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Cabibbo-suppressed nonleptonic D decays
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We discuss why an extension of the ideas used to explain the AI =- 1/2 rule in kaon and hyperon decays
does not lead to an analogous large enhancement in the rates of Cabibbo-suppressed nonleptonic D-meson
decays, The possibility of seeing the contribution of diagrams with a virtual b-quark loop through
interference effects is also discussed,

The analysis of nonleptonic weak decays has
proven to be a difficult problem involving complex
features of the strong interactions. However,
some progress has been made' ' ' by using re-
normalization-group techniques to generate, from
the standard Hamiltonian in which R" bosons and
various heavy quarks appear, an effective field
theory involving only "light" (u, d, and s for Q
decays and u, d, s, and c for D decays) quarks.
It is then hoped that enough features of the strong
interactions have been incorporated so that a sim-
ple estimate (for example, by inserting the vacuum
in all possible ways) of hadronic matrix elements
of the operators in the effective Hamiltonian will
lead to an approximate understanding of nonlep-
tonlc decays ~

In the case of kaon (or hyperon) decays, when
W-exchange graphs are replaced by effective four-
fermion interactions involving only the M, d, s,
and c quark fields, the quantum-chromodynamics
(@CD) corrections enhance the Wilson coefficients
of operators with I= & relative to the Wilson coef-
ficients of I=

2 operators. 4 These operators still
have the (V-A) &&(V-A) form typical of W ex-
change. However, when the charmed quark is
treated as heavy and. removed to generate an ef-
fective theory involving only u, d, and s quarks,
operators with the structure (V-A) &(V+A) ap-

pear. Although these operators have small Wil-
son coefficients, it has been suggested that the
matrix elements of such operators are greatly
enhanced over the matrix elements of operators
with the usual (V-A) &(V-A) chiral structure. '

Since the (V -A) x (V+A) operators are purely
I= &, a further enhancement of the hI= 2 ampli-
tudes over AI= —, amplitudes occurs. It appears
that one can thus qualitatively account for the AI= —,

rule in nonleptonic kaon and hyperon decays. '
A question which naturally arises is whether

there is an analogous effect in Cabibbo-suppressed
nonleptonic D decays. The effective Hamiltonian
relevant for Cabibbo-suppressed nonleptonic D de-
cays is generated by a three step process in which
the 8" boson, t quark, and 5 quark are sequentially
removed from explicitly appearing in the theory.
The removal of the R' boson and heavy t quark
leads to an adjustment of the coefficients of the
operators which appear in the effective Hamilton-
ian in the absence of strong interactions. In addi-
tion, when the b quark is removed, new operators,
which had zero coefficients in the absence of strong
interactions, appear due to operator mixing. Some
of these new operators have the chiral structure
(V-A)&&(V+A). For a typical set of parameters'
the effective Hamiltonian for Cabibbo-suppressed
nonleptonic D decays is'

I

K,f, = — s, c, c, (O.V08'"'+2.038' ')cff 2

s see'~
S3 + 1 336~ +2 7362 +0 0266s 0 06164 +0 01865 0 07466 +H

Cg C2

where

n n )»-A(SS +8)»-A (Ca+a )»-A ( S 8)»-A —(C&d )»-A (d S &S)»-A + (C~+o. )»-A (~8'd 8)»-A

8y =(C~M )» A(SQS8)» A,

82 —(Co.BS)»-A (SSSn )» A,

83 (CQ~)»-A [(+S+S)»-A (d 8d8)» "A +(SSSS)» A+ (CSCS)»-Al
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8, =(c„us)v „[(ueu~)v-~+(dad„)» ~+(sss„)v-~+(csc„)v-~] i

(c~u~)v-A [(usus)v-A + (d8dB)v+A + (ssss)»+g + (csee}v+z]

86 = (caus)v g [(usun )v+ A +(ds d(c)v+ A +(ss so. )v+ A+ (csc )»+ A] &

with the notation

(4) . (gg) . =[7tr"(I+r,)01[(r,(1+r,)P].
The indices n and P run over the three colors
and when repeated are summed.

Note that the operators 8, and 8, have a (V -A)
x(V+A) structure. Along with being Cabibbo-
suppressed, their contribution to the effective
Hamiltonian is suppressed by an additional angu-
lar factor (s,'+s, s, c,e' /c, c,) which is expected
to be small. ' Thus, even if a sizable enhance-
ment of the matrix elements of the (V -A. ) &&(V+A)

operators over those of the (V-A)&&(v-A} oper-
ators occurs in D decays, we do not expect any
large enhancement of the Cabibbo-suppressed de-
cay rates relative to the Cabibbo-allowed decays
[where no (V-A) &&(V+A) operators occur in the
effective Hamiltonian]. This is in qualitative
agreement with experiment. '

