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The first evidence for the decay B~ — D**’77 v, is obtained using proton-proton collision data collected
by the LHCb experiment, corresponding to an integrated luminosity of 9 tb~!, at centre-of-mass energies of

7, 8, and 13 TeV. Here, the D** meson represents any of the three excited charm mesons D, (2420)0,
D;(2460)°, and D} (2400)°. The B~ — D**°z~1, signal is measured with a significance of 3.5¢, including
systematic uncertainties. The combined branching fraction B(B~ — Di9t™0,) x B(D{Y — D*"z~),
where D7) denotes both D;(2420)° and Dj3(2460)° contributions, is measured to be
[0.051 + 0.013(stat) & 0.006(syst) &= 0.009(ext)|%, where the last uncertainty reflects that of the
branching fraction of the normalization channel B~ — D’,‘j‘zoD;(*). The ratio between the tauonic and

muonic semileptonic B decays, with the latter taken from world average values, is also determined and
found to be R(D}%y) = 0.13 £ 0.03(stat) + 0.01(syst) & 0.02(ext).

DOI: 10.1103/tj9h-n4w1

Lepton flavor universality (LFU) is one of the pillars of
the standard model (SM) of particle physics. It postulates
that the three charged leptons have exactly the same
properties and couplings, except for their masses.
However, LFU is often violated in models beyond the
SM [1,2]. Experimentally [3-12], evidence of LFU
violation is found in semileptonic B decays, where
the ratio of branching fractions R(D™), defined as
B(B - DYt"1,)/B(B - D¥yu~1,), exceeds its SM pre-
diction by 3.3 standard deviations (o) [13]. This long-
standing discrepancy calls for more investigations of
potential systematic effects. One of the largest systematic
uncertainties common to all R(D*)) measurements is the
limited knowledge of the D*'z7p, contamination by
B — D**77 1, decays, where D** mesons decay to a state
containing a D** meson [13]. Hereafter, the D** symbol
designates all excited cit and cd mesons more massive
than the D*(2010) state. The four lightest states are
Dj(2300), D;(2420), D)(2400), and Dj;(2460) with
masses 2343, 2422, 2412, and 2461 MeV/c?, respectively
[14]. The last three mesons decay significantly into D* ,
while the first one decays only to Dz. The D(2420) and
D3(2460) states are narrow with widths of 31 and
47 MeV/c? [14], while the other two are very wide with
widths in the range 200-300 MeV/c?. Theoretical
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predictions regarding the branching fractions of the
D**Y mesons to the D**z~ final state can be found
in Ref. [15].

The goal of this analysis is to search for the
B~ — D*%7~p_ decays, and measure the branching frac-
tion of the B~ — Di97" o, decay, where D} represents
the combined contributions from the D;(2420)° and
D3;(2460)° mesons. The D}*) mesons are reconstructed
from the K=z~ 7" z" final state using the D) — D* "z,
D*t — D%z, D — K~z decay chain. (The inclusion of
charge-conjugate processes is implied throughout, unless
otherwise stated.) The 7~ lepton is reconstructed using the
v~ = o a7 (7°)v, decay, where the z° meson is not
reconstructed. The decay B~ — DyYD;*) is used as
normalization channel for the branching fraction measure-
ment. Its branching fraction is extracted from the recent
analysis by the LHCb Collaboration [16]. The normaliza-
tion channel is reconstructed using the Dy — nxtza~
decay that features the same vertex topology and visible
final state of the signal decay. Many systematic uncertain-
ties are in common between the two channels and cancel
out in the measurement of the ratio of branching fractions.
Using the known B(B — D}9u"0,) value [14], the ratio
R(D7Y) = B(B - D97 0,)/B(B - D{u",) can also
be determined and compared to the assumptions used in the
R(D™) measurements [3-12].

This analysis uses a data sample of proton-proton (pp)
collisions collected with the LHCb detector, at center-of-mass
energies of 7, 8, and 13 TeV, corresponding to an integrated
luminosity of 9 fb~!. The LHCb detector is a single-arm
forward spectrometer covering the pseudorapidity range
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2 < n < 5, described in detail in Refs. [17,18]. The detector

