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We investigate the production of the nowWwave meson®; andD’(D,), identified as)®=0" and 1",
in heavyB meson decays, respectively. With the heavy quark limit, we give our modeling wave functions for
the scalar mesoDy . Based on the assumptions of color transparency and the factorization theorem, we
estimate the branching ratios Bf—~D§ 7 decays in terms of the obtained wave functions. Some remarks on
D{") production are also presented.
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[. INTRODUCTION the light quark,j,, and the spin of the heavy quarg,
wherej = Sy+ ¢ is combined by the spin and orbital angular
It is doubtless that the quark model provides a successfuhomenta of the light quark. In the literature, they are usually
method to describe hadron spectroscopy. For instance, baskibeled byDj , D7, D4, andD% , respectively. We also use
on SU3) flavor symmetry, a quark and antiquark can com-D** to denote all of them. The first two belong jig=1/2,
prise octet and singlet states, called a nonet together, such aile the last twoj,=3/2. In the heavy quark limit, it is
the well known pseudoscalar mesons of the pion, kaon, angnown thatDS((l')) and D(ffz)) decay only viaSandD waves,
eta withJP©=0"". However, if we apply the same concept respectively. Therefore one expects that the widths of the
to the light scalar mesons described by such as the former are much broader than those of the latter, which is
nonet composed of isoscalar¢600) andf,(980), isovector consistent with the observations of CLEO and BELLE
a0(980) and isodoublek, there are some puzzle& Why  [15,16. Even the BELLE’s updated dafa7] also show the
are a,(980) andfy(980) degenerate in maséd) Why are  same phenomenon. We now summarize the results of CLEO
the widths ofo and « broader than those @y(980) and and BELLE as follows: in CLEO, the massésidths) of
f5(980) [1]? It is probable that these scalar states consist oP-wave states are given by mp, (I'p,) =2422.0
four quarks_rather than two quarka]. Moreover, the possi- 45 ¢ (18.@‘3112) and sz(I‘D;)=2458.9t 2.0 (23
bilities of KK molecular states,.gluonlum states, and sr:ala_ri 5) MeV, and the measured branching rati@&Rs of B
glueballs are also proposed. It is clear that the conclusion 'aecays are given as
still uncertain.
Now, the mysterious event happens not only in the light

_ BR(B-—DJn )XBR(D}—D*"7")
scalar meson system, but also in the heasyne. Recently,

the BABAR Collaboration has observed one narrow state, =(7.8+1.9 X104,

denoted byD?*,(2317), from aD_ #° mass distributiorf3].

Furthermore, the same state has been confirmed by CLEO BR(B*—>D§07-F)><BR(D§°—>D*+TF)

and a new stat®?(2463) is also observed in tHe} * 7° .

final state[4]. Finally, BELLE verifies the observatiori$§]. =(4.2£1.7x10"% @

By the data analysi€D3,(2317) andD},(2463) are identi-
fied as parity-even states witi and1*, respectively. From In BELLE, the four states are all measured m§S(FDE)
the observations, the interesting problem is that the states 6f 2308 =17+ 15 + 28 (276 21 + 18 + 60), mp/(I'p;)
D%4(2317) andD¥;(2463) cannot match with theoretical pre- =2427.0+ 26+ 20+ 15 (384 37+ 24+ 70), mp, (T'p,)
dictions[6], i.e., the massetwidths) are too low(narmow.  —5421 4+ 15+ 0.4= 0.8 (23.7= 2.7+ 0.2= 4.0), and
To explain the discrepancy, either the theoretical model%D*(FD*):2461.&2.&0.&3.3 (45.6+ 4.4+ 6.5+ 1.6)
have to be modified7] or the observed states are the new 2 ~2 _ ) _ ) )
composed states. To satisfy the latter, many interesting sol/€V, and the BRs with possible decaying chain being
tions have been suggested recently in RE8s:14].

