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Introduction

The time evolution for B0 and ¯B0 mesons can be written as
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), L and H denote the light and heavy mass eigenstates, �m = mH � mL and �� = �H � �L are related to CKM matrix elements

Inclusive Branching Fraction in B0
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• B0
s ! D(⇤)+

s D(⇤)�
s branching fraction contributes to the determination of ��s/�s [1]

[2], a key parameter of the SM
• It is one of the dominant contributions to the total inclusive b ! cc̄s branching fraction

What we measure is the branching fraction of B0
s ! D(⇤)+

s D(⇤)�
s relative to B0 ! D+
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Data sample and Event selection

• The data set analysed corresponds to an integrated luminosity of 1fb�1

• D⇤
s decays as D⇤

s ! Ds�(93.5%) and D⇤
s ! Ds⇡0

(5.8%)

• Neither of the neutral particles is reconstructed in the decay chain

Mass Fit

• B0
s and B0 yields are extracted by a three-dimensional fit on (mB0

s
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Figure 1: Invariant mass distribution (top) of the B0
s ! D(�)+

s D(�)�
s and (bottom) of one of the

D±
s daughter candidates. Also shown are the fit functions and the individual components of the

fit models.

6 Systematic uncertainties196

A number of systematic uncertainties a ect the measurements of the ratios of branching197

fractions; the sources and magnitudes of these uncertainties are summarised in Table 5.198

The dominant source of uncertainty for two of the three branching fractions comes from the199

b fragmentation fraction ratio, fs/fd = 0.259 ± 0.015 [23]. Part of the uncertainty on this200

ratio is due to the ratio of the charm branching fractions B(D+
s ! K+K� +)/B(D� !201

K+ � �) = 0.594± 0.020 [23], the inverse of which is used in the measurements presented202

in this paper, as shown in Eq. 1. Using the two values from Ref. [23], the part of the203

uncertainty on fs/fd due to the charm branching fractions cancels, leading to a total204

uncertainty for the product fd/fs � B(D� ! K+ � �)/B(D+
s ! K+K� +) of 4.7%.205
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• Fixed shape parameters are taken from MC samples

Results
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7 Summary and discussion

Inserting the measured yields and relative e�ciencies into Eq. 1, along with the fs/fd and
B(D� ! K+ � �)/B(D+

s ! K+K� +) values taken from [24], gives

B(B0
s ! D(�)+

s D(�)�
s )

B(B0 ! D+
s D�)

= 4.24 ± 0.14 (stat) ± 0.27 (syst),

B(B0
s ! D�±

s D�
s )

B(B0 ! D+
s D�)

= 1.88 ± 0.08 (stat) ± 0.12 (syst),

B(B0
s ! D�+

s D��
s )

B(B0 ! D+
s D�)

= 1.76 ± 0.11 (stat) ± 0.14 (syst).

Using the current world average measurement of the B0 ! D+
s D� branching fraction

of (7.2 ± 0.8) � 10�3 [19], one finds,

B(B0
s ! D(�)+

s D(�)�
s ) = (3.05 ± 0.10 ± 0.20 ± 0.34)%,

B(B0
s ! D�±

s D�
s ) = (1.35 ± 0.06 ± 0.09 ± 0.15)%,

B(B0
s ! D�+

s D��
s ) = (1.27 ± 0.08 ± 0.10 ± 0.14)%,

where the uncertainties are statistical, systematic, and due to the branching fraction of
the normalisation channel, respectively.

Figure 3 shows the LHCb measurement of the total B0
s ! D(�)+

s D(�)�
s branching

fraction, along with the previous measurements by Belle [5], CDF [6], and D0 [7], the
average of these previous measurements as calculated by HFAG [27], and the theoretical
value from Ref. [3]. The theoretical prediction is for a decay time t = 0, while the
measurements integrate over the B0

s meson lifetime; the correction factor for mixing is
known [28], but has not been applied. The LHCb result is consistent with all previous
measurements and calculations, and is the most precise determination to date. In addition,
the LHCb measurements of the individual B0