When hadronic matrix elements of the effective
Hamiltonian are taken, they should be evaluated to all
ordersinthe strong couplingif perturbationtheory is
not valid. Among the higher-order corrections to the
matrix elements of the usual (V-A) && (V-A) opera-
tors 6"' are those coming from the diagrams of Fig. 1
involving virtual d —and s-quark loops. Diagrams
like those in Fig. 1 involving a virtual heavy 5
quark have been shown to sum up,

' to leading or-
der in logs of m~, to produce the local (V-A. )
x(V+A) operators appearing in Eq. (1). When vir-
tual light quarks like d and s are involved in the
loop, no such approximation is valid and the con-
tributions of Fig. 1 should not be thought of as
giving rise to a local effective operator, but rather
as QCD corrections to the hadronic matrix ele-
ments of the local four-quark operators 8"'.
Nevertheless, one might wonder how important the
contribution from diagrams like those in Fig. 1
will be in Cabibbo-suppressed D decays. We feel
that it will not be very important for the following
reason. If I,= m„, then, because of the Glashow-
Iliopoulos-Maiani cancellation mechanism, the

r(a -z'z )
r(D-s'w )

where"

-1+(1+A)(s,'+ ' ' ' f.os5)
Cg C2

S2 S3C31+A s,'+ ' ' ' cos6
1 2

(3)

(KK» ~vl(v-A)x(v+A)ID)
(~z or ~~I(v A)x(v-A)ID)

(zz or nmI(s+p)&&(s-f )ID)
(Zff or m&I(V —A) &&(V —A) ID)

I

diagrams of Fig. 1 involving an s loop would ex-
actly cancel those with a d loop. The typical mo-
menta flowing through the loops in these diagrams
is of order m, . The contribution from the dia-
grams in Fig. 1 is then expected to go something
like (m, ' —m~')/m, '= 0.01, and indeed explicit
calculation shows that the lowest-order diagram
in Fig. 1 goes like ln(m, '+ m, '/m, '+ m„')
=(m, ' —m„')/m, '. Hence, we find that the con-
tribution of the diagrams in Fig. 1 should be on
the order of 1/o. '0

Although the above analysis has led us to expect
no dramatic enhancement in the rates for Cabibbo-
suppressed D decays, it is interesting to note that
the possibility of seeing the effects of virtual 5-
quark loops might exist through interference ef-
fects in the ratio of D KK to D - rm decay rates.
At the tree level (and to lowest order in s, and s,)
the amplitude for D KK is proportional to sycy,
whereas the amplitude for D mn goes like s, c, .
It follows that any amplitude which contributes
with the same sign in both decays can constructive-
ly interfere for one of these decays and destruc-
tively interfere for the other. The contributions of
the (V-A. ) &&(V+A) operators in Eq. (1) have this
property. If we assume that the matrix elements
of the (V-A) &&(V+A) operators are enhanced over
those of the (V -A) x (V-A) operators and that all
matrix elements are. SU(3) symmetric, then ne-
glecting operatorS whose matrix elements are co-
lor suppressed,

+ + t ~ ~ ~

FIG. 1. Some strong-interaction corrections to the
hadronic matrix elements of (V-A) x (V-A) four-quark
operators 6~~'.

The second form for A follows from a Fierz trans-
formation of the (V-A)&&(v+A) operators. It is
the scalar-pseudoscalar structure of the resulting
operators which can lead to an enhancement. In

Eq. (3) we have assumed I sin& I «1, so we have set
e'~=cos5. If A if of order unity then sizable inter-
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ference effects can take place. For example, if we
take" s,'+(s, s, c, /c, c,) cos6 =-0.1 and A=2 (which
corresponds to about the same enhancement as is
supposed to take place in K decays), then
I'(D -KK)/I'(D - v~) = 2.6. In view of the recent
experimental result' I"(D -KK)/I'(D - mm) = 3.4",',
this might be viewed as encouraging. However,
we must stress that although this large an en-
hancement of the matrix elements of (V-A)
x (V+A) operators in D decay is not inconceiv-
able, we view it as unlikely. In fact, we expect
the enhancement of the matrix elements of the
(V-A)x(V+A) operators in D decay to only be
about m, /m, = 0.1 of what it is in nonleptonic K
decays.

In order to see why we expect this, consider
the case of nonleptonic K decays. There, the
matrix elements of the (S+P)x(S P) an-d (V-A)
x(V -A) operators can be estimated by using cur-
rent algebra to remove one pion and then approxi-
mating the remaining m'-K matrix element by in-
serting the vacuum in all possible ways. Relating
the P operators to the A operators, using the
Dirac equation for the quark fields, yields the
ratio

