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Collider, optimised for the study of B and D hadrons. The experiment collected 1.0 fb−1 of in-
tegrated luminosity during 2011 data taking, accumulating unprecedented samples of B hadron
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CKM-unitarity triangle. We present here several world best measurements of these decays.
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1. Introduction1

Of the three angles comprising the CKM-unitarity triangle, γ remains the least experimentally2

constrained. The current world average of this CP-violating parameter, taken from direct measure-3

ments, is found to be (62± 12)◦ [1]. A precision measurement of this angle is highly desirable4

in its own right, since it is one of the eighteen arbitrary parameters of the Standard Model [2].5

However, further motivation for such a measurement comes from the fact that the angle γ is the6

only CP-violating parameter that can be measured unambiguously via both tree- and loop-level7

b-decays. While loop-level processes are sensitive to possible New Physics (NP) contributions,8

tree-level processes are considered immune. Consequently a comparison of γ measurements made9

in these two types of decay constitutes a powerful search for NP. Such a series of measurements10

form an integral part to the LHCb physics programme [3].11

These proceedings describe some of the first steps performed at LHCb towards a tree-level12

measurement of γ . While no determination of γ is presented, measurements of several interesting13

auxiliary parameters are given. These analyses have been performed using the experiments first14

1.0 fb−1 of data recorded at
√

s = 7 TeV. Following a brief description of the γ extraction method-15

ology, sections 3 and 4 present results utilising two time-independent techniques; the GLW and16

ADS methods, respectively. Finally section 5 describes the status of performing a time-dependent17

measurement of γ with the mode Bs→ DsK.18

2. Tree-level γ Methodology19

The angle γ is defined as the relative phase-difference between b→ u and b→ c quark tran-20

sitions. Access to this phase is made possible through the interference between two diagrams21

involving b→ uc̄s and b→ cūs processes. Considering all possible flavours of the accompanying22

spectator quark, q, one finds two distinct sets of tree-level decay processes involving a single D23

meson1. These are summarised in Table 1.24

q b→ uc̄s b→ cūs

{u, d} Bq→ D0 Xs Bq→ D0 Xs

s B0
s → Ds Xs B0

s→ Ds Xs

Table 1: Tree-level processes sensitive to the CKM angle γ .

The quantity Xs is a final state with quantum numbers equivalent to that of a K±. In the case25

of q = {u, d}, the necessary interference occurs when both the D0 and D0 decay to a common final26

state. However for q = s, the interference occurs via B0
s −B0

s mixing. Consequently, in order to27

extract γ one can either considering the time-integrated rates of the former set of modes, or perform28

a time-dependent analysis with the latter.29

1Here and subsequently, D will denote both a D0 and D0.
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3. Time-Independent Measurements : GLW Method30

A variety of time-integrated methods have been proposed in the literature, dependent on the31

D final state considered. The GLW technique considers CP eigenstates, DCP, such as K+K− and32

π+π− [4, 5]. Two such analyses have been performed at LHCb, utilising these final states in33

conjunction with the decay processes B±→ DX±s . Analysis (A) considers a single bachelor track,34

X±s = K±, while the analysis (B) considers the multi-body final state X±s = K±π+π−. In both35

analyses two γ dependent observables are measured. They are the average partial width36

RCP+ = 2
Γ(B−→ DCP+X−s )+Γ(B+→ DCP+X+

s )

Γ(B−→ D0X−s )+Γ(B+→ D0X+
s )

, (3.1)

and the CP asymmetry37

ACP+ =
Γ(B−→ DCP+X−s )−Γ(B+→ DCP+X+

s )

Γ(B−→ DCP+X−s )+Γ(B+→ DCP+X+
s )

. (3.2)

It is important to note that, due to strong interaction processes within the X±s =K±π+π− final state,38

the values of these observables are expected to differ between analysis (A) and (B), respectively.39

Both analyses utilise a multi-variant technique in order to discriminate signal from combi-40

natoric background. Analysis (A) uses a Boosted Decision Tree algorithm, while analysis (B)41

implements a neural network through the NeuroBayes R© software package. In each case, the dis-42

criminant is trained to isolate both the signal B±→DX±s and its reflection mode B±→DX±d , where43

X±d is either π± or π±π+π−, respectively. In addition to the multi-variant output response, require-44

ments are also imposed on the flight distance of the D in order to suppress contributions from B±45

decays not containing a D meson. The candidates selected in each analysis are then divided into46

four mutually-exclusive sub-samples according to:47

1. the charge of the parent B-meson;48

2. the Particle Identification (PID) information of the tracks associated with the D meson in49

order to isolate [K+K−]D and [π+π−]D enhanced samples;50

3. the PID information of the track(s) not associated with the D meson in order to isolate Xs and51

Xd enhanced samples.52

To determine the signal yields within each final state, both analyses perform an unbinned53

maximum-likelihood fit to the B± invariant-mass distributions of all four subsamples simultane-54

ously. Careful attention has been made to account for all potential sources of background and to55

include appropriate lineshapes for each within the global likelihood. The resulting best fit to the56

four invariant-mass distributions of analysis (B) are shown in Fig. 1. Clear signal peaks are seen in57

both the [π+π−]D (Figs. 1(a) and 1(b)) and [K+K−]D (Figs. 1(c) and 1(d)) final states, constituting58

the first ever observations of these CP modes within the decay B± → DK±π+π−. Furthermore,59

hints of charge asymmetries are also seen between Figs. 1(a) and 1(b) and Figs. 1(c) and 1(d),60

respectively.61

The measurements of RCP+ and ACP+ for both analysis (A) and (B) are quoted in Table 2 [7, 8].62

