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I. Introduction 

Recently there have been many interesting experimental results in the 

area of charm decay, e.g. the two body decays(l)(
2

) and the life time 

(3)'4) 0 -1.. 
diffe::ences \ of D , D'. These experimental data have resulted in our 

further understanding of the charm decay mechanism~S)-(S) 

lolithin the symmetry of SU(3), the tt-ro-meson decays of n°, D+, F+ have 

been Classified by Hilczek and Wang in Ref. (5) in terms of five dynamical 

am,plitudes and two weak mixing angle parameters. However the physical 

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

we give a quark-diagram classification of the charm decays, total decay 

rates as well as decay rates of def·inite r"inal states. This provides a 

general framework into whichfuture experimental results and strong-dynamics 

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

There are six distinct diagrams a, b, c, 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 cu~rent .u~derstanding of 

the strong interaction does not yet allow us to include explicitly their 

effects; however they should not change the distinctions made among these 

diagrams classified according ••eak interaction pro?erties. Fonnation 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 particular hadronic states) •. In diagrams of Figs. (la) and (2a) hadrons 

are formed from quark-antiquark pair (4,3) separate~y from those from (1,2). 

In diagrams Figs. (lb) and (2b) hadrons are formed from the quark-antiquark 

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

0 + + a. Total Decay Rates of D , D anti F • The semi-leptonic decays of 

0 + + the D , D and F are given by a graph like the d).agram a in Fig, (1). 'lvith 3 and 4 

being an outgoing lepton and its antineutrino respectively. Therefore the 

semileptonic decay rates are the same for n°, D+ and F+. The total hadronic 

decay rates should be given by 

f(D
0 

-+ hadrons) 

f(D~ -+ hadrons) 

= lv dv (a+ b +c) 1
2

, u cs 

IV dv (a+ b)l
2

, and u cs 

r(F-f: -+ hadrons) = IV dv (a + b +d) 1
2

, 
u cs 

(2.1) 

where the V' s are the matrix elements of the mixing 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. 
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b. Exclusive reactions -- t~·ro body decays. Here we discuss the 

0 + +. 
decays of the D , D and F into two mesons of the 0- octet. The six 

distinctive graphs are given in Fig. (2). In diagram a of ·Fig. (2) the 

+ + qq pair (1,2) forms either a ~ or K and the qq pair (1,4) forms a 

another pseudo scalar meson. In diagram b of Fig, (2) ·, on the other hand, 

the qq pairs (1,4) and (2,3) separately form pseudoscalar mesons. The 

diagrams c, d, e and f of Fig. (2) are obtained from 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 count~ng. The six amplitudes a, b, c, d, e an~ f of 

these quarks graphs are related to those A, B, C, D, and. E of Ref. (5) by 

A=a+c, B=b-c, C=a-d, D=e+2f and 6E~2c+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. ,, 
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III. Discussions on experimental results 

First we list the currently available charm decay data (l) -(4 ) 

0.23±0.06,or .158±.053, 

0 + 0 + 0 . B(D: -+eX) = f(D -+ e X)lf(D ·-+all) < 0.04,or .052±.033. 

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

of data i~ from t-fa,rk II E;~petiment (Ref. l,l.) r1t :~T.AG, Fr0m thli ~H'i.lmpt1on 

that the semileptonic decay widths are the same for bOth t;}:le 1./ and the n°, 

the experimental results of Eqs. (4.1) and ·(4.2) imply 

r(n° -+all)lf(D+ -+all) > 6, or 

He also have (l) ( 2 ) 

= 3 1+4.l 
. -1.3 

rcn° -+K-K+)Ir(n°· -+K-rr+) = 0.113±0~030, 

o -0 o 
B(D -+ K 7T ) = 0. 021±0. 009 

Combining these with the information provided by Eq. (4.3), the last two 

equat.ions imply 

o - + I + -o + f(D; -+K 1T ) f(D: -+ K 7T) > 8.8, or ~4.13 

(4 .1) 

(4.2) 

(4 .3) 

(4 .4) 

(4 .5) 

(4. 6) 

(4,7) 

(4,8) 

