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Evidence for two-quark content of f,(980) in exclusive b—c decays
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Inspired by a large decay branching ratRR) of B* — f,(980)K * measured by Belle recently, we propose
that significant evidence of the componentmt_f:(uUJr dE)/\/E in f5(980) could be demonstrated in exclu-
sive b—c decays by the observation dfy(980) in the final states§—>D°(*)vr+w‘(KK) and B
—Jlymta (KK). We predict the BRs 0B—D%®*)(J/1)f,(980) to beO(10 %) [©(10°%)] while the
unknown wave functions ob™*)° (J/4) are chosen to fit the observed decayBef D™*)070 (J/yKO*)).

DOI: 10.1103/PhysRevD.67.094011 PACS nuniberl3.25.Hw, 14.40.Cs

In spite of the successful quark model and QCD theory,o composed qua states mainly and uséf(980))
for strong interaction, the fundamental questions on the inner

structure of the lightest scalar mesons, such fg&t00 = COS¢Js9-+sin ¢dnn) with nn=(uu +dd)/ {2 to denote its

—1200),f,(980), anday(980), etc., are still uncertain, even szf;ig\:v 8(? V: fundctgg%vgi %Otewﬂ;]athsﬂ fabs Cmgd b?
though it has been over 30 years sirfg€980) was discov- 14773 [5] an *6° [6]. With the lowest order cri-

ered first in the phase shift analysis of elastie scattering ;elggtr;dthe effects of four-parton and gluonium states are ne-

[1]. In additioi to the interpretations oiqa four-quark Inspired by the large BR @ — f,(980)K *, we propose
states[2] or KK molecular state$3] or qq states[4], etc., that a significant evidence of the component rofi in
the possibilities of gluonium stat¢§] and scalar glueballs f,(980) could be demonstrated by exclusiv®®
[7] are also proposed. It might be oversimple to regard themHD(*)°f0(980) andB— J/ ¢ ,(980) processes arfg(980)
as only one kind of composition. d b d f h d =y
It is suggested that in terms agfy [5] and radiative¢ cou e reconstructe fom  fthe ecaysB
—D®07 77 (KK) and B—J/¢m" 7~ (KK). The results

[8,9] decays, the nature of scalar mesons can be disen- Id be th I he th bodv d
tangled. However, with these experiments, the conclusion§0U!d be the complement to the three-body decayBahat

such as given by Ref§10,11 and Ref[12] are not unique. already indicate the existence of the component.

The former prefergjq while the latter is the four-quark con- b Itr']s known that_kt)he_ EXCIUS'XBHIC decays are dorrfunated
tent. Nevertheless, according to the data of Ef®d] and y the tree contributions and on W.&A)®(V_A). our-

' e : Fermi interactions need to be considered. The difficulty in
Focus[14], the production of scalar mesons which are recon

. ~~ “our calculations is how to determine the involving wave
structed fromD andDs deciylng to three-pseudoscalar final 4,nctions which are sensitive to the nonperturbative QCD

states and mainly showingg contents can provide us a fur- effects and are universal objects. In tRemeson case, one
ther resolutiorf15]. In addition,Z, decay data of OPA[16]  can fix it byB— P P processes, witP corresponding to light
also hint thatf,(980), f,(1270), and¢(1020) have the pseudoscalars in which the wave functions are defined in the
same internal structure. Hence, the compositions of light scdrame of light-cone and have been derived from the QCD
lar bosons should be examined further. sum rule[20]. As to theD*)°(J/y) wave functions, we can

Recently, the decay oB"—fy,(980)K™ with the BR  call for the measured BRs of color-suppressed dedays
product of Br(B"—fo(980)K")XBr(fo(980)—7"7")  _.p0z0 [21] and B—J/yK™) [22]. However, it might be
=(9.6'55'72°39x 10 ® has been observed in Belld7].  questionable to apply the QCD approach for ordin®@®
The observation not only displays for the first tiBedecay = modes toD*)(J/¢) decays because they are not light me-
to scalar-pseudoscalar final states but also provides a changens anymore. In the heawy quark limit, fortunately, the

to understand the characteristics of scalar mesons. Since thgglved scales satisfyn,>m.>A with My being the

