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Preliminary results containing measurements of the decays B~ — Dg*)+
K~ ("7, are presented (the inclusion of the charge-conjugate modes is im-
plied). Analysis is based on data sample of 656 BB collected at Belle
detector in the clean environment of KEKB asymmetric-energy e™e™ col-
lider. Combined B — Dg*)K fvy, modes were observed with significance of
6c. First time these modes were measured separately: B(B — D K{v;) =
[3.0 £ 1.2(stat) "3 (syst)] x 107* (3.40, first evidence), B(B — D*K{v) <
5.4 x 10~* C.L. = 90%. Due to the fact that analysis is model-independent
it allows for first measurement of the m(D;K) spectrum, which is domi-
nated by a pronounced peak around 2.6 GeV /c2.
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1. Introduction

Searching for new exclusive semileptonic B decays with b — ¢ transition
is motivated by several open questions in this field. It can be noticed that
known exclusive decays do not sum up to total inclusive branching fraction
B — X_.lv. Furthermore, there are discrepancies between measurements
and theoretical expectations for semileptonic B decays to excited charmed
resonances. These both issues affect the accuracy of |V, and |V| determi-
nation.

B decays to D;K system are interesting candidates for the missing
semileptonic modes. D4 K system allows for exploration of masses m(DsK ) >
2.46 GeV /c?, where resonant and non-resonant contributions are expected.
Observation of such decays has an impact on background description for
many important processes, e.g. By — DsX/v.

* Presented at the Cracow Epiphany Conference on Present and Future of B Physics,
Cracow, Poland, January 9-11, 2012.
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Recently, BaBar reported first observation of combined D, and D} modes
with a branching fraction of B(B~ — D§*)+K—£—w) = [6.1371 93 (stat) +
0.43(syst) & 0.51(B(Dy))] x 107 [1].

2. Event reconstruction

The analysis is based on a data sample consisting of 657 x 106 BB
pairs that were collected with the Belle detector |2] at the KEKB asym-
metric eTe™ collider operating at the 7°(4S5) resonance [3]. DI candidates
are reconstructed in the cleanest decay chain: DY — ¢rt, ¢ — KTK~
(2.32£0.14% of D, width). D} candidates are combined with photons with
an energy E., > 125MeV to find D} candidates. Ds(D}) candidates with an
invariant mass in the range 1.934 < mp_ < 2.003GeV/c? (2.079 < mps <
2.155 GeV /c?) are accepted for further analysis. The signal windows are de-
fined as: 1.954 < mp, < 1.982GeV/c? and 2.079 < mp; < 2.255GeV /2.
Signal candidates for the decays considered here (Big) are formed by com-
bining a negatively charged kaon and lepton (e or u) with a Df. In the
case of multiple B, candidates, the one with the greatest confidence level
of the vertex fit is chosen. Events with accepted DT K~ ¢~ candidates (D%
sample) are removed from the set of DY K¢~ candidates (Ds sample).

Signal events are identified using the variable X,;s [4] defined as: X5 =

(Eveam — Fvis — | P visl)/ Egeam — m%i, where Epeam is the beam energy,

E,is and 7', denote the total energy and momentum of the D K¢ system,
respectively, and mp+ is the B* mass. All variables are calculated in CM of
7(4S). For decays with at most one massless invisible particle, as expected
for the signal, X,;s takes values in the range of [—1, 1], defined as the signal
region, while the background has a much broader distribution.

2.1. Background suppression

Particles not assigned to the B, are used to reconstruct the tagging
side of the event (Biag). Exploiting the information given by Bi,g allows for
background suppression without assumptions on the (unknown) signal dy-
namics. We select events with a negatively charged lepton with a momentum
above 0.5 GeV/c on the tagging side. This reduces the main background,

where a D} produced in a decay of the type B — DYYDM is combined
with a lepton and kaon from the subsequent D decay from a semileptonic
decay B — ¢~ 7,D™ X of the accompanying B meson. Further improvement
of the sensitivity is achieved with two tagging side variables:
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_ 2 02
Mtcag = \/(Etag - Efag) - (ﬁtag - Wtag) ’

Xtag = (Ebeam - Etag - |ﬁtag|)/m’

where Eiag and Py,, denote the total energy and momentum of recon-

structed particles not assigned to Big;g. Efag and ?fag represent the energy
and momentum of prompt tagging lepton. M, represents the inclusively
reconstructed mass of the hadronic system produced in the By,s decay and
Xiag is the tagging side equivalent of Xyi5. The M, and Xi,g distributions

tag
for signal and background are shown in Fig. 1.
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Fig. 1. M,, (left) and Xi.g (right) distributions for signal and background MC.

In the analysis we require —2 < Xiag < 3, Mg, < 2.4 GeV/c?, and zero
total event charge. The selection criteria are optimized for the Ds; mode by
maximizing the expected statistical significance estimated as Ng/v/Ng + Np,
where Ng(Np) is the predicted number of signal (background) events in the
(Xmis, mp,) signal window. This optimization was carried out for signal

branching fractions in the range B(B — Dg*)K&/) =2.5-5.0 x 1074,

2.2. Background model

Np is evaluated considering two background categories in the Dy sam-
ple: “true Dy background with correctly reconstructed D}, described by
the MC scaled to the integrated luminosity in data, and a “fake D" compo-
nent, where random track combinations are misreconstructed as D, which
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is evaluated from the mp, sidebands. In the D7 sample, the background
with true Dy is split into two parts: “true D}” with properly reconstructed
D*" and “fake DY, where a true D] is combined with a random photon
candidate. The background model is tested using distributions in the side-
band regions Xpis < —1 and Xy > 1. At this stage of analysis, signal

window is blinded.

