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We study the exclusive decays Bf—f,(980)K*) in the framework of perturbative QCD by identifying
f4(980) as the composition @& andnn= (uu+dd)/\/2. We find that the influence of then content on the
predicted branching ratios is crucial. We discuss the possible rescattering and gluonium states which could
enhance the branching ratios of the considered decays. We point out thaRhasymmetry inB
—1(980)Ks, could be a new explorer of sinf.
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Recently, Belld1] and BaBaf 2] have opened new chan- Kobayashi-Maskaw&CKM) matrix elementsC;(u) are the
nels in three-body nonleptoni®d decays, such a3 Wilson coefficients(WCs), and O; correspond to the four-
— KKK, KK, andKsa decays. In particular, Belle has quark operators. The explicit expressions@fu) and O,
observed the decay &" — f,(980)K* with the branching can be found in Ref.12]. It is known that the vector meson
ratio (BR) product of Br@" — f(980)K ™)X Br(f,(980) ¢ has the current matrix elements
—mtaT)=(9.6"2513 34 %1070 [1]. Sincef,(980) is a _ _
neutral scalar meson, the measuBed f,(980)K decays not (Ofsy,sl@)=myfye,, (O[ss|¢)=0. 1)
only show for the first time thatB decays to scalar-
pseudoscalar final states but also provide the chance to u
derstand the content d¢f,(980) and its production.

herefore the decay amplitude Bf— ¢K° can be simply
escribed by 13]

The essential inner structure of the scalar mefg880 * (A (S s s)\ =BK
is still obscure since it was established first by ?{%;]Q.witrz AlBq _>¢KO)_f Vi (a( )+a( )+a( ))Fe
a phase shift analysis. In the literaturig(980) could be +2fgVialFeK+ .. 2)
four-quark states denoted byqog [4] or KK molecular @ )
states[5] or qq states[6]. However, one objection against wherea;™ are defined by
the possibility ofKK states is that the binding energy of C, C,
10-20 MeV for KK is much smaller than the measured a1=C1+N—C, a2=C2+N—C,
width in the range 40-100 MeV7]. It is suggested that, in
terms of the measured— f,(980)y and fy(980)— yy 3e
[7-10 decays andD; — f,(980)7* decay[10,11], the fla- af)=Ca 4t Tcg wtagy,
vor contents off ;(980) are mostlgs and a small portion of
nn=(uu+dd)/\2. In this paper, we takd,(980) to be a’(Q)=C4‘3+ﬁC 3
composed ofqq states and uselfy(980))=cosedss) 34 7 N, 2N, e

+sin ¢Jnn) to denote its flavor wave function.

Before presenting our perturbative QCBPQCD calcula-
tion to the decays, we would like to give a brief model-
independent analysis @— fy(980)K. For simplicity, our
analysis will only concentrate on the dominant factorizable (@ Ces | 36
parts and regard thig,(980) as the composition & so that As.6 " Ne 2N,
at the quark level the process correspondb-tesss decay. )

Since, at the quark level, the physics Br ¢K decays is Note thata, is larger thana; and agqg are much Iarger

the same aB— fo(980)K*), we first examine thepk  thanaf¥, FE© is the B—K decay form factor and=g;

mode. We start by writing the effective Hamiltonian for the denotes ( ¢K|sysd|0) annihilation effect. We neglect

b— s transition as <¢K|S'yﬂy5d|0> due to the chirality suppression. According
to the results of Ref[14] the predicted BR oBy— ¢K° is

all=c +3—C +aiQ
56 5,6 7,8 56

@) @) around~9.6x 10~ ® which is consistent with Belle’s and Ba-
eff_ 2 Var| Calm) 077+ Co(n) O3 Bar’s results given by (10:3399x10°° [15] and
2 a'=ue (8.7°1{+0.9)x 1076 [16], respectively. However, in thB
10 —f,(980)K° decay the relevant current matrix elements are
+23 Ci(w O], given by

where Vg, =V, Vy, are the products of the Cabibbo- (0ls7,,5/fo(980)=0, (Ofss|fo(980)=my,f, (4)
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where mf0(7) are the masgdecay constantof fy(980). _ 1 L e

From Egs.(1) and (4), it is clear that the situation in the (0|b(2);q(0),|B)= WL dxe ([P
fo(980)K® mode is just opposite to the casedK?, i.e., the ¢

role in the vector and scalar vertex is exchanged with each +Mg[1];) ¥5$s(X) 7

other. Hence the decay amplitude B+ f,(980)K° can be
simply written as N 1 ) |
<K|q<z>js<0).|0>=—j dxe 2P x
0 F\/* o(S)eBK \/Z_NC 0
A(By—fo(980KP) = 2r FVaf) st