In addition to values of ACP+ specific to B±→DX±s , results of ACP+ corresponding to the reflection63
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Figure 1: B±→ DCP+ K±π+π− invariant mass distributions, separated by charge and DCP+ final state.

modes B±→ DX±d are also given. To distinguish them, these two quantities are denoted as As
CP+64

and Ad
CP+ , respectively. The results for analysis (A) are also world best measurements, with a65

non-zero value of As
CP+ observed in excess of 4.5 σ .66

X RCP+ As
CP+ Ad

CP+

h± 1.007±0.038±0.012 0.145±0.022±0.010 −0.02 ±0.02 ±0.01
h±π+π− 0.95 ±0.11 ±0.02 −0.14 ±0.10 ±0.01 −0.018±0.018±0.010

Table 2: Measurements of the GLW observables RCP+ , As
CP+ and Ad

CP+ for B±→ DX±, X = h± and X =

h±π+π− where h is either a kaon or pion.

4. Time Independent Measurements : ADS Method67

Optimal sensitivity to γ is achieved when the interference between B± → D0X±s and B± →68

D0X±s is maximal. Ref. [6] demonstrates that the interference in such decays can be maximised69

by considering a D final-state accessible via either a Cabibbo Favoured or a Doubly Cabibbo Sup-70

pressed decay, such as K±π∓ and requiring the charge of the kaon be opposite to that of the final71
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state Xs. These decays, B± → [K∓π±]DX±s , are referred to as suppressed ADS (sADS) modes72

and are highly sensitive to γ . The like-sign combinations, B± → [K±π∓]DX±s , are referred to as73

favoured ADS (fADS) modes and, while they have reduced sensitivity to γ , act as an important nor-74

malisation for the sADS modes. The branching fraction of the sADS mode in the case of Xs = K is75

O(10−7), and until now no 5σ observation has been made.76

A search for the B±→ [K∓π±]DK± sADS signal has been performed at LHCb as an extension77

of analysis (A) described in Sec. 3. Here, events in both the sADS and fADS final states, separated78

by charge, are considered within a full fit simultaneously with the four GLW final states. The79

resulting best fit to the sADS datasets are show in Fig. 2. The red peaks in Figs.2(a) and 2(b)80

correspond to the sADS signal, which is observed for the first time with a significance of ∼ 10σ .81
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(a) B+→ [K−π+]DK+
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(b) B−→ [K+π−]DK−

Figure 2: The B invariant mass distributions for (a) positively- and (b) negatively-charged candidates within
the B±→ [K∓π±]DK± sADS final state. Clear signal peaks (red) are visible, while the contributions from
residual B±→ [K∓π±]Dπ± (green) and low-mass sources are also accounted for.

Measurements of two associated CP observables are performed for both the B±→ [K∓π±]DK±82

and B± → [K∓π±]Dπ± sADS signals. Both observables have dependance on the ratio of partial83

widths for the sADS and fADS final states. For the modes B±→ [K∓π±]DK± this quantity is84

R±s =
Γ([K∓π±]DK±)
Γ([K±π∓]DK±)

. (4.1)

The first observable is then the charged-averaged ratio of sADS over fADS85

Rs
ADS =

1
2
(R+

s +R−s ) (4.2)

and the second is the CP asymmetry86

As
ADS =

R−s −R+
s

R−s +R+
s
. (4.3)

An equivalent set of observables is also accessible for the modes B± → [K∓π±]Dπ±; Rd
ADS and87

Ad
ADS. Table 3 quotes the results obtained. A large negative value of As

ADS is found with a signifi-88

cance of 4σ . When combined with the analysis (A) GLW measurements, CP violation is observed89

for the first time in B±→ DK± decays with a significance of 5.8σ . Furthermore, for the first time90

an asymmetry of 2.4σ significance is observed in the B±→ [K∓π±]Dπ± sADS mode [7].91
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(%) Xs = K Xd = π

RADS 1.52±0.20±0.04 0.410±0.025±0.005
AADS −52±15±2 14.3±6.2±1.1

Table 3: Measured values of RADS and AADS in % for both B±→ [K∓π±]DK± and B±→ [K∓π±]Dπ± sADS
modes.

5. Time-Dependent Measurements92

Complementary to performing time-integrated measurements with B± → DX±s decays, is to93

consider the decay B0
s → DsK within a time-dependent analysis. Such an analysis benefits enor-94

mously from the excellent proper time resolution achievable at LHCb, provided by the high pre-95

cision vertex and tracking systems. While the statistics within the 2011 dataset prevent a mea-96

surement of γ being made through this mode, important complementary measurements have been97

performed. Firstly, a useful demonstration of the flavour tagging performance has been conducted98

through a high precision measurement of ∆ms with the reflection mode B0
s → Dsπ [9]. Secondly,99

measurements of the absolute branching fractions of both B0
s →DsK and B0

s →Dsπ have also been100

performed [10], utilising an earlier LHCb measurement of the ratio of hadronisation fractions,101

fs/ fd [11]. All three measurements, summarised in Table 4, have significantly more precision than102

current world averages.103

Measurement Result Unit Integrated Lumi. (pb−1)
∆ms 17.725±0.041±0.026 ps−1 340
B(B0

s → D−s π+) (1.90±0.12±0.13+0.12
−0.14)×10−4 a.u. 370

B(B0
s → D∓s K±) (2.95±0.05±0.17+0.12

−0.14)×10−3 a.u. 370

Table 4: Measured of the quantities ∆ms, B(B0
s →D−s π+) and B(B0

s →D∓s K±) performed. The amount of
integrated luminosity considered in each respective study is also stated.
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