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We give an overview about results of studies of semileptonic B-meson decays col-
lected with the BABAR and Belle detectors at the PEP-II and the KEKB e'e™-
storage rings.

We present recent results on hadronic moments measured in inclusive B —
X.lv and B — X,lv decays and extracted heavy quark masses m; and m. and
dominant non-perturbative Heavy Quark Expansion (HQE) parameters.

We also report the measurements of the CKM matrix elements |Vep| and |Vie| in
inclusive and in exclusive semileptonic B-meson decays.

We describe the studies of the form-factor parameters for the decay BY —
D*~ 1ty and present the measurement of the B® — =~ " v form-factor shape.

1 Introduction

The study of the semileptonic B-meson decays is the most accessible and cleanest way
to determine the CKM matrix elements |V,;| and V,,;,. These decays also provide experi-
mental access to study the QCD form-factors, heavy quark masses, and HQE parameters.
The theoretical description of semileptonic B-meson decays at the parton level is very
simple because there is no interaction between leptonic and hadronic currents. At the
hadron level one needs to introduce corrections due to the strong interaction between
quarks. Especially in the description of the inclusive B-meson decays the motion of the
b-quark inside the B-meson plays a crucial role. All these effects are described in the
frameworks of Heavy Quark Effective Theory (HQET) and Latice QCD (LQCD).
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2 Studies of B — X, lv decays

2.1 Measurements of the hadronic moments

The inclusive B — X_.lv decays are described by the total semileptonic rate I'sy, given
as: Tsr o< [Vip| 2(1 + Aew) Apert (7, 1) Aponpert, where 1 =m?2/m2.

In additional to electroweak (A.,,) and perturbative (Aper¢) corrections, one needs to take
into account also non-perturbative (Anonpert) contributions. At leading order, the non-
perturbative corrections are proportional to 1/m? and are controlled by matrix elements
p2 and pZ. At order of 1/mj there are two additional terms called Darwin and LS terms
characterized by parameters p%, and p? o. In order to extract the CKM matrix elements
|Vep| from the total branching fraction B (B — X lv ) the input of the HQE parameters
and heavy quark masses is required:

B (B—X.l : :
[Vep| o< %fHQE(mb;mcaﬂ%aﬂ%‘ap%apis)'

The HQE parameters can be determined by measuring several hadronic moments.
On the experimental side we are able to measure hadronic mass (m%), lepton (Ef) and
photon (EF) energy, and mixed (n%) hadronic moments. All these moments also can
be predicted by theory [1]. The values for |Vi| , quark masses m. and my, and the
dominant non-perturbative HQE parameters 2, ,u2g, p?b, and p‘z g can be extracted from
a combined fit to the hadronic moments.

In the recent BABAR analysis [2] the hadronic mass moments are measured up to
sixth order. The eight mass moments combined with 13 E; and six £, moments are used
to perform the combined HQE fit. The following fit results have been obtained in kinetic
scheme [1, 3]:

my = (4.552 =4 0.038¢xp £ 0.0404p00) GeV
p2 = (0.471 =+ 0.034exp £ 0.065¢h00) GeV?
V| = (41.88 £ 0.44exp £ 0.35¢he0 £ 0.59r,, ) x 1073

There is also a similar measurement of hadronic moments performed by the Belle collab-
oration [4]. The extracted results are based on seven mass, 14 E; and four E, moments.
The Fit was performed in both the kinetic and the 1S scheme [5].

2.2 Study of B — D*~[*v decay

The study of the decay B® — D*~[*v is interesting in many respects. This decay allows
a simultaneous measurement of the CKM matrix element |Vp| , of the branching fraction



SEMILEPTONIC B-MESON DECAYS 3

B (BY — D*7I*v ) and of the three form-factor parameters p%., Ry, and Rs. The fully
differential decay rate can be characterized by three decay angles and a lorentz-invariant
variable w which represents a boost of the D*-meson in the B-meson rest frame. After
integrating over all angles one obtains the rate as a function of w:

2

T = T me — mp POP )|V

where G(w) is a known phase space factor and F?(w) is the form-factor parameter in
terms of D* helicity amplitudes.
The effect of the strong interaction in B® — D*~Itv decays can be parameterized by
two axial and one vector form-factors [6]. Due to the heavy quark symmetry these three
form-factors are related to each other, but there are still three free parameters Ry, Ro,
and p%. which must be determined from experiment.

The recent BABAR analysis [7] performs an extended least-squares fit to the one-
dimensional projections of the B® — D*~[*v decay rate. The technique of this fit
allows to measure the values for F(1)|Vep| , p%., R1, and Ry simultaneously. The results
combined with previous BABAR measurements [8] are:

Ri(1) = 1.32740.131a; & 0.043y

Ra(1) = 0.859 =+ 0.077gtar & 0.021 4y

phe = 11574 0.094gat £ 0.027
F)|[Va| = (34.7 £ 045000 £ 1.05y5¢) x 1072

Using an unquenched lattice calculation for F(1) = 0.91970:539 [9] one obtains for |V| :

[Veo| = (37.8 0.4+ 1.1717 7)) x 1072,

3 Studies of B — X,lv decays

3.1 |V extraction from inclusive B — X, lv decays

The study of inclusive B — X, [lv transitions offers the most accurate way to determine
the CKM matrix element |V,| . This process is described by a local Operator Product
Expansion (OPE), including perturbative and non-perturbative corrections.

