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SemileptonicB— ar decay in a constituent quark-meson model
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We evaluate the form factors describing the exclusive d&ayr| v by using a constituent quark-meson
model based on an effective quark-meson Lagrangian. The model allows for an expansion in the pion momenta
and we consider terms up to the first order in the pion field derivatives. We compute the leading terms in the
soft pion limit and consider corrections to this limit.

PACS numbs(s): 13.20.He, 12.39.Fe, 12.39.Hg

The investigation of the semileptonic decBy— mlv is We consider the weak current matrix element for the
relevant for the extraction of the Kobayashi-Maskawa matrixsemileptonic B— 7 transition which is given by =p
elementV,,. The analysis of this exclusive decay mode —4Q,)
would offer a method alternative to the inclusive semilep-
tonic B decay for the study of the— u transition. A precise
measurement of this process is one of the main aims of the{™(d-)|V*(Q)|B(p))=
future B factories.

On the theoretical side this decay process has received a
lot of attention in the literaturésee, for example, the review -
in [1,2]) since it offers an example of a heavy-to-light quark

transition computable by the presently available theoretical . ) .
methods. with F1(0)=F(0). Thecalculation of the semileptonic pro-

The present paper is devoted to the study of e C€SS proceeds through the evaluation of the diagrams in Figs.
—.7lv decay mode in the framework of the constituent-l’ 2, and 3. Figure 1 gives rise to a nonderivative coupling.

) : - Figures Za) and Zb) are polar diagrams where the pion is
quark-mesoriCQM) model[3]. In this model the transition introduced through a derivative interaction term: in Fi¢p)2

. . . . .
?mphtudr(]aj I?rﬁt ?;]/aluz?]ted rby (;fmrr])ugrlg d|agrr;1r|’ns N VI\\/AhI?rEhe intermediate particle is the vector meson particle belong-
cavy and light mesons are attached 1o quark 'oops. Vo qhg to theH heavy meson multiplet; in Fig.(B) the interme-
over, the light chiral symmetry restrictions and the heavydiate particle is the scalad{=0"%) meson particle belong-

quark spin-flavor symmetry dictated by the heavy-quark ef—Ing to the positive parityS heavy meson multipletthis

fective theory(HQET) are both implemented. The advantage mtiplet is built similarly toH and contains also an axial

of such a description is the reduced number of free paramzector mesord®=1+ statd. The diagram in Fig. @) repre-

eters with respect to an effective Lagrangian at the mesoBents only a correction to the chiral symmetry limit. To ob-

level with no dynamical assumptiofg]. tain the contribution of Fig. 1, an expansion of the chiral
A short glossary, useful to go through the results reportegotated light quark fielgy up to the first order inr is needed

here, is in order. We cal the field representing the low- [3,6]. In the case of Fig. 2 and Fig. 3 the same expansion is

lying heavy meson doublet (Q17) [5], Z, the heavy field truncated at the zero order. Thefield, as defined ifi6], is

renormalization constant, induced by loop effects, @angd  given by y= &q beingq the usual spinor field describing the

the difference between thid meson doublet mass and the light degrees of freedom andé=e'™f», with f

mass of the constituent heavy quarky, is an adjustable =130 MeV.

parameter of the model and we restrict th,=0.4 The diagram in Fig. 1 produces a result proportional to

+0.1 GeV since only this range of values allows for a goodthe leptonicB-decay constant; its predictions are expected to

phenomenology of semileptonic weak dec#&fs a discus-

sion sed 3]). For the definition of the model, it is important

to fix the regularization procedure allowing to calculate ex- q

plicitly the quark loop integrals. We use the Schwinger

proper time regularization method, assuming, as ultraviolet

2m2

m"IT B 2
(p+g*+ TQ” F1(g9)

7 —mg

9“|Fo(g?) (1)

ks

(UV) and infrared (IR) cutoff, A=1.25 GeV and u H

=0.3 GeV, respectively. Another parameter is the constitu- T

ent light quark masm that we have fixed ifi3] to the value: FIG. 1. Diagram for the nonderivative contribution to the form
m=0.3 GeV foru andd flavors. factorB— .
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1 where h is the HS# strong coupling constant evaluated in
H | H @ [3], B** is the O state in theSmultiplet (07,1"), andF*
is the B** leptonic decay constant analogousfo All the
T coupling constants appearing in these equations can be com-
puted in the CQM. The polar resulfs) and (6) should be
PR reliable near the poles, i.e., again fyf large, arounaqf), the
H " — ®) zero recoil point. We shall discuss below a procedure to
extrapolate these results to lowgt values. For future refer-
. egce we quote here the values of expressi@hsand (6) at
q-=0:
FIG. 2. Diagram for the polar contribution to the form factor Pol
B F17(0)=0.52+0.01, (7)
be valid at small pion momenta, near the zero recoil point: F5°(0)=0.012+0.001. ()
qS:(mB— m_)2. One obtains, from this nonderivatiysD) _ ) . -
coupling, the contributions They are obtained with the values=0.34+0.02, F
=0.24+0.03,9=0.46+0.04,h=—0.76+0.13[3].
FOP= fg/f ., 2 The results obtained so far are not new; they have been
obtained by several groups and our contribution consists here
FNO= fg/2f &) only in the calculation, within the CQM model, of the vari-

