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Studies of hadronic B decays to final states containing open charm mesons at LHCb Mark Whitehead

1. Introduction

The LHCb experiment [1] is a single arm spectrometer, based at the Large Hadron Collider at
CERN. It is optimised for the study of b– and c–hadron decays, possessing excellent vertex reso-
lution, particle identification from two RICH detectors and an efficient hadronic trigger. Decays of
b–hadrons to open charm final states are an excellent place to study CP violation, and in particular
the angle γ of the Unitarity Triangle.

This document details three independent measurements from LHCb, each using a dataset cor-
responding to 1.0fb−1 of pp collision data collected during 2011. The following decays are recon-
structed using the decay D0→ K−π+ only and charge conjugation is implied throughout.

2. The first observation of B0
s → D̄0φ decays

It has been shown in Refs. [2–5] that B0
s → D̄0φ decays can be used to measure the angle

γ using both time-integrated and time-dependent techniques. Additionally, the time-dependent
approach provides sensitivity to βs. The first step is to observe the decay mode for the first time.
The decay proceeds via b→ c and b→ u tree-level amplitudes, resulting in a theoretically clean
dependence on γ .

The analysis is based around a multi-variate selection, utilising the boosted decision tree
method (BDT) [6]. The BDT is trained using simulation for the signal sample and events from
the D sidebands for the background sample. The decay B0

s → D̄0K̄∗0 is used as a normalisation
channel to reduce systematic uncertainties. The LHCb measurement of B

(
B0

s → D̄0K̄∗0
)

[7] is
also updated, using the decay B0→ D̄0K∗0 as a second control channel. Extended unbinned max-
imum likelihood fits are performed to extract the signal yields, as shown in Fig. 1. The number of
signal events is 43± 8 for B0

s → D̄0φ , 535± 30 for B0
s → D̄0K̄∗0 and 260± 24 for B0 → D̄0K∗0.

To check that the decay proceeds mainly via the P-wave B0
s → D̄0φ channel and that the S-wave
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Figure 1: The B candidate invariant mass distribution for (a) B0
s → D̄0φ and (b) B0

(s)→ D̄0K̄∗0 candidates
with the fit overlayed.

B0
(s)→ D̄0K+K− contribution is small, the cosine of the helicity angle of the φ candidates, cosθh,

is inspected, as shown in Fig. 2. The simulated shape (histogram) shows the expected distribu-
tion of cosθh for events proceeding via the vector φ resonance. The B0

s → D̄0φ signal candidates
(filled circles) clearly favour the simulated shape (black) compared to the S-wave distribution of
the B0→ D̄0K+K− candidates (triangles).
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Figure 2: The cosine of the helicity angle of the φ candidates.

The branching fraction ratio is then determined to be

B
(
B0

s → D̄0K̄∗0
)

B (B0→ D̄0K∗0)
= 7.8±0.7(stat)±0.3(syst)±0.6( fs/ fd) ,

where fs/ fd is the ratio of fragmentation fractions with a value of 0.256± 0.020 [8]. Using the
known value for B

(
B0→ D̄0K∗0

)
[9] gives

B
(
B0

s → D̄0K̄∗0
)
=
[
3.3±0.3(stat)±0.1(syst)±0.3( fs/ fd)±0.5

(
B

(
B0→ D̄0K∗0

))]
×10−4 .

This is the most accurate measurement of this branching fraction. The ratio of branching fractions
for the signal decay is then determined to be

B
(
B0

s → D̄0φ
)

B (B0
s → D̄0K̄∗0)

= 0.069±0.013(stat)±0.007(syst) .

Using the updated value for B
(
B0

s → D̄0K̄∗0
)

from above gives

B
(
B0

s → D̄0
φ
)
=
[
2.3±0.4(stat)±0.2(syst)±0.5

(
B

(
B0

s → D̄0K̄∗0
))]
×10−5 .

This measurement represents an important first step in using this decay channel to measure the CP
violating phases γ and βs. The significance of this first observation is 6.2σ . For further details on
this analysis please see Ref. [10].