X{LysPJjiPk(x)

+2fgVEalF ... (5 X
+ mi[ 5] PR(X)
- BK_ /1t IThe
whererg=m¢ /Mg, S."=(K|bs|B)/Mg and the factor of 2 +mOL ys(A_th, —1)]; LX)},
comes from Fierz transformation in th&/{A) X (V+A) 8
operator. By takingMg~m, with m, being the b-quark ®)

mass, one can expe@ ~FEX by equation of motion. 1
Comparing Eq(2) with Eq. (5), it is obvious that there is a (K*(SL)|E(Z)15(0)||0>= f dxe izP-x
0

suppression factor;=0.186 in B— f,(980)K°. Including V2N,

the factor of 2, ta.klngags)(\/AII\/I.B)/.aEIS)(\/AI.VIB).~1.5 and | X My L& s ()

f~f, and neglecting the annihilation contributions, we esti- .

mate the ratio of BiB— f,(980)K°)/Br(B— ¢K°) being TP s (X)

around 0.31. With the average value of Belle and BaBar, the R

predicted BrB— f,(980)K°) is around 2.& 10~ 5. Will the + My [ s (X} ©)

value change while we include tma content and annihila-
tion contributions? In the following we display the results in
a more serious theoretical approach.

with n_=(0,1,0,), n, =(1,0,0,), andmg being the chiral
symmetry breaking paramete®«)(x) stand for twist-2

It is known that large uncertainities are always involved inwavl_e _functlons _and tge_ remains t_)elgng ;Z ;W'Szlghw'th r:hew
the calculations of transition matrix elements while studyinge)ip ICIt expressions being given in efd4,18. thoug
exclusive hadron decays. Nevertheless, the problem will pel” meson _has three polarizations, 0”'{ the longitudinal part
come mild in the heavs meson decays because of the enor-S involved in the decays d— fo(980)K*. We note that as
mousB samples produced b factories. That is, more pre- theK meson, the d|str.|but|on amplitude 65(980)_can have
cise measurements will help the theory to pin down the™Ore _co_mpllcated spin structures. Howeveg;)smce our pur-
unknown parameters to make some predictions. In this pape?©S€ 1S just for the properties &— fo(980)K™’, we con-
we adopt the PQCD approach in which the applications t¢!der only the simplest case. Moreoverf{980) consists of
exclusive heavyB meson decays, such &—K [19], B SS mostly, the choice of E¢(6) is clearly dominant.

— mm(KK) [20-23, B— ¢m(K) [14,23, B— 77(’)K [24], The decay rates @— fy(980)K are expressed by
and B— pK [13] decays, have been studied and found that G2Mm3

all of them are consistent with the current experimental data r=——2|A]%, (10
[25,26]. In the PQCD, in order to solve the various diver- 32m

gences encountered at end point, we will include not &rly where A includes all possible components 65(980) and

resummation, for removing end—pgmt singularities, buF alsﬂopologies. As mentioned beforé(980) has the compo-
threshold resummation, for smearing the double logarithmic s ofss andmn. for diff ; tents. th litud ¢
divergence arisen from weak correctidis]. nents ofss andnn, for diterent contents, the amplitudes o

In order to satisfy the local current matrix elements with Ba— fo(980)K® andB™ —f(980)K * are written as

Eq. (4), thef,(980) meson distribution amplitude is given by ~
As=TVESO + FVi S0+,

N l 1 )
(0[a(0);a(2)|fo) = \/mfo dxeﬂxplmf[l]”q)fo(x) A= VENEED 4 foVENPD 1
c
(6) A;Z:?Vt* SePéS) +fgV¥ 3;(;3) —fgVES,+ -,
with the normalization . Y o ) )

A= TVE Nege’ + TVi Nogg’ — fk Vi Ne—fgVINg+ - - -,
f 11)

1 f (
f dxdy (x)= : . o) P o -
0 22N, respectively, wher&, ' (Ng(,)) denote the emissiotanni-

hilation) contributions of thess(nn) content from penguin
For B andK*) mesons, the corresponding distribution am-diagrams WhileS,(5)(Ne(a)) are from tree contributions. The
plitudes[14,17] are written as total decay amplitude for the neutraharged mode is de-
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scribed by A= cos¢A— +sm¢A(;:)/\/§. Because of the ENgi])(t):as(t)ai(q)(t)exq_SB(t:X:L)_SfO(thZ)],
smallness of nonfactorizable effects, we neglect to show
them in Eq.(11) and just display the factorizable contribu-
tions with emission and annihilation topologies. But we will

include their effects in our final numerical results. Accordingwhere the exponential effects denote Sudakov factors gener-

