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We have analyzed the D® — 7+ 7~ decay with as corrections in quantum chromodynamic (QCD) factorization

and with the soft-gluon corrections in the light cone QCD sum rules. The soft-gluon effects are firstly calculated in the

decay channel. The results show that once the factorization contributions, the ag corrections, and the soft-gluon effects

are all considered, we can satisfactorily explain the experimental data in the decay channel.
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1. Introduction

The decays of charmed particles can provide use-
ful information about strong interactions and under-
standing of the quark mixing sector of the standard
model (SM) and also the search for the sources of CP
violation. However, the hadronic two-body weak de-
cays of D mesons involve nonperturbative strong in-
teractions and spoil the simplicity of the short dis-
tance behaviour of weak interactions. Therefore, a
simplified approach in which the amplitudes of these
processes are given by a factorizable short distance
current—current effective Hamiltonian is not expected
to work well. Various approaches have been em-
The most

commonly and very frequently used prescription, mo-

ployed to include long distance effects.

tivated by N arguments,!] is to apply general-

C

ized factorization.[23]

This phenomenological treat-
ment works reasonably well in Cabibbo-favoured D
decays,B] but it fails in the Cabibbo-suppressed D—
7mn and D— KK decays.[*~7]

It is necessary to study D meson two-body weak
decays beyond the factorization approach. Recently,
Beneke et all®l gave a next-to-leading order (NLO)
calculation of B — 7, K7 in the heavy quark limit.

In this limit, the hadronic matrix elements for B — 7mr
Aqcp
mp

can be expanded into the powers of ag and as

follows:

(mm|Oi|B) =(m|51|B)({m|32|0)
X [1 —I—Zrna:—I—O(%)}, (1)

where O; are some local four-quark operators in the
weak effective Hamiltonian and j; 2 are bilinear quark
currents. They pointed out that in the heavy quark
limit the radiative corrections in the order of ag can
be calculated with the perturbative QCD (PQCD)
method. In D — 7 decay, the momentum transfer
square is ¢> = 1.7GeV?, and the radiative corrections
of hard-gluon can also be calculated with PQCD ap-
proach. So, Eq.(1) is suitable for D— 7w decay also.

A
QCD) , Which

myp
includes soft-gluon effects, final state interaction and

the soft effects, cannot be calculated in QCD factor-
ization and the PQCD method. For the B meson two-
body decay, this term is small, but it is large and

In Eq.(1), the power correct term O(

cannot be neglected in the D— 77w decay. Recently,
Khodjamirian [® has presented a new method to cal-
culate the hadronic matrix elements of nonleptonic B
meson decays within the framework of the light cone
QCD sum rules, where the nonfactorizable soft-gluon
contributions can be effectively dealt with. Obviously,

this approach can be applied to the D— 77 decay.
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2.D° — 7f7~ in QCD factoriza-
tion
The low-energy effective Hamiltonian for D® —

w171~ can be expressed as follows:
Her = ZLV,aVl(Co(1)01 (1)
eff—\/i dVeql\C1() U1 B
+ C2(p)O2(p)] + h.c., (2)

where C;(u) are Wilson coefficients which have been

evaluated to NLO. The four-quark operators O, 5 are

01 = (ad)y_a(de)v 4,
02 = (ﬂadﬁ)VfA(Jﬂca)VfA: (3)

where a and § are the SU(3) colour indices and the

Wilson coefficients evaluated at pu = m, scale are [1°]

Cy =1274, C, = —0.501. (4)

In the following, we calculate the nonfactorizable
effects in D® — 77~ with the QCD factorization ap-
proach. This method is similar to that for B — 7w, 7K
decay; see Ref.[8] for details. As in Ref.[8], we obtain
the QCD coefficients a; (i=1,2) on NLO in the naive
dimension regularization (NDR) scheme. The coeffi-

cients a; are given as

CQ Qg CF
= S NN
ay C11 + N + anr N C? 3
_ Cl Qg CF
ag = Cz + N + ar N ClF (5)
Here N=3 (f=4) is the number of colours (flavours),

2 _

and Cp =
tions in Eq.(5) can be found in Ref.[8], which are

is the factor of colour. The func-

F= —12lni—18+f1+f117
m

fi= / 9(2)$n(z)dz, (6)

with the hard-scattering function

1—2x

g(z)=3 1 Inz — 3ir.