s ! D�±
s D�

s and B0
s ! D�+

s D��
s branching

fractions are consistent with, and more precise than, all previous measurements.
Using this measurement of the branching fraction of B0

s ! D(�)+
s D(�)�

s decays to
calculate ��s/�s as detailed in Ref. [1] gives a value approximately half as large as the

most recent HFAG determination [27], suggesting that indeed B0
s ! D(�)+

s D(�)�
s decays do

not saturate the CP -even modes [2]. The measurements presented in this analysis will
be useful in improving the understanding of hadronisation e�ects in B0

s decays via the
b! ccs quark transition, and in determining a precise value of the inclusive branching
fraction of these b! ccs decays.
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• The uncertainties are statistical, systematic and due to the normalisation channel

• The LHCb result is the most precise determination to date

Future Analysis: B0 ! D⇤D(⇤)B0 ! D⇤D(⇤)B0 ! D⇤D(⇤)

• B0 ! D⇤D(⇤) has the same underlying physics as B0 ! DD

• The D⇤ is a vector particle and a full angular analysis will be required, the 3fb�1 taken
in Run I would not be sufficient

• The channel B0 ! D⇤
(K⇡/K⇡⇡⇡)D(K⇡⇡) can be used to measure CP violation

• This analysis has started
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CP Violation Measurement in B0 ! D+D�B0 ! D+D�B0 ! D+D�

• Tree and penguin dia-
grams contribute to the
decay amplitude [7]

• CP violation occurs in in-
terference between decay
and decay after mixing

• sin(2�e↵) can be deter-
mined

• What we measure is the
CP asymmetry

ACP (t) = �CD+D� cos(�mt) + SD+D� sin(�mt)
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Figure 2: Illustration of topologies contributing to the B0
d(s) ! D+

d(s)Dd(s) decays. Taken
from Ref. [2].

2 Selection50

The analysed data set was collected by the LHCb experiment during two run periods in51

2011 and 2012. The 2011 subsample has an integrated luminosity of (0.971 ± 0.017) fb 1
52

at a centre-of-mass energy of
�

s = 7 TeV, while the 2012 subsample has an integrated53

luminosity of (1.960 ± 0.023) fb 1 at
�

s = 8 TeV.54

Several final states are considered in the reconstruction (Reco14) of the decay B0 !55

D+D . The D mesons are reconstructed through their decay into all combinations of three56

charged hadrons (kaons or pions). We restrict ourselves to the two dominant possibilities:57

• B0 ! D+D ! K + +K+ (signal)58

• B0 ! D+D ! K K+ +K+ (signal)59

• B0 ! D+
s D ! K K+ +K+ (tagging calibration)60

The selection for B0 ! D+
s D is (up to the mass window for the D+

s ) identical to61

the B0 ! D+D ! K K+ +K+ selection. The tuples are produced from the62

first reprocessing of the MDST.DST stream using DaVinci v36r5. In this step the track63

3

• LHCb will provide its con-
tribution in addition to the
measurements by BaBar
[4] and Belle [5]

1 Introduction1

The interest in experimental investigations of B to double charm decays has been expressed2

by the theory community [1, 2]. In addition to the theory motivation, the measurements3

of CP violation in B0 ! D+D� by BaBar [3], and Belle [4] are in disagreement, as shown4

in Fig. 1, which LHCb should be able to resolve.5

A first analysis at LHCb performed branching fraction measurements and discoveries6

of hitherto unobserved B to double charm decays [6]. However, a measurement of the CP7

violation in B0 ! D(�)+
(s) D(�)� decays has not yet been performed by LHCb.8

In the B ! D+D� channel, CP violation arises due to the interference of the direct9

decay and the decay after B0–B0–mixing. It leads to di�erent decay-time dependent10

partial decay rates of initial B0/B0 mesons decaying into their common final state D+D�,11

which is a CP eigenstate with CP eigenvalue �CP = +1. The two decay-time dependent12

partial decay rates are given by13
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where � is the mean lifetime of the B0 meson, and �m and �� are the mass di�erence14

and decay width di�erence of the heavy and light mass eigenstates of the B0 meson. For15

the other parameters, Ã, S, C, and D, it is beneficial to introduce the parameter �,16

