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Abstract. In this article, we study the vertices DDV and D* DV with the light-cone QCD sum rules. The
strong coupling constants gppy and fp«py play an important role in understanding the final-state re-
scattering effects in the hadronic B decays. They are related to the basic parameters § and A respectively
in the heavy quark effective Lagrangian; our numerical values are smaller than the existing estimations.
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1 Introduction

Final-state interactions (or re-scattering effects) play an
important role in the hadronic B decays [1-12]. However,
it is very difficult to take them into account in a system-
atic way due to the nonperturbative nature of the multi-
particle dynamics. In practical calculations, we can resort
to phenomenological models to overcome the difficulty.
The one-particle-exchange model is typical (for example,
see [12]); in this picture, the soft re-scattering of the inter-
mediate states in two-body channels with one-particle ex-
change makes the main contributions. The phenomenolog-
ical Lagrangian contains many input parameters, which
describe the strong couplings among the charmed mesons
in the hadronic B decays.

In the following, we write down the relevant phe-
nomenological Lagrangian, which describes the strong
interactions of the DDV and D*DV [12],

—
L =igppvD; (8, —0,)D; Vi +2fp*pveuwasdVy;
— — — —
x [Dy(0* —0*)D;’ — D" (9 — 9*)Dj] ,
D= (D% D*,D.),
D* = (D*°,D**,D;),

0
p_ 4 W + *+
BT P K
V= pm Lt KO- (1)
K*f I_(*O ¢

The strong coupling constants gppy and fp+py in
the phenomenological Lagrangian can be related to the
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basic parameters 3 and A in the heavy quark effective La-
grangian (one can consult [13] for the heavy quark effective
Lagrangian and relevant parameters.!),

dppVv = ﬂﬂ
V2’
A
forpy =22 (2)

W ’

where gy = 5.8 from the vector meson dominance the-
ory [14,15].

In this article, we study the strong coupling con-
stants gppy and fp+py with the light-cone QCD sum
rules [16—-22]. The strong coupling constants ggp,, §pDp,
fB*Bp and fp+p, have been calculated with the light-cone
QCD sum rules in [23]?.

The light-cone QCD sum rules carry out an operator
product expansion near the light-cone, 22 ~ 0, instead of
at short distance, x ~ 0, while the nonperturbative matrix
elements are parameterized by the light-cone distribution
amplitudes (which are classified according to their twists)
instead of the vacuum condensates [16—22]. The nonper-
turbative parameters in the light-cone distribution ampli-
tudes are calculated by the conventional QCD sum rules
and the values are universal [24-27].

The article is arranged as follows: in Sect. 2, we de-
rive the strong coupling constants gppy and fp=py with
the light-cone QCD sum rules; in Sect. 3, we present
the numerical result and a discussion, and in Sect. 4 our
conclusions.

1 We have £ = i(Hbv“DZaf:Ia> +iB(Hyv"* (Vi — pp)paHa)
HNHo" Fuw (p)pata) -
2 T failed to take notice of that work at the beginning.
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2 Strong coupling constants gppy
and fp+py with light-cone QCD sum rules

We study the strong coupling constants gppy and fp+py
with the two-point correlation functions II;;(p,q) and

11/ (p, ),
IT(p,q) =i / dtze= 02 (0|T{J:(0).1+ ()} Vi ()
(3)
Vi ()
(4)

117 (p,q) = i/ dtze ™0 (0|T{J,(0)J;" (

= Gi(2)yuc(z) (5)

where the currents J;(x) interpolate the pseudoscalar
mesons D° D and Dy, and the currents .J ZL (x) interpolate
the vector mesons D*°, D** and D?. The external states p,
K* and ¢ have the four momentum p,, with p* = m%, m2.
and m?2, respectively.