includes a high-precision tracking system consisting of a
silicon-strip vertex detector surrounding the pp interaction
region [19], and large-area silicon-strip detectors located
upstream and downstream of the 4 Tm dipole magnet.
The minimum distance of a track to a primary pp collision
vertex (PV), the impact parameter (IP), is measured with a
resolution of (15 + 29/ pr) pm, where pr is the component
of the momentum transverse to the beam direction, in GeV/c.
The online event selection is performed by a trigger system
[20], which consists of a hardware stage based on information
from the calorimeter and muon systems, followed by a
software stage that performs a full event reconstruction.
Events are selected at the hardware stage if the particles
forming the signal candidate satisfy a requirement on the
energy deposited in the calorimeters or if any other particle
passes any trigger requirement. The software trigger
requires a two-, three-, or four-track secondary vertex with
significant displacement from any PV and consistent with the
decay of a b hadron, or a three-track vertex with a significant
displacement from any PV and consistent with the decay of a
D* meson. A multivariate algorithm [21,22] is used for the
identification of secondary vertices. In the simulation, pp
collisions are generated using PYTHIA 8 [23] with a specific
LHCb configuration [24]. Decays of hadronic particles are
described by EvtGen [25], in which final-state radiation is
generated using PHOTOS [26]. The Tauola package [27] is used
to simulate the decays of the 7~ lepton into z~z~z" v, and
n~n nt 7%, final states, according to the resonance chiral
Lagrangian model [28] with a tuning based on the results from
the BABAR Collaboration [29]. The interaction of the
generated particles with the detector, and its response, is
implemented using the Geant4 toolkit [30] as described
in Ref. [31].

This analysis follows the same selection regarding the
reconstruction of D*" and 7~ candidates as the R(D*)
measurement [9]. The presence of exactly one extra pion
track, compatible with originating from the B~ vertex is
also required. Samples of right-sign (RS) or wrong-sign
(WS) D** candidates are then formed by combining
selected D** candidates with a pion track compatible with
originating from the B~ vertex, having opposite or same
charge, respectively. The B~ candidate is reconstructed
from the combination of the D*** and 7~ candidates. The
pion and the D*t decay products are required to form a
good-quality vertex. The D° and D** candidates are
required to have a mass close to their known values
[14], and mass sidebands are used to subtract the back-
ground. As in previous analyses [8,9,32], a stringent
requirement is applied to the displacement along the beam
axis between the 7~ and B~ vertices, which must exceed 4
times the associated uncertainty. This selection is highly
effective in suppressing the so-called prompt background,
due to B — D"z~ 2~ x* X combinations, where the pion
triplet is produced at the B decay vertex and X denotes

additional undetected particles (including zero if specified
in parentheses).

A boosted decision tree (BDT) [21] classifier is trained to
reject the background due to B — D*TDy(X) events,
where a 7~ meson from a five-prong Dy decay is combined
with the D** to form the D*** candidate. The classifier
exploits the different vertex topology between this back-
ground and the signal, and is trained using simulated
samples of the two decays. This classifier is also efficient
in reducing the prompt background, where the 7~ meson
used to form the D*** candidate and the pion triplet are
produced at the same vertex. A second BDT classifier is
used to reject remaining fake D** candidates and is trained
using simulated B~ — D (2420)°z" 7, events as signal and
the WS data as background. A further BDT classifier,
referred to as BDT-antiD,, is optimized to suppress the
main background arising from Dy decays to three pions
which mimics 7~ decays. It uses the same inputs as for
R(D*) measurement [9]. This classifier leverages the
distinct decay dynamics of the signal 7~ decays and the
D7 decays, and is used in the signal extraction procedure.

The D** candidates mass distribution after the
final selection except the BDT-antiD, requirement and
the upper limit of 1600 MeV/c?> on the z~ztn~
mass is shown in Fig. 1. To improve the resolution, the
mass is calculated using the known D** mass [14],
Mp-, and the difference between the masses of the
D% and D** candidates, Am =m(D*"z~) — m(D*"),
as m(D**z~) = Am+ Mp-+. An unbinned maximum-
likelihood fit to the mass distribution is performed using
two relativistic Breit-Wigner functions to describe the
signal and one exponential function for the background.
The yields of D;(2420)° and D3(2460)° contributions are
found to be 2456 £ 75 and 633 £ 69, respectively. These
results allow to determine the typical size and composition
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FIG. 1. Distribution of the D**z~ mass for all selected

DOz~ z~zt candidates in the full dataset, with the result of
the fit also shown A potential D} (2400)° component can not be
distinguished from the background.
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TABLE L

List of the various background categories. The first, second and third columns indicate the decay chain

producing each background, the control sample dedicated to its study, and an estimate of its relative contribution in
the selected sample, reflected by the number of stars, respectively.

