.A'TotalADecay Rates of>DO, ﬁ+ and F+. The semi-leptonic decays of

the Do, D' and F| are given by a graph like the diagram a in Fig.(l) with 3 and 4
being an outgoing lepton and its antineutrino respectively. Therefore the
semileptonic decay rates are the same for DO, D+ and F'. The total hadronic

decay rates should be given by

P(DQ -+ hadrons) IVQ vV (a+ b+ C)lz,

d'cs

F(Df -+ hadrons)

quchs(a + b)[z, and ' (2.1)

F(Ff - hadrons)

]

. 12

[V 4Ves(@ + b+ )],

where the V's are ﬁhe matrix elements of thcAmixing matrix (for their definition
see Refs. (8) and (9). Here only the mixing-angle favored diagrams are

included. The.experimental implications on these amplitudes are discussed

in Sect. III.



b. Exclusive reactions -- two body decays. Here we discuss the

deca&s of the DO, D" and F' into two mesons of the 0~ §ctét. The six .
distinctive graphs are given in Fig. (2). In diagram a of Fig. (2) the
qq pair (1,2) forms éither an or K" and the qq pair (1,4) forms a
another pseudoscalar meson, In'diagrém b of Fig. (2), on the otﬁer hand,
the qq pairs (1,4) and (2,3) separately form pseudoscalar mesons. The
diagrams ¢, d, e and f of Fig. (2) are obtained ffom-those of Figs. 1

by putting in a qq pair with the qq pair (1,4) forming a single meson and
the pair (2,3) another. The results are'given in Table I. Though there are six

quark diagrams, they contribute only in five .independent ways as they should

(5)(6)

from SU(3) symmetry counting. The six amplitudes a, b, c, d, e and f of

these quarks graphs are related to those A, B, C, D, and . E of Ref. (5) by
A=atc, B=b-c, C=a-d, D=e+2f and 6E=2¢c+6f+e. . (2.2)

Presumably the decays of more final state particles can also be

considered by adding the appropriate qq lines into the final states. .



ITI. Discussions on experimental results

(1)-(4)

" First we list the currently available charm decay data
B(D' » &%) = r(0"+e™x)/r(d" +all) = 0.2340.06,0r .158%.053, = (4.1)
B2 »etx) = 1@+ et /r (% >a11) < 0.04,0r .052¢.033. (4.2)

The first set of data is from the LGE experiment (Ref.3) and the second set

of data is from Mark II experiment (Ref. 1,2) at 'ST.AC, From the assumption

that the semileptonic deéay widths are the same for both the D+ and the DO,

the experimental results of Egqs. (4.1) and (4.2) imply

\

.1

I‘(DO ->all)ﬂ(D+ +all) > 6, or = 3.lti 3 . (4.3)
We also have(l)(z)
r(d® +x®KH/rd% >k = 0.113+0.030, (4.4)
0 -+ 0 - + :
(D" »+w w )/T(D" K n ) = 0.033£.015, (4.5)
0 =5 0 . '
B(D" K% ") = 0.021+0.009 (4.6)
0 -+ '
B(D: »K 7 ) = 0.028:0.005, o v : 4.7
B(D' > ®0r") = 0.021+0.005. (4.8)
Combining these with the information provided by Eq. (4.3), the last two
eqﬁations imply
0 -+ + =0+
r(p: =K n)/r(D"> Kn)>8.8, or =4.13 _ (4.9)

Now we shall discuss the implicationé?o)of these experimental results in

terms of our quark diagram and SU(3) classification.,  For completeness,

(7 (8)

our discussions may -overlap some of those already appearing in the literature.

Using Eq. (2.1) and the experimental data in Eq. (4.3),

F(Do'+ hadrons)/I’(D+ -+ hadrons)= |a+b+c|2/[a+blz. :
' : (4.10)
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We find that the amplitude ¢ in Fig. 1 must be dominant. This conclusion
is also consistent with the comparison of our Table I with the data in Eq. (4.6)

and Eq. (4.9):

r(D0 > K—W+)/P<DO > }-(OTTO‘) = 2la + c|2/[b - c:|2 z’2, (4.11)
and reo - }:‘:J"))r(DJ’ - i’(ov+) |

et cla+b|Pn |c,|2/.|; + b]?

