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Looking for D%; mesons inB meson decays
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We propose that the search of tBe~D3M decays,M=D, =, andK, can discriminate the different
theoretical postulations for the nature of the recently obseB&dnesons. The ratio of the branching ratios
B(B—DZ*M)/B(B—D{*)M)~1 (0.1) supports that th®*, mesons are quark-antiquafiultiquark bound
states. The Belle measurement of e D%,D branching ratios seems to indicate an unconventional picture.
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The BaBar Collaboration observed a narrow state withversy. For example, it has been claimed that the existence of
JP=0%, denoted aD¥,(2317), from theDJ #° invariant a newl=0 “DD bound state” with a mass less than 3660
mass distribution[1], whose mass was determined to beMeV would support the four-quark pictufé3]. Whether the
2317.6-1.3 MeV and whose width is consistent with the D%, meson radiative transition is consistent with the branch-
experimental resolution, being less than 10 MeV. This obsering ratios of the conventionaD%, and Dg; mesons also
vation has been confirmed by CLEO, and another new statserves the purposg4]. In this work, we propose that the
D¥,(2463) withJP=1" was found in theD* “ #° channel  search of the8—D¥*;M decaysM =D, =, andK, can dis-
with the mass splitting 351:61.7+1.0 MeV from the ordi- criminate the different theoretical postulations for té,
nary vector meso? and with the width being less than 7 content. In the quark-antiquark picture, tH@—D¥;M
MeV [2]. It is then an urgent subject to understand the naturdranching ratios are expected to be of the same order of
of these newly observed states, and many theoretical specmagnitude as the—D{*'M ones, since th®%*; meson de-
lations have appeared in the literature. In this paper, we shaflay constants should be close to those of the conventional
propose an experimental strategy that can make a substantlag*) mesons as required by chiral symmeitiyp]. We shall
contribution to this subject. assume that the chiral symmetry is a good symmetry in our

The measured masses and widths of the new states do namalysis. In the unconventional picture, the corresponding
match the predictions from typical potential models. For ex-decay amplitudes involve additional hard scattering to which
ample, the mass and width of the scalf,(2317) meson the four valence quarks of tHe%; mesons participate. The
were expected to be around 2.48 GeV and 160 M8)  branching ratios are then at least suppressed by the coupling
respectively. It has been shown that the masses and widths ebnstant and by inverse powers of heavy meson masses, such
the D¢ system cannot be explained simultaneously in thehat they are smaller than tHﬁ—>D(s*)M ones by a fac-
potential model[4]. To resolve the discrepancy, either the tor of 10.
theoretical models need to be modified or the new mesons The By(P,)—DZ,"(P,)7m (P3) decay occurs through
are unconventional bound states. For the former, a unitarizeghe effective Hamiltonian,
qguark model has been adopted, which includes the coupling
of the scalar meson to an Okubo-Zweia-lizuk&Zl) al- G
lowed two-meson channgb]. A low-mass scalaD, meson Heﬁz—Fvubvgs[Cl(M)Ol(M)+CZ(M)(92(M)], (1
as a quark-antiquark state could be obtained. For the latter, V2
theD%,(2317) meson has been interpreted &Kamolecule -

[6], aDsm molecule[7], a four-quark statg8], and a mixing  with the four-fermion operator®); =(s;c;)(u;b;) and O,

of the. conventional state and the four-quark sf&fe How- =(§iCi)(Ujbj), (qu)zam(l_ 5)q; (i andj being the
ever, it was argued that the charm-strange, and even bottorgg|or indices, the Cabibbo-Kobayashi-MaskawéCKM)
strange, four-quark states could not be bolib@. A lattice  atrix elementsV’s, and the Wilson coefficient€; ().

study in the static limit, which predicts a larger mass for theyyie choose a frame in which tHg meson is at rest and the
scalarDs meson as a quark-antiquark state, supports the mupion momentumP; is in the minus direction in the light-
tiquark postulatiorj11]. The larger scalar mass in the quark- cone coordinates. The two-body decay rate is expressed as
antiquark picture has been confirmed by a sum-rule analysip — | A|2/(167mg), mg being theB meson mass and the

[12]. decay amplitude.