ous parameters appearing in the previous equations. The
model however allows one to consider a new contribution,
depicted in Fig. 3: it differs from the N@nonderivative
tefm since it is derivative and from the polar term because it
oes not contain couplings to resonances. The current di-
rectly couples to the quark in this case rather than to the
A heavy meson as in the polar contribution. Both the polar and
fB:F/‘/m_' (4) the new “direct” contributions can be reliably calculated
. only at largeg?, note however for polar terms different from
whereF parametrizes the leading term in the decay constantgs, (7) and(8), the relationF;(0)=F,(0) will be automati-
fg (see, for example[1]). Next we consider the polar dia- ca|ly satisfied by the new contributions to be described in the
grams in Fig. 2. First of all let us consider the dlagrflm iNfollowing. We compute them by a straightforward applica-
Fig. 2(@ which gives a contribution proportional tgF, tion of the basic rules of the CQM. As the current will trans-
whereg is the HH #r-strong coupling constant. One obtains form a heavy meson into a light one in this case, we need the

wherefpg is theB leptonic decay constant. The CQM-model
evaluation offg is given in[3]. Neglecting a smooth loga-
rithmic dependence, the heavy meson mass dependence
fg, as predicted by the HQET, is as follows:

the following contribution toF; [1,7]: interaction of the pion with light quarks. We recall here the
corresponding Lagrangian. The term relevant for the calcu-
Fg 1 lation will be the one containing an odd number of pions.
Fi%a®) = YRR (5)  The following term defines the Feynman rule we follow to
fr/mg 1-g°/mg, insert the pion in our CQM diagram:
whereg is the HH 7 strong coupling constant evaluated in _ — ff,
[3] (see alsd8] for an evaluation in the framework of the L=x(iD*y,+ A y, ys)x —mxx+ gﬂﬂyﬁ“z- 9

QCD sum-rule approach an@] in the framework of the
effective meson Lagrangian approaciihe diagram in Fig.  Apart from the mass ternt; is chiral invariant. Herg is the

2(b) contributes to the other form factor: chiral rotated light quark field quoted abos= &2 and is

R the 3X 3 matrix representing the flavor $8) octet of pseu-
Pol 2n 1 hm_JmgF™* 1 doscalar mesons. Moreovéd,,=4d,,—iV, and
Forlah)= m3—m? f 1-g%m3,, © 1ot T
B i 4"/ Mexx VE=3(&' "¢+ E04E), (10
Ar=3( o= g, 11
4 where Eq.(lO)_generates couplings of an even number of
mesons to the y pair, while Eq.(11) gives an odd number
of 7 fields.
- i An explicit calculation of the mentioned diagram gives
: . I , 2 |Zy
FIG. 3. Diagram for the direct contribution to the form factor F?'f(q2): = —[q,(C—mA)+myB], (12
B— . T mH m
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TABLE |. Form factorsF; and Fo at high g2 values, near N 2 ds
(g2,=26.4 GeV?) for B— 7 semileptonic decays in CQM model I3(A)= _CS/ZJ " Ee’s(mzfAz)[lﬂLerf(A Js)1, (18
and comparison with other calculations. The error quoted for our 16m°%)1un%s

result comes only from a 20% variation in the parameter controlling ' _
the evolution from large)? values(where the calculation is more Whereq’=(q,,0,00,) is the pion 4-momentumnf,—0)

reliable to smaller ones. andA(x)=A-xq, . We observe that the soft pion limit of
the previous expression bringgA)—1,(A) defined in[3].
92 14.9 17.2 20 26.4 Notice that in Eqs(12) and (13) the g dependence arises
GeV? GeV? GeV? GeV? because ofg,=(m3—q%)/2mg and can be computed nu-
coM merically. We find
fr Y Lswtm som0n 206dE 13788 FI(¢°=0)=Fg"(a°=0)=0.13=005.  (19)
Fo™ 0.59'g73 0.620%; 0.65°035 0.83t0.01  The error in the numerical evaluations is due to the variation
IS [20] of Ay, in the range of values 0.3-0.5. The contribution of the
(quark model direct diagram in Fig. 3 is an appreciable 10% to 30% cor-
Fe7 0.83 0.96 1.19 3.14 rection, depending on the region df3.
Fo" 0.48 0.48 0.48 0.47 Since the three contributions to the form factérg and
GNS[11] F, are independent, we can sum them up, with the result
(quark model
FB7 0.82 1.05 1.45 2.31 R fg , |:J.P0'(o)
FB 0.38 0.40 0.40 0.07 Fi(0) = —— +F (@) +———, (20
N (J+Df, 1—g%/m
S[12] j
(quark model