Background source Control sample Size
Fake D**0
Fake D° or fake D**+ D° and D** sidebands *
Genuine D**; fake D**0 WS sample ook
B — D**D*(X) *
B — D**(DK)~(X) o
Genuine D**0
B - D"z z—ntX B~ - D"z~ xt *
B~ - D*'D;(X) B~ > D*"'D;(— an x")(X) ook

B~ — D*%(DK)"~

B — D**D%(— K~ ntntn™)(X)

Negligible

in terms of D (2420)" to D%(2460)° ratio of the initial D**°

meson sample, but are not explicitly used in the following.

Various background sources contribute to the
B~ — D*%t7p_ selected sample. Their yields and distri-
butions are determined using control data samples. Table I
summarizes the main background contributions and the
corresponding control samples. Fake D? or D** candidates
are removed using the sideband subtraction method. Fake
D*** mesons can be formed combining a genuine D**
meson with a random pion. This background source is
studied using the WS sample, leveraging the fact that
random pions are equally likely to carry either charge.
Candidates from B - D**D;(X)and Dy - n n n n'n"
decays and random D*"z~ combinations fall into this
category. Possible sources producing only WS combina-
tions are investigated; the only significant one stems
from the wrong reconstruction of the slow pion from the
D*~ — D%z~ decay into two almost identical tracks, one
being used to form a D** candidate and the other to form a
WS D*0 candidate. Such cases are removed with
a requirement on a dedicated multivariate classifier.
Additionally, fake D**0 mesons can arise from
B — D*"D*~(X) decays, where the slow pion is combined
with the genuine D** meson to form the D**° candidate.
They can also originate from B — D**(DK)~(X) decays,
where the kaon is misidentified as a pion and is combined
with the genuine D* meson. The latter two contributions
are not included in the WS sample and must be added
separately. These combined contributions represent a good
description of the background as indicated from the
simulated sample of inclusive b-hadron decays to final
states containing D**z~z"z~ that mimics the data as
closely as possible as shown in Fig. 5.

The remaining background candidates consist of a
genuine D*** candidate associated with a fake 7~ candidate.
The largest source of this background is the prompt
B - D"z~ n~x*X decay. However, its contribution is
suppressed by a factor 1073 due to the detachment require-
ment on the B~ and 7~ vertices, resulting in an estimated

yield of 32 &+ 15. This background can be studied using a
control sample obtained by removing the detachment
selection requirement and analyzing the exclusive decay
B — D%z~ z~x*. The remaining candidates arise mostly
from B~ — D**'D;(X) decays, with Dy —» 7zt 7~ (X)
decays. The refined model used to describe the inclusive
D7 meson decays to three and five pions is based on recent
measurements perfomed by the BESIII Collaboration
[33—40] and is identical to the one in the R(D*) analysis
[9], as well as the weighting procedure described therein.
The corresponding control sample is formed by selecting
the exclusive decay B~ — D**Oz~7~z" where the 7~ 7t 7~
mass is required to be within 430 MeV/c? of the known
D7 mass [14]. A data-driven method is used to estimate the
relative proportions of Dy, Di~, and D;*~ mesons asso-
ciated with a D*** candidate in B~ decays, which are an
important input for a correct background description but are
poorly known. The method uses a data sample obtained
without the BDT-antiD; selection, but requiring the Dy
fully reconstructed in the "z~ 7~ final state.
Figure 2 shows the D*"z~z 7~ z" mass distribution of
the selected candidates. One can identify three regions
from left to right: the B~ — D*D**~ B~ — D*0D*~
B~ — D*°D; domains defined with D***37 mass in the
ranges below 5000 MeV/c?, 5000-5200 MeV/c?, and
5250-5350 MeV/c?, respectively. Together with the
results obtained in Ref. [16] using the B~ — D*"Dyx~
and Dy - K~K™z~ decay chains, this information is
used to constrain the yields of the various Dy contribu-
tions. Furthermore, the yields of B~ — D**YD*~ and
B~ — D*°D; are determined to provide the normalization
for the branching fraction measurement. The fraction of
D7) candidates in these yields are derived from the fit
fraction of Ref. [16].

Background due to B~ — D***(DK)~ decays, where the
notation (DK)~ represents all combinations of a charmed
meson and a kaon with a negative total charge, could
also contribute, but this source is expected to be highly
suppressed due to the limited phase space available.
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FIG. 2. Distribution of the D**z~ 7"z~ 7z mass for candidates
with #7727~ mass consistent with the Dy mass. Background is
subtracted using candidates in the Dy mass sidebands. Three
regions corresponding from left to right to B~ — D™D~
B~ — DD~ and B~ — D*°D; are indicated by the vertical
lines.

