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We consider the exclusive P4 decays, P — (P P,),¢v,, where the subindex V means that the invariant
mass of the pseudoscalar pair is taken within a small window around the mass of the vector meson V. Pole
contributions beyond the dominant P — V(— P, P,)¢v, amplitude of P4 decays are identified, which, in
turn, affect the determination of the CKM matrix elements |V, |. We evaluate the effects of those

contributions in the extraction of bottom and charm quark mixings. An application to B — (zx) , V¢ data

from the Belle Collaboration shows an increase in the extracted value of |V ;| in better agreement with
determinations based on B — ##v, decays. The effect of the p and D* pole contributions in the
determination of |V,| from the decay D — zz¢~D, has also been investigated.
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I. INTRODUCTION

Precise measurements of the Cabibbo-Kobayashi-
Maskawa (CKM) [1,2] matrix elements can shed light
on new physics and are among the main targets of flavor
factories. Deviations from the unitarity property of the
CKM matrix would indicate the existence of additional
degrees of freedom. While the determination of |V,4| and
|V .s| has been made with the impressive accuracy of 0.02%
and 0.3%, respectively, the values of |V,,| and |V | are
known at 5% and 2% accuracy only [3]. Better determi-
nations of |V |, among other standard-model parameters,
are the most important for searches of new sources of CP
violation beyond the one encoded in the CKM paradigm.

Currently, the most precise determinations [3] of the
matrix elements, |V.| and |V,,|, indicate a tension
between values extracted from exclusive and inclusive
decay channels of b-flavored hadrons. Clearly, more
theoretical work and refined measurements are required
to solve this discrepancy and achieve better accuracy. One
can gain some precision by combining values of [V |
extracted from different decay channels of bottom hadrons,
provided their measurements furnish a consistent set of
data. While measurements of exclusive channels are better
suited from an experimental point of view, the calculation
of their form factors in the whole kinematical regime is still
challenging. Among the preferred exclusive channels, the
B — (P,V)¢v, decays, with P (V) a pseudoscalar (vector)
meson, are the simplest ones to describe theoretically and
the dominant final states of charmful and charmless
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semileptonic decays of B mesons. While lattice QCD
provides reliable results at low recoil of final-state mesons
[4-7], other methods (like light-cone sum rules, see for
example Refs. [8-10]) are better suited at larger recoil
values. Finally, experimental data can be used as a guide to
extrapolate between these two domains.

In this paper, we are concerned with the extraction of
|V 4q| matrix elements from B, D — V£, and its related
observable B, D — P,P,fv, decay channel. As mentioned
above, these exclusive decays provide complementary
information on CKM matrix elements and a consistency
test of values extracted from other exclusive and inclusive
channels. Furthermore, a good understanding of the dom-
inant exclusive channels is essential to describe how
inclusive decays are built out from exclusive components.

While pseudoscalar mesons are quasistable states, with
some of them directly detectable by experiments, vector
mesons are highly unstable resonances, which are recon-
structed from their detectable decay products. From the
theoretical point of view, using vector mesons as asymp-
totic states of the S-matrix is an approximation which, in
principle, is not justified owing to their very short lifetimes.
A theoretical definition that is consistent with the exper-
imental one can be used instead. In this paper, we will
consider P - P;P,fv, (P,4) transitions, where the PP,
pseudoscalar pair is produced dominantly from the decay of
a single vector meson V — P;P,. The extraction of the
decay observables associated with P — V£v, decays is
affected by the contributions of subdominant s- and d-wave
configurations of the PP, system [11-17] even if one
chooses a narrow window in their invariant mass distribu-
tion around the V resonance mass. For an example, the
extraction of the |V ;| matrix element from B — zzatv,,
considering the resonances, backgrounds and rescattering
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effects in the zz system, was studied in Refs. [12-14,18].
Those authors found that these effects can bring the
determination of |V, | from four-body semileptonic decays
into better agreement with the value extracted from B —
nfv, decay. Also, additional kinematical distributions
accessible in four-body semileptonic decays, as compared
to three-body decays, allow us to explore further observables
sensitive to new physics [13]. A study of D™ — K~ zTe™u,
decays that incorporate the strong-interaction dynamics of
the Kz system was recently reported in Ref. [19].