� =
q

p

Ā

A
, (2)

where q and p are mixing parameters, and A (Ā) is the amplitude of the decay of a B0
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Figure 1: HFAG average of the CP violation parameters in B0 ! D+D� [5].
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Data sample and Event selection

• The data sample analysed corre-
sponds to an integrated luminosity
of 3fb�1

• D mesons are reconstructed
through the decays D !
K⇡⇡/KK⇡ (the second mode
is included for the first time)

• Mass fit is performed to disentangle
signal from background
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Flavour Tagging

• Flavour tagging calibration is per-
formed using the flavour specific de-
cay B0 ! D+

s D�

• D mesons are reconstructed
through the decay D(Ds) !
K⇡⇡(KK⇡)

• OS tagger combination and a SSp+

SS⇡ combination (see D. Fazzini’s
poster for details) are used to ex-
tract calibration parameters

• A fit of the B0/ ¯B0 asymmetry is
performed simultaneously for events
tagged as B0 and ¯B0

• The Tagging Power obtained is
✏e↵ = (7.5 ± 0.6)%
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Figure 12: Asymmetry projections obtained using a simultaneous unbinned maximum
likelihood fit on the two possible initial flavour categories (B0 left plot and B0 right plot)
as defined by the tagger combination notall.

4.2.4 Evaluation of the systematic uncertainties on B0 D+
s D520

Two kind of systematics are studied on B0 ! D+
s D : one related on the sWeights and one521

related to the calibration method. In this case no systematic uncertainties on calibration522

parameters coming from the acceptance model and the resolution model are considered,523

since the spline coe�cients parametrizing the acceptance are free parameters in the fit,524

while for the resolution model negligible contributions were found when studying it in the525

Monte Carlo sample.526

To study calibration parameter systematics related to the choice of sWeights an alternative527

set of weights is used, obtained from a bidimensional fit to Ds and D mass distributions.528

An unbinned maximum likelihood per event fit is done for the tagger combinations:529

OScombination, SScombination (Fig. 13), all and notall. The results obtained for the530

calibration parameters are summarized in Table 21. An unbinned maximum likelihood fit

Table 21: Calibration parameters determined using a per event fit on the sample B0 !
D+

s D and weights coming from D mass fit.

p0 p1 ��� �tag(%) �e ,c(%) �(p0, p1)

OS 0.3786±0.0085 1.00±0.072 0.3689 39.84±0.51 3.74±0.39 -0.0012
OScomb 0.3763±0.0084 0.982±0.085 0.3634 40.57±0.51 3.97±0.43 -0.11
SScomb 0.4269±0.0062 0.937±0.089 0.4279 78.29±0.71 2.81±0.36 -0.057
all 0.3940±0.0058 0.916±0.055 0.3892 86.15±0.75 6.48±0.53 0.11
notall 0.3966±0.0058 0.957±0.056 0.3922 86.00±0.75 6.33±0.52 -0.12

531

in five categories of mistag, is used to check the linear dependency of � on �, and to study532

the systematic e�ects related to the choice of the calibration method. The calibration533
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Data Fits and Conclusion

• A decay time fit is performed in or-
der to extract CP parameters

• A per-event resolution is used, taken
from simulation

• The acceptance is described using
cubic splines

• This blinded analysis is ongoing

• LHCb sensitivity is expected to rival
that of BaBar and Belle
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Figure 25: Plot of the decay time distribution of the sweighted B0 ! D+D signal data
sample with the projection of the PDF and the pull distribution on the left. The y-axis is
plotted in logarithmic scale. Plot of the nominal decay time acceptance model on the right.
The red stripes indicate the 1 error band taking into account the statistical uncertainties.

CD+D goes down significantly in this scenario the constraint on md is maintained in792

the nominal setup even though the correlation between SD+D and CD+D drops.793

Table 33: Acceptance spline parameters.

Parameter Value

h1 0.71 ± 0.06
h2 0.97 ± 0.11
h3 0.996 ± 0.011
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