The extraction of |V,,;| is complicated by the large background from B — X_.lv decays,
which have a rate about 50 times higher than that of charmles semileptonic decays.
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Therefore, stringent kinematical constraints must be applied in order to differentiate be-
tween signal and background. This introduces a theoretical factor ¢, which describes
the extrapolation from partial to the full kinematic phase space: AB (B — X,lv ) =
75|Viup| 2¢. This factor ¢ is predicted by theory and depends on the selected phase space.
The applied kinematic cuts also introduce sensitivity to the effects of b-quark motion in-
side the B-meson, which are described by Shape Functions and are the dominant sources
of the theoretical errors. The experimental challenge is to select such kinematic phase
space, where the dominant charm background is suppressed and theoretical uncertainties
are minimized. The following variables could be used: lepton energy FEj, neutrino-lepton
invariant mass ¢2, and the invariant mass of X, system Mx.

BABAR and Belle provide results [10, 11] on the extraction of |V,p| from Mx spectrum
below 1.55 GeV and 1.7 GeV respectively. In order to extract the value of |Vip| : [Vip| 2 =
AT, (ADP)/R(A®), the measured partial decay rate AT, in the selected phase space
region A® has to be interpolated to the full phase space using theoretical calculations of
R(A®) for the partial rate in the selected phase space region.

The following numerical results have been obtained in the framework of the BLNP [12]

calculation:
Vip| = (4.27 % 0.1640 £ 013455t & 0.30i1e0) X 1072 BABAR
y
|Vub| = (409 + O']-gstat + 0'205y5tt8:%§theo + OlgsF) X 1073 Belle.

(1)

3.2 Measurements of the hadronic mass moments

The HQE parameters and the b-quark mass can be also extracted from B — X, lv tran-
sitions, however with significantly lower precision due to the smaller branching fraction
B (B — X,lv ) compared to B (B — X lv ). The advantage of a study of the spectral
moments in B — X, lv decays is that the moments are directly sensitive to m; instead
of to mp — me, as in the case of B — X_.lv decays.

The current BABAR analysis [13] provides the measurements of the HQE parameters
p2 and p3, and the quark mass my, from a study of Mx spectra in B — X,lv decays.
The results obtained from a fit to the first three moments of the M% spectrum are:

my = (4.604 % 0.12540; % 0.1934yst £ 0.097ine0) GeV
p2 = (0.398 £ 0.13540 & 0.1954yst £ 0.036ne0) GeV?
ph = (0.102 4 0.0175tat £ 0.0214ys; £ 0.0664h00) GeV?
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It is the first measurement of the b-quark mass my in B — X, v decays.

3.3 Study of B’ — 7~ [ty decay

In exclusive B — X,lv decays the X, system is explicitely reconstructed. The QCD
predictions are presently more precise for B® — 7~ [*v than for other exclusive B —
X, lv decays. The differential decay rate dI'(B — wlv) is proportional to Vi, f4(q?)|?
where the form factor f1 (¢?) depends on the momentum transfer squared ¢2. To extract

|Vub| , the measured partial branching fraction AB is divided by the normalized rate ¢,

AB (B—mlv)

¢TB
The unquenched latice QCD (HPQCD [14] , FNAL [15]) calculations are presently
reliable only at large ¢2. The light cone sum rules calculation (LCSR [16]) is based on

which is predicted from form-factor calculation: |V,;| =

approximations and is only valid at small g2. All these calculations - including the quark
model calculation (ISGW2 [17]) - result in large theoretical uncertainties for the form-
factor. Experimental data can be used to discriminate between the various calculations by
precisely measuring the f4 (¢?) shape, thereby leading to a smaller theoretical uncertainty
on |Vl -

We have performed a measurement [18] of the decay B’ — 7~ I*v | where partial
branching fractions are obtained in 12 bins of g2, the form-factor shape is extracted, and
the total branching fraction and |V,;| are obtained as B = (1.46 & 0.07gat £ 0.085yst) X
107* and |Vip| = (4.1 4 02400t + 0.2y 75 SpR) x 1073,

The fy(q?) form-factor shape fitted to the partial branching fractions is clearly incom-
patible with ISGW2 model where the unquenched LQCD calculation seems to be provide
best description of our data.

4 Conclusion

In the last years there were lots of efforts on B-factories for better understanding of
semileptonic B-meson decays. The CKM matrix elements |V | and | V| can be precisely
measured (o(|Ves| ) ~ 2%, o(|Vus| ) ~ 9%) and competitive measurements of HQE
parameters and quark masses my and m. can be provided. For the first time in inclusive
B — X,lv decays the value my is measured, which provides a very good crosscheck to
the measurements in B — X_.lv decays.
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