— 0 _ — 0 —
In fact, before the BABAR's observation, CLEQ®5] and BR(B™—Dg 7 )XBR(Dg"—D"7")
BELLE [16] measured the similar states in the (q =(6.1+0.6=0.9+1.6)x 1074,
=u,d) system in heavyB meson decays. With a two-quark
picture, there are four parity-evefangular momentun¥ BR(B-—D' % )XBR(D/°-D**+ 7
=1) states described hy’=0", 17, 1", and 2", respec- (B =Dym) (Dy" =D ")
tively. J=] 4+ Sq is the total angular momentum of the cor- =(5.0+0.4+1.0+ 0.4 x 10 4,

responding meson and consists of the angular momentum of
BR(B~-—DJ7 )XBR(DY—D*"7")

*Email address: physchen@mail.ncku.edu.tw =(6.8+0.7+1.3+0.3) X 10" 4, (2
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BR(B~-—D3%7 )XBR(D3°—-D"7") cays, such aB— w{ v, B— 7, etc. Therefore the hadronic
. structures oB and = mesons can be described [84,25
=(3.4+£0.3£0.6£0.4 X 10 %,

_ 1 [ _
BR(B~—D3 %7 )xBR(D3°—~D**7") <0|b(0);d(z)||B,|ol>=JﬁfO dxe P12
Cc
— —4
=(1.820.3:0.3=0.2) X 10 7, X{[VJ1+ mB]Ij 75(1)8()()}1
respectively. L
Since the masses &f*; are just below thé*)K thresh- (0[u(0);d(2),| m,ps) = 1 j dxexPa2
old and the corresponding widths are around few 10 KeV J Vv2N.Jo

[11], both parity-even mesons could only decay through isos- 0 0
pin violating channels td 7 and D* 7. For this reason, it X[[Palij® () +mz[1];; P7(X)
becomes the main problem how to explain the low masses 0 -

and narrow widths foD}; states. UnlikeD ¥, cases, however, mLlpop = en00L )
there are no any suppressions on their decaystoor D* 7

although the measured masse<Ddf are slightly different Wheren-=(0,1,0r), n,=(1,0,0r), andx is the momentum
from the predictions of theoretical models. It is believed thadraction of the light parton inside the corresponding meson.

the properties oD** could be described by current theoret- ©~ and ®P) are the twist-2 and twist-3 pion wave func-
ical models with some improvements. If so, based on thdions, related to the distribution amplitude of nonlocal opera-
concept of the normal quark model, we could further undertor uysy,d(z) and associated withysd(z) [uyso,,d(2)],
stand the nature d@** in B decays. respectively. We note than® is the so-called chiral symme-
To handle the hadronic effects f8— D** 7 decays, we try breaking parameter and is equivalenmd/(m,+ my).
use the factorization formalism, called the perturbative QCD To determine the structures and distribution amplitudes of
(PQCD approach, which is based on factorization theoremD** | we need to know their properties. For simplicity, we
and the transition matrix element, described by the convoluonly concentrate the discussion on the scalar mesddgaf
tion of hadron wave functions and the hard kerf#8,19.  The similar analysis can be applied to other charfedave

The wave functions in principle can be extracted by experimesons. As usual, the decay constanbgfis defined as
mental data or determined by QCD sum rules or lattice cal-

culations. The hard kernel is related to the hard gluon ex- <0|EC|D3 \P2)=MpxTpx. (4)
change and high energetic fermion propagator, which are all oo
gzlrctjclagbl!%rgﬂ[?ébtzgﬁgé ﬁf}Itgret:g?g:;rgﬁi;/queucirg[r’ﬂlgm?r_ By using the equation of motion, we obtain another identity
is satisfied, i.e., no soft gluon exchange between the final <O|Ey#C|D’5 ,p2>=fD3 Pous (5)
states, we need the hierarchy ofz>mp« >A with A

~Mg— My~ Mp+ — M [21]. It has been shown by R4R22]  \yith fox =T p* (Me—My)/Mpx, in which Me(q) are the cur-
that with the same QCD approach, the calculated results on 0 0 0 .
B— D decays are consistent with the current observation§ent quark mass af((.j) q_uark. Fror_n the_ above equation, we
[23]. Consequently, one expects that PQCD could be alsg® that it t_he cons[qermg case Is a light ;calar meson, the
applied to theP-wave meson production iB decaying pro- corresponding transition matrix element will become small.

cesses. By the study, we should know more properties relate-g1IS is the reason why the depay constant of the I'ght scalar
to P-wave mesons. meson for the vector current is small. In order to satisfy the