Its contribution is studied using control samples obtained
requiring a D** candidate and eithera D° — KTz~ 7~z" or
a D~ — KTz~ 7~ candidate, where the Kt track is con-
sistent with originating from the 7~z "+~ vertex. The first
sample, consisting of 424+ 15 B~ — D*°DYK~ decays
where the K~ track is not reconstructed, as can be seen in
Fig. 4, corresponds to an expected yield of
5 £ 3, given the relative efficiencies between the control
and signal sample [9]. The second sample leads to a
similar contribution. As a result, the background including
a genuine D*** is assumed to consist only of the
prompt B — D*%7 77 7~X and the B~ — D*'D;(X)
contributions.

As in Ref. [9], the determination of the signal yield is
performed using a three-dimensional binned maximum-
likelihood fit to the output of the BDT-antiD classifier, the
squared mass of the 7™z, system, g2, and the mass difference
Am. This latter variable is used to differentiate between
B~ — DYt b.and B~ — D{(2400)°7" 7, signals while the
BDT-antiD; classifier separates background contributions
suchas B~ — D***D; (X) decays from signal decays. Given
the limited size of the data sample and to reduce the number
of empty bins, the fit uses 8 bins for Am, 5 for the
BDT-antiD, output, and 3 for g>. The g* variable is
computed exactly as in Ref. [9]. Taking into account the
extra pion from the D**” decay leads to the same signal yield
within 2%, taken into account in the systematic uncertainty
assigned to the fitting procedure. Simulation and control
samples are used to determine the templates that contribute
to the final fit: the B~ — D**%z"p,, B~ — D***D;(X) and
prompt B — D*%z~n 7~ X simulated samples, the WS
control sample, together with two simulated samples of

B — D**D*7(X) and B —» D**(DK)~(X) decays. Seven
BY — D** D3 (X) templates are used in total, of which six
account for the combinations of Dy and D}~ mesons with
each of the three D** mesons, and one includes all D}*~
contributions. The signal templates are computed for each of
the three D;(2420)°, D3(2460)°, and D’ (2400)° states.
Given the small mass difference between the D (2420)°
and the D}(2460)° states, a common template is used for
the sum of the two signal components. Their relative
contribution is obtained from their predicted production
ratio and branching fractions to D**z~ final states [15].
The relative contribution of D’ (2400)° with respect
to D}% is constrained to the theoretical prediction of
04+05 [41,42]. The yields of five components
[signal, B~ — D,;(2420)°D;~, B — D**D*=(X),
B — D**DK(X), and the WS templates] are free to float
in the fit, while the remaining yields are constrained to the
corresponding estimated values. Figure 3 shows the dis-
tributions of the three observables, together with the fit
projections. The y? per degree of freedom is 0.89, with
115 degrees of freedom, demonstrating a good understand-
ing of the various backgrounds. The B~ — D77, and
B~ — D**%7~p_ decays yields are found to be 123 4 23 and
220 = 34, respectively. The quoted uncertainty is statistical,
and includes the effects of the Gaussian constraints used in
the fit.

The significance of the decay B~ — D**%z~7,, including a
possible contribution from D (2400)°z~ 7, is determined to
be 3.50, including the systematic uncertainties related to the
signal yield determination discussed below. The signifi-
cance level is obtained comparing the results of a fit to the
data allowing the contributions from B~ — D**D**~ and
the relative rates of D;(2420)° and D3(2460)° to
vary freely, against those of a fit including only background.

The signal yield is compared to the normalization
channel yield to derive the branching fraction ratio Kp:o,
through the relation '

B(B~ — D’{EOT_DT)
B(B~ - Dy¥D{")
Nsignal B(D;_ nd 7T_71'_7T+)

= el (1)

Nnorm B<T_ - 7[_”_”+(X)) X €R ’

KDT*ZO =

where Ny 18 the signal yield, Ny, denotes the yield of
the normalization channel, and ey is the ratio of selection
efficiencies between the two channels.