—z
The hard spectator scattering contribution is given by

_47!'2 f‘II'fD
- N FP=7(0)mj

where fr(fp) is the pion (D meson) decay constant,
mp the D meson mass, FP77(0) the D — 7 form

fII

factor at zero momentum transfer, and £ the light-
cone momentum fraction of the spectator in the D
meson. fi1 depends on the wavefunction ¢p through
the integral fol déop(§)/€ = mp/Aqep = 17.16. Us-
ing fr = 131MeV, fp = 235MeV, FP2™(0) = 0.692,
as = 0.353, mp = 1.865GeV, and the asymptotic

wavefunction ¢, = 6z(1 — z), we find

a; = 0.9001 — 0.0622i. (8)

3. The soft-gluon effect in D° —

Tt

To estimate the soft-gluon corrections for D —
mtn~ decays, it is useful to rewrite the effective
Hamiltonian with the help of the Fierz transforma-
tion. For example, applying the Fierz transformation
to the operator Oy = (EFud)(ﬂFuc), we have the ef-

fective Hamiltonian relevant to the tree operators,

Hes :% [Vud ol <Cl(ﬂ) + CQT(”)) O1 ()
+ 2640100 (9)

~ _ e e
0, = <d1—,ﬂ76) <uf”7d>.

In the above I, = 7,(1 — 75), Tr(X\*A®) = 26%°, and

(11)

First of all, we calculate the nonfactorizable ma-

where

(10)

1 ~
02 = 501 + 201

trix elements induced by the operator 61. As a start-
ing object for the derivation of light cone QCD sum
rules (LCSR) we choose the following vacuum-pion

correlation function:

Flgal)(p’q’ k):_/d4xe*i(p*q)m/d4yei(p*k)

X (OIT{55E) (9)01(0)52 ()} 7~ (q))(12)

o _

(m) _ Uyovsd and j; ' = mcCiysu are the

where j.5
quark currents interpolating m and D mesons, respec-
tively. The decomposition of the correlation function
(12) into independent momenta is straightforward and

contains four invariant amplitudes:

(O1) = (01)

Fo(gal) :(p - k)aF(al) + qaﬁl + kaF2

(01)

+eaﬁ,\pqﬁp)‘kpl*:’3 . (13)

In what follows only the amplitude F(©1) is relevant.
The correlation function is calculated in QCD by ex-
panding the T-product of three operators, two cur-

rents and 61, near the light-cone 22 ~ y2 ~ (z—y)? ~
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0. For this expansion to be valid, the kinematical re-

gion should be chosen:
¢ =p"=kK =0,
(P = k)*] ~ (P — @)*| ~ |P?| > Acp,

where P = p—k—gq. Following the standard procedure

(14)

for QCD sum rule calculation,
A(al)(D0 —atnT)

=(nF (p)(n~ (—=q)|0:|D(p — q))

] s, [B(smlmb,sg)
= dsen? ds’
72 fx fomp? Jo m2

2 7 ~
m2 s 5
X e M?Z Ims/ImsFécg(s,s’,m%),

(15)
where sT and sl are the effective threshold parame-
ters.

A straightforward calculation shows that only the
twist-3 wavefunction ¢3.(a;) and the twist-4 ones
@|(@i), p1(a;), whose definitions can be found in
Ref.[9], contribute to the invariant function F(On).
The results are

Foos = Fug) + FO,

(16)

where Ft(v%l) and Ft(‘&) can be found in Refs.[8,10],
with a replacement m, — my,. Finally, the LCSR for
the D — 7t7~ matrix element of the operator 51
from the soft-gluon exchange is obtained by applying
the duality approximation and Borel transformation

to the D channel. The result can be written as

A(al)(D0 —ataT)
1 5 .
=im3 <—/ dse_m>
D 47r2f7|- 0
m?2 /1 du ™ _m2
X e M'2 wM!2
2fpm}) ud U ¢
C T ud
X I:M/ _v3031r(1_u:u_v:v)
U 0o VU
ud _
+f7r/ —U[3<pl(l—u,u—v,v)
0o VU
< mg ) Ql(l —U,’U):|
— s —1)—"
uM’ 7
m; P(u)
(i =2) 5]

where u = m?2 /s, with the following definitions be-

(17)

ing introduced:

% =o1(w,1 —w—v,v)+ ¢ (w,1 —w—v,v),
v
08:(%) _ 5. (1— ). (18)

ov

The asymptotic forms of the pion distribution ampli-

tudes in Eq.(17) are given by [°]

@3x (i) = 3600 ana2,

@1(as) =106%03(1 — as),
o) (ai) = —408%a anas. (19)
Equation (17) is similar to that in Refs.[8,10] only with
some replacements. In the following, we write the de-
cay amplitudes about D® — 77—, which include fac-

torization and nonfactorization parts:

M4, (D7 = 777) i S £ P7(0)

7

X (mp — m})VuaVegas, (20)

M,;q(D° — ntr) :\/EGFVudVCTiAC% (21)

where the amplitude My, = My + M, represents
the sum of factorization and nonfactorization parts
from the hard-gluon exchanges; M,, ¢4 is the amplitude
of the nonfactorization part from the soft-gluon ex-
changes; A is the hadronic matrix element in Eq.(17).
The total amplitude M is the sum of Mf, o, and M, ¢4
in the D® — nt7~ decay channel.

4. Numerical calculation

In numerical calculations we take f, = 132MeV,
8T = 0.7GeV? and M? = 6—15GeV? ] for the param-
eters of the pion channel, and fp = 235MeV, m, =
1.3GeV, sp = 6GeV?, p. = /m} —m2 ~ 1.3GeV,
M"?=8-18GeV2, fsu(pe) = 0.0032GeV2, 6%(p;) =
0.19GeV2,12l 7(D%) = 4.11 x 10 '3s. In the D rest
frame, the two-body decay width is

_ 1 _2|P]
ro°— = —|M(D° - nt -, (22
(0° w77 = G IMOP o o) 1 (22)
where the momentum of the 7 meson is given by
2 (m2 _ 4m2)]3
|P| _ [(mD(mD mw)] , (23)
2mD
The corresponding branching ratio is given by
(D% — ntm-
Br(D® - ntr) = % (24)
tot

With the above parameters and formulae, we can
obtain the branching ratios and compare the branch-
ing ratio of D® — 7t7~ decay obtained in some ap-

proaches with that of the experiment.



472 Wu Xiang-Yao et al

Vol. 13

Table 1. The branching ratios of D® — 77~ decay obtained in some approaches together

with the experimental result.

Decay mode NF QCDF

QCDF+SGE

Experiment

DO - xta— 1.86 x 103

1.69 x 103

1.55 x 1073 (1.52 £ 0.09) x 1073

The data are presented in Table 1, where the
second column gives the naive factorization results,
the third column the QCD factorization results, the
fourth column the QCD factorization and soft-gluon
exchange results, and the final column the experimen-
tal data.

5. Summary

From Table 1, We find that the prediction of naive
factorization is far greater than the experimental re-
sult, and the QCD factorization result approaches the
experimental data. However, in the QCD factoriza-
tion method, if we calculate the power correction term
O(Aqcp/me) then the results are in agreement with
the experimental data. We also find that the power
term O(Aqcp/m.) comes mainly from the soft-gluon

effects, and the final state interaction contribution is

small in D® — 7t7~ decay. From the calculated re-
sults, we find that the QCD factorization method can
be applied to D® — w7~ decay, once the power term
O(Aqcp/me) is included.

From Refs.[9,11], we can find that the soft-gluon
contributions are different in different B — 77 de-
cay channels. For example, in B — 7t 7~ decay, the
soft-gluon effects are smaller than the hard-gluon con-
tributions because of the small Wilson coefficient Cs
in the decay amplitude. However, the contributions
of the soft gluon and the hard gluon are on the same
order in B® — 7%7% decay since the Wilson coefficient
C is large in this decay amplitude. In D — 77 de-
cay, we can obtain a similar result. As shown in Table
1, the soft-gluon and the hard-gluon contributions are
on the same order in D — nw+7~ decay, and neither of

them can be neglected in this decay channel.
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