wherem;=mgx+, My=Mmg«+ and we have marked the form

B
Féﬁ 0.53 0.57 - - factors with a caret to stress that this formula does not hold
Fo 0.69 0.76 - - in the wholeq? interval. As a matter of fact, as discussed
Ball [1§] above, thay? range in which Eq(20) is expected to approxi-
(QBSD light cone mate reliably the form factors is around the zero recoil point:
Fi 085-0.15 1102 16 - g?=qg3=m3. This follows from the fact that the model al-
Fe™ 0.5+0.1 0.55-0.15 0.7 - : o : :

0 lows for a systematic derivative expansion, whose first terms
(LSE'SE[S?] are represented b@l-; terms of higher order in the pion de-
Fer 0.85:0.20 1.10-0.27 1.72-0.50 3 rivatives, v;/hich_ can be importar_n at smafl, are suppressed
B 0.46-0.10 0.4%0.10 056 0.12 B for largeq“. This obszerva'glpn gives us a hint to extrapolate

0 to smaller values ofj*. Writing

Fi(a®)=F;(a*)G;(a?) (21)

Dir 2 2 Zn qz
Fo (%)= . Nm 77 M2 —m2 9-(C—mA) wherej €{0,1}; this parametrization has to satisfy
o Gj(qp)=1 (22
+myB| 1+ | (13 ~
mz— Mg asq?~qj is the region wheré-; are a good approximation
of the form factors. Another condition that has to be satisfied
where is the constraint

A= (2q9,) Is(Ay—q,)—l3(Ap)], (14) F1(0)G1(0)=F(0)Go(0), (23

) which follows from F;(0)=F(0). It is reasonable to as-
B=mA-m-Z(Ay), (19  sume that the corrections @ (g% =1 arise from terms with
extra pion derivatives. Therefore we put
C=(20,) '[Aul3(Ay) —(Ay—a.)l3(Ay—a,)], (16)
E7T (q7T p)

Gj(g®)=1— =1- : (24)
and . ajA, ajmgA

where E, is the pion energy in theB rest frame, A,
Nc mﬂﬁ —en? 1d =1 GeV, ande; are free parameters. Since EQ4) is
16732 12° o &X equivalent to(under the assumption thgf <m3):

Z(A)= )
UA%S

X %[ 1+ erf(A (x) V9)1, (17 Gy(@) =1+ (4%~ mg)/2mpA a4 (29
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condition (22) is automatically satisfied. Formul@3) im-  fact that this approximation should hold only at zero recoil

plies thatay and @, are related, point, it gives reasonable estimates also at log@r This
conclusion is corroborated by our estimate of the first cor-
Mg mg | Eo(0) rection to the leading terms of the form factors, i.e.,
A =1-|1- A )A— (26) F}D"(qz), which is appreciable, but not very larg&0% to
x4 x¥0/ F4(0) 30% of the total.

] ] Letting the parametes, vary by 20% allows to see how
We could fix one of the two parameters from experimentaknhe parametrization affects the result. In Table | the two form
data, were they available. For the time being, in absence GhctorsF, andF,, including the CQM correction, are given
such information, we have to use some theoretical inputior few ¢? values near the maximum value?, .,

There exist many theoretical calculations of Bes 7 cou- =26.4 Ge\? The error refer a variation of the Va|uesmj
plings; for example, quark mode[d0-12 predict F(0) in the range(2.9-4.3.
=0.20 to 0.50 with the exception §13] which gives a very We have also reported results from other theoretical ap-

small valueF,(0)=0.09. Chiral perturbation theory together proaches. Let us note, as a concluding remark, that our cal-
with heavy quark effective theory givé%,(0)=0.38[1,4],  culation includes, differently from other approaches based on
QCD sum rules giveF(0)=0.25 to 0.40[14-16. Finally  the derivative expansion, some deviations from the leading
lattice results aré=,(0)=0.27 to 0.3517-19. We take as behavior expected in the soft pion limit. These extra terms,
an input the result of the QCD sum rules calculatiod8]  while sizable, are not such to change qualitatively the simple
that givesFy(0)=0.30+0.04, in this way we obtainr,  pole behavior predicted by the chiral effective theory.

=3.6. It is interesting to note that the rather large value of A.D. acknowledges the support of the EC-TMEuro-

aq obtained by this procedure indicates that the effectivgpean Community Training and Mobility of Researché?so-
parameter of the derivative expansion is not of the order of jram on “Hadronic Physics with High Energy Electromag-
GeV (=A,), but larger, which means that, in spite of the netic Probes.”
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