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Abstract

We consider the semileptonic and nonleptoBig decay modes to final states withand »’. We use QCD sum rules to
determine theDy — 5 form factorfﬂ, and a generalized factorization ansatz to compute nonleptonic decays. We propose a
parameterization of possible OZI suppressed contributions producing ihethe final state, compatible with current data;
such a scheme can be further constrained improving the precision of the measurememt,ad¢icay rates, as expected by the
ongoing experiments.

0 2001 Elsevier Science B.\pen access under CC BY license.

1. Introduction The experimental results are expected to be im-
proved in the near future, since the analysis of the
D, system is an important item of the experimen-
tal program of the current hadron facilities, as well
as of thee™e™ machines running at th& (4S)
eak.

The results in Table 1 have inspired several con-
siderations. First, it has been proposed that informa-
tion on then—,’ mixing could be obtained just con-
sidering the semileptonic decay modes. As a matter
of fact, writing the hadronic matrix element govern-
ing the transitionD;” — n¢*v in terms of form fac-
tors:

The exclusiveD; decays to final states contain-
ing n and n’ represent nearly 30% of the total de-
cay rate of theD, meson. ThereforeD, could be a
suitable system where to gather information on im-
portant aspects of the—;’ phenomenology, namely
the long-standing issue of the—n’ mixing. More-
over, Dy can be used to further investigate some
unsettled aspects of nonleptonic heavy meson de-
cays, such as the anomalously largeroduction ob-
served in several heavy meson decay channels. Ex-
amples areB~ — K5/ and D° — K9, the mea-
sured decay rates of which are substantially larger than (y (p")|5y,.c| Ds(p))

;/i\/::st' can be expected by naive theoretical calcula _ (qz) D+ )+ f! (qz)qﬂ 1)

The current experimental situation concerning the (¢ = p — p’) and a similar expression fob}" —

Dy transitions ton and’ is summarized in Table 1 »'¢*v, the ratio B(D;” — n'¢Tv)/B(D} — nttv)

[1], mainly using the results obtained by the CLEO could be used to access then’ mixing angle through

Collaboration in the past few years [2]. the ratios of the form factorﬂ/(qz)/fi”(qz) which
are related to the—,’ mixing scheme [3,4]. In par-
ticular, information could be gathered on the mixing

E-mail address: fulvia.defazio@ba.infu.it (F. De Fazio). scheme in the flavour basis [5,6], which consists in
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Table 1
Experimental rates and branching fractions of semileptonic and
nonleptonicD; decays to final states containincandn’

Decay mode r 101 Gev) B(1072)
Dy - netv 3454+9.3 26+0.7
Dy - n/ety 118+45 0.8940.34
Dy > nrt 226+6.7 17405
Dy - ppt 1433+412 108+3.1
Dy > y/xt 518+133 39+1.0
Df > y/pT 13404373 101+2.8

writing th_en andn’ states as combinations pf,) =
%Wu +dd) and|n;) = |5s):

[n) = Ccospy|ng) — singy|n;),
In') = singyIng) + COSPs|ns). (2)

It has been shown [5] that in this scheme a single angle
is essentially required, sindg; — ¢4 1/(¢s +¢4) K 1,

a result confirmed by a QCD sum rule calculation [7].
Therefore, one can safely assume~ ¢, >~ ¢, the
most recent estimates gfgive values close to 406,

8]. In the flavour scheme, the semileptonic form fac-
tors relative toD;” — n¢*v and D} — n'¢*v satisfy

the relation

/1 (q®)]
| fL(q?)
so that the possibility of a direct comparison with the
results forg obtained from the analyses of other chan-
nels involvingn—n’ particles could be envisaged. The

situation is particularly simple in the case of semilep-
tonic D" decays to positrons or antimuons, where es-

sentially only the form factorﬂ(”/) (¢3) are involved.
However, in order to pursue this program, one has to
neglect possible contributions to the semileptonic de-
cay amplitude from diagrams whexeandn’ are pro-
duced through gluon emission; we shall consider this
problem below.