3. Measurement of the B0
(s)→ D̄0K−π+ branching fractions

The decay B0 → D̄0K+π− has been suggested [11, 12] as a channel that can play a sig-
nificant role in the determination of the angle γ . To perform the necessary Dalitz plot analy-
sis, the backgrounds to the decay mode must be well understood. Two potential backgrounds
are B0

s → D̄0K−π+ and, more seriously, B0
s → D̄∗0K−π+. Therefore, the first observation of

B0
s → D̄0K−π+ decays and knowledge of the Dalitz plot structure of the B0→ D̄(∗)0K+π− mode

are important.
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The decay B0→ D̄0π+π− is chosen as the control sample to reduce systematic uncertainties.
The control mode has very similar kinematics to the signal modes, allowing it to be used to train a
neural network based on kinematic variables. NeuroBayes [13] was chosen as the neural network
package for its ability to remain unbiased and not over-trained when training on data. The net-
work is trained using B0→ D̄0π+π− data and is optimised to observe the decay B0

s → D̄0K−π+.
Extended unbinned maximum likelihood fits are performed to the B candidate invariant mass dis-
tributions, as shown in Fig. 3. The signal yields are 8558± 134 for B0 → D̄0π+π−, 2391± 81
for B0

s → D̄0K−π+ and 815± 55 for B0 → D̄0K+π− decays. The ratio of branching fractions is
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Figure 3: The B candidate invariant mass distribution for (a) B0 → D̄0π+π− and (b) B0
(s) → D̄0K−π+

candidates with the fit overlayed.

determined for the B0
s → D̄0K−π+ decay to be

B
(
B0

s → D̄0K−π+
)

B (B0→ D̄0π+π−)
= 1.18±0.05(stat)±0.12(syst) ,

where the systematic uncertainty includes the contribution from fs/ fd . Using the measured value
of B

(
B0→ D̄0π+π−

)
[9] gives

B
(
B0

s → D̄0K−π
+
)
=
[
1.00±0.04(stat)±0.10(syst)±0.10

(
B

(
B0→ D̄0

π
+

π
−))]×10−3 ,

which is the first observation of this inclusive decay with a significance in excess of 10σ . The ratio
of branching fractions for the B0→ D̄0K+π− decay mode has also been measured to be

B
(
B0→ D̄0K+π−

)
B (B0→ D̄0π+π−)

= 0.106±0.007(stat)±0.008(syst) .

Using the known value for B
(
B0→ D̄0π+π−

)
this becomes

B
(
B0→ D̄0K+

π
−)= [

9.0±0.6(stat)±0.7(syst)±0.9
(
B

(
B0→ D̄0

π
+

π
−))]×10−3 ,

which is the most precise measurement to date.
Additionally, the Dalitz plot distributions for signal events in the three decay modes are shown

in Fig. 4. Please note that no amplitude analysis was undertaken, these plots were included for
completeness and interest only. The visible resonances are (a) ρ0(770) , f2(1270) and D∗−2 (2460);
(b) K∗0(892) and D∗−2 (2460), and (c) K∗0(892) and D∗−s2 (2573). Additional information on this
analysis can be found in Ref. [14].
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Figure 4: Signal weighted and efficiency corrected Dalitz plot distributions for (a) B0 → D̄0π+π−, (b)
B0→ D̄0K+π− and (c) B0

s → D̄0K−π+ candidates.

4. Search for B0
s → D∗−π+ decays

LHCb has recently measured decays such as B0
s →D0D̄0 ,D+D− andπ+π− [15,16] for the first

time. Such decays are mediated by weak-exchange and penguin annihilation processes, however
the interplay of the two processes is not well understood. The scale of potential rescattering effects
are also unknown. The decay B0

s → D∗−π+ is expected to be purely a weak-exchange process, so
by measuring the branching fraction some theoretical models can be tested [17–19].

The B0→ D∗−π+ decay mode is used as the control channel. It is also the main background,
with the huge B0 peak swamping the B0

s → D∗−π+ signal region. To control this effect, the data
sample was binned in the angle θbach, the angle between the D∗− and the bachelor π in the lab
frame. This variable is strongly correlated to the width of the B0 peak and provides a 20% gain in
sensitivity. A simultaneous fit to the B candidate invariant mass distribution is performed in five
bins of θbach, as shown in Fig. 5.
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Figure 5: A simultaneous fit to the B candidate invariant mass distribution in the following bins of θbach; (a)
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No significant signal was found, so an upper limit was set using a Bayesian method to be

B(B0
s → D∗−π

+)< 6.1 (7.8)×10−6 at 90% (95%) CL .

This represents the first limit on the branching fraction of this decay. The lack of a significant signal
supports the prediction [19] that rescattering effects may make significant contributions to decays
such as B0

s → D0D̄0 ,D+D− andπ+π−. Full details of the analysis are described in Ref. [20].

5. Summary

The first observation of the decay B0→ D̄0φ has been presented with a significance of 6.2σ .
The first observation of the inclusive channel B0

s→ D̄0Kπ had been made with a significance > 10σ

and the measurement of B
(
B0→ D̄0Kπ

)
was updated. These results provide the building blocks

for future analyses to study CP violation and the angle γ . Finally, a search for B0
s →D∗−π+ decays

was performed and an upper limit was set which provides an important input to understanding the
dynamics of decays such as B0

s → D0D̄0.
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