Here, we consider the effects of an additional pole
contribution P* in the observables associated with P —
P,P* — P{P,¢v, decays. Although four-body decays of
heavy mesons have been considered before, including
refinements in the treatment of the s wave and excited
resonances in the p wave of final-state mesons [11-18], the
effects of the P* pole have not been considered in the
literature. This pollution can affect the different invariant
mass distribution of the PP, system and can modify the
values of CKM matrix elements extracted from P — VZ£u,
transitions. Examples of these decays are B — (Dx, zm){v
and D — (Kz, nz)¢v, which are dominated by the (D*, p)
and (K*,p) resonances, respectively. The presence of
additional B* and D* poles can affect the determination
of the CKM matrix elements to a few-percent level, which
is important for present and future studies. We present the
effects of these additional pole contributions in the invariant
mass distribution of the meson pair and in the branching
fractions to estimate their effects in the values of the
relevant CKM matrix elements.

II. FOUR-BODY SEMILEPTONIC DECAYS OF
PSEUDOSCALAR MESONS

Let us consider the generic P(p) — Pi(p;)P2(p>) X
¢(p3)ve(py) decay, denoted as P4 (P, P,), induced by the
quark-level transition ¢ — ¢'¢v,, with (p, p;) the particle
four-momenta subject to the on-shell conditions (p*> = M?,
p? = m?). At the lowest level, using the local approxima-
tion (an infinitely heavy W boson), the decay amplitude can
be written as

Gr

Mzﬁqull_]ﬂfﬂ’ (1)
where V. is the quark mixing CKM matrix element, £, is
the leptonic V — A charged current, and

H, = <P1(P1)P2(P2)|jﬂ|P(P)>
=V, -4, (2)

is the hadronic matrix element of the V — A quark current.

Following Ref. [20], we can write the most general
vector and axial-vector pieces of the hadronic matrix
element as follows:
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V =

H —WGMW,O_LIJPPQ”, (3)

A, = —ﬁ [FP, +GQ, +RL,). 4)
The form factors H, F, G, R depend on the square of the
momentum transfer to leptons and on two additional
independent Lorentz scalars [20,21]. The hadronic vertices
[Egs. (3) and (4)] depend upon three independent Lorentz
vectors which we chose as P = p; + p,, QO = p; — pa,
and L = p3 + ps = p — p1 — p». Conservation of energy-
momentum implies p = P + L. This choice is useful to fix
the set of five independent kinematical variables to describe
the four-body decay: (s, = P2, s34, = L%, 0p, 0, ) (see
definitions in Refs. [20,21]). The corresponding limits of
integration are given (for massless neutrinos m4 = 0) by
(my +my)* <51, < (M =m3)* m3 < s34 < (M = \/513)%
0<0p,0, <m and 0 < ¢ <27z [20,21].

One can get the decay rates by integrating over si,,
the invariant mass distribution of the pair of final-state
pseudoscalar mesons:

5T dU'(P — P P,?
F(P—)Plefuf):/lzdsu (P — PP, I/f)_

S

(5)

dS12

In the case that the invariant mass distribution is fully
dominated by a single intermediate resonance R, namely
P — R(— P,P,)¢v,, we can restrict the integration to the
region defined by 535 = (my £ A)% where my is the mass
of the resonance, and typically A = I'g/2 or I'g, with T’y its
decay width. In the case of a very narrow resonance
(T'r = 0), one recovers the usual result,

F(P—)Plpzl/pl/f):F(P—)RfI/f)XB(R—)PlPQ) (6)

This result is also a good approximation for wider reso-
nances, provided no other contributions to the decay
amplitude are present. It will be modified, however, by
the contribution of additional pole contributions to the
decay amplitude.

As shown in Fig. 1, there are three different contributions
to the hadronic vertex of the P — P, P,Zv decay (here we
have chosen P, = r, for definiteness). We will assume that
the two dominant contributions are given by single-pole
contributions, namely P — P*z — P z¢v [Fig. 1(a)] and
P — P,¢v — Px¢v [Fig. 1(b)]. Additional resonances in
these channels can contribute as well, and their contribu-
tions can be trivially added to our results; notice that
usually the effects of heavier resonances similar to the one
of interest in the P}, channel are taken into account and
estimated as background in simulations. For simplicity, we
will make the reasonable assumption that pole contribu-
tions are dominated by the exchange of vector meson
resonances in Figs. 1(a) and 1(b).
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FIG. 1. Contributions to the hadronic vertex in P — P;z¢~ v, decays: (a), (b) are pole terms and (c) is a contact term. Double lines are
used for the intermediate vector resonances. The solid dot indicates the hadronic weak vertex.