Various effects are studied to assess the systematic
uncertainty on the branching fraction ratio xp-0. In order
to check the fit stability and potential bias, the same fit
procedure is performed on selected candidates from the
simulated sample containing inclusive b-hadron decays to
final states containing D*z~z"z~, and with a signal-to-
background ratio similar to that observed in data, and with
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Top: distribution of the mass difference between the D*** mass and the D** mass, bottom left: BDT-antiD, output distribution,

and bottom right: distribution of the 7”7, invariant mass squared, g2, for all candidates fulfilling the final D** selection. The fake D**°

component is constructed with the WS data sample.

an equivalent luminosity 10 times larger. The D’{fzo signal
yield is found to be compatible within +1¢ with the true
signal yield in the simulated sample. Additional studies are
performed with progressively decreasing signal yields. In
all cases, the extracted signal yields are found to be in good
agreement with the number of signal candidates present in
the simulated samples. In an extreme scenario where no
signal candidates are simulated, the fit returned a result of
35 + 80, which is consistent with zero, corresponding to a
potential yield in the data of 4 +25 events. In the
simulation, the three B~ — D**°7~p, decays are generated
using the Isgur-Scora-Grinstein-Wise (ISGW?2) model [43].
More recent models better describe these semileptonic
decays: Leibovich-Ligeti-Stewart-Wise (LLSW) [44] and
Bernlochner-Ligeti-Robinson (BLR) [41]. Alternative tem-
plates are obtained for the main B~ — D,(2420)° o,
contribution by using the HAMMER package [45] to weight
events according to these two models. The ¢ distributions
for each model are shown in Fig. 6. The yields obtained
with the LLSW and BLR models are found to be compat-
ible with the baseline result using the ISGW2 model, and
the 3.7% relative difference found is assigned as the
systematic uncertainty due to the limited knowledge of
the form-factor distributions. The fit assumes a fixed ratio
between the D;(2420)° and D3(2460)° signal contribu-
tions: a systematic uncertainty of 4.4% is assigned by
varying their ratio from 0 to 1. The fit y? increases for large
D;(2460)° contributions, a pure D}(2460)° component is

excluded at the level of 2.70, and a 50% Dj;(2460)°
component is disfavored at the 2o level.

The systematic uncertainty associated with the finite size
of the simulated samples leads to an uncertainty of 4.3% for
the efficiency computation and 4.1% for the template shapes
determined using the bootstrap method [46], as in Ref. [9].
The effect of changing fit observables, replacing the ¢°
variable by the D* helicity angle [47], and changing the
binning schemes with half or twice the number of bins,
results in a systematic uncertainty of 5.0%, corresponding to
half the maximum deviation from the baseline result. The
systematic uncertainty associated with the B~ — D***(DK)~
background contamination is estimated to be 3.6%, under
the assumption that half of the estimated yield consists of
signal candidates.

This analysis requires the reconstruction of an extra track,
compared to the R(D*) analysis, which has studied the
efficiency in great detail [9]. The uncertainty associated to the
extra track reconstruction efficiency cancels to a large extent
since the normalization channel also requires an extra track
reconstruction. The B~ — D**z~ 7"z~ z" control sample is
used to compare the selection efficiency in data and simu-
lation. For each selection criterion the relative efficiency is
measured, using data around the known B~ mass [14]. A good
agreement is found, except for the efficiency of the vertex
detachment requirement, which deviates by 10% due to
differences in the vertex resolution between data and simu-
lation at 13 TeV. After correcting for such discrepancy, a
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TABLE II. Summary of relative systematic uncertainties on
Ko related to the various identified sources.

Source Systematic uncertainty [%]
Form factors 3.7
D3(2460)° fraction 44
Finite size of the simulated 43
samples—efficiency
Finite size of the simulated 4.1
samples—templates
Variables and binning choices 5.0
B~ — D**%(DK)~ background 3.6
Selection and analysis 2.0
Detachment requirement 4.0
WS background description 2.0
Total 11.4

systematic uncertainty of 2% is assigned due to the limited

knowledge of the analysis selection efficiency, in line with
what has been found in the R(D*) analysis [9].

The background suppression due to the detachment
requirement must be correctly described in simulation, so
that the contamination of prompt background is correctly
accounted in the fit. A comparison is made between the
suppression factor in data and in simulation of the prompt
B~ = D**z~n m xt peak when requiring 2, 3 or 4o
separation between the B~ and 7~ vertices. An agreement
within 4% 1is observed and assigned as a systematic
uncertainty. A key feature of this analysis is the modeling
of the fake D** background with data using the WS
sample. The discrepancy between the observed back-
ground under the Am peak and its estimation is less than
5% in the full Am range (cf. Fig. 5). Weighting the WS
background mass distribution within such limit leads to a
signal yield change of 2%, which is assigned as the
corresponding systematic uncertainty. Table II summa-
rizes the systematic uncertainties for this measurement.
The total uncertainty is the sum in quadrature of the
individual components.

