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Study of semileptonic decayB8*— 5"l v
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We study the semileptonic decaBs — ()1 v, which are suggested to be used to extract the hadronic form
factors ofB meson decays tg(#’) and the angle ofj- " mixing. This would be of great benefit to theoretical
studies ofB nonleptonic decays involvingg and »’, and could lead to a reliable and complementary deter-
mination of V,,. The branching ratios are estimated to BéB~— 5(")lv)=4.32+0.83 (2.10-0.40)

X 1073, which could be extensively studied experimentally at BaBar and Belle.
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SemileptonidB decays are a subject of considerable inter-where the hadronic transition matrix can be parametrized as
ests that has been extensively studied with applications of
various nonperturbative theoretical frameworks. They offex P(pp)[Uy,(1— ys5)b|B(pg))
the most direct method to determine the weak mixing angles BpP 2 BP, 2
and to probe the strong interaction confinement phenomenol- 7+ (d9)(Ps+Pp),+F="7(A%)(Ps—Pp) 4 - @
ogy of hadronic transitions. Recently,.,, has been deter- BoP, 2
mined from semileptoni decays and has become the third H€r€;d=Pps—Pp, andF_ 7(q%) are the relevant form fac-
most accurately measured Cabibbo-Kobayashi-Maskawi's: Using these notations, the double differential decay
(CKM) matrix elemenf1]. The CLEO Collaboratiofi2] has ~ Width is
made measurements of the dec&fs—= | v andp | v

) dI'(B—Plv) 1
with the results _n2 2 B—P, 2 (2
dEqu2 GF|VUb| 16’1TSMB |F+ (q )|
B(B®— 717 »)=(1.8+0.4=0.3=0.2 X 10 %, P ’ .
X[2E|(mg+q°—mp) —mg(4E7+g9)],

B(B°—p " v)=(2.57+0.29"33%+0.41) x 10" 4, 3)

and where we have neglected the lepton mass.
oot L, To calculate the semileptonic decay width, we have to
[V =(3.25+0.147 55+ 0.55 X 10" >, know precisely the form factos®~P(g?), which challenge

_ ) our poor knowledge of nonperturbative QCD. In recent
It is known that extractingV,| from the measured decay years, considerable progress has been made in the calcula-
rates requires significant input from theoretical estimationsjons of FB-7(g?) with various theoretical approaches:
of the hadronic form factors which involve complex strong quark modelg3], QCD sum ruleg4,5], and lattice QCD
interaction dynamics. With BaBar and Belle taking data, Weg,7]. Combining the results of different approaches, say,
are entering a new era 8fphysics. Prospects for an accurate . jictions of QCD sum rules in the log? region and of
measurement of these decay modes become excellent. tice QCD in the highg? region, we could possibly obtain
can foresee that the decaBs$ — »l v and 'l v could be also a good theoretical description 6&—»77((12) in the wholeg?

observed aB factories in the near future. In this Brief Re- . . .
. region. However, both QCD sum-rule and lattice calculations
port, we study the decay®™— »lv and 'l v to show that 9 Q

B— (") 2 . .
many interesting physical observables can be extracted fro@f the form factors=5™7 '(q%) are not yet available in the

measurements of these decays. literature. Therefore, we will use §8)r symmetry to relate
Amplitudes of exclusive semileptonB—Ply (1=, e them toF%~7(q%). For »-5' mixing, we adopt the scheme
andP=1, 5, 7') can be written as (8,9,10

G ) =coseb| mq) — sin | ms),
M(B—Plv)=—Vply,(1=vys)v
V2 |7y =sin¢| ny) +cosé| 7s), (4)

X{(P uy*(1—ys5)b|B , 1 — _
(P(pe)[Uy“(1=¥5)b|B(pe)). (1 where|74)=(uu+dd)/v2, |ns)=ss and ¢=39.3° is the

fitted mixing angle[9]. Assuming SW3)r symmetry, the

— (,) —
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0556-2821/2001/64)/0175014)/$20.00 65017501-1 ©2001 The American Physical Society



BRIEF REPORTS
F2=7(9?%) =cos¢FE(g?),

F87 () =singF2"(g?). (5)
The form factor=8~"(g?) is known to be dominated bg*
pole in the small-recoil regiog®~(mg—m,)? and to scale
asF2~"(g?=m3)~ Jmg in the heavy quark limif11]. Re-
cent studie$7,12,13 imply the dipole behavior foF . (g?)