According to the basic assumption of current—hadron
duality in the QCD sum rules [24-27], we can insert a com-
plete series of intermediate states with the same quantum
numbers as the current operators J;(z) and J, ! (z) into the
correlation functions I1;(p, ¢) and I/ (p, q) to obtain the
hadronic representation. After 1solat1ng the ground-state
contributions from the pole terms of the mesons D; and
Dy, we get the following results:

Hz](p7q)
foDMDMDgDDV”

~(m +mc)(mg+mc {MB, — (¢+p)?}{ M3, —q2}

_|_

=I1;] ( Qe-qt+ -, (6)
11 (p, q)

oz fo;Mp: M}, gp: ;v 5

= 5 3 5 devape’pq

(mj +me){Mp. — (¢+p)}{Mp, — ¢*}

_|_...
—H ( )euuaﬁe P q + - (7)

where the following definitions for the weak decay con-
stants have been used:

M3
OO = 20
(0]7:.(0)|D; (p)) = for Mprey - (8)

In (6) and (7), we have not shown the contributions
from the high resonances and continuum states explic-
itly, as they are suppressed due to the double Borel
transformation.

In the following, we briefly outline the operator prod-
uct expansion for the correlation functions I1;; (p,q) and
Iy (p,q) in perturbative QCD theory. The calculations
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are performed at large spacelike momentum regions,
(g+p)? < 0and ¢? < 0, which correspond to a small light-
cone distance 2% ~ 0, as required by the validity of the
operator product expansion. We write down the propaga-
tor of a massive quark in the external gluon field in the
Fock—Schwinger gauge first [28],

d4k —ik(x1—x k"’m
<0|T{Q1 $1 (2o }|0> /(2#)46 k(xy—xzg) * T 10

k2 _m2
. (9)

where we have neglected the contributions from the gluons
G- The contributions proportional to G, can give rise to
three-particle (and four-particle) meson distribution am-
plitudes with a gluon (or quark—antiquark pair) in addition
to the two valence quarks; their corrections are usually not
expected to play any significant roles.> Substituting the
above c quark propagator and the corresponding p, K* and
¢ meson light-cone distribution amplitudes into the corre-
lation functions I1;;(p, ¢) and IT} (p, q) in (3) and (4), and
completing the integrals over the variables z and k, we fi-
nally obtain the results

HlJ:fViijij u AA
mﬁ—mj
+|:fV f‘/zg :| ”/ du AA2
fvymi, 1 2m
_w Vg
1 /dUA(){AA2+AA3]

—2fVUmV /du/ dT/ dt C(¢ [AA2 AA?’}

(10)

fV-- Voot 1 2m?2
e c
1 /0 duAJ_(u)[AA2+AA3]

1 (a)
L M my | Memy; 91 (u)
+ |:fv7,J Vij :| 2 0 d AA2

mvij

+een, (11)

3 For example, in the decay B — x.0K, the factorizable
contribution is zero and the non-factorizable contributions
from the soft hadronic matrix elements are too small to ac-
commodate the experimental data [35,36]; the net contri-
butions from the three valence particle light-cone distribu-
tion amplitudes to the strong coupling constant gp_, p»k are
rather small, about 20% [37]. The contributions of the three-
particle (quark—antiquark—gluon) distribution amplitudes of
the mesons are always of minor importance compared to the
two-particle (quark—antiquark) distribution amplitudes in the
light-cone QCD sum rules. In our previous work, we studied
the four form-factors f1(Q?), f2(Q?), ¢1(Q?) and g2(Q?) of
Y} — n in the framework of the light-cone QCD sum rules up to
twist-6 three-quark light-cone distribution amplitudes and ob-
tained satisfactory results [38]. In the light-cone QCD sum rule
approach, we can neglect the contributions from the valence
gluons and make relatively rough estimations.
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where
AA =m—(q+up)’.

In the calculation, the two-particle vector meson light-
cone distribution amplitudes have been used [29-34]; the
explicit expressions are given in the appendix. The par-
ameters in the light-cone distribution amplitudes are scale
dependent and can be estimated with the QCD sum
rules [29—-34]. In this article, the energy scale u is chosen to
be p=1GeV.

Now we perform the double Borel transformation with
respect to the variables Q? = —(p+¢)? and Q3 = —¢? for
the correlation functions Hi}; and Hi‘J/» in (6) and (7), and
obtain the analytical expressions of the invariant functions
in the hadronic representation:

29p,p,v;; [, fD; M%iM%j

By 2By IIE =
M3 EME (me +my)(me+mj) M2M3
[ M3 Mp
X exp | — L — L+, (12)
B
4fp*p,v;. fpr fo, Mps M3,
BMQBMzﬂiV: U A 32 ; Dj
e T (me +m;) M7 M3
[ M3. M3
Xexp | ——o——= |+, (13)
BT

where we have not shown the contributions from the high
resonances and continuum states explicitly for simplicity.