The different hadronic vertices that enter in decays of charged and neutral P mesons in Fig. 1 are related
by isospin symmetry, which will be assumed to be a good approximation. We define the strong PVP’ vertex as
igpyp (p — p') - €(py), using the convention V(py,ey) = P(p)P'(p’). The weak matrix elements required for our
evaluations corresponding to the two vector pole contributions in Fig. 1 are (we use the convention of Ref. [22] for the
R’ — P, transition)

) 21V’ ) q e
(Pr(p)IjuIR (e, pR)) = —mewpa‘?yl’ﬁpy —2mpAj e q,
e-q
— (mp 4+ m)A Ty, (q') = Ay ———(pr + P1)' Tp(q) (7)
mer + mg
and
. . 2iV . q-€
(R(e", pr)lJiuP(p)) = m%upa&’ “P’PR— 2mRA07CIM
e -q
- M)A, 4T A1 T 8
(mg + M)A ePTy,(q) + 2mR+M(P+PR) () (8)

for the P — R transition [22]. The weak current is j, = q ¥.(1 = 7s)q; we have assumed that the intermediate resonances
R(R’) are vector mesons, with the polarization four-vector ¢, (g, ), such that pg - £€* = pg - € = 0. The primed form factors
for the R’ — P, weak transition depend upon ¢'> = (pg — p;)?, while those of P — R depend upon ¢> = (p — pg),
owing to energy-momentum conservation ¢ = ¢’ = L. In the above expressions, T,(q) = gs, — 459,/ g? is the hadronic
transverse tensor (q/}T/jﬂ =0).

As a concrete example, let us consider the B(p) — D(p,)x(p,)¢(p3)v.(ps) decay, which we assume to be dominated
by the B* and D* pole contributions in the region where the Dz invariant mass is close to the D* resonance. Using the
definitions introduced previously, we can compute the form factors defined in Egs. (3) and (4) and get the following results:

_iz 2 |:_ 9BB 2 V/ 9pD*n Vv :| (9)
M3, Dp-(p — p2)mg-+mp ~ Dp(P)Mp+mp |’
iF IBB'n { ALX }
My  Dg(p—ps) [mp +mp (s o)A X1
. 2A,Y P-
_ 9oz [ 2 +(MB+mD*)A1—2Q], (10)
DD*(P) MB —l—mD* mD*
iG ALX
R { : + (mp: +mD)A/lX2:|
Mp  Dg(p—ps) [mp +mp
9pD*n
M A4, 11
+DDx(P)( B+mD) 1 ( )
iR - Al X P+ L ALX X-L
_ R I {2m3* s _( 9 2= 4 (mg + mp)A] <A——2 >]
Mg  Dg(p—p2) L L mps + mp L
o AY  2AY P-L Y-L
—_ h—— = — (M DA ——]. 12
+DD*(P)[ O iy tmy 12 M)A (12)
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In the above expressions, we have defined the four-vectors
X=X P +X_ 0 +AL', Y/ =QF —(P-Q/m}. )PP,
and the Lorentz scalars X=L-X, Y=L-Y, X, =
A/2+1, with A=1-p3/mi[1+(P-0Q) pp/p3],
where pg: = P+ L — (P — Q)/2. We have used the nota-
tion Dg-(q) = g* —m%. and Dp: (q) = g* — m%. + imp-T'p-.
It is easy to check that for P - P nfv, decays, we have to
replace B*) — P D) — P, (P%,) and the correspond-
ing weak form factors and strong coupling constants in the
previous expressions.