The paper is organized as follows. We investigate theconditions of Egs(4) and (5), the hadronic structure g
characteristic ofD** and model their amplitude distribu- 'S @dopted to be

tions in Sec. Il. In terms of the PQCD approach, we derive

. * . —
the factorization formulas for eadd— Dy 7 decays in Sec.  (p# ,P2|d(0)c(z)|0)=
[ll. We present our results in Sec. IV. Finally, we give a V2N,

summary in Sec. V.
y +mpx (10200}, (®)

1

1 .
fo dxe*P2 4 p,];;Pp4(x)

II. DECAY CONSTANTS AND WAVE FUNCTIONS OF D** with the normalizations

In order to study the production of the scalar meBuftt ~
in B decays, we immediately have to face two questions. The 1 fDS 1 fDS
first one is how to write down the hadronic structures and J; Dpy(X)= 22N Ppo(x)= 2N
model the wave functions dd**, and the second is what ¢ ¢
the values of Qecay constants Bf* are. In PQCD, since The value of the decay constaiyx is the crucial part for
the wave functions belong to nonperturbative objects and are ; R }
universal, we can directly apply the wave function®adnd ~ concerning whetheb§ production is interesting or not. To
7 mesons, which have been discussed in oBiereson de- estimate the magnitude 7653, we need help with the scalar
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mesonK§ (1420), for which the decay constant has already 7
been estimated in Reff26]. As mentioned earlier, the scalar ¢ ,(x,b)= {6x(1=x)[1+bpx(1—-2x)]}
meson generally satisfies the identity 2\/2N
p[ 2 b2
0
_ % _ , 7
(Mg, Mg, )(0[0,01|S)=fsm3, N )

wherewD* apy andbD* are the unknown parameters. Al-

where Mg Ms. and fs are the current quark mass, the thoughbD* is afree parameter it can be chosen such that the
Smeson mass, and its decay constant of vector current, r%* meson wave function has the maximum at (Mg«
0

*
spectively. If we assume0|ds|Kg (1420)~ <O|dC|D0> -m )/mD3~0.35 form.=1.5 GeV. As to the value oiDg,

from tf;e ?bove equation, - we _can Obta”ng we refer to the case oK{(1410) [28]. By assuming
=Ty -my */m -(mc—md)/(ms— mg). With the values of  that g« mp« /(M. — my) ~ as Mgx /(Ms— My) ~ 75/, the

0 0 0 0 0
fK*~34 MeV [26] m,=1.5 GeV, m,=150, and my=8.7  order of magnitude oaDg is estimated to be around 1.2.
MeV we get fDS 130 MeV. This value is close to

the result_ in Ref[27], calculated by the relativistic quark Il FACTORIZATION FORMULAS
model. Finally, from Eqg.(5) we havengsz;;/(mC

—my)- fD*~200 MeV. It is known thak is composed of Since the considered decags»D** 7 correspond to the

a two- quark state. Thus it is interesting to have the S|m|la|bHCUd transition, we describe the effective Hamiltonian as
decay constants between the sc&lgrand pseudoscal@s.

To obtain the shapes @ wave functions qualitatively, Gr
we need to employ the concept of the heavy quark limit.  Hetr= \/5 Ve[ C1()daUpCpba+ Co 1) dalaCpbyl,
According to Eq.(6), we see thatPp,(x) is the distribution
amplitude of the nonlocal operatdty, c(z) while ®p,(X) is
associated withdc(z). By the equation of motion, we Whereqaqﬁ qayﬂ(l ¥5)dg, a(B) are the color indices,
straightforwardly find that the difference betwedny;(x)  Vc.=V{4Vcp is the product of the CKM matrix elemerit30],
and ®p,(x) is of the order ofA/mD*~(mD*—mc)/mD* andC, y(u) are the Wilson coefficient8VCs) [31]. With the
Hence, if we setngs~m., we can get theolnformatlocr)1 of light-cone coordinate, the momenta of various mesons and
B o, (X)~Dp,(x). Flrthermore, in order to satisfy the iden- the light valence quarks inside the corresponding mesons are
tities of decay constants defined by Eqé) and (5), the assigned as: p=mg/y2(1,1,0), kl—maB/\/—(xl,O,le),
simplest forms for both wave functions can be modeled b)Pz—mB/\/—(lrz,OT) Ko=mg/\2(X2,0Kz7);  P3=mg/
Dpi=x(1—x)+ax(1—x)(1—2x) in which a; are free pa-  2(0,1-r2,07), ks=mg/\2[0,(1-r2)x3,Ks7], with r,
rameters. Since the second term is antisymmetric while ~ =mp« /mg. As usual, we use
replaced by +x, we can easily conclude that this term will “
not change the normalization of the wave function. Therefore
we could use it to control the shapes of the wave function. It _ G?Pmg 20 412
is worth mentioning that since we considBfj to be a = 167 [Vel*lAl ©
P-wave state, the size ddj is believed to be bigger than
that of the particle in th&wave state. In order to avoid that
D§ becomes oversize such that the mechanism of color
transparency is breakdown, like thedependence on the
wave function of theB meson, in whichb is the conjugate

