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The differential decay width of the process B — pl7 is related to that of the process B — K*II by

using the SU(3)-flavor symmetry and heavy quark approximation. The ratio of the Kobayashi-Maskawa
matrix elements is obtained in the zero recoil limit of p and K*, allowing a determination of |V, |/|Vyl,

which in turn determines |V, |.
PACS numbers: 12.15.Hh, 13.20.He

A precise test of unitarity of the Kobayashi-Maskawa
matrix [1] is essential for further investigations of the
quark mass matrix and understanding the origin of CP
violation. This is most conveniently performed in the
B meson systems because of the large CP violation
predicted in this system [2]. Strategies for an accurate
determination of Kobayashi-Maskawa matrix elements in
B decay is required.

An important number is one of the sides of the
unitarity triangle |V,,| [3]. A well known method is
to study the leptonic spectrum at the kinematical point
where the charm quark cannot be produced. Since there
are always questions as to what extent the obtained
result is independent of theoretical interpretations, it is
important to get at the number in as many independent
ways as possible. In this Letter, we propose a strategy
to get at |V,,|. Complementing the analysis of the
leptonic spectrum, we propose to obtain |V, |/| V| from
B — plv and B — K*Il. Then |V,;| can be accurately

(p(p', uy,b|B(p)) = ig’€upoe™(p + p)P(p — p'),

(p(p. )y, ysb|B(p)) = e, + al(e" - p)(p +

P . .
The form factors f”, a’+, and g” are Lorentz invariant | e

functions of the invariant mass squared ¢> = (p — p’)?
of the two leptons. The p meson polarization vector € is
given by
E
€L = (p—p,O,O,J)-), €1 = (0,€r,€,0). (4
m, mp ’

Hereafter we study the decay in the rest frame of the B
meson, so that p# = (mp,0), p’* = (E,, p,), and the
momentum of the p meson p, = |p,| is given by

Pr =5 1_[(m% —m2 = q*)? — 4m2q* 1'% ()
mpg

In this frame, either (p + p’)? or (p — p’)? in Eq. (2)

should be the spatial components i[’;’;’ so the right-hand

side of Eq. (2) is proportional to p,. Furthermore, since
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evaluated, since |Vi| is well determined by the unitarity
condition. Our analysis uses the SU(3)-flavor symmetry
and heavy quark approximation.

Consider the zero recoil limit of the K* and p mesons.
Using the heavy quark approximation, it will be shown
that the matrix element of the hadronic currents describing
the decay B — K*Il can be expressed by the same
form factor appearing in the decay B — pl7. The form
factors in each process are equated by the use of the
SU(3)-flavor symmetry, and the ratio of the Kobayashi-
Maskawa matrix elements is obtained by the ratio of these
differential decay widths.

First consider the semileptonic decay B — pl7. This
process is described by the invariant amplitude

4G

M = T;vubnmmw“v. (1)

The hadronic matrix elements required for this process are

2)

Pu + a2(e - p)p — pHa. (3)

3k

- p = €"myg and only the longitudinal polarization
vector € has a nonzero time component Pp/m,, the
second and third terms in Eq. (3) are also proportional to

0

Pp- Thus, the hadronic matrix elements are expanded as
(p(p',&)uy b|B(p)) = O(p,), (6)
(p(p', O)Nuyuysb|B(p)) = fPe + O(p,), (D

in the vicinity of the zero recoil p meson, p, = 0,
or, equivalently, the maximum ¢%, ¢?> = g2, =
(mg — m,)?. The ¢* distribution of the decay width is

computed as

dT'(B — pl?D) Gr ) 5 s

T = |Vub|23—2Tm%|f”| q9°pp + O(p;).
(8
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_ Next we consider the flavor changing neutral decay quark mass. In the standard model, the vector and axial
B — K7¥Il. 1In the standard model, this decay takes place vector current operators Og and Og yield the dominant

at the loop level via penguin and box diagrams [4]. contributions to the Hamiltonian (9) and the contributions
The QCD corrected effective Hamiltonian describing this of the magnetic moment type operator 07 is less than
decay is 10% of Og and Og. The coefficient Cg (m,) contains the
4G . o contributions from the c¢¢ continuum obtained from the