III. DISCUSSIONS ON EXPERIMENTAL
OBSERVABLES OF P,,

Several experiments have reported measurements of
branching ratios and invariant mass distributions of By,
[23-25] and Dy [19,26,27] decays. The corresponding
analysis to extract the CKM matrix elements from
the D,B — VZv, observables differs in several ways:
(i) the form factors used to model the weak transition,
(ii) the window of the hadronic mass distribution |,/s; —
my| chosen to isolate the V vector-meson signal, and
(iii) the inclusion of several wave configurations and
resonance contributions in the hadronic system. As an
illustration of the second item, the following cuts in the
hadronic invariant mass distribution have been used by
different experiments for B — zxfv, decays: ||/, —
m,| <T, [23] (2T, [25]), 0.650 GeV < /5., <0.850 GeV
[24], and 0.60 GeV < /5., < 1.00 GeV [28], which pre-
vent a direct comparison of reported values for the
branching fractions. In addition, some experiments report
values of the combined results from neutral and charged
B-meson branching fractions using isospin symmetry.
Isospin-symmetry-breaking effects should be duly taken
into account in analyses when measurements reach 1%
accuracy. Furthermore, the contributions of the additional
pole contribution considered in this paper become relevant
at the few-percent-level accuracy determinations of CKM
matrix elements.

In our previous paper [29], we have shown that the
effects of the B* pole contribution in B — Dzfv, are
negligibly small compared to those of the D* pole, owing to
the very narrow width of the D* resonance, which fully
dominates the Dz invariant mass distribution close to the
D* mass. The effect of the B* pole in the extraction of the
ratio R(D*) from B,,(Dx) decays is also negligible [29].
This leads to the interesting question of how large this
effect can be for wider resonances and how it affects the
extraction of the CKM matrix elements when using P —
Vv decays. Here we study the effects of the pole diagram
of Fig. 1(a) in the hadronic invariant mass distribution, and
the branching fraction of P, decays in the region close to
the P, resonance and its consequences for the extraction

of |V,
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In our calculations, we use the following phase con-
vention for pseudoscalar meson states [30]: |z7) = —ud,
|7%) = %(uﬁ —dd), |z7) =du, |[K*)=u5, |K°) =ds,
|K%) =—sd, |K~)=si, |D")=—cd, |D°)=cu, |D°)=
uc, |D~) = dc. The conventions for B mesons are similar
to those for K mesons under the replacement s — b. With
these conventions, isospin symmetry provides the follow-
ing relations among different couplings:

Gpar = Iptata® = ~90z 7>

9k kn = 9K+ KOzt = \/ZQK**K*;:O = —9kOK+z-

= \/Egl(*okoﬂov
90Dz = 9p* Dzt = —\fngHDﬂ:O = ~9p-bz~
= —V2gppom,
98 = ~Ip 5ox = —V 29 pom. (13)

For our numerical evaluations, we will use the values
Gprr = 398 £0.03, ggg, =3.284+0.03 and gpp, =
8.39 £ 0.08, extracted from the experimental widths of
resonances [3], and g, = 20.0 £ 1.2 from the most
recent lattice calculations [31]. The masses and widths
of the vector resonances are taken from Ref. [3].

For the weak form factors, we use the following results:
(i) for the B — p transitions, we rely on lattice calculations
of Ref. [32]; (ii) the form factors for semileptonic decays of
charmed mesons D — K* and D — p are taken from the
experimental data of Refs. [19] and [27], respectively; and
(iii) for the evaluation of the P* — P, form factors, we use
the relativistic harmonic oscillator potential model of
Refs. [33,34] (WSB). In this model, the ¢ dependence
of all the form factors is assumed to have a monopolar
form:

F;(0)

) =T iy

(14)

The form factors at g> = 0 are computed from the overlap
of relativistic wave functions in this model; the values of
pole masses are chosen to correspond to the lightest
resonances with appropriate quantum numbers that allow
coupling to the weak currents.

TABLE1. Form factors of the weak transition P* — P, at g>=0
in the Wirbel-Stech-Bauer model [33,34]. Values of pole masses
are given in GeV units.

Transition  A((0) A}(0) A5(0) V/(0) m(07) m(17) m(1%)

D" - K 078 1.02 040 090 197 211 253
D* > rx 075 1.08 037 076 187 201 242
B* - m[22] 034 038 029 034 527 532 571
B*— D [22] 0.63 0.66 056 0.70 630 634 6.73
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FIG. 2.
mesons. The solid (dotted) lines describe the dominant p (p + B*) pole contributions to the hadronic vertex.
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FIG. 3. Same as Fig. 2 for B — zzz~ v decays.

