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1. KEKB and the Belle detector

The following analyses were performed using data sampliéscted at theY(4S) resonance
with the Belle detector operating at the KEKB asymmetriergge™ e~ collider. The Belle detec-
tor is a large-solid-angle magnetic spectrometer thatistsef a silicon vertex detector (SVD),
a 50-layer central drift chamber (CDC), an array of aerogerénkov counters (ACC), a barrel-
like arrangement of time-of-flight scintillation countdOF) and an electromagnetic calorimeter
comprised of Csl(Tl) crystals (ECL) located inside a supedticting solenoid coil that provides
a 1.5 T magnetic field. An iron flux-return located outside ¢iod is instrumented to deteét?
mesons and to identify muons (KLM). The detector is desdribedetail in Ref. [1].

2. Exclusive Bt — D*0¢*v decays

From semileptonic decays of the kiigl— D*/v one can extract the Cabibbo-Kobayashi-
Maskawa matrix elemen/y| times the form factor normalizatios (1) as well as the HQET
form factorsp?, Ry andR,. One of the dominating systematic error components iseelatith
the slow pion emitted by thB* meson. Therefore it is worthwhile to investigate b8thand B+
decays, where this systematic will not be identical.

The quadruple decay width of these processes is a four diomigunction depending on
the kinematic variables [2, 3V = vg - vp- and the three angles cBg, cosf, and x, defined in
Fig. 1. We use the parametrization defined in Ref. [4], whidhoduces the three free parameters
P2, R1(1) andRy(1) to govern the shape of the form factors of the decay.

Figure 1: The definition of the four kinematic variables cos6,, cosf, and x and a sketch of the recon-
struction of the signaB momentum using momentum conservation.

Preliminary results based on the analysiBBfevents have been reported before [6]. In the
results presented here, the decay cas@ade: D*%¢~v, D*® — Dm0 with the slow pionrd — yy
andD® — Kt or D — K~ mrt it ir is reconstructed. The light leptahis either an electron
or a muon. Due to momentum conservation, the spatial momrenfithe B meson has to lie on
a specific cone around the spatial momentum ofdhé system. The inclusive sum of the entire
remaining event is used to obtain the bBstandiate by orthogonal projection, as sketched in the
right hand plot of Fig. 1. Data recorded about 60 MeV below YiidS) resonance is used to
investigate background fromg decays, while Monte Carlo simulated events are used for af set
additional background components stemming fi®atecays.
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The parametersZ (1) |Ve|, p%, Ri(1) andRy(1) are obtained by a binned least squares fit
to the four one-dimensional marginal distributions of trexaly width. The bin-to-bin correla-
tions between these one dimensional histograms have torisdeoed. Only the branching ra-
tio of the modeD® — K~ 7" is used as an external parameter, the branching ratio of tiem
D° — K-mtmrt ir is determined by fitting the ratio between the tB8 channels Resr/kr: A
x?2 function is formed for each of the four channels separataty the sum of these foyy?’s is
minimized numerically using the MINUIT package [5].

The preliminary results of the fit agg? = 1.376+ 0.074=+0.056, Ry (1) = 1.62040.091+
0.092, Ry(1) = 0.805+ 0.064+ 0.036, Rqzm/kr = 2.072+ 0.023, Z(B* — D*0¢tv,) = (4.84+
0.04+0.56)% and.# (1)|Vp| = 35.04+ 0.4+ 2.2, where the first error is the statistical error reported
by MINUIT and the second (where shown) is the preliminarytesystic error. Thee?/n.d.f. of
the fit gives 1878/155.

Additionally, a cross check of the parametrization usedeting the form factor parameters is
performed by extracting the shapes of the longitudifif) &nd transversal (") helicity amplitudes
of the decay. There is good agreement between this crosk ahddhe result by the parametrized
fit, as shown in Fig. 2.

10° 10°

0.3

n 0.3 |
7 rt g i ‘ T
025~ L 0.25— i
B E
02— 02—
0151~ 0151 }
L .
01 0.1
C C %
0.05— 0.05(—
| | | | L | | | |
1. 12 13 14 15 0 1. 12 13 14 15
w w

Figure 2: Results of the fit of the helicity amplitudes (red crosseshgared to the prediction obtained by
using the parameters obtained by using the parametrizat&stription by Caprini, Lellouch and Neubert
(solid black line). The left plot shows the results fdr, the right one foi|. Only the statistical error is
shown.

3. B® — D*~ 1t v decays with inclusive tag of the accompanying B°

Due to the large mass of thelepton, b — ctv decays can be used as probes for models
containing charged Higgs bosons. The Belle collaboratias able to report the first observation
of the decayB® — D*~ 1t v [7].