to describe the decay rates &—D** 7r, in which P,
—|p22| =|ps,| =mg(1—r3)/2 is the momentum of the outgo-
ing meson,A is the decay amplitude and its value depends
on QCD approaches. Since the hadronic structures of the
variable of the parton transverse momentum, we also intro:
Ofensor meson have not been derived yet and so far they are
duce the intrinsid>-dependence oB . To satisfy Eqs(4)
. . . not definite, we study the problem elsewhere. Altho@yh
and (5), the final simplest shapes of the wave functions are
andD, are the vector mesons and carry the spin degrees of
expressed as
freedom, only longitudinal polarization has the contribution
since one of the final states is a pseudoscalar. Therefore the
deriving formulas forB— D¢ are also proper to the final
states with one vector and one pseudoscalar meson. In this
+aD*(1_2X) .
0 paper, we only concentrate on the productiorDgf.
In terms of the effective interactions, we see that different
4 2 bzl decaying processes involve different topologies. To be more
xXexg — ,

clear, in the following we analyze each of tBe~ D¢ 7 de-
cays separately.
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d b b d :
FIG. 1. The topologie$a)[(c)]
c c u factorizable emission[annihila-

7 o “3 B 3 tion] and (b), (d) nonfactorizable
. e or & . or o or g or effects for the decays By
o J o 9 CDE -t
(a) (b) (c) (d) 0
A. Bg—D§ ™ @ decay The hard functionsheq 1), related to the propagators of

There are two topologies in this decay, emission and angexchange hard gluon and internal quark, are described by
nihilation diagrams. The former is color-allowed but the lat- ha(X1,X,b1 1)
ter belongs to color-suppressed. The corresponding flavor e\ A2y E 12
diagrams*a[e illustrated by Fig. 1. Hence the decay amplitude = S(X2)Ko( VX1 Xomgby)
of Bq—Dg 7" can be expressed by

e . X[ 0(3—b2)Ko(\xamgby) 1 o(Vxomghy,)
A(Bd*)DO ar ):waBD6‘+MBD§+fBFa+Mar

(10 + 0(b,—by1)Ko(\Xomghy) o(VXmgby)],
wheref . andfg are the decay constants sfandB mesons h{)(x1,%2,X3,b1,b)
and the related contributions are the factorizable emission
and annihilation topologies, respectively. The remains denote =[0(b1—b2)Ko(Vx1xzmgby)l o VX1X2Mghs)
nonfactorizable contributions. With factorization theorem _ o '
and hadronic structures of Eq®) and (6), the hard ampli- - 0(02 D) Ko(VX1XoMgb2)l o VX1 XoMgby )]
tudes{F} and{M} are formulated as Ko(Djmgh,) for DfBO
1 o0 X |7T (1) > 2
FBD3=87CFméJ’ XmdXZJ bldbledeq)B(Xlabl) 7HO ( \/lD] |me2) for DJ <0
0 0
X{‘Dm(xz,bz)ngg(tél))he(M,Xz,bl,bz) ha(X2,X3,05,b3)
2
+re®Ppa(X2) +2r P pa(Xz)] =St(x3)( i g) H{(Vxoxsmgby)
X Ep . (tP)he(xz,X1,b,b1)}, (1D
Dglie e TR X[ (b —b3)HEP(\x3mgb,) Jo( \X3mghs)

1 + — 1
Mpg = 16mCem3 2N, fodxldxzdxs 0(b3 =) HEV(x3meba) Jo( VXamebs) ]