In the case of B* — D and B* — 7 transitions, the form  amplitude is subleading, we should take the numerical
factors at g> = 0 have been evaluated in Ref. [22] using this ~ contribution due to the P* — P; form factors as a good
model. We have checked these values of form factors at
g*> = 0 and have evaluated within the same model the form
factors corresponding to the D* — K and D* — & weak A. Hadronic invariant mass distributions
transitions. The results for the different form factors and the In Figs. 2, 3, 4 and 5, we plot the hadronic invariant mass
values of pole masses used in our evaluations are shownin  distributions of B — zz¢v, and D — (Kr, znn)¢v, decays
Table I. As long as the P* pole contribution to the decay =~ and compare the single dominant resonance contribution

estimate of their true values.
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FIG. 4. Invariant mass distribution of Kz in D — Kz£~0 decays. Left (right) panel is for decays of the D° (D~) meson. The solid
(dotted) lines represent the K*(892) (K* 4+ D*) pole contribution.
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FIG. 5. Same as Fig.

(solid line) with the full calculation including both poles
(dotted line). In the case of B-meson decays, we have
plotted separately these distributions for light and heavy
leptons given the interest for a test of lepton universality.
We do not show the corresponding plots for B - Dzafv,
decays, because the effect of the additional pole in that case
is indistinguishable.

A comparison of the left and right panels in Figs. 2-5
shows important isospin breaking effects: the full contri-
butions shift the peak of the distributions to the left (right)
of the single dominant pole contribution for decays of
neutral (charged) mesons. The origin of this asymmetry lies
in the relative signs and different isospin factors for
couplings of charged and neutral resonances coupled to
two pseudoscalar mesons. A fit to the P; P, invariant mass
distribution, aiming to extract the resonance parameters of
the P}, intermediate state in semileptonic decays, should
take into account the two pole contributions. The P* pole
contribution, in this case, will play the role of a nonresonant
background. A visual inspection of the plots in Figs. 2-5
indicates that the P* pole will increase (decrease) the mass
of the PJ, resonance when extracted from neutral (charged)
heavy pseudoscalar meson decays with respect to the case
where the contribution of Fig. 1(a) is neglected.

B. Branching fractions

We can compute the integrated rates of P — P P,fv,
decays by integrating the hadronic invariant mass distri-
butions as shown in Eq. (5). We restrict this integration to
the region close to the mass of the dominant vector
resonance R — PP, namely s, = (mg +T%/2)% Our
results are shown in Table II. We can identify the resulting
decay rate' with [(P — P,P,/v,) =T(P — VZu,) x
B(V — P,P,) only in the case that the contribution of
Fig. 1(a) is neglected (second column in Table IT). When

lof course, this is true in the case that experiments have
removed the contributions of excited resonances in the PP,
system or the case that they are well separated from the dominant
resonance region.
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4 for D — znt~ v decays.

the contribution of the diagram in Fig. 1(a) is included, the
correct formula necessary to extract the branching fraction
of the semileptonic P — V transition is

Tp'F(P d Plpzl/ﬂl/f)
BV = P.Py)-(116p)°

B(P — Vtv,) = (15)

where 7p is the lifetime of the decaying particle and
Op+ 1s the small correction due to a subdominant pole
contribution.

The numerical value of ép- is obtained from the ratio of
the fourth/third columns in Table II (see last column); this
correction can be as large as 15% for B~ - ntz 770,

TABLEIL Integrated rates in units of 10~!% (10~'7) GeV for D
(B) meson decays. The dominant (full) pole contribution is shown
in the second (third) column. The quoted uncertainties arise from
uncertainties in form factor inputs. Within parentheses we have
indicated the results obtained in the narrow width approximation
(see text), except for the last two rows, which do not change.

Channel ['(Py,) (P, + P*) Spr
D™ > K n (i, 222 227+12 22%
(22.3) (22.6 £1.2) (1.3%)
D° = K*2% 1, 11.5 11.7+0.6 1.7%
(11.5) (11.7+£0.6) (1.7%)
D™ > atn o, 1.33 1.47 £0.16 10.5%
(1.34) (1.45+0.16) (8.2%)
D’ = zt2% 1, 2.62 2.69 £0.29 2.7%
(2.64) (2.69 +£0.29) (1.9%)
B >t (7o, 9.22 10.10+£0.34 9.5%
(9.23) (9.86 £0.33) (6.4%)
B >t to, 4.92 5.67+0.44 15.2%
(4.93) (5.49+£0.43) (10.2%)
B 20D, 18.57 18.91 £ 0.70 1.8%
(18.59) (18.91 £0.70) (1.7%)
B - %7, 9.91 10.23 + 0.90 3.2%
(9.93) (10.21 £ 0.90) (2.7%)
B — D a5, 606.2 606.2 + 31.6 0%
B — Db, 152.8 152.8 + 8.0 0%
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decays. Since the effect of the additional P* pole is to
increase the decay rates compared to the cases where it is
neglected, the values extracted for |V | will be decreased
by 8p-/2 when comparing the experimental and theoretical
values of P — VZu.