As for nonleptonic decays, naive factorization, us-
ing the semileptonicD; — n and Dy — n’ form
factors and the Wilson coefficients relevant for the
transitions in Table 1, does not allow to predict all
the branching fractions ab; — n’zn* and D} —

n" pT [9]. The same conclusion is obtained by ana-

= cotg, (3
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lyzing the various decay channels in terms of transi-
tion amplitudes related bgU (3) r symmetry to anal-
ogous amplitudes foD decays [10], or accounting
for some effects of the inelastic final state rescatter-
ing [11]. In particular, the prediction for the rate of the
decay modeD;" — np™ is lower than the experimen-
tal measurement by more than a factor of two. This
is disappointing: in Cabibbo favoured hadroifig¢ de-
cays the final state contains a single isospin mode, thus
ruling out possible interference effects due to the elas-
tic final state interactions; moreover, the conservation
of G-parity does not allow to include inelastic effects
of intermediate states consisting of ordinary mesons
in the D} — »’p* mode [12]. Therefore, a different
mechanism must be invoked to explain the enhanced
n’ production. It has been suggested that the enhance-
ment could be due to OZI suppressed diagrams with
then’ produced by gluons and thé pair annihilating

to a charged¥ [3]. This mechanism would not affect
substantially the; production, since the coupling of
the gluons to; is estimated to be smaller than the cou-
pling to »’ [13]. However, a mechanism of this type,
violating the OZI rule, could also affect the semilep-
tonic D — n’¢*v transition, spoiling the possibility

of using the relation (3) to gather information on the
angle¢ from the semileptonic decay rates. Moreover,
these effects could be also present in other systems,
namely inD decays, although in such cases the anni-
hilation amplitudes are Cabibbo suppressed.

The effects of the gluon production of theand
n’, although plausible, are not included in ordinary
analyses since they are difficult to take into account
in a quantitative way. Nevertheless, their investigation
is of particular relevance, and we shall try to perform
it in a phenomenological way.

In this Letter, we compute the form factg"ﬁ UR)
relative to D}t — n¢*v, showing that the result is in
agreement with the experimental measurement in Ta-
ble 1. On the other hand, assuming the standard value
of the n—," mixing angle together with the naive fac-
torization, other results in Table 1 are not reproduced.
Therefore, we adopt a generalized factorization ansatz,
fitting the relevant parameters from the experiment;
moreover, we assume that the effect of the process pro-
ducing ther’ through the annihilation of thes pair
numerically modifies théD; — »’ form factors. This
enables us to investigate whether the experimental re-
sults can be reproduced by this assumption and how
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the reduction of the experimental uncertainty can be
used to test various consequences of our ansatz.

2. QCD sum rule calculation of f_z(qz)

Let us first compute the form factqul(qz) using
a nonperturbative method, such as the QCD sum
rule technique [14]. We adopt the usual strategy of
considering a three-point function:

o
iz/‘d4xd4ye_""'} e’

X (0T [Je () 1, (0) I ()]10)
=H+PM+H*qM’ (4)

with 15” = 5iyss the pseudoscalar quark density prob-
ing the strangeness content of theJ, = 5y,.c the
weak currentinducing the— s transition, andI5D‘ =
ciyss a quark current having th®, quantum num-
bers. The moment& andg are defined a® = p + p’
andg = p — p/, respectively. For the invariant func-
tion IT,(p?, p'?, % a double dispersion relation in
the variables)2 p’? can be written down:

le(pz’ p/27qz) _

. (p% p 4%
0(s1,52, ¢

=—(d d , 5
/ Sl/ 21— pPDsz—p?d ®)

Where possible subtraction terms have been omitted.
The spectral functiorp(sl,sz,qz) contains, for low
values ofs; andsy, a doubles-function corresponding

to the transitionD; — 7. Isolating such a contribution,
and neglecting possible subtraction terms which we
discuss later on, we can write:

. (p? p2. 4%
_ Afl@d fo, M3,
(M3 — p)(MZ— p?) ms+me

1 00 00
+—2/dS1/dS2
T

O

In (6) we have assumed that the contribution of higher
resonances and continuum of states starts from the
effective thresholds? ands?. The hadronic parameter

A represents the matrix element:

(0175 In(p")) =

p"8(s1, 52, ¢2)
(s1— pH(s2— p?)