in the large-recoil region?~0. The easiest way to extrapo-
late theq? dependence is to suppose the dipole behavior for

F.(a°) [6,14:
FBHW(O)
(1—-0%mg,)?

wheremgs« is the pole mass oB* (1) associated with the
weak current induced by the decay.
Becirevic and KaidaloWBK) [15] have also proposed a

F3 (%)= (dipole), (6)
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CB(l aBﬂ')

F27(a%)=
(1- qzlmg*)(l ag.Q /mB*)

)

We can read from herB%?~7"(0)=cg(1— ag,). Using BK
parametrization to fit their light-cone QCD sum ryleCSR)
calculations, Khodjamiriaret al. found ag,=0.32" 323 and
FB~7(0)=0.28+0.05 [4]. The recent results from lattice
QCD are[16]

ag,=0.40+0.15, F2~7(0)=0.26x0.05 (lattice I,

ag,=0.45-0.17, F277(0)=0.28+0.06 (lattice II),
8

where the two sets of resultittices | and 1) correspond to
two different methods used in R4fL6].
To eliminate the effect of large uncertainty \f,,, we

numerical parametrization which satisfies the heavy quarkelate the branching rati®— 7)1 v to B(B~— «°l ), and

scaling lawg 11] and most of the known constrairts5],

get

(mg—m,)? o
BB gl o daFETT(@) AL (mG + m] - g?)? - 4mgmT 2
Rl:B(Bf Wﬁlv):|cos¢|2 ( )2
- m 7m7T — 1T
7 e (@ AL+ 77 a1
0.527 (dipole),
,_ | 0813 (LCSR), o
= X
[costI™ 1 0802 (lattice 1), ©
0.794 (lattice 1),
(m -m ,)2 — T
BB 'l3) fo © A FE (@) PL(mE+m?, —g?)2 - 4mgm? 132
RZ B(B —>7T0| V) |Sm¢|2
JO "GP RS (q?) P (i )2 a2
0.310 (dipole),
25, 0.599 (LCSR), 10
=lsin|*x 0.584 (lattice ), (10
0.573 (lattice II).
|
Using;4 the CLEO r(_asult[2],o B(I3+°—>7T+Iv)=_(1.8i00.6) (1.12+0.37x10°° (dipole),
X 10 K andothe relation®B(B°— 7" 1v)=2B(B~ — 7’1 v), (2.16-0.72x10°° (LCSR),
and ¢=39.3°, we get B(B™—7'lv)= 12)
(2.100.70 X 10> (lattice I,
(2.84+0.95%10°° (dipole), (2.06+0.68x10°° (lattice II).
(4.38-1.46x10° (LCSR), We can see that the predictions of LCSR form factetk
B(B™—nplv)= . . (11 agree very well with those of lattices | and 1l QCRS6].
(4.32+1.44x 10 (lattice 1), Averaging predictions from lattice QCD and LCSR we
(4.28+1.42x10°° (lattice II), obtain
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3.5 tary to the determination o¥,, from other exclusive decay
3 modes, e.g., fronB— m(p)l v.
L 2.5 In Fig. 1, we plot theg? distributions and the lepton en-
5 ergy E, distributions of the decayB™— 5{")l v, where we
X have normalized the form factors to gi%B ™~ — 7%l v)=9
Fi X 10°°. We find that both LCSR and lattice QCD predict
CE very consistent lepton energy distributions as well as consis-
0.5 tent decay rates for the decays. Integrating out the lepton
o 5 0 5 o energy in Eq(3), one obtains
<:12GeV2
. dI'(B—Plv)  GE|Vypl? R
de? 1923m3 !+
4
T, X[(m3+m3—q?)2—4m3m3]1%2,
> (15
y 2
B
1 At maximum recoil point ¢>=0), we have
0 0.5 1 1.5 2 2.5 dF(BHn(')Iv)/dqz‘
E, GeV 4_dF(Bi—>7TOI V)/dq2|q2:0
FIG. 1. The spectraB/dg? as function ofg? and the spectra o2
dB/dE, as a function of the electron ener@y. The thick-solid, (mé—mf](,))3 FB—7 (0)‘
long-dashed, and short-dashed curves are the distributions of = (mz_mz)g Bo a0 ‘ ) (16)
dB(B— 7lv) with LCSR[4] and lattices and Il) QCD [16] form B~ Mz | F377(0)
factors, and the thin curves are those d&#(B— 7'lv).
. » dF(B—w;'lv)/dqz‘
B~ lv)=(4.32-0.83 X 10>, = =
B(B™— nlv)=( 3 *dI(B™—nln/de?| ,_,
B(B~— 7'lv)=(2.10=0.40 X 10" °. 13 (), ]2
We note that the ratioR,; andR, are independent of the - (mé—mfy)S FE_’ 7(0) |
value ofFE_’”(O), butvery sensitive to the details of it . 2
dependence. We also note that to give the same numerical _(mB—mﬂ,)3 )
predictions forB— 7l v, the F8~7(0) for dipole parametri- T (MmE—m?)3 |cote|“. (17
zation should be smaller than that for BK parametrization. If K
B—m H H H
the same valllueF+ (0). IS used in both BK and dipole As indicated by QCD sum-rule calculatiof%,5], the value
parametrizations, one will find B (1) ) o
of F577 (g?) is rather stable under the variation qf
BYPole B~ 7201 1) when the value ofj? is small. So the ratio®, andRg can
I M K (14)  be safely extrapolated to a few G&Wo make the phase
B-CSRB™— 70v)