In order to match the duality regions below the thresh-
olds sg and s, for the interpolating currents, we can express
the correlation functions ITf and I, at the level of quark—
gluon degrees of freedom into the following form:

) _ [ 4s [ as pij(s,5)
i = [ as [ a G-t s -}

where the p;;(s,s’) are spectral densities, and then per-
form the double Borel transformation with respect to the
variables Q2 and Q3 directly. However, the analytical ex-
pressions of the spectral densities p;;(s, s”) are hard to ob-
tain; we have to resort to some approximations. As the
contributions from the higher twist terms are suppressed
by more powers of m (or ﬁ), the net contribu-
tions of the twist-3 and twist-4 terms are of minor impor-
tance (also see the sum rules for the strong coupling con-
stants Gg (DsoD%¢) and G4 (Ds1Ds¢) in [39]). The con-
tinuum subtractions will not affect the results remarkably.
The dominating contributions come from the two-particle
twist-2 terms involving ¢ (u) and ¢ (u). We perform the
same trick as [28,40] and expand the amplitudes ¢ (u) and
@ (u) in terms of polynomials of 1 — u,

N N s—m2 k
o0 =3 =S ()
k=0 k=0

q2

(14)

(15)

then introduce the variable s’, and the spectral density is
obtained.
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After straightforward calculations, we obtain the final
expressions of the double Borel transformed correlation
functions ITf; and IT} at the level of quark-gluon de-
grees of freedom. The masses of the charmed mesons are
Mp =1.87GeV, Mp, =1.97GeV, Mp+ =2.010 GeV and
Mpx =2.112 GeV. We have

MD* MD
— D" ~049, ——2  ~048,
JMD*—F]MD;= Mp+ Mp=

MD MD
— " Ds 049, ——2=  ~048, (16
Mp, + Mp+ Mp, + Mpsx (16)

and there exist overlapping working windows for the two
Borel parameters M? and MZ; it is convenient to take the
value M} = MZ. We introduce the threshold parameters sg
and make the simple replacement

7ng+u0(lfu())'mf)’I(,,;’q5
e M2

2 2
B mc+u0(17u0)mp7K*7¢
—e M2

0
_pK*.¢
—e M2

to subtract the contributions from the high resonances and
continuum states [28]. Finally, we obtain the sum rules for
the strong coupling constants gppy and fp*py,

fo,fo,Mp M}, M3, - M3,
M3
2

me+m;)(me +m;) exp{ - M2
{ { m§+u0(1—u0)mvij} { s?,ij}}
X 4 exp | — —exp | —

29p,p;v;; (

= Vij mVij M2¢” (UO)
M2

m?2 +uo(1— uo)m%,ij
+exp | — i
n m;+m; 2 1(s)
. { [fvij - waTVij]mcmm

fVijm:\))/i-A(uO) m2
el )

(uo)

4 M2

uQ T 2
_Qijmi)’,ij/ dT/ dtC(t){H]\”;;H, (17)
0 0

Fodo Mo M3, [ Mb
metm; P\ T M2 MZ
— it M?6. (uo)
mZ+up(1 —uo)m%,ij s(‘),ij
G s s ROl )
2 2
m; +uo(l— uo)mVij
M2
X { {fv‘, - &.mi—i_mj] mCmVijgia)(uO)
J ij m‘/w 2
f‘J/_i‘m%/ij A (uo) m?
SN Etticy el

4fp; v

+exp {—

where
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3 Numerical result and discussion

The input parameters are taken as [29—34]

=(0.14+0.01) GeV,

My =mg = (0.0056 £ 0.0016) GeV,
fo=1(0.216£0.003) GeV,  f;- = (0.165=0.009) GeV,
Fic+ = (0.220£0.005) GeV,  fi. = (0.185+0.010) GeV,
fs=1(0.215+0.005) GeV , f; = (0.186+0.009) GeV ,

m, = 0.775 GeV, =0.892GeV,
me =1.02GeV ¢4_015j:010
¢T=0.10+0.05, (T'=-0.10+0.05.