2.8. Signal in data

After defining the selection criteria, the signal region is unblinded. The
resulting X, M) M+ - distributions in data are shown in Fig. 2.

Mp+ - is the invariant mass distribution of the DF K~ system for the
combined D; and D} samples in the signal window. While the background
model describes the experimental distributions well in the X ;s sidebands, a
clear excess over the expected background is seen in the signal region. The
M DF K- distribution in the signal window is dominated by a prominent peak

at ~ 2.6 GeV/c?, similarly to that observed in B~ — DI K~ 7~ decays [5].
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Fig.2. Xnis, mp, — PDG(mp,), Mp, i distributions in data.

2.4. Signal extraction

The signal yield are extracted from a simultaneous, extended unbinned
maximum likelihood fit to the Dy and D} samples. The Dy and D} samples
are fitted in two (Xyuis, mp,) and three (X, mp,, mps) dimensions,
respectively. In the Dy sample, we consider two signal components coming
from the decay B~ — DI K¢~ vy and from the decay B~ — DK ("1,
if a photon from the D** has been missed. In the D} sample, we distinguish
three signal components: one coming from the B~ — Df K~ ¢~ v, channel,
where Dy meson is associated with a random photon, and two from the
B~ — D" K~ {7, mode, with true and fake D defined analogous to the
background case discussed above.
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The two (three)-dimensional PDFs are parameterized as the product of
two (three) one-dimensional PDFs for each variable. The components with
true Dg*) are parameterized as a sum of two Gaussian functions in mp, or
as a single Gaussian function in mps, with means set to the average Dg*)
mass values 6] and with the remaining parameters fixed from fits to control
samples in data. The components with fake Dg*) are parameterized as first
degree polynomials in m - The X distribution of the signal compo-
nents is modeled with two “line shapes, one describing the two components
of the B~ — DI K~ ¢~ 7, mode and the other one describing the three com-
ponents of the B — DXTK~ ¢ v, decay. They are parameterized using
the function Cle~|(Xmis -] " e=a(Xmis=#) where C' is a normalization coeffi-
cient, and the parameters u, o, @« and n 6 N are fixed from fits to the signal
MC samples. The X5 distributions of the background components are
parametrized as bifurcated Gaussian functions with parameters fixed from
the simulated BB events with generic B decays (true D;) or from the mp,
sidebands in data (fake Dg). The free parameters in the fit are the signal
and background yields, and the coefficients of the polynomials describing

the m D dependence of the fake Dg*).

3. Results

The signal yields extracted from the fit are presented in Table I. The
significance is defined as X = \/ —21In(Ly/Lmax), where Ly and Ly denote
the maximum likelihood value and the likelihood value for the zero signal
hypothesis. Fit projections for each variable plotted in signal windows of the
other variables are presented in Fig. 3. The fitted signal yields are used to
compute the branching fractions with the formula: B(B~ — DY K 7))
= Dg*>/(2NB+B* €® By ), where N4 - is the number of BB~ pairs in

data, €*) denotes the reconstruction efficiency of the signal decay chain and
Bint is the product of intermediate branching fractions.

TABLE I
Signal yields (N Dg*)), branching fractions (B), statistical significances (X).
Decay channel N D B X
DKt 84424 [3.0+ 1.2(stat) "5 (syst)] x 107* 340
DKy 41422 29+ 1.6(stat)t} 5( )] x107* 180
<54x107* C.L. = 90%

combined Dg*)K 4% 60
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Fig.3. Xmis, mp, distributions in the M ) and X5 signal window for D, (first
row) and D} (second row) sample. In the third row, there is mp. distribution in
the mp, and Xy,s signal window for D} sample.
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Systematic uncertainties are presented in Table II. The dominant sys-
tematic uncertainty on the signal yield is due to the parametrization of
the Xpnis dependence of the signal and found to be ﬁ?(f%;) events for the
Ds(D?). Systematic uncertainty of signal reconstruction efficiency also gives
significant contribution (21%) to the total uncertainty. The reconstruction

efficiency is expressed as e®) = e%*S)Aegg%, where egs)

lated from the signal MC with the phase space model and Aell) = 1.20(0.57)
corrects for the difference between the data and the phase space distribution.
It is calculated as a function of the effective masses of two-body subsystems

is the efficiency calcu-

Dg*)+K -, Dg*)JFK*, K~ {7, and averaged using the experimentally observed
distributions.

TABLE II

Systematic uncertainties.

Source AB(D\)% AB(DH)%
Tracking, KID, LeptID 8
B(Ds — ¢m) 6
Signal efficiency 21
N(B*B") 2
Signal PDF (MC) 197, -7 417, —22
BKG PDF (MC) +6, -8 420, —17
BKG PDF (Data) +5, —1 3
Cross feed 1 2
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