::P(Do ; all)/I‘(D+ ~ all). | E | (4.12)

It will be very interesting to see from the F+ decay width (see Eq. (2.1))
whether the amplitude d is also dominant. If the amplitude d dominates,

from Table I, we obtain

+ =0+ + +. - ‘
reer » BkN/rEt > 0%t 32, (4.13)
E - ' ' S + =0 +
If amplitude d is comparable to amplitudes a and b, the decays F +K K and
+ ~ L
noﬁ can give information about the relative phases of amplitudes a and b.

Taklng the central values of the mixing parameters of Ref. (9), the

data of Egqs. (4.4), (4.5) implies, using the analysis of Ref, (5),
Ip/al = |e + 2£|/|a + ¢| 5, : : (4.14)

i.e. the graphs e and £ further dominate graph c¢. Similarly, the relative rates

0, O 0) F(Do#ﬂono)/r(Do hon ) can provide information of

|e+2£|/|6-c|.. Then p° & nono, wowo, pt KOKT, n0n+ can provide information

of (D +1 ﬂ)/F(D

about the relative size of amplitudes e and f. Further, the two-body decays of
F+ can provide information on the amplitude d.
Here we only give a few examples of how such analysis can be performed.

A thorough analysis can be done when more complete data are available. We see



that the charm decay certainly will shed more light on the mechanism of
weak non-leptonic decays. |

We would like to thank F. Wilczek for helpful discussions. This research
was supported under contract DE-AC02-76CHQ0016 with the U. S. Department of

Energy.
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Table I:

elements

Table Captions

Two pseudoscalar decay amplitudes for charmed mesons in
terms of the quark diagrams a - £ as shown in Fig, 2.

The C1s.Cyy Sy and s, are related to the mixing matrix
(9 o ¢

1 Vud’ s1 = Vﬁs’ CZ'E Vés’ —32 = vcd'




Fig. 1.

 Fig. 2.
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f}gure'Cgptioné

Quark diagrams for inclusive charm meson decaying into hadrons,

Quark diagrams for charm meson decaying into two ordinary

mesons.
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Table I

(a)

D0 Decays

(atct+e+2f) - clsz(e+2f)'

slcz(e+2f) f clsz<a+c+e+2f)

2(s1¢57¢y5,

1

= Isye,

Y2

2
‘/Z [syc, G

. 1
- clsz(6 b +

2 [s.c
172

/3

8152(a+C)

=) JH rﬁnj,w

1

1

2]

S

(]

2

(b-c)

(b-c)

) (2e+4E)

(e4+2f) +

|
(W

o |

(-b+e) +

clsz(b—c - e - 2f)]

o
b + g'e + £)

c +-% e + )]

clsz(c—e)]

-
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TABLE I (continued)

Page 2
(b) D+ Decays
~-C 4 ‘
K_ﬂ clcz(a+b)
=0_+ ’
KK Sy 2(a+e) = clsz(d+e),
w0w+‘
s, (a+b)
M5 l 2
n 1 e, (- 2b+Ze) - < (a-ro+2d+2e)
| | /&
+0 '
Km s, (a=d)
V2
0.0
Kn 1 2
& —_ [slsz(a—d)l
3
. 0+ .
K'w | slsz(b+d)




TABLE I (continued)

Page 3

() F' Decays
gkt | ¢, ¢, (b+d)
"‘0"*' ‘ U |
n017+ | ' \/;_z_‘clcz(a‘d),
Kon+ | ‘slcz(a+e) - clsz(a+e)
K+ﬂ0 7% [slcz(d+e) ;lcléz(b%e)]

2
xhd , /—l; [s;c,(2a+2b + d + e) + ¢ s, (b-e)]
0+ |

KK ) slsz(a+b)

~14- e

o