In order to improve the statistical precision of the
normalization channel yield, the B~ — D**Dyz~ and
B~ — D*'Di (- D;y)n~ contributions are summed.
The respective yields, obtained after a sideband subtraction
around the Dy mass peak, are 116 + 11 and 177 & 14. The
ratio of the corresponding branching fractions has been
measured by the LHCb Collaboration to be 1.31 £+ 0.16
[16]. The efficiency ratio er between the signal and
normalization channels, is expected to be far away from
unity because of the presence of the two neutrinos in the
signal channel. It is measured to be €z = 0.38 %= 0.02 in the
inclusive simulated sample, taking into account the slightly
different efficiencies of the Dy and Dj~ channels.
Combining these informations in Eq. (1) gives

B(B~ - Dy 0,)
B(B~ - DD

= 0.19 & 0.04(stat) £ 0.02(syst).

Using the branching fraction of the normalization
channel from Ref. [16], B(B~ - Dsz()Dg*)) =
(0.27 £ 0.05)%, where D(2420)° and D3(2460)° mesons
decay to the D**z~ final state, it follows that

B(B~ - D97 0,) x B(D}Y - D*"n7)
= (0.051 £ 0.013(stat) + 0.006(syst) = 0.009(ext))%,

where the last uncertainty accounts for the normalization
channel branching fraction uncertainty. The branching
fraction B(B~ = D*9t~p,) x B(D**® - D**z7) =
[0.085 £ 0.026(stat) £ 0.009(syst) = 0.016(ext)|% corre-
sponds to the average total D**¥ yield in the two extreme
cases where the fraction of the D' (2400)° component in the
D0t p_ signal is assumed to be 0 or 100%, and the first
uncertainty covers the variation of the total D**°
yield between these two cases. The branching fraction
B(B~— Dyt 1) x B(D}Y — D*"x~) is found to be less
than 0.094% at 90% CL in the first case. In the very unlikely
case of a pure D}(2400)°z7D, component, the result
is B(B~ — D/ (2400)°z71,) x B(D/(2400)° — D**z7) =
[0.111 £ 0.017(stat) = 0.010(syst) £ 0.019(ext)]%. Given
that the branching fractions for the muonic B~ -decay
channels involving the D;(2420)° and D3(2460)° states
are (0.30 £ 0.02)% and (0.10 £ 0.02)% [14], the following
ratio is determined:

R(D79) = 0.13 £ 0.03(stat) & 0.01(syst) £ 0.02(ext).

The measured ratio is compatible with the SM prediction of
0.09 £0.02 [41,42,48] and with assumptions made in the
R(D™) measurements [3—12] on the R(D**) value. This
implies that the observed deviation of R(D™)) from the SM
prediction is not likely to be due to a global underestimation
of B - D**t7, decays.

Regarding the R(D*) measurement by LHCb
Collaboration based on hadronic 7z~ decays [9], and
assuming a total of 9000 B® — D**7~1, decays in the full
9 fb~! data sample, the expected value of the feed-down
fraction of B — D**7~ 1, candidates in the fitted sample is
estimated to be (8.9 & 2.1)%, leading to an upper limit of
11.1% (13.1%) at the 90% (95%) confidence level. Taking
into account the extra (0.7 £0.1)% contribution arising
from BY — D***7~, decays and the uncertainty regarding
the total signal yield, the total feed-down contribution is
larger than the 3.5% rate used in Ref. [9], but compatible
within 2.66. The corresponding shift in R(D*) quoted there
is well within one standard deviation.

In summary, evidence for the B~ — D**97~1, channel is
obtained with a significance of 3.5¢. The branching
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fractions B(B~ — D{9t70,) x B(D}y — D**z~) and the
ratio R(D7) are measured for the first time. The latter is
found to be in good agreement with the SM prediction and
consistent with the assumptions used in the various
R(D™)) measurements.
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background under the D*** peak in the RS sample is
compared to that of the WS candidates in the same
simulated sample. As can be seen in Fig. 5, a good
agreement is found, validating the procedure.

semileptonic B — D**rv decays. Figure 6 displays
the ¢ distribution for each model, showing that the BLR
and LLSW models are rather similar, while the ISGW2

model predicts a ¢ distribution shifted toward lower

Three different theoretical models (BLR [41], values.
LLSW [44], and ISGW2 [43]) can be used to describe the
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