B meson is much he.av'e.r thdy) mesons, n the two-body mass ofb(c)-quark andKZMB—mb so that the leading
B decays, the outgoing light mesons will behave as massless —

particles so that the perturbative QOPQCD) approach POWer effects in terms of the expansions &fm. and
[18,19, in which the corresponding bound states are exMc/m;, could be taken as the criterion to estimate the involv-
panded by Fock states, could apply. Therefore, as compard@d Processes. We will see later that not only the obtained
to two-parton states, the contributions of four-parton andBRs of B—J/K* but also their helicity components of
gluonium states belong to higher Fock states. Consequentiglecay amplitudes are consistent with current experimental
we think that the effects ajq state are more important than data. It 'Wi|| guarantee that our predicted resultsfg(980)
those inDs decays. In this paper, in order to further under-Productions of8 decays are reliable. _
stand what the nature ¢§(980) inB decays is, we take it to Since the hadronic transition matrix elements of penguin
effects inB—J/¢yM, M=K, K*, andfy(980), can be re-
lated to tree ones, we describe the effective Hamiltonian for

*Electronic address: chchen@phys.sinica.edu.tw the b—>cad transition as
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c q where @E’S)(x) belong to twist-23) wave functions. The
b f } d charge parity indicates thatbfo(x):—d)fo(l—x) and
3 3 CD?O(X)=<D?0(1—X) [24] so that their normalizations are
‘8 or 8‘ or Jgdx®; (x)=0 and [odx®P (x)=T/2\2N. As usual, we
(a) (b) adopt a good approximation that the light-cone wave func-

tions are expanded in Gegenbauer polynomials. Therefore,

b d we choose
C u 'f

gg . §_. . d)‘f’o(x)zZW{S(l—ZX)ZJrGFl’(l—ZX)Z
(c) (@ X[C32(1-2x)—3]+GHCYA(1-2%)},

FIG. 1. (a) and(b) illustrate the factorizable and nonfactorizable
emission topologies, respectively, while) and (d) correspond to ®; (x)=
the annihilation topologies. fo

T
2\2N,

Ge whereC) are the Gegenbauer polynomials and the values of

He=—= 2 Vo[Ci(m)O@P+Co(w)O] (1)  coefficients{G} have not been determined yet from the first
V2 a%Te principle QCD approach.

- _ _ It has been shown that by the employ of hierard¥iy

with 0{9=d,qscsb, and O5?=d,q,c4b,, Whered,dy, >Mpw)>A, theD®) meson distribution amplitudes could

=0, Yu(1—v5)dg, a(B) are the color indices,Vy  be described by25]

=Vg4Vepr are the products of the Cabibbo-Kobayashi-

G[6x(1—x)C3%(1—2x)], (3)

Maskawa(CKM) matrix elements, an€; /() are the Wil- <0|E(0),-c(z)||D>

son coefficients(WCs) [23]. Conventionally, the effective

WCs of a,=C;+C,/N, anda;=C,+C; /N, with N,=3 N S

being a color number are more usefgl=u corresponds 2N Jo dxe {[P+MpoljysPo(x)},

to B>D*)°M decays whileq=c stands forB—J/¢M

decays. According to the effective operators in Edy, (O|E(O)jc(z)||D*>

we find that only emission topologies contribute B 1 1

—J/f(980), however, the decays Bf—D *)°f ;(980) in- = f dx e P [ p+Mp« ;4 Pp«(x)},
volve both emission and annihilation topologies. To be more V2Nc/o

clear, the illustrated diagrams are displayed in Fig. 1. From (4)

the figure, we could see obviously that omly content has \ here s s the polarization vector ob*, the normaliza-
the contributions, and the factorizable emission parts, Flgtions £

ll of wave functions are taken aﬁédxd)D(*)(x)
1(a), are only related to thB— f(980) form factor. We note = fpw)/2y2N,, andfp ) are the corresponding decay con-

that in the color-suppressed processes the nonfactorizable &fgants. Although the decay constants and wave functions of
fects, shown as Figs(l)) and Xd), are important and should o p*0 meson for longitudinal and transverse polarizations

be considgred. _ _ . are different generally, for simplicity, in our estimations we
Regardingf,(980) asqq contents irB decays, the imme- assume that they are the same. Since the hadronic structure

diate question is how to write down the corresponding hadof B was studied before, the explicit description can be found
ronic structures and the associated wave functions for thig, ret [27]. In order to fit the measured BR &— D%7°