H = Evrbvm{c7(mb)07 + Cg' (mp)O0g electromagnetic penguin diagram and the long distance

+ Co(my)Os), 9) contributions due to the J/¢ and ' poles [5], and

therefore it is dependent on ¢2. In general, the long

where the operators 07, Og, and O are defined as distance contributions are significant. However, they are

o2 . . .
2 small in the regions of ¢? relevant for our analysis;
= y brlvy*l, . .
07 167 Tom2oSLioun(a”/a )brly q*> = 0.6m2§. [See, e.g., Figs. 3(a) and 3(b) of Lim et
&2 al. in Ref. [5].] The analytic expressions of the Wilson
Og = om zsLy#blly [, (10) coefficients and their numerical values are given in

Ref. [6].
0o = e SLvabLlyvsl. The hadronic matrix elements of the magnetic moment
1672 # type operator and the vector and axial vector currents are
Here the term mSgio ., (q” /q*)b; has been neglected necessary to evaluate the Hamiltonian (9). The vector and
compared to m,Spio ., (" /qz)bR The QCD corrected axial vector currents are expressed in terms of the form
Wilson coefficients C;(mj;) are dependent on the top factors as

|
(K*(p',©)l5yub|B(p)) = ig" €pvpoe™(p + p)(p — p)7, (1

2

(K*(p'.@IsyuysbIB(p)) = €, + aX (" - p)p + pHu + a¥ (¢ p)p — Py, (12)

in the same way as in Egs. (2) and (3). Again, only the term fX €”; remains nonzero in the limit of zero recoil K*.
As for the magnetic moment type operator, since g” = (mg — mg+,0) + O(pg-), only the components Sio;b and
Sioo;ysb are relevant in the same limit. The hadronic matrix elements of these operators can be related to those of
the vector and axial vector currents (11) and (12) by the static heavy quark approximation. In this approximation, the
b quark in the B meson stays on-shell throughout the reaction, and we can set the equation of motion for the b quark,
yob = b, which leads to the relations [7]

K (p', )siaoblB(p)) = (K (p', )lsyibIB(p)), (1

(K*(p', e)lsiooiysb|B(p)) = —(K"(p', €)|syiysb|B(p)). (14)

The right-hand sides of Eqgs. (13) and (14) can be expressed in terms of the same form factors that appeared in Eqs. (11)
and (12), and only the term fX"€”; remains nonzero in the zero recoil limit. Thus, the hadronic matrlx elements required
for B — K*II are described only in terms of the form factor fX in the vicinity px- = 0. The ¢? distribution of the
decay width is given by
dI(B — K*Il) . QED
T Iv,;,V,_VIQ32 o < P(SER VoG + Chgpre + O (k). (15)

- mes — i
Cy = —C§"(mp)go—gin + mb‘—B“E“‘LC7(mb)s Ca = —Co(my).
max
Now we extract |V,,|/| V| from the ¢? distributions (8) and (15), applying the SU(3)-flavor symmetry to the p and
K* mesons. The question arises as to where we expect the form factors f” and X to be nearly equal. This can be
settled experimentally by studying the g? distribution near the Pp.x+ — 0 limit. For now, the best guess is that the
SU(3)-flavor symmetry holds when u and s quarks in respective b decays to be at rest in the B meson rest frame,

PGBy = (G2, (16)

2B—K*
max

dl'(B — K*ll
J[EESER] L an
‘Iz_’[[max/ d(]‘ fi’“*‘/lr?dxk

L A . 2B—
which is expected to be valid in the region gmax | = (mp — mp)? and g;
ratio |V, 12/1Vi, V5|2 is extracted as