= (1.3540.10) GeV,

The parameters in the two-particle twist-2 and twist-3
light-cone distribution amplitudes are shown in
Table 1 [29-34].

The values of the decay constants fp and fp, vary
in a large range from different approaches, for example,
the potential model, QCD sum rules and lattice QCD,
etc. [41-43]. For the decay constant fp, we take the experi-
mental data from the CLEO Collaboration, fp = (0.223 £+
0.017) GeV [44-46]. If we take the value fp, = (0.274 £
0.013) GV from the CLEO Collaboration, the SU(3)

breaking effect is rather large, ff[; £ =1.23, while most
theoretical estimations indicate % ~1.1. In this art-
st _

icle, we take the value 1.1. For the decay constants

fpx and fpx, we take tﬁ]le central values from a lattice
simulation [47], fp+ = (0.2340.02) GeV and fpx = (0.25+
0.02) GeV,

fox _ fp,

~ =1.1.
fo+  fp

(20)

Table 1. The parameters in the twist-2 and
twist-3 light-cone distribution amplitudes (taken

from [34])

P K* o
al 0 0.03(2) 0
at 0 0.04(3) 0
al 0.15(7) 0.11(9) 0.18(8)
ay 0.14(6) 0.10(8) 0.14(7)
c, 0.030(10)  0.023(8) 0.024(8)
pU 0 0.035(15) 0
ol, 0093  —0.07(3)  —0.045(15)
rl, 0 0.000(1) 0
wh, 0.15(5) 0.10(4) 0.09(3)
Al 0 ~0.008(4) 0
Ky 0 0. 003(3) 0
wi, 0.55(25) 0.3(1) 0.20(8)
NSy, 0 —0.025(20) 0
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Table 2. Threshold parameters
for the strong coupling constants

gppv and fp+py

9DDV fppv
s9 (GeV?)  6.0+£0.5 6.5+0.5
s%. (GeV?) 6.3+£0.5 7.0+05
sy (GeV?) 63105 T7.0+05

The duality threshold parameters sg are shown in
Table 2; the numerical (central) values of sq are taken from
the QCD sum rules for the masses of the pseudoscalar
mesons DY, DT and D, and the vector mesons D*0, D*+
and D} [48]. In this article, we take the uncertainties
for the threshold parameters sq to be 0.5 GeV? for sim-
plicity. The Borel parameters are chosen as M7 = M2
and M? = (3-7) GeV2. In these regions, the values of the
strong coupling constants gppy and fp+py are rather
stable.

In the limit of a large Borel parameter M?2, the strong
coupling constants gppy and fp=py take up the following
behavior,

M2fy, ¢ (uo) M fv,al
Ibibsvig fp; fp; fo.fp; '

M2fE bu(uo)  M2fE of
Torov 5 Forfn, @Y

It is not unexpected that the contributions from the twist-
2 light-cone distribution amplitudes ¢ (u) and ¢ (u) are
greatly enhanced by the large Borel parameter M?; (large)
uncertainties of the relevant parameters presented in the
above equations have a significant impact on the numerical
results.

Taking into account all the uncertainties, we finally ob-
tain the numerical values for the strong coupling constants
gppv and fpxpy, which are shown in Figs. 1 and 2,

gppp =1.3140.29,
9pp. K+ = 1.61£0.32,
9p.Dsp=1.45+0.34,

fp*pp=(0.8940.15) GeV ',

foep.x+ = (1.014£0.20) GeV ™1,

fprpes = (0.82£0.16) GeV 1. (22)

Taking the replacements gpp, — 2222 and fp+p, —

fDZJ in (1), we can obtain the same definitions for the
strong coupling constants in [23]. Our numerical Values
gppp =2.62+0.58 and fp+«p, = (3.56+0.60) GeV~! are
compatible with the predictions gpp, = 3.81 +£0.88 and
fp*pp=(4.17£1.04) GeV~! in [23]. In [23], the authors
take much smaller values for the decay constants of the
charmed mesons than the present work. It is not unex-
pected that the numerical values are different from each
other; see (21).
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Fig. 1. gpp, (A), gpp,k+ (B) and gp_ p, ¢ (C) with the Borel parameter M?