) T
h{({x}.by o) =i 5[ 8(by—bo) HEV(VxoXg nameby)
X Jo(VX2X373mMghy)

+0(bp—by)HE(VXoX373mgh,)
+ (1= x3) € () ([}, by ba)}, (12 X 3o \XaX373mgbs) ]

X fo b,db;b3dbs®g(Xq,b1) D (X3)Pp1(Xz,01)

x{—(x2+x3>e’Di(tg“)h&”({x}.bl,b3>

Ko(Fjmgby) for Ff=0

1 0
FaZSWCFmZBJ' dX2dX3f b2dbydbs®p(Xz,02)P (L) i
0 0 ?Hgl)(\/“:ﬂmel) for Ff<0

X{—=XaE (1) N4(Xp, X373, b7, b3)
with DI=X1Xp—XpX373, D3=X1Xo—Xp(1-Xg) 73, F3

2/4(2)
X a(1a7Na(X5X2773,bs, Do) a3 =(X1=X2)X373, F5=X1+ X+ (1=X1—X2)Xgm3, 75=(1
1 " —r2) andr.=m./mg. The threshold resummation effect is
M ,=16mCrm3 2N, f d[x] f [bld[b] expressed  to be S(x)=2'*2.T(3/2+c)[x(1
0 0 —x) %[ V7T (1+c)], with c~0.35[32]. The evolution fac-
X ®g(X1,b1)Pp1(X2,02)P (4) torssgg((‘:gé) and&L(£.1) are defined by
X{xa€ 3 (t)NEV({x}, by by) | ( )
i) (i) Q) —S.— S
€U ({x},b1,by)}. aa  Eoplte)” (C“ o ) as(te)exH = S~ 5oz .
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oo ey c u
€ o ()= = (18 exH —~ So— S =Sl
b d
o L Cy(tl) .
4t =| Cattd)+ 5 atd) or or
C
(b)

= o
o [
x [
=J e
a
X exiL — Sos — S, Jo, b, (a)
FIG. 2. The topologiesa) factorizable emission and) nonfac-
(t") torizable effects for the decaygy— D n°.

rig(i) Ca(t (i)
Ea(t; ):N—Cas(tf )exfl — Sg— Spx — Srlb,=b,

— 1
*0_0\_ _— r_ % _
where the exponentSy,, (M=B,Dj,w) are the Sudakov A(Bg—Do )= \/5[ fDoFBW M7+ TgFatMal.

factors. From the above equations, we see clearly that the (16)
emission contributions are color-allowed and dictated by ef-

fective coupling ofC,+ C;/N., while the annihilation con- With the same approach and power counting for By
tributions are color-suppressed and governed Gy —D§ ~@" decay, the relevant hard amplitudes,(Mg.)
+C,/Nc. t(e',)dyavf denote the hard scales of the involving can be derived as

diagrams which are expected to be di)(\/xmé)

1 o
~1.6 GeV in average and the criteria to determine them arngzgwcFmZBJ' Xmdxaf b,db;bsdbs®g(X;,b;)
adopted to be 0 0

t® = max yXgmg, 1by, 1iby), X{L(1+X3) D (Xg) +1 (1 —2x3) [P (X3)
+®7(x3)11E3 () (X1 ,X3773,b1,b3)

(2)—
1= max \x,mg, 103, 1b;), 21 0P (xg) EL (D) hy(xa X073, b3 b)), (17)

t) =max Vx.x;mg ,Dfmg , 1/by, 1i3), v [
Mg, =167Crm3 2ch dx;dx,dxs
t{=max(/xsmg, 1/b;,1b3), °

tgz):ma)( \/x_sz,]_/bZl/bg), (15) X fo bidb;b,db,Pp(xy,b1)Ppi(X2,b2)