°Po state. What we know is_that the spin structuresy,e jnyolved D*) wave functions are modeled simply as
of f,(980) should satisfy (0[qy,q|fo(980))=0 and [25]
(0lqq|fo(980)=m f in which m; (f~0.18) [11] is the
mass(decay constaitof f;(980). In order to satisfy these
local current matrix elements, the light-cone distribution am-
plitude for f4(980) should be given by

3
Do) (X)= —TFp)X(L—X)[1+0.71-2x)]. (5

V2N,

With the same guidance, we also apply the concept to the

_ 1 1 i J/ s case. As a detailed discussion, one can refer to[R6f.
<0|Q(0)jQ(Z)||fo>:Wf0 dx e " As mentioned before, due to a large energy transfer in
¢ heavyB meson decays, we can utilize the factorization theo-
X{[p]'iq)fo(x)+mf[1]'iq)?o(x)}* rem, in which decay amplitudes can be calculated by the

convolution of hard parts and wave functigris,19 to de-
(2 scribe the hadronic effects. Although vect®d*© and J/y
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mesons carry the spin degrees of freedom, in e TABLE I. Hard functions (in units of 102 for B
—D*0(J3/4),(980) decays only longitudinal polarization is —D°f,(980) decay withf=0.18, f,=0.2 GeV, G=1.11, G}
involved. Expectably, the results should be similar to the=1.5, andG)=1.8.

D% ,(980) mode. Hence, we only present the representative :
formulas forB— D% ,(980) at the amplitude level but give AMPlitude 7
the predicted BRs for all considered processes. From Fig. §of (9g0)
and the effective interactions of E(.), the decay amplitude

Me j:a Ma

—2.66+i1.56 1.83-i3.60 0.20ril1l.12

—5.95

for B— D% ,(980) is written by

sin ¢
Ann=—=V[fpFet M+ fgFa+ M,]

V2

where Fo(M,) and Fy(M,) are the factorizednonfactor-

~1.8[28]. As to the value ofG, we use the corresponding
value inay(980) given by the second reference[a#] and
get G~1.11. By the chosen values and using E&). with

excluding WC ofa,, we immediately get thgﬂfo(980)

ized emission and annihilation hard amplitudes, respecform factor to be 0.38. Is it a reasonable value? In order to

tively. According to Eqs(2) and (4), the typical hard func-
tions are expressed as

1 o
feng Xm ngJ bl dbl b3 db3 (I)B(Xlibl)

0 0
XAL(L+x3) Dy (X3) +11(1—2%3) PP (X3)]

X Eo(te) +21 1P (X3) ExltD)}, (6)

Me=2§fold[x]f0wb1dbl b;db; ®g(xq,b1)Pp(Xy5)
X{[ = (X +Xg) D (Xa) +1 X3 ®P (X3) IE(tg)
+[(1=xp) Pry(Xa) T Xa PP (X3) IEGD},  (7)
with
{=87CeM3,
re=m;/Mg,
Eu(te) = a(te)a(ty) Sts . 1 (os0)(te)e({X},{b}),
and

El(thy) = a(th[Ca(th)/N]

SL(tid)B+D+f0(980)hd({x}!{b})-

tijﬁ, Sy andh, 4 denote the hard scales Bfdecays, Suda-

kov factors, and hard functions arising from the propagators
of gluon and internal valence quarks, respectively. Their exMode

plicit expressions can be found in R¢27]. With the same
procedure, the other hard functions can also be derived.

