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B.—K form factor in the whole kinematically accessible range
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A systematic analysis is presented of Bie~K form factorf (g2) in the whole range of momentum transfer
g2, which would be useful in analyzing the future dataBy-K decays and extractiny,,|. With a modified
QCD light cone sum ruldLCSR) approach, in which the contributions cancel out from the twist 3 wave
functions of theK meson, we investigate in detail the behaviorf 6§%) at small and intermediatg?® and the
nonperturbative quantityg«gg= BK (fg+ is the decay constant &* meson andyg« BK the B*B¢K strong
coupling, whose numerical result is used to the studydependence of(q?) at largeq? in the single pole
approximation. Based on these findings, a form factor model from the best fit is formulated, which applies to
the calculation orf(g?) in the whole kinematically accessible range. Also, a comparison is made with the
standard LCSR predictions.
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A study on heavy-to-light exclusive processes plays aigated completely in the literature. Explicitly, this problem
complementary role in the determination of the fundamentatan be avoided in our approafh,5]. On the other hand, to
parameters of the standard mod8M) and in the develop- calculate the semileptonic widths one must find another way
ment of QCD theory. At present, an important task in the SMto estimate the form factors at the large momentum transfer
is to extract the Cabibbo-Kobayashi-Maskaw2KM) pa- mﬁ—ZmbAQCD<q2$(mBS— mk)2. In this paper, we inves-
rameter|Vp|. Recently, a new QCD factorization formula tigate theBs— K form factorf(qg?) in the whole range of the
[1] has been proposed for nonleptoBiclecays and has been momentum transfer with the improved LCSR and a pole
applied to discuss the phenomenology®f: 77, 7K, and  model.
7D. This approach, however, is not adequate to extigi We start with the definition of th&;—K form factors
from the relevant data, for the effects of the long distar!ca‘(qz) and f(g?): (K(p)[uy,b|B(p+a))=2f(a*)p,
QCD are anyway difficult to control in exclusive nonleptonic +7(g?)q, . ForBs—KI7 transitions, a$=e,x we can ne-
processes. Semileptoricdecays into a light meson, induced glect the contributions fromi(g?) due to the smaliness of

by the b—u transition, are regarded as the most promisingme and therefore only the form factd(q?) is relevant. It
processes suitable for such a purpose. It is the QCD lightzgp, precisely be represented as

cone sum ruléLCSR) approacH 2] that can deal effectively
with this type of decay channel. For a detailed description of

this method, see Reff3]. However, a problem to be solved is f(gq?) = ToxGar ok 5 Jm p(a)zda

how to control the pollution by higher twist, especially twist 2mgs (1-g’/mg,)  Jopl—0q%o

3 wave functions, which are not well understood and whose

influence on the sum rules is considerable in most cases. In =Fs(q?)+Fu(g?), (1)

Refs.[4,5], an improved LCSR approach has been worked
out, to eliminate twist 3 wave functions and enhanc_e theyith fo« being the decay constant Bf mesongg«s « the
reliability of sum rule calculations, and has been applied to . ) % s
reexamine heavy-to-light form factors in the region of mo_s_trong coupling  defined E)y(B (a,€)K(p)[Bs(p+0))
mentum transfer &g?<mZ—2m,Acp, Where the opera- G E‘sK(p'.e)’ M the B meson Mass, ang(o) 2a
tor product expansiofOPE goes effectively in powers of spectral function WI'Fh the threshold,. Obviously,Fs(g9)
small light-cone distance?. stands for the contribution from the ground stBte meson,
Most previous work$3,4,6—§ are devoted to discussing whigh describes the principal behavior tq?) aroundg? .
B—ar,p semileptonic transitions within the context of =dmaw @ndFy(q?) parametrizes the higher state effects in
LCSR, with the aim to extractV,,|. A study onB.—K  the B* channel. As we have known, the form factt{q?)
semileptonic processes is equally important. As comparefnay be estimated for the small and intermediate momentum
with the caseB— ,p, however, thdB,—K form factors are  transfers by means of LCSR, and also the nonperturbative
more difficult to evaluate, for S(3) breaking corrections to Parameterfg«gg«p i is accessible within the same frame-
the twist 3 wave functions d meson have not been inves- work. Accordingly, modeling the higher state contributions
by a certain assumption and then fitting Eg). to its LCSR
resultf, -(g?) in the region accessible to the light-cone OPE,
*Email address: rxj@ytu.edu.cn we might derive the form factoir(g?) in the total kinemati-
"Mailing address. cal range to a better accuracy. For this purpose, we follow
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the procedure in Refd4,5] and consider a chiral current
correlator used for a LCSR sum rule calculationfer(g?)
and fB*gB* BK »

I,(p,q) =i f d*x €K (p)| T{U(X) ¥,.(1+ v5)b(X),
b(0)i(1+ y5)s(0)}|0)

=F (@2 (p+a))p,+F @ (p+a)a,,.
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(51,52)0 (51— 5)O(S,—Sp)
JJP212(1 ZOdSldSZ. @

sy (p+a)?]