The average values of the strong coupling constants are
about

dppv = 146:|:032,

fopv =(0.91+0.17) GeV . (23)
The corresponding basic parameters 3 and A in the heavy
quark effective theory are listed in Tables 3 and 4, re-
spectively. The parameter 3 can be estimated with the
vector meson dominance theory, as we show in the ap-
pendix; it is presented in Table 3. The basic parameter A
relates to the form-factor V(¢?) of the hadronic transi-
tions (V|gy,(1—~5)b|B) and (V|go .. (1+5)b|B), which
can be calculated with the light-cone sum rules and lat-
tice QCD. With the assumption that the form-factor V (¢?)
at ¢> = ¢« = (Mp — My)? is dominated by the nearest
low-lying vector meson pole, we can obtain the values of
A [49-52], which are presented in Table 4. From Tables 3
and 4, we can see that our numerical values are much
smaller.

One possibility for the large discrepancies may be
that the vector meson dominance theory overestimates
the values of Bgy and Agy; the other possibility may be

Table 3. Numerical values
of the parameter 3

B Reference
0.9 [49]
0.36 +0.08 this work

Table 4. Numerical values
of the parameter A

Al (GeV™1)  Reference
0.56 [49]

0.63+£0.17  [50-52]

0.224+0.04 this work

the shortcomings of the light-cone QCD sum rules. We
can borrow some idea from the strong coupling constant
9D*Dr; the central value (gp*pr = 12.5 or gp+pr = 10.5
with the radiative corrections included) from the light-cone
QCD sum rules is too small to take into account the value
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Fig. 2. fp=p, (A), fp=D, K~ (B) and fp:p.g (C) with the Borel parameter M?

(9p*pr = 17.9) from the experimental data [28,53,54].
It has been noted that the simple quark—hadron duality
ansatz that works in the one-variable dispersion relation
might be too crude for the double dispersion relation [55].
As in [54], we can postpone the threshold parameters s to
larger values to include the contributions from a radial ex-
citation (D’ or D*') to the hadronic spectral densities, with
the additional assumption for the values of gp/pyv, fpvpy
and fp«pry, we can then improve the values of gppy and
fp*py and smear the discrepancies between our values
and the predictions with the vector meson dominance the-
ory. It is somewhat a matter of fine-tuning.

Naively, we can expect smaller values of the strong
coupling constants to lead to smaller final-state re-
scattering effects in the hadronic B decays. For example,
the contributions from the re-scattering mechanism in the
decay

B—D*p— Dn

can occur through exchange of D* (or D) in the ¢ channel
for the sub-process D*p — D [12]. The amplitude of the

re-scattering Feynman diagrams is proportional to

Ci9p*p*= fD*Dp+ C29D*DxGDDp 5 (24)

where the C; are some coefficients.

4 Conclusion

In this article, we study the vertices DDV and D*DV
with the light-cone QCD sum rules. The strong coup-
ling constants gppy and fp=py play an important role
in understanding the final-state re-scattering effects in
the hadronic B decays. They are related to the basic
parameters 8 and A in the heavy quark effective La-
grangian; the numerical values are much smaller than
the existing estimations based on the assumption of
vector meson dominance. If the predictions from the
light-cone QCD sum rules are robust, the final-state re-
scattering effects may be overestimated in the hadronic B
decays.
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Appendix

4.1 Two-particle vector meson light-cone distribution
amplitudes

The light-cone distribution amplitudes of the K* meson
are defined by

(0@ (0)yus(x)| K™ (p))
< j’/o duei“p'“’{m(u)—I—LII;x A(u)}

= Pufrrmis
wt K K p
@ L e ()
+|: pN }fK*mK*/ dueﬂ“p'“’gl (U)
0

1 €T
22

(0la(0)s(2)| K™ (p))

. 1
=2 figx — frex M+ 1Ms mie-x | du e_i“p'zhhs) (u),
2 K* 0

1
fK*mi*/ due PTC(u),
0

(0la(0)ou s(x)| K™ (p))