_Considering the above series of claims and counterclaims, | the quark-antiquark picture, the above decay contains a
it is worthwhile to look for alternative theoretical and experi- color-allowed amplitude, which is written, in the factoriza-

mental viewpoints, which may help to clarify the contro- tjon assumption(FA), as
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TABLE I. Wilson coefficients associated with the diagrams in

Fig. 1.
u B B Configuration (@ (b) (c) (d)

(b) 11 a;/Ng C;/N; Cy/Ng a, /N
88 Ci/N. Cy/N. Cy/N, Cy(1IN,—1)
W - efficients associated with each diagram from the 11 and 88
N configurations are listed in Table I. It is found that the Wilson
W coefficient for Fig. 1a) from 11 is largest. The contributions
(c) (d) from Figs. Ab) and Xc), besides a pair cancellati¢f0], are

down by a small ratiaC,/a;~—0.2. As shown later, the

amplitude corresponding to Fig(d), where the hard gluon
attaches theb quark, is suppressed by a power of
b P P u B AQCD/mD§J~0.1, though it is not down by a Wilson coeffi-

cient. Hence, we can safely drop Figgb)t-1(f), and con-
(e) (f) sider only Fig. 1a) from the 11 color configuration.
A quantitative analysis of Fig. 1 requires knowledge of
FIG. 1. (a)-(d) Diagrams contributing to thB,— D%," 7~ decay ~ the four-partonD?; meson distribution amplitude. Before
in the four-quark picture for th®g, content.(e) and (f) Diagrams  this information is available, we make a simple estimation
contributing in the quark-antiquark picture. also in FA. Insert the Fierz identity,

with the D%, meson decay constarfps , the D%, meson 1 1

(pion) massmpx (M), anda; =C,+C4/N¢, N.=3 being Lilw=g (1= vs)i(1=vs)ij+ g (1 ve)ik(1+ ys)yj

the number of colors. Employing the inpu@&:-=1.166 39

X105 GeV 2, |V p/=0.003, |V./=0.976, mg

=5.28 GeV, 70=1.542x10 s, mpx =2.32 GeV, and

fpr =0.24 GeV,FE”(mE* )=0.33 from the light-cone-sum-
S sJ

rule resultg16], anda;= 1.1 for a wide range of the renor-

malization scalew, we have the branching ratio,

1

+ g[)’y(l_ ¥s) ik (1= ¥s) ¥"])j
1

+ g[?’y(1+ ¥s) ik (1+ ¥5) ¥"])j

1
B(By—D¥, 7 )=3.0x10 5, 3) + g(a'y)\)ik(o'v)\)ljv (5)

close to the Belle and BaBar measuremdnfs, 18, B(By
—DJ7m)=(24'53+0.7,46 12+ 1.3)x 10 °. Because of
mD:J(2317)% mD:J(2463), the result in Eq(3) holds for both the

into Fig. 1(a) to factorize the fermion flows. The first term,
inserted in the way indicated by the lower dashed line, gives
the factorization of thd8— 7 form factor from the full am-
D%,(2317) andD?,(2463) mesons. plitude. The insertion of the third term indicated by the upper

If the D%, meson is a four-quark bound state, Bgme-  dashed line then leads to a nonvanishing hard kernel and to
*

son decays intd?," 7~ through the diagrams Figs(dl— the matrix eIement<D§J*|CyM(1—y;,)su;zV(l—ys)ulO),
1(d), in which all its four valence quarks participate in hard which defines theD¥, meson decay constant. There exists
scattering. An extra hard gluon is then necessary for producgnother factorization of fermion flows with the fourtfirst)
ing theu-u quark pair, and more virtual lines appear. For theterm in Eq.(5) inserted at the lowefuppe) dashed line.
type of Figs. 1e) and Xf), the exchanged gluon, being of However, this factorization introduces the matrix element
collinear origin with the momentum in the plus direction, (D* *[cy,, (1 ys)su(1— ys)u|0), which is suppressed by a
should be absorbed into the t\NO-par1|D§J+ meson distribu- power Ome* /mB Compared to the previous one.
tion amplitude. That is, Figs.(& and Xf) contribute to the s
analysis in the quark-antiquark picture.