Several definite interpretations for Eq®) and (4) are in
order. The two dispersion integrals include, in addition to the
contributions of the resonances carrying the same quantum
numbers as the corresponding ground states in the pole
terms, the effects due to the relevant orbit-excBeghesons.
Taking it into account that these orbit-excited states are far
from the lowestB; and B* mesons, and the lowest two of
them are slightly below the first excit®] andB* mesons in
mass, their contributions can effectively absorbed into a dis-
persion integral so that thresholdg and s; should corre-
spond to the squared masses of the lowes8Q and 1" B
mesons, respectively. On the other hand, the vector current

Inserting complete sets of the relevant intermediate statesy,b and axial-vector curreniy,ysb couple also to 0

|BH) in Eq. (2) and using the definitiong0[si ysb|Bs)
=[mg /(my+mg)]fg_ and (0[Uy,b|B*)=mgfee,, we
have the two hadronlc representations of the invariant func:
tion F(q%,(p+9)?),

2fe(g?) mésf Bs
(Mmy+mg[mg_—(p+0a)?]

H
= p1(9)
| e o

F@%(p+q)?)=

2
Mg Mg+ g fpxgprp

(My+mg) (Mg, —g?)[mg_— (p+a)?]

FY@%(p+q)?)=

and 0 B mesons, respectively, which should be considered
in Eq. (4). The invariant function, however, does not receive
such a contribution as we have checked. Therefore it is safe
‘o separate the hadronic expressléfﬁ(q ,(p+q)?) into a
pole term and a dispersion integral.

The remaining task is to calculate the correlator in QCD
theory in order to obtain the desired sum rules. To this end,
we work in the large spacelike momentum regiong: (
+0)?<0 for the f (g% case andy®><0, (p+q)2<0 for
the fBSfB*gB*BsK case, so that the light-cone OPE can be
used for the correlator under consideration. Making the Borel
improvements on _the vyielded theoretical expression
FOP(q?, (p+a))—F1°%(a?,M?),  FO%q?(p+0a)?)
—F,%P(M3,M3), and then matching them onto the indi-
vidual Borel improved hadronic forms via the use of the
quark-hadron duality ansatz, the final sum rulesffei(g?)
andggx Bk, 10 twist-4 accuracy, read, respectively,

My (Mp+my) 2 02 du B 4m?
f(qz)ZTBstemBs/M |L e LMo (@ umyL-u) /M) o (1) ;2 M491(U) usz g2(v)
BS
2 (2 o2y oa 2 ~
Xdv| 1+ ” f fDa. 5 Mz ) -t G- m - BB 20 () + 25 ()~ )

So

1 dgi(A)

~P(e)]—4mie %o/’

(mp—q?)?

mp+q?

%
1+ M2 )gl(A)_

(so—g?)(mi—g?) du

mp+q?

_Ze—Sole

(A)—

(S0— o) (m2—q?) 22

2mb(mb+ms)fK (m +m
mB mB*

12m2
fg fexOprp k= g*)

4m2 12
X | 92(1/2) - (91(1/2) . gz(v)dv

_<P|(ai)—'¢||(ai)]“:

1
1+
(mﬁ—qz)( mp— g

so— a2\ \ [a
1+ OMZ ))fo go(v)dov

} : ®)

— 2 2 e " 2 2 N
M2[e—(mb+mK/4>/M2_e—sO/MZ] ox(1/2)+ ef(mb+mK/4)/M2

1/2 1-a; dag
f dalf “ 20, (a)+ 25, (@)

12— ay ag

(6)
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where ¢ (u) is the twist-2 wave function, while the others their central values. For the produfgsz*gB* BK » the re-
have twist 4, and we have used the definitiogsa;  sulting sum rule isfg fg+gg«p =0.55GeV, the uncer-
+aas,  A=(my—g’)/(so—g*—mg), M*=MIM%/(M3 : ;

tainty due toM 2 being +4%. Taking its central value, we get
—H\/Ig), and Daj=da da,dazd(l—a;—az—ajz). It ¥ g > d d