spaces sizable. Once the ratios are measured, they can be

which implies that the dipole form factor will overestimate used to extract the form factd¥$ ”(')(0) and the mixing
the decay rates becausemeson is very light and the lepton angle ¢ from the above relations.

pair invariant massg? can be very near thB pole. There- In the literature, semileptonic decalgs— »(7')lv have
fore, theoretical predictions f@— v (andB— 5{)lv in ~ been taken as sources of extractingy’ mixing angle and
turn) are very sensitive to thg? dependence df%~7(g?).  testing the mixing schemd$,17]. We note that the decays
It is well known that the extraction of,, from decay rates Ds— 7(7')lv involve strange contentsys) of 7(#'), and

of B— m(p)l v suffers from large theoretical uncertainties in B~ — 7(7') v involve nonstrange contentsq) of 7(7’),

the hadronic form factors. Testing the predictions and eventhereforeB~— #5(#%’)Iv and Ds— 7(5’)lv could provide
tual measurements off'/dq? can provide valuable informa- combined testing of &-»' mixing scheme. .

tion on the hadronic form factors governibg-ulv decays, As it is well known thaty and " are too complicated
and hence lead to a reliable determination\tf,. With ~ Oobjects to be reliably described within QCD yet, it may be
much more data to arrive soon froffactories, theg® and ~ Very hard to calculate the transition form factors
the lepton energy distributions can be precisely measureﬁ?ﬁ”(/)(qz) within the frameworks of lattice QCD and QCD
and be used to distinguish these form factor parametrizasum rules. The experimental extraction of those form factors
tions, and to extracV,,. The determination oY, from B will improve our theoretical understanding of many interest-
— 7)1y would represent a powerful method complemen-ing nonleptonicB decay modes involvingy and %', and
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might shed light on the problem, currently under discussion To conclude, we studied semileptonic decays”

[18], of the puzzling large branching ratios Bf—~K#' ob-  — 5(%’)I* v, which can be used to extract the hadronic form

served by CLE(19]. factors ofB meson decays tg(7') and the angle of- '
Finally, we note a few experimental comments: The backmixing. The branching ratios are found to bB(B~

ground forB— 7{")l» would be much smaller than that of ., ;(5")Iv)=4.32+0.83(2.10- 0.40)x 10" 5.

B— #lv, due to much lower multiplicity, since the random

background caused b§— #X is about an order of magni-

tude smaller than that bB— 7X. The reconstruction of The authors thank G. Cvetic, Hongjoo Kim, and Y. J.

—yy in experimental analyses may be much easier thaiKwon for a careful reading of the manuscript and their valu-

m%—yy, even though the signal/noise ratio is worse, be-able comments. The work of C.S.K. was supported by Grant

cause the mass of is much bigger than that af®. And we  No. 2000-015-DP0077 of the KRF. Y.Y. is supported by the

could even require the momentum gfto be larger than 1 U.S.-Israel Binational Science Foundation and the Israel

GeV to remove combinatorial backgrounds substantially. Science Foundation.
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