(6)

@)
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while the projection of theISDS current on theD; state
is given by the matrix element
2

o.M, (8)
mg+me

The correlator (4) can be computed in QCD for large
Euclidean values gf2 andp’2 by an Operator Product
Expansion, expanding the T-productin (4) as a sum of
a perturbative contribution and non perturbative terms,
proportional to vacuum expectation values of quark
and gluon gauge invariant operators of increasing di-
mension, the vacuum condensates. In practice, only
the first few condensates numerically contribute, the
most important ones being the dimensiofis3 and
dimension %5go Gs) condensates. The QCD expres-
sion for 1, reads:

(0142 | Ds (p)) =

17+(p2, p/zﬁqz)

1 o o
== / dslfdsz
T

(me4-myg)? 4m2
+ 11773 (55) + 1! 9)

Invoking quark—hadron duality, i.e., assuming that the
hadronic and the perturbative QCD spectral densities
give the same result when integrated above the thresh-
oldss? ands3, we get the sum rule:

PPeY(s1, 52, ¢2)
(s1— pH(s2— p?)

(D= 5)(sgaGs) S

Afp, M5, 11q®
ms+me (M2 —p?) (M3 — p?)
1 ,OfLen(Sl, 52.9%)
=— [ dsids2
472 (s1— p?(s2—p'?)
D
+ P73 55) + 1PV (5g0Gs) +--- (10)
with
P2 (51, 52, ¢?)
_ 3
4/ (s1+ 52— q2)? — 4s157

X [Sl - mg + mf + 52+ 2mg(me — my)

mf + mf)
45152

(s14 52— g% (251 —
(51452 —q%)? —
(s1+ 52— ¢?)%(s1 = m2+ m?+ 59)

B (s1+ 52— q%)?% — 4s152

+ 252

} (11)
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and Eq. (9) by factorials im, and, for suitably chosen val-
1 2 ues of the Borel parameters, enhances the contribution
(D=3) c menig . . . .
Iy =-3 { — 4+ (mc+m )[ > of the low-lying states in the hadronic representation
r rer of the correlator7,.. Moreover, since the Borel trans-
B m2(m?2 + m? — q?) form of a polynomial vanishes, the procedure allows
2r2pr2 to get rid of subtraction terms in the dispersion rela-
o m2  m? tions, which are polynomials ip? or p’?. Therefore,
+ 3 73 ’ (12) a final sum rule can be worked out, keeping only the
contribution of the lowest-dimensional condensates:
2 2 2
(D=5) 1 6ms (m¢ + my) Gmc(mc + my) AfDrM _ 2 2 a2 002
Iy =—[ + My /M =My /M
24 13 3,/ My + my f+( )
2(m¢ + myg) 1 _ 2 _ 2
22 =2 /dsw’sz PPN (s1, 52, g2)e 5V Mipms2/M;
(2m + 2m2 — 2¢% — momy) b _
7272 _ e—m?/M&—mE/M%%
12m,.  12m
el —’” (13) 2 m
c S
rr rr X{ (mc+m€)|: 2M 2M2
The variables andr’ are defined as = p? — m? and P 2 1
' = p’ —m?. The domainD is bounded by the curves _mg(mg +m§ —q°)
2 2 2 2_ 2 2Mlezz
+_ [2ms(s1~|—q )+A(mc_ms_q )] 2 2 2
52 = 2m2 mg (mg me.
me + 2S5 +=5
2 (M“ M“)“
I N 2 4 A(m2 — m? — a2))2 2 1
om [( m, (Sl +q%) + (mc —my—q )) n o2/ M2 y—m?/ M3 (sgoGs)
2 2 2\21%2 8
4m M (S]_ -4 ) :I ’ (14) % |:mg(mc + my) mcz‘(mc + my)
4 4
WhereA =s51—mZ +m and by the lines; = s2 and M; My
s1=s). Eqg. (10) can be improved by applying to both Z(mc +my)(2m?2 + 2m? — 2q% — memy)
its sides a Borel transform, defined as follows: ?,MZM2
B[F(0%)] e 4’"} (17)
1 ME M3
2\n
= lim (-029)