_ - Og+px=29. TO evaluate better thB* pole contribution in
should be understood that in the derivation of g} M, Eq. (1), however, we would give a direct sum rule result for

=M has been taken due to the fact tBytandB* mesons ¢ +ggxek, Which can be obtained utilizing the analytic

are nearly degenerate in mass, which renders the continuu : . .
subtraction reduced to a simple replacemen orm instead of the numerical result for the two-point sum

— — le for f in Eq. (6). The result is fgxQg*
—(m24+m2/4) M2 o~ (M2+me4)IM2 _ o~ syM? : ru Bs B*UB*B K
f , tb2 tK —e T € for the leading  _5 57 419 GeV, depending on the Borel parameters. The
wist 2 term. : . um rule predictiorf, c(g?), together with that from th&*
At this point, we put once again an emphasis on thaf’ predictiort, ¢(q ), together wit ) -
' pole approximation, is illustrated in Fig. 1. It is explicitly

different from the existing LCSR calculations, the twist-3 demonstrated that a perfect match between them appears at
wave functions make precisely a vanishing contribution to 2 15_20 GeV} P PP

the correlator we choose. This is essentially important fo The influence on the sum rules should be investigated in

enhancing precision of the LCSR calculation. detail from several important sources of uncertainty: the

We turn now to the numerical discussions on the suny . A X
rules.B channel parameters entering the sum rules aré thgh’:s; zcglr?;ﬁ):tion ;ﬁ&p;lltude;anéut)r],e tih?;:r:lélg]a:\?;naéter
y B B* » p

quark massn,, B meson masseasig_ andmg« , decay con- ) . i
stantsfg_andfg«, and the threshold paramet®y. We take So. Concerning the I|ght cone wave functlc_mfk(u),_ there

s are some determinations other than that in Ef).in the
Mg =5.369 GeV,mg.«=5.325 GeV, andn,=4.8 GeV. |ierature. To investigate the sensitivity of the sum rules to
As for the decay constantg_andfg« , we have to reanalyze the choice of the nonasymptotic coefficientsgn(u), we
them in the two-point QCD sum rule approachiéss] with consider the two models suggested in RgT§.and[8], and
chiral current correlators, to keep a consistency with the sungonfront the resulting sum rules with ours. If adopting(u)
rules in question. The results are found to U@S in Ref. [7], the resulting changes amount +8——9 % for
~0.142 GeV andfg:=0.132 GeV, as the threshold pa- thefic(d?) case and tor5% for thefgsggx g« case. Almost
rameters,=34 Ge\? corresponding to the mean value of the same situation exists for that used in R8{. Therefore
squared masses of the lowest 8, and 1'B mesons. For the uncertainties caused hyk(u) may be estimated at a
the decay constant &€ meson and mass sfquark, we use considerably small level. As for thB channel parameters
fk=0.16 GeV andn,=0.15 GeV. The important point is M, st, fg«, andsy, considering a correlated variation in
to specify the set of the light cone wave functions of Kie the individually allowed ranges would give sufficient infor-
meson. Unlike the case of the meson, SB) breaking ef- mation on the uncertainties induced by them. This can be
fects need considering for the distribution amplitudesKof done in such a way where letting, vary from 4.7 to 4.9
meson. In the wor_k, we use the _model pres_ented in FRéf.  GeV, we observe the behavior 8f-(q?) andfg«gg« B.K by
for the leading twist wave function, which is based on anyeqiring that the relevant decay constants take only the best
expansion over orthogonal Gegenbauer polynomials with Coitting values. We find that such an effect amounts to 6 and

efficients determined by means of QCD sum rules. The exgo, “respectively. At present, the total uncertainties in
plicit expression is

ek(U)=6u(1-u){1+1.g(2u—1)*~ §] R |

—0.52u—-1)[1+1.2[(2u—1)%>—= 211}, (V)

at the scaleup,= \/szS— mbz, measuring the mean virtuality 125 |
of theb quark. For the twist 4 wave functions, we neglect the '
SU(3) breaking effects and utilize the same forms as those of 075 -
the = meson investigated in Ref10]. s
Having fixed the input parameters, one must look for a 025 F
reliable range of the Borel parametdvs® and M2, which S N N FRETEN TR R T
can be determined by the standard procedure. The fiducial g(Gev?)