ES ()= ag(a®(t)exd — S (t,%) — Sc(t, )],

to Egs.(6)—(8), the hard amplitudes foss content are de-
rived as

1 0
SHD=167r;CeM3 fo dx,dxs fo b,db;bsdbs

X Dp(Xq,b){[Pr(X3) +2r PR (X3) + 1 X[ PR(X3)
~ (%) JIESP (1) he(x1,%5,b1 ,b3)

+2r DR (xa) ESD(tP)he(x3,X1,b3,b1)}, (12

1 ]
S;(lq): - 1&TrerCFMéf0 dX2dX3fO bzd b2b3d b3(DfO(X2)

X{[(1+X3) PR(L—X3) +(1—X3) PR (1—X3)]
XEQ(t8)ha(x2,Xs,05,b5) = [ (14 X2) PR(1—X3)]

XEQ(t2)ha(x3,%2,bg,b,)}, (13)

SP(q) — 167TrfC|: f dXZd X3f b2d b2b3d b3q)f0(x2)

X Dy (1—x3) {2ED(t8)h,(x2,%5,b2,b3)

+XEQ(tP)ha(x3,%,,bg,by)} (14)

and the results for the content oh are given by
1 )
NE{D =871 (CeM f dxldxzf b,db;b,db,
0

X Dg(x1,b1) P (Xp){(1—2x2) ENY
X (1) he(xq,Xz,b1,by)

+ 2ENG(t2) he(x2,%1,bs,by)}, (15)

1
NE{@D = — 167-rrerCFM§jo dx;dx,

X fo b;dbyb,db,@g(X1,01) Ps (X2),
X{(2+x2) ENQ(t8)he(X1, X2, b1 ,b2)
+2END (tP)he(x2,%1,by,01)}. (16)

Here, the hard part functiorts,,), mainly arising from the

propagators of hard gluon and valence quark, have included
the threshold resummation fac{dd], and the evolution fac-

tors are given by

ES(t)=ay(t)a®(t)exd — Sa(t,X1) — Sk(t,x3)],

ated by thek; resummation. Since the annihilation topolo-
gies in both contents are associated with the matrix elements
(fo(980)K [y, y5d(u)|0) and (fo(980)K[sysd(u)|0), the
difference in the different content is only from the spectator,
which is s (d or u) in the'ss(nn) component. Hencelgﬁ(%)
could be obtained froniﬁgfﬂ6 by replacingx, with 1—x, in
¢ (x2) and 1—x3 with X3 in {®(1—-x3)}. In Eq.(12), we
define thatShyd = S+ SH® and NE{D =NE{® + NELD .
The S, and N, can be obtained fron8i{® and NZ{9 by
replacing the wcagq> with a,. We note that unlike the cases
of B—PP andB— PV decays in which the chirality sup-
pression in the {—A) X (V—A) annihilation topology is
conspicuous, the contribution of EGL3) may not be small
because one twist-3 effect, such &g, is not canceled.
Also, differing fromB— PP decays, Eq(15) is opposite to
Eq. (16) in sign.

Similar to B—fy(980)K decays, the amplitudes fd3
—f(980)K*? andB ™ —f,(980)K* * can be expressed as

=TFVEKED + Vi KD+,
A= T VE XERD + FgVEXEID + - -
AL=TVEKEE + fVE KB — fgVEK,+ - - -,

+_ P P
A = Fi VEXEAD + TV XER — Fiea VE X

VA Xt -, 17)
whereK 2@ KP® - andKP(® can be obtained from5{?,
sh{@, and Sp(q’, respectively, by replacingc, ¢2, and
dr With ¢y, d)K* , and¢:<* . With the similar analysis, we
find thatXe,= —Neg and X54%, are related tK2{J)) if we
changex, and 1—-x; to 1—Xx, andxs, respectively. The&,
and X, are the same a&"{? and X5{® but the associated
WC is ay.