= ileupy — Pyl fre-

1 _ 2 .2
X/ due‘“p'“’{qﬁj_(u)_y My*T
A 16

1
. ‘-z Ciup
+1[pua:,,—p,,xu]f§*m%{*—e 2/ due™™P* B (u)
(p-2)* Jo

AL (U)}

il
2

I ;
/ due™™P*C (u),
Z Jo

EM.’L'V — GV.TM]f§* m%(* D

{0la(0 )%755( )IK™(p)

J_ My, + Mg
= 3 e — g T
K*

1
></ due*i“p'“’gf)(u).
0

The light-cone distribution amplitudes of the K* meson
are parameterized as

} M * ewj()‘,@‘e”paxfj

(25)

¢|(u,,u):6u(1—u){1—|—a 3£—|—a (5§2 )}
b1 (u, ) =6u<1—u>{1+af3£+a;§<5s2—1)},

o =50+ €+l 56+ { Sl 5l a2 1)
|15 Iy 154 _
+{5 By = g8 T g }§(5§ 3)
9 15 ! 15 2 4
+{112 a5+ w3~ 5o 3}(3 3062+ 35¢%),

559
o7, = Gua{ 1+ (3 '+§n3)02(£>
1 5 0\ L2
+(Gab+ e+ Sl - 23 cho
1~ 3
+ (1/\|3— gA?l)C:f (5)}
L
hl(s)(u,u)zfiuﬁ{l—i-( 3 +§ ;J{)C'l%(f)
5 5 3 1 3
+(% 4+ St )cho - gpicto).
W (0, 1) = 367 + S €36 1) + a2 (567 —3)
+ gw§(3 —30¢% + 35¢%)
+ (s - Jeoe ).
93(U>M)=1+{—1—;azl+@§:|a— C4}02%(§)
27 15~ 15 !
+{- R 2d - 260 - Ll o).
h3<u,u>=1+{—1+§a2 1o(<4+<4)}0§<s>
3, 5
+{—§GQL—Z }04 ),
A(u,u)=30u2ﬁ2{§+135 ay + c +29—0<4},
AJ_(U,M):30U2’1742{§+34_5 2 +§<I_§EZ}7
Cu, 1) = g3 (u, 1)+ by (u, 1) — 29" (u, 1),
1 1
B (u, 1) = hif) (w, p) = 561 (s ) = s (us ),
CJ.(“) /14) = h3(u> /1’) - ¢J_(u> /1’) ) (26)

where € = 2u—1, and C (¢), CF(€), C7 (€), C3 (€) and

3
CZ (&) are Gegenbauer polynomials. The corresponding
light-cone distribution amplitudes for the p and ¢ mesons
can be obtained with a simple replacement of the nonper-
turbative parameters.

4.2 Estimation of the basic parameter 3

In this appendix, we illustrate the estimation of the basic
parameter § with the vector meson dominance theory.
We have

F0*)(p1+p2)u = (Ds(p1)]5(0)7.5(0) | Ds(p2))

= <Ds (pl)¢(p)|Ds (p2)>

i _

mgy

(0)6(p))

2 f¢m¢gDst¢€* ! (pl +p2)€p
M
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1
T2 m2 $Mé9gDs D5 (P1+D2)

pT=mg
(p1 —p2)u(p1 —Pp2)v }
X9 —Guv+
{ ! (p1 —p2)?
1
= _pz _ mi f¢>m¢9Dst¢>(P1 +P2)M
(27)
fs
— 0)= 2% )
f( ) mg 9DsDs¢
Take the normalization condition f(0) =1,
- g me
DsDs¢p = ~7 >
Tt
Bgvy _ myg
— =—, |49]. 28
V2o fe 49 (28)

If we take into account the contribution from the 23S,
state ¢(1680), the expression would be

&gDst(b +
mg

Je(1680)
My (1680)

1= 9DsD4$(1680) - (29)
If the value of gp_ p, ¢(1680) is POsitive, a much smaller value

of 3 can be obtained. For example, with the assumption
9DsDs¢(1680) = 9DsDs¢ and fy(1680) = fp, We can obtain

M _ M$M 4y (1680) _ 62m¢ . .
V2 = Tngtmgnos)ls = Ts the value of g listed in

Table 3 would be 8~ 0.62 x 0.9 ~ 0.56, and our prediction
is still much smaller.
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