0200, n—00, 02/n=m2 (n — 1)! In the numerical analysis of (17) we used standard
d \" values of the condensatdss) = 0.8(gq) with (gg) =
x (d—Q2> —7:(Q2)7 (15) (—0.23 GeV)3, and (530 Gs) = m%(is) with m% =

0.8 Ge\2. The charm and strange quark masses were
whereF is a generic function 002. The application fixed to the valuesn, = 1.4 GeV [15] andmg =

of such a procedure to the sum rule amounts to 140 MeV [15,16]. As for theD, decay constant, we

exploiting the relation: used fp, = 225 MeV [15], while for the parameter
1 exp(—s/M2) A we adopted the two-point QCD sum rule result

B[ 5 ] =— , (16) A = 0.115 GeV? [7]. The obtained sum rule shows
(s + 09" (M)" (n — D! stability to the variation of the Borel parameter in the

with M2 a Borel parameter. The operation, applied in- 'egion 25 GeV? < M2 < 3.5 Ge\? and 16 GeV* <
dependently to the variablesp? and—p'2, improves M3 < 2.4 Ge\?, with the thresholds? ands? in the
the convergence of the series in the OPE in the r.h.s. of rangess? = 5.9-6.1 Ge\ and s = 0.9-1.1 GeVf,
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0.8 T T 7T T T 7T ’ T T 7T ’ T T ’ T T Table 2
r b Computed semileptonic and nonleptoniy; rates and branching
L 4 fractions. Nonleptonic rates are obtained using naive factorization.
| Then—n' mixing is described in the flavour basis, with mixing angle
¢ =39
' Decay mode ro-15Gev) B(1072)
t ; D = ety 303+4.8 23+04
o“_,r - . Dy — n/ety 127420 10+0.2
0.4 j i D = ynt 385+ 6.2 29405
| | Dy — ppt 745+119 56+0.9
L ] Df » y/nt 332453 25404
0.2 L1 1 L1 1 [ L1 1 [ 11 1 [ 1 1 D;F N n/p+ 307:|:49 23i04
0 01 02 03 04 05

q° (GeV?)

Fig. 1. Form factorffsﬁ"(qz) as obtained using QCD sum rules. with (41612_)‘_/—/4 =q1yu(1- V_5)CI2 andCy andCz Wil-
The shaded region represents the theoretical uncertainty related toSON <_:oef_f|C|_ents, and factorize th/é—_ A currents ap-
the variation of the input parameters. pearing in it. As for the modes with’, we further

need an input on the—,’ mixing, and we choose

] 0 2 ] ) the anglep in the flavour basis mixing scheme, with
respectively. The form factof, (¢“), obtained in the ¢ valueg = 39° coming from the measurements of

range of momentum transferQ¢? < 0.5 GeV?, is ¢ — »®y [17]. In Table 2 we collect the resulting
depictedin Fig. 1; it can be fitted by a linear expression pranching fractions obtained in the factorization ap-
e proximation, usingf; = 0.132 GeV,f,, = 0.220 GeV,
fila)=Aq"+B, (18) 7p, = 0.496 ps; the number of colour, is fixed to
with A = 0.14 GeV 2 and B = 0.50+ 0.04. This  Nc = 3,and the value€y (m.) = 1.263 andC(m.) =
expression is consistent, in the considered range of —0.513 are chosen, corresponding to the results for

momentum transfer, with a polar former’?(qZ) - the Wilson coefficients obtained at the leading or-
£1(0)/(1— g%/ M2), with the mass of the pol&fp ~ der in renormalization group improved perturbation
1.9 GeV. theory aty = m. >~ 1.4 GeV, in correspondence to

