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Abstract. SemileptonidB meson decays into final states containingtHepton are of interesting
as they provide information on the Standard Model as well as a window on new physics effects. We
present results oB — D*)Tv; decays where the secoBdn the event is fully reconstructed.
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INTRODUCTION

Semileptonic decays & mesons to the lepton provide a new source of information on
Standard Model (SM) processes [1-3], as well as a new window on physics beyond the
SM [4-10]. In the SM, semileptonic decays occur at tree level and are mediated\hy the
boson, but the large mass of thdepton provides sensitivity to additional amplitudes,
such as those mediated by a charged Higgs boson. Experimehtalyr~v; decays

are challenging to study because the final state contains not just one, but two or three
neutrinos as a result of thedecay.

Branching fractions for semileptoni&decays ta leptons are predicted to be smaller
than those to light leptons. Calculations based on the SM preglisf — D+ 17 v;) =
(0.69+0.04% and%(B° — D** 1~ v;) = (1.41+0.07 6 [8-9]. In multi-Higgs doublet
models [4-9], substantial departures, either positive or negative, from the SM decay rate
could occur forB — DT~ vy, while smaller departures are expected Boe> D* T~ vy.

The BABAR Collaboration has presented a measurement of the branching fractions
for B — D1~ v; and B — D*1~v; for both charged and neutr@l mesons, that is
described in the following [11]. The BELLE Collaboration has also performed a similar
measurement [12]. A preliminary averages of the different measurements available is
also reported in this Proceeding.

EVENT RECONSTRUCTION

Semileptonid® — D*) 1~ v; decays are selected BB events in which a hadronic decay

of the secondB meson (By) is fully reconstructed. To reconstruct tlig, we use the
decaysr™ — € Vevr andt~ — U~ vy, v, which are experimentally the most accessible.
The main challenge of the measurement is to distingBish D*) 1~ v; decays, which

have three neutrinos, froB— D*)¢~v, decays (wheré = e, i), which have the same
observable final-state particles but only one neutrino. This goal is achieved by using the
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missing four-momentum in the evemyiss= Pete- — Ptag— Pp — Pe, Of any particles
recoiling against the observé@hg+ D)/ system. A large peak at zeroii, .= P2ss
corresponds to semileptonic decays with one neutrino, whereas signal events produce a
broad tail out tav2,. ..~ 8 (GeV/Z )?.

We reconstrucBg decays in charmed hadronic mod@s— D™Y, whereY rep-
resents a collection of hadrons, composedngft™ + N K= + ngKg + nym®, where
n+np=1,35,n3 <2, andny < 2, as described in [11]. For tH& meson decaying
semileptonically, we reconstrubX*) candidates in several different decay modes [11].
We form whole-event candidates by combiniBgg candidates witiD(*)¢~ candidate
systems.

In correctly reconstructed signal and normalization events, all of the stable final-state
particles, with the exception of the neutrinos, are associated with eithBragné)(*) or
¢~ candidate. Events with additional particles in the final state must therefore have been
misreconstructed, and we suppress these backgrounds by requiring that all observed
charged tracks be associated with eitherBhg, D™ or ¢ candidate. We computsxira
the sum of the energies of all photon candidates not associated witBhe D¢
candidate system, and we requiigya< 150-300 MeV, depending on ti&*) channel.

We suppress hadronic events and combinatorial backgrounds by redutigg >
200 MeV/cto reject hadronic events suchBs- D*) it~ where ther is misidentified
as au~. We further suppress background by requirifig> 4 (GeV/@)? , whereg?
is calculated asp = [pere — PBrag — Poe ]2 This requirement preferentially rejects
combinatorial backgrounds from two-bo@/decays such aB — D*)D, where one
D meson decays semileptonically. If multiple candidate systems pass our selection in a
given event, we select the one with the lowest valuEQfa

We also select four control samples to constrain the poorly knBwna D**¢~v,
background. The selection is identical to that of the signal channels, but we require
the presence of #° meson, with momentum greater than 400 MeV/c, in addition to the
Brag+ D*)¢ system. The event must satisiyra < 500 MeV, where the two photons
from r° — yy are excluded from the calculation By .

SIGNAL YIELD EXTRACTION

To separate signal and background events, we perform an extended unbinned maximum
likelihood fit to the joint distribution ofnZ,., and the lepton momentum(g)) in the
rest frame of theB meson. The fit is performed simultaneously in eight channels (the
four D*)¢ selected samples and the fddit*¢ control samples), with a set of constraints
relating the event yields between the channels.

Figure 1 shows the projections of the fit to datanify,, for the four signal channels,
showing both the lowmZ, region, which is dominated by the normalization modes
B — D™)¢~ vy, and the highm?,, region, which is dominated by the signal modes
B— DM vy,

In order to minimize the systematic uncertainties due to Bag,D™*) and ¢
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FIGURE 1. Left: distributions of events and fit projections i, for the four final statesD*°¢~,
D%, D**¢~ andD* ¢~ . The normalization region,« ~ 0 is shown with finer binning in the insets. The
fit components are combinatorial background (white),Bhe D¢~ v, normalization mode ( yellow), the
B — D*¢~ v, normalization mode ( light blue]3 — D**¢~ v, background (dark, or blue), ti2— DT~ v;
signal (light grey, green), and thi&— D*1~ v, signal (medium grey, magenta). Right: Distributions of
events and fit projections iip}| in the signal regiom?; > 1(GeV/c)? .

reconstruction, we measure the relative branching fractiB®*)) = #(B —
D*t v;)/%(B— D*{"vy), as reported in Table 1.

TABLE 1. Results from fits to data: the signal yields(@), the yield of normalizatio® — D¢y,
events (Norm), the branching-fraction ratio (R), and the absolute branching fraction T#e first
two errors orR and % are statistical and systematic, respectively; the third erraBaepresents the
uncertainty on the normalization mode. The last two rows show the results of the fit wisT 9
constraint applied, wheré? is expressed for th®.

Decay Mode Nsig Nnorm R[%)] BY%]

B~ — DO v, 356+194 34794231 314+170+49 067+037+0.11+0.07
B~ —-DPr v, 9224196 16299+636 346+73+34 225+048+022+0.17
B - Dtrv; 233+78 1502+133 489+165+69 104+0.35+£0.15+0.10
B -D*frv; 155472 4823+155 207+95+08 1.11+051+0.04+0.04

B— D1t v, 669+189 4978+264 416+117+52 086+0.24+0.11+0.06
B—D*Tv; 1014+191 21115+681 297+56+18 162+0.31+0.10£0.05

The main sources of systematic uncertainty are due to themedeaization of the
probability density functions used in the 2-d fit, and the background modeling, in
addition to theZ(B — D*¢~ v;) for the branching fraction measurement.
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FIGURE 2. Left: 2-d exclusion region in theny —tanf space for theR(D) BABAR measurement.
Right: 2-d exclusion region in theny — tanf space for thék(D) average from th&8ABAR and BELLE
measurements.

NEW PHYSICS CONSTRAINTS

The branching ratioR(D) and R(D*) can be calculated as function oty and tar3
type-Il 2HDM models involving charged Higgs doublets [5]. The measi@) and
R(D*) values can therefore be used to compute the probability that a given point in the
my — tanf space is allowed or excluded.

The BABAR results forR(D) andR(D*) can also be averaged with recent results on
the same branching fractions by BELLE [12]. The author’s personal averagBédor
andR(D*) give R(D) = (49.84+10.2 andR(D*) = (34.84+4.8)%. The 2-d exclusion
regions in themy — tanf space for theBABAR and the combinedBABAR + BELLE
averages are shown in Fig. 2.
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