(4. 9) 

Now we shall discuss the implications(lO)of these experimental results in 

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

our discussions may .overlap some of those already appearing in the literature .en (S) 

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

0
. + I 1

2 
I 12 

r(D -+ hadrons)/r(D + hadrons)= a+b+c I a+b . 
(4.10) 
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He find that the amplitude c in Fig. 1 must be dominant. This conclusion 

is also consistent ~.Jith the comparison of our Table I with the data in Eq. (4.6) · 

and Eq. (4. 9): 

0 - + 0 r(D ~ K o. )/r(D I 2 2 
2 a+cl /lb- c! ~2, (4.11) 

r(~o ~ - + + -o + and ~ ~ K ~ )/r(D + K w ) 

0 + 
~r(D ~ all)/r(D ~all). (4.12) 

+ It ~.rill be very interesting to see from the F decay ~Yidth (see Eq. (2.1)) 

~•hether the amplitude d is also dominant. If the amplitude d dominates, 

from Table I, \ve obtain 

(4.13) 

+ -0 + If amplitude d is comparable to amplitudes a and b, the decays F ~K K and 

0 + n o. can give information about the relative phases of amplitudes a and b. 

Taking the central values of the mixin~ parameters of Ref. (9), the 

data of Eqs. ( 4 .. 4), ( 4. 5) implies, using the analysis of Ref. (5) , 

ID/AI = le + 2£1/la + cl ~5, (4.14) 

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

of (n° ~-rP 'lf0)/r(n°~>K0Ti 0) ,r(n°~ 01T 0)/r(n° .... K.011 °) can provide informattcm of 

0 0 0 0 0 ~ 0 ' 0 + 
je+2fj/j6-cj. Then D ,... n n, 1T 1T, D',... K K.,.., niT can provide information 

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 ~•hen more complete data are available. We see 
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that the charm decay certainly will shed more light on the mechanism of 

weak non-leptonic decays. 

\~e would like to thank F. Wilczek for helpful discussions. This research 

~vas sup!Jorted under contract DE-AC02-76CH00016 •;.,ith the U. S. Department of 

Energy. 
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Table Captions 

Two pseudoscalar decay amplitudes.for charmed mesoris in 

terms of the quark diagrams a - f as shown in Fig, 2, 

The c1 , .c2 , s1 and s2 are related to the mixing matrix 

.elements (8) (9) by cl = vud, sl = vus' c2· - vcs' ... s2 = v cd. 
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!..~&ure Captions 

Fig. 1. Quark diagrams for inclusive charm meson decaying into hadrons. 

. Fig. z; Qt.tark diagrams for charm meson decaying into t"tvo ordinary 

mesons. 
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Table I 

0 
(a) D Decays 

sic2 (a+c+e+2f) - c1s 2 (e+2f)· 

s 1c2 (e+2f) - c1s 2 (a+c+e+2f) 

1 . 
2(s1c 2-c1s 2)(2c+4f) 

.!.._ [s
1

c
2

(e+2f) + c
1

s
2
(b-c- e- 2f)J 

12 

12 [s 1c 2 (~ c - t b + ~ e +f) 

1 . 
-c o (b··c) 
y'11 2 

1 
--s

1 
s

2 
(b-e) 

16 

i 
\ 

........ -· 

. . 



f . 

TABLE I (continued) 
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-0 + 
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-0 ..L 
K K' 

0 + 
1T 1T . 1 

- c
1

s
2

(a+b) 
lf 
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+ (b) D Decays 

1 . . . 
/6 s

1 
c

2 
( -2b+2e) - c

1 
s

2 
(a+b+2d+2e) 

Ko + 
1T 

1 
- s s (a-d} 
12 1 2 

s
1 

s
2

(b+d) 
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TABLE I (continued) 

Page 3 

-0 + KK 

0 + 
II II 

0 + n 1T 

0 + 
K 1T 

. + 0 
K n 

+ (c) F D~cays 

u 

- {i c c (a-d) v 3 1 2 ' 

_l [s c (2a+2b + d +e) + c
1

s 2(b-e)] 
16 12 . 