In the following, we shall consider the form factor ®s(Mz) = 0.118. Using the form factof} in (18)

f1(¢? as a theoretical input in a phenomenological W€ obtain the branching fractioﬁ_(D;f - ’7£+P) =
analysis ofD; transitions. (2.3+0.4) x 10~2in agreement with the experimental

outcome reported in Table 1; also the re®(D;" —

n'€*tv) = (1.0+0.2) x 10~2, obtained using Eq. (3), is
3. D, transitionsto 5 and 7’ within the experimental uncertai_nty quoted in Ta_ble 1.
On the other hand, as one can infer by comparing the
computed decay rates reported in Table 2 with the ex-
us to calculate the semileptonie — n¢+v decay perimental meas.urements in Tab!e 1, the calcu!ations
rate. It can also be used to analyze the nonleptonic ©f the nonleptonic modes do not fit all the experimen-
modesD; — nr* and D, — no™ if the factorization tal measurements, as already anticipated by previous

approximation is adopted. This amounts to consider 2nalyses. _ o
the effective Hamiltonian In order to parameterize the deviation from the fac-

G c torization approximation, as well as the possible role

Hett = CE VA Vg (Cl(M) N 2(M)> of the » and ' gluon production, we adopt a gen-
NZ) Ne¢ eralized factorization ansatz, consisting in substitut-
X (5c)y—a(ad)y—4 +h.c., (19) ing the combination of the Wilson coefficienig =

The form factorf+”(q2) computed above allows




P. Colangelo, F. De Fazio / Physics Letters B 520 (2001) 78-86

C1+ Cz/NC with effective scale-independent para-
meterSa1 in the factorized amplitudes. The coef-
f|C|ent5a should be considered as non-universal,

process-dependent parameters [18]. However, since

in the decay mode®;" — nx*, Df — 'z ™, and
analogouslyD;t — np*, D} — n'p*, the underly-

ing process is the same, we assume only two process-
dependent parameters to describe the deviation from

describingD}" — r]rr+ and
describing D" — np* and

naive factorlzanona1
Df — n'z T, anda Ly
D} —n'p*.

As for the possible contribution of OZI suppressed
diagrams producing andr/, it is essentially related to
the matrix element®|GG|n"), whereG is the gluon
field andG its dual. Several theoretical investigations
suggest tha¢0|G5|n> < (0|GG|n) [7,13]; therefore,
we assume that such annihilation amplitudes mainly
affect the Dy transitions ton’. A simple paramete-
terizion consists in modifying the values of the para-
metersA, B in (18), thus without affecting the shape

of the form factorf+”/. This seems rather reasonable,
since the range of momentum transferin — n’
transitions is rather narrovxq% ~ 0 for D, —» n'w,

q? = M? for Dy — y'p andq? < (Mp, — M,y)? for

D, — n’tv), and a linear expansion is a suitable rep-
resentation of the form factors. Therefore, in the case
of ', we phenomenologically represent the — n’
form factor as

feff( )

It is now possible to use the experimental data in
Table 1 to fit all the parameters we have introduced,
namelya1 . alff A andB. From the decay®; —

nrt and D — np* we find that the values offf;
andaieff are bound in the ranges:

Ag¢*+ B. (20)

aff €[0.65,1.04]  aff c[121,186]  (21)

to be compared with the value of obtained from the
Wilson coefficientsCy, and Ca2: a1(m.) = C1(m.) +
Ca(m¢)/N. ~ 1.1. As for the decay mode®; —
n'm™T, it involves ffﬁ(qz); however, only the value

+ff(0) = B is needed in the approximatioi, = 0,
allowing us to constrai® in the range

|B| € [0.70,1.45]. (22)
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Moreover, considering the moddsr — n'¢*v and
D} — n'p*, we find that the relations

r (D —n'p")

2 2
= X, [ 1" (M) oS, )", (23)
r(p} —n'ttv)
(Mpy—M,)?
:Xsemilep f dqz [)‘(M%s’ Mi”qz)]3/2
0
<[5, (24)
where
G12V|VudV*| fz 2 2 213/2
X, = 327_[ng (MDs’MP’Mﬂ/)
and
GEVE
Xsemilep= m

constrain the parametessand B in selected regions

of the (B, A)-plane. These regions are delimited by
two straight lines, from the datum on the nonlep-
tonic D — n'p™ decay rate, and by two ellipses cor-
responding to the measurement of the semileptonic
D} — n't*v decay rate.