There are two color configurations,

We derive theBy— D¥," 7~ decay amplitude in FA in the
four-quark picture,

1 . 1 . Ge _ _
mcbsbncnc, 1—2fablclfab2°2cbls°1nb2n°2, (4 A= EV:chs<D§J+|C7#(1_75)3U7u(1_75)u|0>

C

where both thecs and nn=(uu+dd)/2 pairs are in the x(m~ |by*(1~ ys)u[Bgya,H", (6)
color-singlet 1 and color-octet 8 states, respectiy&8}. The
average over colors has been made explicit. The Wilson cowith the hard kernel,
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_ 9? &tr[(1_75)’u7ﬂ(1_75)7’v7ﬁ] @ R— 9°Cr Btr[(l_Vs)quﬁ(l_Ys)P27ﬁ]
32y2 Ne 1212 ’ 32\2N, Mo 1213 ’
wherel, andly are the momenta carried by the internal Mo
. . g CF B DSJ
quark and gluon, respectliely, and the denomina{@ :_\/EWZ(_)N_—Z( - ) ~0.275
comes from the definition ain. To be precisetd” should be /e me:JAQCD B
expressed as a convolution of EF) with the four-parton (12

distribution amplitude over the momentum fractions of the

valences, u, andu quarks. For the purpose of estimation, we for the inputs as/7=0.2 in b—c transitions [21] and
regard that these valence quarks carry the fixed momentum gcp~0.3 GeV.I2 andlg from Eq. (8) have been inserted.
fractions ofO(AQCD/mD:J) [21]. Therefore, the components It is easy to see that the decay amplitude in the four-quark

of I, andl, have the orders of magnitude picture is down by the coupling constangz, by the color
number 1N., and by the powersn(lD:J/mB) . We conclude
me [ A 1 that theBy— D¥," 7~ branching ratio in the four-quark pic-
g~ g~ B2 2 g | (8)  ture should be smaller than that in the quark-antiquark one
\/5 Mp*, 2 by a suppression factor,

J— . i (4) *+ __—
where the valence quark in the pion has been assumed to B™(Bq—Dsy 7 ) _

take half of the pion momentum. The virtual quark mo- B@(By—DZ, 77)
mentum in Fig. 1d) has the components,~ (mg/+2)(1,
1/20y), such that Fig. @) is power-suppressed b\f/IZ  If the B4—D*;" 7~ branching ratios are observed at the
~Aqcp/Mpx, compared to Fig. (B) as stated before. 10°° level as in Eq.(3), the D¥;," meson is likely to be a
The next step is to evaluate the matrix element, conventional quark-antiquark state. If it is observed with the
1078 (around 2.410 %) branching ratio, the four-quark
picture is preferred.

R?~0.08. (13

(D35 (P2)lcyu(1=ys)suy, (1= y5)ul0) There is already a hint from thB—DZ*,D decays, to
which our analysis can be generalized straightforwardly sim-
=i P2,P2.fo*, (9)  ply by substituting th8— D form factor for theB— 7 form
Mp*, > factor. TheB—DZ,D branching ratios have been measured

by Belle recently[22],

which has been parametrized in terms of a dimensional con- . _ . .
stantB. Under the heavy quark symmetry, this matrix ele-  B[B"—D%,"(23179D%]xB[D%," (2319 —Dg 7°]
ment should be close to(D%cy,(1—vys)uuy,(1 (8.18% 2 4% 104
— yg)u|0). The equation of motion for the heawyquark (8157224 ’
with the momentunP ~P, and the relatiorP3=m3 leads . _ N L

— — + * * *
to (DO(P,)[c(1— ys)uuy,(1— y5)u|0)=iBP,,f5 with the B[B"—Ds, (2463D"]XB[ Dy (2463 —Dg " 7]
D® meson decay constafit,. The Fierz transformation of 6.1, —4