intervals are found to be 8M*<17 GeV, depending FIG. 1. TheBs—K form factor f(q?) in the total kinematical

slightly on ¢? for q.2:0_17 Ge\;. and 5<M? range. The solid line denotes the LCSR redylt(q?), which is
<10 GeV. In the two “windows,” the twist 4 wave func- rejiable for 0<q2<17 Ge\E. The dotted line expresses tB& pole
tions contribute less than 9 and 7%, and the continuum statggediction suitable for largg2. The best fit of Eq(8) to fLe(g?) is

at the levels lower than 25 and 22%, respectively. The sumlustrated by the dashed line. It should be understood that the plot-
rule results forf, (g% show a weak dependence MY up  ted curves correspond to the central values of all the relevant pa-
to g?=17 Gel?, varying between-3 and+5% relative to  rameters.
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fLc(g?) and fg«gpg« Bk Can respectively be estimated to be  Also, it is worthwhile to look roughly into SB) breaking
20% and 18%, by adding up linearly all the considered er&ffects in heavy to light decays by considering the ratio of
rors. the derivedBs—K form factor over the corresponding

It is important and interesting to make a comparison of—m one. TheB— 7 form factor has already been obtained
our sum rule results and those from the standard LCSR basd@r small and intermediatg? in the improved LCSR ap-
on the correlator of vector and pseudoscalar currents, whicproach in Ref.[4]. Using all the same methods as in the
are easy to obtain using the twist 3 wave functions suggestegresent case, we can understand its behavior at trged
in Ref. [11], leaving the twist 4 distribution amplitudes un- further get a parametrization holding for the total kinematical
changed and making a corresponding replacement of theange. For the common kinematical region to the two pro-
other relevant input parameters in EG89) and (44) of the  cesses, the resulting ratios, a comparable result 1.05-1.15
second part of Refl6]. We observe that the standard ap- with that from the standard approach, favor a smal(®U
proach gives the same matching range as in our case and thgeaking effect.
resulting deviations from our predictions turn out to be be- \ve have given a detailed discussion on Bie>K form
tween—10% and-—15%, depending og?, in the total kine-  factor f(q?) in the whole kinematical region. To avoid the
matically accessible region. This denotes that both apgoniamination with the twist 3 wave functions, in which
proaches are essentially compatible with each other withi@;u(:g) breaking corrections have not been analyzed system-

the available errors. . . : ) .
. i - . . atically, an improved LCSR approach with some kind of chi-
With the yielded findings we would give a specific Param- .| current correlator has been applied to estimate the form

etrization forf(qg?) applicable to the whole kinematical re- 2 : . :
gion, which is helpful for the future practical application. Lactt'orch(q g.ta; small and |nte.rmed|?tﬂi.'Thetn.on5i‘r3ti|r
Assuming the higher state contribution in E@) to obey °2atve quantityle«Jg«p, an Important input in

FH(qz)za/(l—qulmé*—cq4/mé*), we have a model for Pole model forf(g?), has also been calculated within the
the form factorf (q?), same framework and the sum rule result has been adopted to

study the behavior of (g%) at largeq?. We find that the
resultingf (g% matches quite well with the estimate from
H(q?) = foxOp+B K N a the B* pole model atq?=15-20 GeV. A comparison

q 2mB*(1_q2/m§*) 1— qulmé* —cq4/m§* : shows that our predictions are in basic agreement with those

(8) from the standard LCSR. Based on our findings, a model for

f(q?) has been worked out, which is applicable to the total
kinematically accessible region. The results presented here
would be used as analyzing the future dateBgr>K decays

The parametera can easily be fixed at-0.07, using the

H 2
c_entral valu%s off c(0) ar]de*gB*BsK' In thg reglonq and extractingV,|. A future lattice calculation of thé
=0-18 GeV, the best fit of E_q.(82) to fc(q%) yleldszb —K form factors, which is available for largg?, will pro-
=1.11 andc= —8.33. The resulting” dependence df(q”)  ide a direct test of our predictions. The same approach ap-

is demonstrated in Fig. 1 too, for a comparison. It tums oufjies also to discussions of other heavy to light processes.
that the fitting results reproduce precisely the LCSR predic-

tion up tog?=18 Ge\? and support considerably the single  This work was supported in part by the National Science
pole description of th®,— K form factorf(g?) at largeq?. Foundation of China.
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