In our numerical calculations, tH& meson wave function
is taken ag21]

1

w2b?
CIDB(x,b)=NBx2(1—x)2exp{—§ 5

2

xMB)2

wp
where wg is the shape parameter aht is the normaliza-
tion, determined by

fg

2\2N,

Since f4(980) is a light meson, its wave function can be
defined in the frame of the light-cone and the concept of the
twist expansion can be used. Because the relevant scalar me-

1
f dxdg(x,b=0)=
0
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TABLE I. The parameters in the amplitudes withy=0.4, m3=1.7, andf=0.2 GeV for¢=0.3.

Amplitude SH9(1072) shd(107°?) S,(1072) NEW(1072) Ne(1072)
fo(980)K -1.02 0.45+i0.39 —7.41-i0.40 1.75 31.44
Amplitude KE9(1072) KPD(1072) Ka(1072) XE{W(1072) Xe(1072)
fo(980)K* -1.37 0.06+i0.40 0.83-i1.98 1.31 —31.44

son wave function has not been derived in the literature yethose at$,=0. To further understand the effect oh, we

we choose the following form: display the BRs as a function @f; in Fig. 1. Obviously, the
_ predictions are very sensitive to the contributions of iime
f component. The essential question is what rangeofis
_ _ 2 _ 2 312,04 _ _
<I>f0(x)— {(8(1=2)%+£(1-2x) 7 C3 (1~ 2%) - 3] allowed. Unfortunately, the preferablg; is still unknown,
22N, ¢ . TREBA
i.e., both smal[28] and largg 9] angle solutions exist simul-
+1.8C}1’2(1—2x)}, taneously in the literature. The former prefers the value of
s . , " , bs=42.14 57 but the latter 138+ 6°.
with C3(y) =(35y"—30y“+3)/8, C54(y)=3/2(5y°—-1), It is also interesting to look for a decay which is directly

and £=0.3-0.5 in our estimations. In order to fix the values
of wg andmy , we takewg=0.4 andml=1.7 GeV as those
in the studies of th®— K andB— K* form factors[21,27].

Explicitly, with the values above and=0.2 [7], the B

related to thexn content only such that it can tell us how the
impact of the content would be. We point out that one of the
possible decays iB* — f,(980)7". In this decay, from the

, identity of Eq.(4) the contribution from thess content van-
—1o(980) form factor is found to be 0.27(D.288 for £  jshes since it corresponds to the vector current vertex. As the
=0.3 (0.5). Using Eqsi11)—(17), the values of hard ampli- . meson is similar tK exceptSU(3) breaking effects as
tudes are shown in Table I. In addition, the decay BRS angye|| as the relevant wave functions and CKM matrix ele-

CP asymmetries Mflcp) for B—fo(980)K and B pents; the BR is estimated to be 0.25 (04806 for ¢
—fo(980)K* are shown in Table Il withps=0 and in Table  _ 350 (132°).

Il with ¢s=40° and 140°, where It seems that in spite of the uncertain allowed value of

¢s, the predicted BR oB* — f,(980)K ™ is smaller than the
Ao - central(minimal) value of 21.17 (11.03%X 10" ° reported by
AT’ Belle in which Bffy(980)—n*7 ]=2/3R with R
=I'(7rm)IT (7)) + T (KK)~0.68 [29] is used. It is clear
- ™ hai - P ; that unless there exists some other mechanism in the decay
with I (I") being the particléantiparticlg partial decay rate. e :
In both(ta)bles ?hé:PF\)/iolatitElg pElase 21\5)% is taken)f[o be processesalt is dlfflr(]:u|t té) explain the large measuredII BRrE)y
_ 790 ’ : . just considering short-distance interactions. Actually, the
¢$3=72°. From TabIeF!zd\)Ne see clearly that the sign of anni case is similar to the charmed decayBof— y,oK " with its
BR being (6.075+1.1)x 10 * [30] and (2.4-0.7)x 104

hilation contributionSL{Y is opposite toS5® so that the
BRs of B~ fo(980)K are reduced significantly. Because the[31] measured by Belle and BaBar, respectively. In order to
gree with the experimental data, the authors of R&f]

corresponding value d8L$Y in B— f,(980)K* is too small
as ShOV\./I’].In Tab]e .”’ we can understand that the mfluence % uggest that the possible rescattering effects, suctB as
the annihilation is insignificant. Also we see thatf {(980) _.D*D, B—D.D*, andB—D*D* decays via triangle dia-

is ss mostly, BRs ofB— f,(980)K are only around 10°. s ST s
On the contrary, they could be over %00 ° at a large

angle of¢,; whereas BRs foB— f,(980)K* are similar to TABLE IIl. BRs and CPAs of B— fo(980)K*) decays with the
same parameters as Table | but by takihg=40° and 140°.