(vn'l(S+P)x(S P)IK)-
(~ml(V-A)x(V-A) IK)

f~m 'mx'/(m, +m„)(m. +m, )
fxmx'/2

Numerically with m„+ m„= 10 MeV, nz, + ng„= 150
MeV, this ratio is 30. To show physically where
this enhancement is coming from, "we relate the
pion and kaon masses to the current quark masses
by

m„'=(m„+m, ) p, ,

2mx =ms&,
(6)

where p, is of order 2 GeV. Inserting this into Eq.
(5) gives

(vml(S+P) x(S —P) IK) 2p

(v~l(V A)x(V A)IK) m, '

so the enhancement is coming from the fact that
the current algebra strange-quark mass is light
on the scale of typical hadronic masses. In the
case of D decays, the strange quark is replaced
by a charm quark and the enhancement is expected
to be roughly m, /m, times what it is for K decays.
Thus, although some enhancement of the matrix
elements of (V-A) x(V+A) operators is possible
in D decays it is not likely to be large enough to
lead to appreciable effects. "

We are grateful to M. Barnett, G. Kane, F. Gil-
man, H. Harari, and L. Susskind for illuminating
discussions. One of us (M.B.W. ) also thanks the
National Research Council of Canada for financial
support. This work was supported by the U. S.
Department of Energy under Contract No. DE-
AC03-V6SF00515.

~A. I. Vainshtein, V. I. Zakharov, and M. A. Shifman,
Zh. Eksp. Teor. Fiz. Pis'ma Red. 22, 123 (1975) [JETP
Lett. 22, 55 (1975)]; M. A. Shifman, A. I. Vainshtein,
and V. I. Zakharov, Nucl. Phys. 8120, 316 (1977}and
ITEP Report No. ITEP-63 and Report No. ITEP-64,
1976 (unpublished}.

E. Witten, Nucl. Phys. B122, 109 (1977).
3F. J. Gilman and M. B. Wise, Phys. Rev. D 20, 2392

(1979); M. B. Wise and E. Witten, ibid. 20, 1216 (1979).
4M. K. Gaillard and B.W. Lee, Phys. Rev. Lett. 33, 108

(1974); G. Altarelli and L. Maiani, Phys. Lett. 52B,
351 (1974).

~For a review, see M. K. Gaillard, in 8'eak Interac-
tions —Present and Future, proceedings of the SLAC
Summer Institute on Particle Physics, 1978, edited by
M. C. Zipf (SLAC, Stanford, 1978), p. 397.

The effective Hamiltonian is calculated using M~= 85
GeV, m&= 15 GeV, m~= 4.5 GeV and a renormalization-
point mass of 1.5 GeV. The running coupling constant
at these mass scales was calculated using

2= 12 1
33-mV~ ln Q'/~'

where ~= 0.5 GeV and N~= 6, 5, and 4 at the mass
scale of the t-, b-, and c~uark masses respectively.

The calculation is fairly insensitive to the value of the
t-quark mass.

This can be derived by a straightforward application of
the techniques used in Refs. 1, 2, and 3.
J. Ellis, M. K. Gaillard, D. V. Nanopoulos, and S. Ru-
daz, Nucl. Phys. B131, 285 (1977); V. Barger, W. F.
Lorg, and S. Pakvasa, Phys. Rev. Lett. 42, 1585
(1979); R. E. Shrock, S. B. Treiman, and Ling-Lie
Wang, ibid. 42, 1589 (1979); L. Wolfenstein, Carne-
gie-Mellon University Report No. CQQ-3066, 1979
(unpublished) .

SG. S. Abrams et al. , Phys. Rev. Lett. 43, 481 (1979).
We thank G. Feldman for a discussion of the errors on
the ratio T.'{D-KK)/I'(D ~&).

~OWhen the charm quark and up antiquark in the D
"scatter" into the final state (as opposed to when the
charm quark decays with the up antiquark acting as a
spectator) it is possible that the typical momentum
scale in the problem is not of order m~. Although
there is no reason why the diagrams in Fig. 1 should
be very important it is difficult to make any quantita-
tive estimates in this case. In particular, when the
typical momentum scale is much smaller than m„es-
timates based on a calculation of the lowest-order dia-
gram in Fig. 1 are extremely unreliable since the con-



CABIBBO-SUPPH, ESSED NON LEPTONIC D DECAYS 771

tributions of higher-order diagrams are, in general,
as large as the contribution from the lowest-order dia-
gram and can have different signs.

~ We use the Fierz identity (V —A) x (V+ A)= —2(S+ P)
x (s P).
We adopt the convention that all angles 8& lie in the
first quadrant so that their sines and cosines are posi-
tive. Then to get an enhancement of the KK mode over

the ~~ mode cos& must be negative. The value —0.1
for the angular factor corresponds to the choice of
angles 03= 15, 82= 35, and 6=m.

~3We are grateful to L. Susskind for this argument.
For other discussions of the ratio I"(D-KK)/I (D ~~)
see: G. Kane, SLAC Report No. SLAC-PUB-2326 (un-
published); M. Suzuki, Phys. Rev. Lett. 43, 818 (1979);
V. Barger and S. Pakvasa, ibid. 43, 812 (1979).