Considering simultaneously the constraints, all the
data in Table 1 can be fitted if, in the3(A)-plane,
overlap regions exist among the area delimited by the
ellipses from Eq. (24), the regions delimited by the
straight lines from Eg. (23) and the regions between
the vertical lines from Eg. (22). At the present level
of accuracy of the experimental data in Table 1 such
regions indeed exist. They are depicted in Fig. 2 and
denoted asD4, Dy, D3 and D4. The regionsD1 and
D3 are defined, respectively, by the conditions:

—-1.2< B < -0.70,
2.9[0.44— 0.58B] GeV 2 < A
< 1.38[~1.62B + 1.224/1.57— B2] GeV 2
(25)
and
0.70< B < 1.20,
—1.38[1.62B + 1.224/1.57— B2] GeV 2 < A

—2.9[0.44+ 0.58B] GeV 2. (26)
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5 HYsTT T T T L ‘ T 1T T 7T ‘ T T T ‘ T T T TH T
AR H 5 0.05 — —
4 B H o F E
K H O 0045 | =
34 H 3 E
- : SN |
~ 2 O H + F =
T i = "R ]
> 1 A 0.03 |-\ =
o H = 1\ N E
O o g H 4 0.025 |- =
~ H H [ F E
l< 1§ g o M2 E E
2 f . 18 015 - =
3 4 H 001 [ |
o f - & 0.005 - =
5 Hev oo bbb b Lol 1 Tmeg H 0 = - —~ =
15 1 05 0 0.5 1 15 0 0.2 0.4 0.6 0.3 1

iy 2
B q

Fig. 2. Bounds on the paramete(®, A) in (20). The ellipses Fig. 3. Semileptonic spectra ab; — 5'¢v. The green curve
represent the curves obtained from Eq. (24); the dashed lines stem €Orresponds to the parametéi®, A) = (0.9, —2.9) € Dy, the blue
from Eq. (23); the two pairs of continuous vertical lines represent ©N€ to(B., A) = (0.72,0.08) € D;.

the bound (22). The shaded areas and the dots indicate the regions

of the parameter space satisfying all the constraints.

However, a prime difference is that in the regiba
the parameterd and B are opposite in sign, while in
the regionD; they have the same sign. This implies
0.70< B < 0.755, that the relation between thB;, — ' and Dy — 7
_ 5 = form factors in (3) cannot be satisfied by the para-
2.9[0.44—0.588] GeV "< A meters in the regioDs3. The same conclusion holds
< 1.38[-1.62B + 1.224/1.57— B2 ]| GeV 2 for the regionD1. The opposite signs betweenand
(27) B, as it happens in the regiod3; and D3, have an
observable consequence in the spectrum of the semi-
and leptonic decayD;" — »’¢*v: in this case, a zero in
_ the dI"(Ds — n/tv)/dq? distribution should be ob-
—0.755< B < -0.70, served, as depicted in Fig. 3. On the other hand, in
—1.38[1.62B + 1.224/1.57— B2 GeV 2 < A the case of parameters in the regiba (and Ds) a
= 2 smooth decrease in the spectrum should be observed
—2.9[0.44+0.588] GeV™~. (28) asinD — K(v. Atthe presentlevel of accuracy of the
Although it is expected and rather plausible, the experimental measurements, no choice can be done
existence of such overlap regions was not guaran- between the two shapes of the semileptonic distribu-
teed a priori; it shows that we have chosen a sensible tion.
scheme to parameterize the decays in Table 1. More We can reasonably expect that improved data would
important, we expect that an improvement in the ac- restrict the allowed regions in theB, A)-plane. It
curacy of the experimental data on thg decay rates  could happen that they do not intersect any more, or
would sensibly reduce the size of such overlap regions, that intersection regions could be found with restricted
and presumably, exclude some of them. Noticeably, al- extension, allowing a better determination of the effec-
ready at the present level of accuracy some interestingtive parameters introduced in our analysis. The calcu-
observations can be drawn. Let us consider, for exam- lation of such parameters remains a challenging task,
ple, the parameters in the regiohs and D». In both and we do not attempt it in the present Letter. How-
the cases the experimental branching fraction of the ever, it is worth outlining the theoretical framework in
semileptonic decay modB; — n'¢v is reproduced.  which the calculation could be carried out.