=(11. +3.6) X

the four-quark operator and FA of the matrix element (11.9°45+3.6x10°7,
give (D°(P2)|cy,(1— ys)uu(1—y5)u[0)~(D(P,)[cy, (1
— y5)u|0){0|u(1— ys)u|0). Substituting the definition of
fo, we derive —(5.6"16+1.7)x 1074, (14)

B[B*— D3, (2463D°] X B[D?, (2463 —D, v]

B~(0|u(1~ y5)u[0)=(0[uu|0)~~0.24 GeV, (100  The first data together witB(B*—D; D?) =(1.3+0.4)%

[23] imply
where the standard value of the quark condensate has been
adopted. B[B*—D%,(2317D"]
Equation(6) then becomes ~0.06 (15

B(B*—DJD?)

A=i %V’Jchs(mé— m2)f o Fg”(mé* )a;R, (11)  and the four-quark content of tH2f; meson. The latter two
\/5 s sJ data, assuming that tHa?¥,(2463) decays only through the
channelsD? 7° and Dyy, lead toB[B* — D}, (2463)D°]
with the ratio ~0.18% and the ratio
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TABLE Il. By—DZ; K®)* pranching ratiogin units of 10 %)
in the quark-antiquark picture from the PQCD approach.

By—DZ; (2317K" By—DZ; (2317K** By—D¥; (2463K*

5.35 7.79 7.01

B[B*—DZ,"(2463D°]
B(B*—D/ DY)

~0.14, (16)

which also gives a similar indication. It is unlikely that the
dramatically different branching ratio in E¢L5) is due to
the different decay constant&,; and fp_ [24] from the

viewpoint of heavy quark symmetry.

PHYSICAL REVIEW D69, 054002 (2004

Bq— D%, K™ mode are close to the Belle and BaBar mea-
surements [17,18, B(By—D K")=(3.2+0.9+1.0,3.2
+1.0+1.0)x 10", which are in agreement with the PQCD
predictions[27,28. The estimation for th@y—D¥; K*)*
branching ratios in the four-quark picture is similar, and the
results are also smaller than those in the quark-antiquark pic
ture by a factor about 0.08. For example, thg

— D%, (2317K™ branching ratio is expected to be around
4.2x10°8,

Our estimation given above applies to other non-quark-
antiquark models for thB¥, content, such as a molecule, up
to an order of magnitude. One of the differences is that the
88 color configuration is excluded, which is not essential
anyway.

In summary, a measurement of tBe-~D%;M branching

Finally, we discuss another ideal mode for our purposesgatios, M=D, 7, andK, can provide more information on

theBy—D%;
tors O =(d;u;)(c;b;) and O,=(d;u;)(c;b;) with the prod-
uct of the CKM matrix elemenV,,V} 4. Since this mode

K*)* decay, which occurs through the opera-

the nature of the newD%; mesons. If theD¥; mesons are
multiquark bound states, they will be more difficult to pro-
duce than the conventionBI*) mesons in exclusiv me-

involves only the annihilation topologies, FA does not apply.son decays: the branching ratios will be one order of magni-
Hence, we estimate its branching ratio in the quark-antiquarkude smaller. The suppression is a combined effecttof

picture using the perturbative QCPQCD approach, in

1/N, and (mD;/mB)Z, which arise from the additional hard

which a transition matrix element is expressed as the convascattering to which the four valence quarks of D, me-
lution of hard kernels of the valence quarks with hadrongqong participate. More precise data are necessary for drawing

distribution amplitude$25,26). The derivation of the factor-
ization formulas at leading power inrhs and leading order
in as follows that for theB—D®) 7 (p,w) decays in[20].

a conclusion, though the recently measurBd-Dj,D
branching ratios have indicated an unconventional picture.

We shall present the explicit expressions elsewhere. Adopt- The authors thank H.Y. Cheng, W.S. Hou, and Taekoon
ing the sameD%; meson distribution amplitudes as those for Lee for useful discussions. This work was supported in part
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by the National Science Council of the R.O.C. under Grant
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