=
—

=

TABLE II. BRs of B— f(980)K*) without and with annihila-

— 6

tion contributions by taking the same values of parameters as Tabllglode bs BR(X10"7) CPA (%)

I. The CPAs with annihilation effects are also shown. B— fo(980)K° 40° 114 0

BR(X10 140° 4.70 0

+ + o _

Mode no annihilation BRK10°%) cCPa(w) B 1o(980K 40 1.25 16.94
140° 5.94 1.58

B— fo(980)K° 2.95 1.39 0 B— f(980)K*° 40° 0.85 0

B"—fo(980)K™* 3.13 1.57 6.50 140° 6.70 0
B— f(980)K*© 5.16 5.40 0 Bt —fo(980)K* * 40° 1.51 11.31
B"—f(980)K* * 5.49 5.76 1.48 140° 6.30 —12.19
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~
S

Br(B—>f0(980)K*)>< 10°
N

Co
T

LN

FIG. 1. BRs of (a B
—fp(980)K and (b) B
—fo(980K™*) as a function of
¢s. The bold (thin) solid lines
stand for neutral modes witlf

=0.3(0.5) while the dashed lines
are for charged modes.

R 7 R T 0
" 0,(deg)
grams with the strong couplings ajDDXCo, 9D*D* y g i A(gd_’f)
Op* Dy, ©tc., could enhance the BR and reach (1.1-3.2) A=nme AB,T)’ (19

X 10" 4. We find that the mechanism could also applyBto
—fo(980)K*) decays by replacing., with f,(980) and
taking the proper couplings such 5% p,fy(980): eIC. The Wheref expresses th€P final state classified byy=*+1,
illustrated diagrams are displayed in Fig. 2. Since the differAtp (ATE) denotes the directmixing-induced CP viola-
ences betweefi,(980)K*) and y.oK* modes are only re- tion and A[B(By)—f] are theB(B) meson decay ampli-
lated to the strong coupling constants, by following the pro-tudes andp,=arg(Vi;Vy,). From Eq.(19), we know that if
cedure of Ref.[32] and taking proper values of strong noCP violating phase is involved in the decay amplitude, the
coupling constants, one expects that the rescattering effectiirect CP violating observable will vanish and\
in Fig. 2 can reack@(lO‘S) easily. In addition, we note that, = e~2¢1, Consequently, the mixing-induce@P asymme-
as the possibility of a gluonium state i [24,33 was pro- try is only related to sin@,. Fortunately, since there is no
posed to explain the tendency of large BR fgrproduction  tree contributionB— f(980)Kg, decays satisfy the crite-
[34], it is also possible to understarBi—f,(980)K decays rion so that the mixing-inducedCP asymmetry of B
by consideringg—g— f,(980) coupling. —f(980)Ks, is expected to be the same as that measured
Finally, it is worth mentioning that like the decays Bf in B—J/yKs_ decays, except a small derivation from
—JIyKg andB— ¢Kg , B—T(980)Ks, can be another higher order contributiong35].
outstanding candidate for the observation of the time- We have studied,(980) scalar meson production B
dependenCP asymmetry, defined by meson decays by assuming that its flavor contentssaead
nn states. We have found that the rolerof on the BRs of
B—f,(980)K is crucial. We have also pointed out that non-
vanishing BR oB* — f,(980)7 " could test the existence of
the nn content although the expected BR is less than®10

F(t)—F(t)

— —AYL(By— f AM
F(t)+F(t) p(Bg—f)cogAM4t)

— AT (By—f)sin(AMy), (18 If the BRs of B—f(980)K*) are measured to be 18 in
_ experiments, the results could be the evidence of existing
with rescattering effects in heaw meson decays. On the other
5 hand, although we concentrate on e states off ;(980),
Adit 1—|\| o ) o el
dr(By—f)= T we do not exclude the possibilities of four-quarkqq and
1+[\| gluonium states. The possibilities could be clarified by other
experiments, such a¢— 7mm(KK)y [36], DS 7 7wt 7~
By f) = 2Imx [37] decays, an® ™ — f,(980)7" with the measured BR of
d 1+\[2 O(10°%). Furthermore, the more general approach to deal
S K™ s
A
c N
K*
K'f, ‘

FIG. 2. Possible rescattering diagrams contributingte f ,(980)K *).
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with the decays oB— f(980)K can refer to Ref[38]. We
have also suggested that time-dependeRtasymmetry in
B—f,(980)Ks, could be a new explorer of sinfg. We
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