To reconstruct the signal, &* meson is combined with a charged track, expected to stem
from at decay. TheD* candidates are reconstructed in ie— D%~ mode, with theD® being
reconstructed in the channédstor Krtri®. The charged track associated with théecay is either
an electronf~ — e VeVy, or a charged piorg,~ — 1 v;. In case of tha~ — 1 v; channel, only
theD® — Kmmode is used due to background constraints. All remainaxks and clusters in the
event are used to inclusively reconstruct the second B m&ggn
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beam
ground, since they can be used to check the consistency éetthe Biog candidate and th&

hypothesis. Her&peamis the beam energy artflag (prag) is the energy (spatial momentum) of the
sum of the residual particles.

The variablesMag = y/E2 Pg aNd AE = Etag— Epeam discriminate signal from back-
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Figure 3: Mg distribution forB® — D*~t*v decays. The real data is shown as points with error bars, the
expected background is represented by the histogram. Tidkelise shows the fit result. The dotted and
dashed curves indicate the distributions of backgroundomovants.

The final signal yield is extracted by an unbinned maximurliilood fit to theM,g distribu-
tion, the result is shown in Fig. 3. The fit result correspote80" 12 events, which corresponds to
B(B° — D 1tv) = 2.02"339(stat) + 0.37(syst)%. This value is consistent with Standard model
expectations. Including systematic uncertainties, thricance of this result is.2c.

4. Measurement of B — D)1y using hadronic tag

Measurements of the decalgs— D1v suffer from large cross feeds froBv— D*Tv decays.
Therefore it is an efficient approach to measure both deaaymining aD and aD* meson within
one analysis.

OneB meson is reconstructed in purely hadronic decay modes.BFaeconstruction, the
modesB* — D07+, BY — D)%+, Bt — D)%] andB*™ — D®OD{)* are used, whild?
candidates are obtained in the chani®ds— D)~ ", B> — D®)~p*, B — D®)~a; andB® —
D(*)‘D§*>+. The selection of thd;zg candidates is based on the beam-constraint ivRgs=

Egeam— ptzag andAE = Egag — Epeam WhereEgg (Prag) is the energy (spatial momentum) of the
Btag candidate in the c.m. system aBgeamis the beam energy. Events satisfyin@b< Mpc <
5.29GeV/c? and—80 < AE < 60MeV are considered to be well reconstrucBeevents.

In the remaining event, B™*) meson is reconstructed and a light lepton (electron or muon)
emitted by ther decayr~ — ¢~ v,v; is looked for.D candidates are reconstructed in the channels
DO — (K, Kt i, Kttt , Kt 0, K@, K, K@t °} andD~ —
{Ktmm, Kt P, K¢ }. The invariant mass of thB candidates has to be withiroof
the nominalD mass. The reconstruct&@ modes ard*+ — D", D** — D*®, D*0 — DOr®
andD*? — DO. The mass differencAm= Mpr(y) — Mp has to be within & of the nominal value.
The momentum of the lepton candidage, is required to be below.2GeV/c.
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Mode R=%(B—DWttv)/#(B—DWety)  Statistical significance
BT — Drtv 0.70" 5 To(stat) "o33(syst) 3.80
BT — D*0ttv 0.47"013(stat) T8 (syst) 3.90
B D rtv 0.48"022(stat) T 08 (syst) 2.60
B -~ D* 1tv 0.48" 515 (stat) 098 (syst) 4.70

Table1: The measured ratid®D*) 17v) = Z(B — D*1tv)/%(B — D" ¢*v) for each of the four signal
modes and the statistical significance of the respectiveabigelds.

In signal events, one finds large values of missing mass, etefiy M2, = (Eqag— Ep —
E/)? — (Prag— Po — Br)%. The remaining, unmatched energy in the dete®8kL, peaks at small
values for signal. These two variables discriminate si¢meah background and a two-dimensional
unbinned extended likelihood fit to these two distributicsased to extract the signal.

Due to large background contributions frdv— D®*)¢tv decays, the branching ratios are
not determined directly. Rather, the raRD*)1+v) = Z(B — D 1tv)/B(B — DWItv) is
determined, which can then be multiplied with the world ager of the/ modes to obtain the
branching ratio of ther modes. R(D(*>r+v) is suited for investigating possible impacts due to
a charged Higgs, since it depends neither on the decay corfgtaor on the value of4(B —

D™ ¢*v). The results are shown in Tab. 1.

5. Conclusions

We presented three analyses based on data samples catlgtiedBelle detector at the KEKB
e"e~ asymmetric energy collider: the determination®f1) |Vy,| and the form factor parameters
P2, Ry andRy in the exclusive decaBt — D*O¢*v, the observation of the dec&? — D* ttv
and the simultaneous measurement of the branching ratibe dbur decay8™ — D*)°7+v and
BY — DM-1ty.
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