For comparison, we also show in Table II the results
obtained in the narrow width approximation for the
dominant resonant contribution (figures within parenthe-
sis). We have implemented this limit by replacing the
propagator of the P}, resonance as follows:

1 T

2
|$12 = mg + imglg[? ” mpl'g Olsiz = mg). (16)
Using this approximation in the integrand of Eq. (5), the
integration over the five-dimensional phase space reduces
to an integration over four dimensions. As can be observed,
the corresponding results change only slightly compared to
the ones obtained by integrating over the finite range
(mR — FR/Z)Z < S12 < (mR =+ FR/2)2, except for BO =
xtn~fv, decays, where the largest variations are obtained.

IV. EFFECTS ON THE EVALUATION OF CKM
MATRIX ELEMENTS

As discussed in Refs. [12-14], the value of |V ]| is
increased if one uses the four-body B — (77) Ve (Bes)
decays,” instead of the corresponding three-body B —
ptv, decay in its determination. This happens owing to
the dynamics of the strong interactions manifested as
rescattering effects and orbital angular configurations of
the 7z system different from L = 1. In this section, we
consider the additional modification of the |V,,| mixing
owing to strong interactions in the initial state of P, decays
described in this paper. As a general trend, those effects
tend to decrease the value of the CKM matrix element
extracted from P, decays.

As an illustrative example, let us estimate the effect on
the extraction of |V ;| due to the additional pole contri-
bution in the case of charmless B — (z7),/v decays as
measured by the Belle Collaboration in Ref. [25]. A
rigorous procedure should include a fit to the measured
q*> = s3, distribution in order to determine the free con-
stants of a given form-factor model and then extract the
value of |V,,| from the measured branching fraction.
Instead, we estimate the effect of the B* pole contribution
using Eq. (15), which is equivalent to the formula given in
Ref. [25] in the absence of the §p+ term:

Vil = oo e
O\ tp AL (1+6p)B(p — am)

(17)

*The notation (P,P,), means that the invariant mass of the
pair of pseudoscalar mesons is taken in a small window around
the V-meson mass.
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Here, B(B — (nn),fv,) is the measured branching frac-
tion, A = [dI'/|V,,|? is the normalized (to the squared
|Vus|* quark mixing matrix element) rate integrated over
the s3; = (m, £2I',)* window, and 75 is the B-meson
lifetime. The quantity A{ depends of the model used to
describe the form factors of the B — p transition. Using the
model of Ref. [32], as done by Belle in Ref. [25], which we
have used also in our evaluations of the hadronic spectrum
and branching fractions, we have obtained Al = (13.8 +
2.9) ps~! for the range |/s;; — m,| < 2T',. As a check of
our calculation, using the narrow width approximation and
the value of |V,,| as in Ref. [25], we reproduce the value
A¢ = (16.5 £ 3.5) ps~! as reported in that reference for the
form-factor model of Ref. [32].

Using the branching fractions B(B~ — (#7) 00 v,) =
(1.83 +£0.10 £ 0.10) x 10™* and B(B° - (n7), € 7Dp) =
(3.22 £0.27 £0.24) x 107 as reported in Ref. [25] for
|\/S12 — m,| < 2T, and using &p- = 2.8(24.0)% for the B*
pole correction in the same range of the invariant mass of
the ztz~(z*7°) system, we get

(3.87 £0.46) x 107 from B~ decay
Yl = { (13)

(3.62 +£0.40) x 10 from B decay -

where the B* pole effects mainly affect the decays of the
charged B meson. The weighted average of the above
results is |V,;| = (3.73 £ 0.30) x 1073, which is closer to
the determination obtained from B — z£v decays |V ;| =
(3.72 £ 0.19) x 1073 as reported by the PDG [3]. Let us
mention that using the narrow width approximation as in
Ref. [25], the effect becomes smaller; using the same input
data, and the corresponding values of the B* pole correc-
tion, 63+ = 1.7(6.4)% as shown in Table II, we would have
obtained |V,;,| = (3.57 +0.29) x 10~ for the average

from B~ and B° decays.