On the other hand, the regiofis and D4 are defined,
respectively, by the conditions:
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Concerning the effective coef‘flmerrtﬁ‘(f anda lutions for the spectrum shown in Fig. 3. One might
which take into account the deviation from the naive notice some analogies with the analyses which explain

factorization in the corresponding decay modes, their the observed enhancement of thfeproduction inB
theoretical calculation would consist in a precise de- decays through the mechanism of gluon fusion [23].
termination of nonfactorizable contributions. A step in All such considerations taken into account, we
this direction has been recently performed in the case believe that our proposed scheme, where additional
of some two-body nonleptonic B decays, where the contributions are reabsorbed in the parametrization of
meson picking up the B spectator quark is light, ex- the Dy — »’ form factor and malﬂ, afff is useful
ploiting the large value of the beauty quark mass [19]. from the phenomenological point of view, as a starting

In this case, it has been observed that the correctionspoint for the investigation of the underlying dynamics,

to the naive factorization are of ordey or 1/m;,, and

a QCD factorization formula has been written for the
nonleptonic matrix elements in terms of meson light-
cone distribution amplitudes. A possible extension of

and could be extended to other cases.

Before concluding, we want to mention a check of
consistency. If we consider the decay mablg —
K°K ™, which can be related t®;" — nz* through

such a procedure to charm requires the developmentSU(3) symmetry, and describe the, — K° form

of a reliable method for computing at least the first
(process dependent) ik correction. A different ap-
proach would consist in considering the corrections to
the largeN, limit, where factorization becomes ex-
act [20]: also in this case, however, next-to-leading
1/N. terms are generally sizeable, and one needs their
actual calculation. Therefore, it seems worth attempt-
ing to gain information on the effective coefficients

from phenomenological analyses, as done, for exam-

ple, in [18].

As for the OZI suppressed diagrams producing the
n’ through its coupling to the gluons, together with
a weak annihilation oDy, a perturbative calculation
could be carried out in QCD, in analogy with the cal-
culation of then’ production in quarkonium decays

factor by £ (¢?), together withfx = 0.160 GeV, we
can estimate the effective parametéﬁ“K The ex-

perimental measuremeﬁr(DﬂL — K°K+) 3.6+
1.1) x 102 produceSz % €10.72,1.14}, i.e, the ef-

fective parameten displays a significant overlap

with the range determmed faﬁ“ In different words,
from our analysis and assumlﬁgj(3)p, we would be
able to predict rather accurately the experimental da-
tum for B(D; — K°K ™).

4. Conclusions

We have presented a phenomenological analysis of

[21,22]. The difference, in the present case, is that one the D; decays to final states containingand »'.

has to account also for the gluon emission from a light

Since the theoretical investigations basedSh(3) »

(strange) quark, and one cannot exploit the fact that symmetry, FSI effects and standareh’ mixing failed

all the quarks involved are heavy, which justifies the
application of perturbative QCD methods. The calcu-
lation, for small values of2, produces an amplitude
for Dy — n’€v of the same form as provided by a lin-
earq2 representation of th&; — ' form factor. An
important ingredient in this perturbative calculation is
the actual value of the two-gluomi-matrix element
(g(k1)g(k2)|n'(p)) describing the vertex gg for off-

in simultaneously reproducing the observed branching
ratios for all these decays, we have considered a
possible role of annihilation diagrams, in which the
n’ is produced through its coupling to gluons. We
have proposed a parametrization of those effects in
the Dy, — n’ form factor. As for Dy, — n, we used

a theoretical calculation of the form fact(ﬁﬁ(qz)
which corresponds to a branching fraction for the

shell gluons. Such a matrix element is parameterized decay D; — nfv in agreement with data. A fit

by a form factorF (k2, k3) whose value at? = k% = 0

to all the available experimental results, adopting

is fixed by the QCD anomaly; as for the momentum a generalized factorization scheme for nonleptonic
dependence, various parameterizations have been prodecays, is possible; it constrains the parameters in
posed in the literature, thus providing different values restricted regions that can be discriminated by making
for the effective parametersandB introduced in our  dedicated observations, for example looking at the
analysis, which in turn could correspond to various so- semileptonic spectrum of th®;, — »’ transitions.
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