. X{[ = (Xo+X3) P (X3) + 1 Xa[ BP(x5) + D I(x
) = max( /X2X37]3mB:\/F—j2mB,1/b1,1/b2)- {[— (X2t X3) P 7(X3) [ P(X3) (x3)]1]

x &3t (xq ,X3m3.%2,b1,by)
Since we deal with the hadronic effects of tBedecay by
considering six-quarks simultaneously, at lowest order in +[(1=X) P (X3) =T Xa[ @L(X3) + P (X3)]]
strong interaction, besides the renormalization groRf) a4 (A (4
running fromm,y, to mg scales in theu-scale dependence of X EENNG (X1, X373, X0,b1,b2)}- (18)
WCs, we still need to consider the running frong scale to
the hard scalcegv)d’a'f which indeed dictates the scale of the
meson decay. Hence, in our consideration, the hard scales for .
WCs are determined by Eq15) rather than at theng or ELT(tg))=(C1(tg))+
mg/2 scale. In the formulations of Eq&ll)—(14) we have
dropped the terms related t§ (r. andr3) for the right- 1)
handed(left-handed gluon exchange of Fig. 1. Compared to g;i(tg)): 2(_d
leading power, which is not suppressed bynd/ they all N¢
belong to higher power effects.

The evolution factors’! (£!') are defined by

Co(tY) .
%) as(t0)exd — S5— S,

a(t)exr — Sg— Spx — Sy 1o, b,

From the above equations, due to the appearanc€,of

+C,/N;, we know thath—>D3°7r° is a color-suppressed

process. We note that although nonfactorizable effects are
In this decay, the involving annihilation contributions are also color-suppressed, sin€g /N, could be larger thaiC,

the same as the dec8y—Dg 7 but the emission topolo- +C, /N, the nonfactorizable effects play an important role

gies become color-suppressed, illustrated by Fig. 2. Due tin this kind of color-suppressed processes. In fact, the same

the neutral pion meson being described ¢ dd)/+/2, thing also happens in the decBy— D°#° with D° being a

the sign of emission topologies is opposite that of annihilacharmed pseudoscalg22]. The hard scales are determined

tion topologies. Therefore the decay amplitude is written asby

B. B4— D3 = decay

114008-5
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t(es)=ma)( [x313Mg,1b4,1/b5), TABLE I. The vall_Jes of_ theB—Dg form factor with
bDS =0.5 and some variances apx and wp.

t(eA): ma)( \ X17]3mB,1/b1,1/b3),

wDé aD3:0.7 aD3=0.9 aDS=1.1
t{¥=max \xyx373mg , ' D3mg, 1/, 1/,), 0.5 0.29 0.30 0.31
0.6 0.24 0.25 0.26
t{M=max VX X373Mg , VD 2mg,1/b;,1/,), 0.7 0.21 0.22 0.23
with  D3=(x;—X,)X and D2=(x;+X,)r5—(1—x
_Xz)X37I33 (X2~ %2)X3 73 = (arx)ry=( ! with the Gegenbauer polynomials,
— 1/2 1 2 1/2 1 4 2
C.B*—D;%#™" decay C26)=5(367-1), Cu1(&)=g(357—30°+3),

In this decay, there are no annihilation contributions and 3 15
new topologies involved. The corresponding flavor diagrams — ~32 4\ _ 2 z402 312/ gy _ O 4_ 1482+
are the same as Figs(al, 1(b), and 2. Hence we can imme- C2() 2(5§ D, Ca) 8 (2167 146°+ 1).

diately write the decay amplitude as ) .
After the wave functions of the meson are determined, the

A(B+—>5307r+) =f_Fgp*+Mpp* +fpsFg,+ Mg, . unknownwg can be fixed by decays such Bs- . Con-
0 0 0 sequently, the remaining uncertain parameters are the wave

(19 functions of theDg meson.
The hard amplitude§F} and{M} are the same as Egd.1), To obtain the numerical results, the values of theoretical
(12), (17), and(18). inputs are chosen a@g=0.4, fz=0.19, f_=0.13, 7D3

=0.20, mg="5.28, mpx=2.29, and m2=1.4 GeV. With

these values, we get the form facteF~"(0)=0.3. In ad-
In our calculations, we adopt tf&meson wave function dition, the values of th&— Dg form factor with some vari-
dg to be ances inaDg and wpx are also shown in Table I. It is inter-

esting that the form factor d—D§ decay is much smaller
than that ofB—D decay, which is calculated to be around
2 ) 0.57[22]. We also find that our results are a little bit larger
(200 than those calculated by the ISGW2 mof29]. According