The effect of the additional pole considered in this paper
will also be non-negligible for improved measurements of
Cabibbo-suppressed D — zzt~ v, decays. The invariant
mass distribution of the zz system measured by CLEO [27]
for |m,, —m,| <150 MeV is dominated by the p(770)
resonance. By assuming a monopolar form of the different
form factors and assuming |V 4| = 0.2252 4+ 0.0007 from
the unitarity of the CKM matrix, the values V(0) =
0.84 £ 0.097095, A;(0) = 0.56 £ 0.017002,, and A,(0) =
0.47 £0.06 £0.04 were derived from the measured
branching fractions and invariant mass distributions [27].

In order to estimate the effect of the D* pole contribution
in the determination of |V_,|, we can use the same form
factors and branching fractions measured in Ref. [27] using
Eq. (17). Since Ref. [27] uses a different resonant shape of
the zz invariant mass than ours, for the purposes of
estimating the effect of the D* pole contribution we will
use our results in the narrow width approximation [in this
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case, Al = (4.040.4)x 10" s7'], and the values of
op+ are given in Table II. By including the p and D* poles,
we obtain

Vealpsp = 0.224£0.011 (19)

from the average of D~ and D° semileptonic decays. For
comparison, the value obtained by including only the p-
meson resonance is |V.4| = 0.230 + 0.012; namely, the
effect of including the D* pole shifts downwards the value
of this CKM matrix element by 2.7%. Although this effect
is small compared to the statistical uncertainty of current
measurements, it will become relevant in analyses of
improved measurements in the future.

Let us emphasize that the aim of our evaluations is to
estimate the shift produced by the additional pole contri-
bution in the determination of |V,,| and |V.4| mixing
matrix elements. More refined analysis which includes the
effects of the s-wave zz system and more precise mea-
surements of the D(B) — nznf~ 0, branching fractions
would allow us to assess correctly the size of the additional
D*(B*) pole contribution. Conversely, using precise mea-
surements of P,, observables combined with the most
reliable determinations of the quark mixing elements would
allow us to test the form-factor models describing the
dominant B — V weak transition as well as to understand
some underlying dynamics of the hadronic system.

V. SUMMARY AND CONCLUSIONS

Precise determinations of the b-quark mixing matrix
elements are necessary to find possible sources of CP
violation beyond the CKM mechanism. One way to reach
this goal is to combine mixing values extracted from
different decays of b-flavored hadrons. Solving current
discrepancies between the most precise determinations of
|Vyb| (¢ =u, c) from exclusive and inclusive channels,
combined with more precise calculations of form factors
and refined measurements at b factories will provide a
consistency test of the SM and look for possible effects of
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new physics. In this paper, we have studied the P —
P{P,¢v, semileptonic decays of B and D mesons by
modeling the weak hadronic matrix element of the P —
PP, transition with two poles contributions. The well-
known P — V(— PP,)¢fv,, with V a resonant vector
meson pole, gives the dominant contribution for invariant
masses of the P;P, within a small window around the
V-meson mass. A subleading tree-level additional pole
contribution is identified, which becomes relevant for
decay observables at the few-percent level.

We have considered the effects of the subleading pole
contribution in the invariant mass distribution of the meson
pair in the D — (K7, nn)¢v, and B — (Dz, nr)fv, semi-
leptonic decays. This correction shifts the invariant mass
distribution differently for decays of charged and neutral
heavy mesons, owing mainly to different isospin factors of
the strong vertex involved in each case. We have also
evaluated the correction in the branching fractions of these
four-body decays induced by this subleading pole. We have
illustrated how these corrections affect the determination of
the |V, | matrix element extracted by Belle [25] from B —
nrntv, decays, using a window of £2I", around the p peak
in the 7z invariant mass. The shift in the value of |V ;| is
not significant compared to current experimental uncer-
tainties, although it becomes in better agreement with the
determination based on B — #£v, decays. Similar consid-
erations can be applied to the extraction of CKM matrix
elements from other four-body decays of B and D mesons.
Analysis of improved data expected in future measure-
ments of these semileptonic decays must consider the effect
of the additional pole contributions discussed in this paper.
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