V. 2 2B—K* B a 2
| bL _ Y9max Pk~ QED Z(C‘z/ + C/z\)
|th) lel qlzrg:p Pp /lim 4

= (mp — mg-)?, respectively. Then the

dTI'(B — pl?):l
dq?
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Here (p,/pk-him = 4/mp/mg-. In the limit p, g~ — 0,

ie., g2 — ¢2,. the ¢* distributions vanish due to the
phase space suppression. However, the numerical values
of the coefficients of p, g+ in Egs. (8) and (15) can
be precisely extracted in experiments. In fact, CLEO
Collaboration has accurately determined the value of
[Vl f(g2,,) for the process B — D*[7 [8]. In a similar
manner, the right-hand side of Eq. (17) can be determined
by experiments.

anything)

Expression (17) is our main result. In this expression,
|V,| itself is not directly measured; however, it is well
determined by the unitarity condition, so |V,;,| can be
precisely evaluated.

Let us discuss the number of events needed for an
analysis of this type. From the figure shown in Lim et
al. [5], we can read off

f‘“‘ dB(B — ete™ +
ds
0.6 ds

where s = g2/mj. For luminosity such that 3 X 107 BB
pairs are produced, there should be 72120 B — e¢*e™
or #*u~ + anything events in the kimematic region
0.6 < s < 0.8 in one year of running the B factory. In this
kinematic region, anything should be dominated by K*. If
the higher end of the estimate is valid, barring unexpected
background or systematic problems, we hope to perform a
10% level measurement of |V, |.

The theoretical uncertainty in the derivation of Eq. (17)
lies in Eq. (16), stemming from the breaking of the
SU(3)-flavor symmetry in the p and K* mesons. This
is expected to be small. For example, the difference of
the Fermi motion of the » quark in the decays B —
pl7 and B — K*Il may give rise to the error of order
(m? — m2)/(M5 — mp)my, [9]. Also, we may guess that
the ratio of the wave functions of p and K* mesons is
estimated by the ratio of their decay constants [10]:

EKKT 1,08 = 0.02. (19)
8pmm
A bit more SU(3) breaking (~20%) is expected between

8p = 2f28pnn and gx- = 2f [k gk k. Further theo-
retical study of the ratio fX (g257K")/fr (grmox "

low a more precise determination of |V,;|.

Corrections to the relations (13) and (14) are of order
Aocp/my, in the zero recoil K™ limit. The uncertainty
due to these corrections is significantly reduced in the
level of the q2 distribution (15), because the contributions
of the operator O7 are numerically less than 10% of those
of Og and Oy, and accordingly we expect this error to be
of order Agep/mp X 10%—0.4% and is negligible.

In general, Cy 4 in Eq. (17) may be sensitive to the
parameters of new physics beyond the standard model.
This fact provides us with an interesting possibility that
a value of |V,;| extracted in our strategy will play a role
in probing for new physics, by comparing values of |V, |
determined by other methods.

We have used the ¢? distributions of B — pl7 and
B — K™l at their respective g> — g2, limit to deter-
mine |V,;|/|V.s]. Studies on the forward-backward asym-
metry of the leptons [11] and the polarization of p and K*
mesons may be also useful. The forward-backward asym-

) will al-

3 -5 %1077, (18)

metry is described by the form factor f”g” in the decay
B — pl7, and is described by (fX7)?, (gX')?, and fK gk
for B— K*Il. The terms (fX')? and (¢X)? come from
the magnetic moment type operator 07, when its hadronic
matrix elements are related to those of Og and Og in the
heavy quark approximation.

Along a similar line, an analysis similar to ours might be
made using the radiative decay B — K*vy [12]. The long
distance contributions to this decay are small [13], and the
effects of the breaking of the SU(3)-flavor symmetry are
similar to our analysis. However, the theoretical prediction
of this decay rate suffers from uncertainty due to the large
recoil momentum of the K* meson.
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