So far, the still uncertain values are tf@&} parameters of
the fy(980) wave functions. By the

larization, we find that except the Dirac matricgs and the
associated polarization vecter, , it is similar to the scalar
meson case. Inspired by the similarity, we ad@ﬁg(x) to be

a p-meson-like wave function and také?~1.5 and G}

investigate that the obtained value is proper, we employ the
relationship F8~ 10980~ (Mp, /Mg)VFPs(%80), which
comes from the heavy quark symmetry lii29], as a test.
According to the calculation of Ref[30], we know
FPs—f0(%80)~0.6; and then, we haverB~10(%80—( 36,
Clearly, it is quite close to what we obtain. Hence, with the
taken values of parameters, the magnitudes of hard functions
are given in Table I. We note that the complex values come
from the on-shell internal quark and all of the hard functions
are the same in order of magnitude.

One challenging question is how reliable our results are.
In order to investigate this point, besides thB
—D™0J/y)f(980) decays, we also calculaB— D%,
J/y(K,K*) andB— f,(980)K ™ processes. All of them are
already measured & factories[31,32. Due to the calcula-
tions and formalisms being similar tB°f,(980), we di-
rectly present the predicted BRs in Table Il by takigg
=45°, fpx=0.22 GeV,f,,=0.405 GeV, and the same taken
values of Table I. As to thé/ s wave functions, we model it
as® 5,(x) = f5,[30x*(1—x)?]/2\2N,. The BRs of charged
B*—J/¢M ™' modes can be obtained from neutral modes by
using Br@°—J/yMO) 75+ /7g0. Hence, from Table II, we
clearly see that our predictions are consistent with experi-
mental data.

Moreover, it is worthwhile to mention that in addition to
the BR ofB—J/#K* decay, the squared helicity amplitudes
|Aol?, |A?, and |A |? with the normalization of|Aq|?

TABLE II. BRs (in units of 10 %) with ¢¢=45°, fp«=0.22,
fy,=0.405 GeV, and the same taken values of Table I.

identity of
(0lgy,alV,T)=Myfye,(T) for theV-meson transverse po-

This
Belle[31] BaBar[32] work
D°f,(980) 2.28
D*%f,(980) 2.46
J1 4 (980) 0.10
K ™f,(980)
foomtm™  (9.6°53 12739 X102 0.02
D70 3.1+0.4+0.5 2.89-0.29+0.38 2.60
J/yKO 7.9+0.4+0.9 8.3:0.4+0.5 8.3
I/ pK*0 12.9+0.5+1.3 12.4-0.5+0.9 13.37
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FIG. 2. BRs as a function of angig;. (a) The solid(dashed
lines are forB—D%(D*%)f,(980) decays whilgb) they express
B—J/4f,(980) andB* —K™*f,(980) decays.

+|A2+|A |>=1[33] are also given as 0.59, 0.24, and 0.17,
respectively. They are all comparable with the measured va

ues 0.6@-0.05 (0.6G-0.04), 0.210.08 (0.24-0.04), and
0.19+0.06 (0.16-0.03) of Belle(BaBap [31,32. In order

to further understand the dependence of the effecta rof
content, the BRs as a function of mixing anglg are shown

PHYSICAL REVIEW D67, 094011 (2003

tion for f,(980), our previous result @* — K™ f,(980) in
the smallg, region[28] becomes insensitive t@..
__The subsequent question is how to search the events for
B—D®*)%(980) andB—J/yf,(980) decays. From Par-
ticle Data Group of Refl22], we know thatf,(980) mainly
decays tomr7 and KK and R=T'(#7)/[T (7)) +T'(KK)]
~0.68. Therefore, we suggest that the candidates could be
found in B—D®)°J/y)7m(KK) three-body decay
samples. For an illustration, according to the values of Table
I, we can estimate that the BR product of [Br
—D%,(980)] X BI[ f5(980)— w7 ]~1.0<10°*  with
Br{ fo(980)— =" 7~ ]=2R/3. The result is consistent with
the measured value of (8:0.6+1.5)x10* for B
—D% "7~ decay while that oB—D°° is determined to
be (2.9-1.0=0.4)x 10 * [34].

We have investigated the possibility to extract the exis-
tence of thenn component offy(980) in terms ofB
— D)0 (980) andB— J/f,(980) decays. Based on the
comparable values between the BRsBfD%#° and B
—J/yM decays and current experimental data, our predic-
tions on the BRs oB—D®)%(J/4)f,(980) decays are reli-
able and can be tested Btfactories.
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