. o to Wolfenstein’s parametrizatiof83], we takeA=0.82 and
where Ng can be determined by the normalization of the)\zo_22 for the CKM matrix elemen¥.,= A\2. Hence in

wave function ab=0 andws is the shape parameter. Since ¢ " ¢ o deriving formulas and by fixingpx=0.9,
the w-meson wave functions have been derived in the frame- 0

work of QCD sum rules, we display them up to twist-3 di- 203 ~ 0-5: andwpy =0.6, the magnitudes of the hard ampli-
rectly by [25] tudes are shown in Table Il. From the table, we can see

clearly that excepM BDY» the nonfactorizable effects of the
color-suppressed process are comparable to factorizable con-

IV. NUMERICAL ANALYSIS

1/xmg\? w3b?
(I)B(x,b)zNsz(l—x)zexp{——(—B) -3
2 wpg

D (x)= \/ﬁx(l—x)[1+0.440§/2(2x— 1) tributions; even in annihilation topologies, the contributions
¢ of the former are much larger than those of the latter. By
+0.25C3%2x—1)], fixing ng =0.5 andeg =0.6 GeV and taking some differ-

ent values ohDg, the decay BRs oB— Dg = are displayed
in Tables Ill and IV. We also show the BRs by fixirm)é

PP (x)= ———=[1+0.43CF42x—1)
242N, 2 =0.9 andbDézo.S and some variant values 053. From
+O.09:i’2(2x—1)] both tables, we know that with proper values of parameters,

the calculated BR oB™—D3°#" is consistent with the
f BELLE's observation. It is worth noting that the predicted
P7(x)= ———(1—2x)[1+0.55 10x>— 10x+ 1)], BR of By—Dg°#° is one order of magnitude smaller than
22N, others. The phenomenon can be understood by noticing that,

TABLE Il. The values of hard amplitudegn units of 10°%) by fixing aD3=O.9, bD3=O.5, and

f‘n":BDz; MBDS fBFa Ma fDSFBﬁ MB‘n’
36.4 102(1.0-i3.2) —0.06-i0.08 —1.85-i3.14 -7.11 7.56-110.95
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TABLE Ill. The BRs (in units of 10°%) by fixing bD3=O.5,
tz;:O.G GeV, and various values afjg.

PHYSICAL REVIEW D68, 114008 (2003

TABLE IV. The BRs(in units of 10°%) by fixing aD3=0.9 and
bDS =0.5 and various values 0'503-

ap, BJrHSSOW+ Bq—Dg 7" Bdﬂaéoﬂ'o Wp¥ B+*>5607T+ By—Dg 7" Bdﬂaé‘orro
1.1 9.75 8.25 0.17 0.5 13.79 10.7 0.26
0.9 9.34 7.68 0.19 0.6 9.34 7.68 0.19
0.7 8.98 7.13 0.21 0.7 6.28 5.55 0.15

as shown in Table Il, the value dfg,, is very close and
opposite in sign to the real part Mg, such that there is a

strong cancellation in Eq16). As a result, we get the small

BR in the decayBy— D} %#°. That is, the annihilation ef-
fects are significant il8B— D °#°.

As stated before, although we only study the decBys

— D%, we still can estimate the BRs &— D! 7. Since

tion of K§ (1420), we can determine the proper value for the
parameteraDg in ®5,(x). By the physical argument, the

unknown paramethDS can be chosen so that the maximum
of ®p,(x) locates atx~0.35. We have found that with a
suitable value ofupx, our result orB R(B*—Dg%r") can

fit BELLE's measurements. Hence the calculated BRs for

only the longitudinal polarization has the contributions,Bq—D§ 7" andBd—>53°7r° decays can be viewed as our
except the decay constants, we expect that the involvingredictions. Finally, if we regard that the longitudinal wave

wave functions 0D{) should be similar td . By neglect-
ing the difference in phase space, the BRsBof:D{ )7
could be estimated byBR(B— D!’ 7)/BR(B—D} )
~(7Dg'>/~fog)2- If ~ng’>“7D§, the BRs for producing axial
vector meson®{") are close to that for the scalBx} . The

functions of D{") are the same aB{*) and assume that
?Dg')*%g, we expect that the differences of BRs among

them are not significant. The more accurate predictions rely
on more definite values of decay constants as well as other
unknown parameters.

tendency is consistent with BELLE’s observations, shown in

Eq. (2).

V. SUMMARY

We have studied the properties Bfwave mesons iB
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