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Introduction
• LHCb physics goals:

- precision tests of the Standard Model and search for New Physics

• Phenomena under study

- CP violation in B and D decays

- rare decays

- direct searches for New Physics in the forward region

• Finding New Physics (NP) at low energy

- heavy NP particles can alter amplitude of loop processes

• New Physics can either:

- be discovered in precision measurements and then confirmed 
with direct searches (e.g. @ ATLAS and CMS)

- or NP particles are first observed at the energy frontier, and their 
properties then studied in precision measurements at ‘low’ energy
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Indirect searches
for New Physics
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The LHCb detector
• LHCb is a single-arm forward spectrometer at the LHC

- rapidity range: 1.9 < η < 4.9

• Fully instrumented in the forward region

- excellent vertex resolution (+boost)
→ 40–50fs lifetime resolution

- tracking stations before and after 4Tm dipole magnet

- particle identification with

- two ring-imaging Cherenkov detectors

- calorimetry

- muon detectors

4

~1011 b hadrons / fb–1 

in LHCb
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The LHCb detector Dataset
2011: 1.0fb–1

2012: 2fb–1 
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p

pp interaction 
point

p

VErtex LOcator
σIP ~ 20µm (high pT tracks)

RICH detectors
ε(K→K) ~ 95% 

(5% π→K mis-id)
MUON detectors

ε(µ→µ) ~ 97% 
(<3% π→µ mis-id)

Tracking system
Δp/p = 0.4% (0.6%) @ 5 (100) GeV/c

Calorimeters
ECAL: σE/E ~ 1% ⨂ 10%/√E (GeV)

B

The LHCb detector Dataset
2011: 1.0fb–1

2012: 2fb–1 
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CKM matrix and the Unitarity Triangle
• Processes involving the b quark 

are sensitive to the CKM complex 
phase ⇒ CP violation

• Unitarity constraints
⇒ unitarity triangles

• “The” Unitarity Triangle from 
product of 1st and 3rd columns
- 3 sides of comparable size ⇒ 3 

large angles
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CP violation measurements in B decays
• Unitarity Triangle (B0 decays)

- β is already well measured

- γ from hadronic B decays

• In Bs system, probe the phase
of CKM element Vts

- measure interference between decay and mixing

- in SM, sin2βs = 0.0367 ± 0.0014 [CKM fitter]

- NP contribution can enter the loop and modify this parameter

8

CP Violating Phase �s
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Interference of mixing & decay:
� CPV phase

Standard Model:

+ small penguin 
pollution

Possible New Physics contribution:  

NP ?

Precise Standard Model prediction:
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Figure 1: Feynman diagrams for B0
s–B

0
s mixing, within the SM.
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Figure 2: Feynman diagrams contributing to the decay B0
s ! J/ h+h� within the SM, where

h = ⇡,K.

tagging. The maximum likelihood fit is explained in Sect. 8. The results and systematic
uncertainties for the B0

s ! J/ K

+
K

� channel are given in Sections 9 and 10, the results
for the B0

s ! J/ ⇡

+
⇡

� channel are given in Sect. 11 and finally the combined results are
presented in Sect. 12. Charge conjugation is implied throughout the paper.

2 Phenomenology

The B

0
s ! J/ K

+
K

� decay proceeds predominantly via B

0
s ! J/ � with the � meson

subsequently decaying to K

+
K

�. In this case there are two intermediate vector particles
and the K

+
K

� pair is in a P-wave configuration. The final state is then a superposition
of CP -even and CP -odd states depending upon the relative orbital angular momentum of
the J/ and the �. The phenomenological aspects of this process are described in many
articles, e.g., Refs. [13, 14]. The main Feynman diagrams for B

0
s ! J/ K

+
K

� decays
are shown in Fig. 2. The e↵ects induced by the sub-leading penguin contributions are
discussed, e.g., in Ref. [15]. The same final state can also be produced with K

+
K

� pairs
in an S-wave configuration [16]. This S-wave final state is CP -odd. The measurement
of �s requires the CP -even and CP -odd components to be disentangled by analysing the
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φM =  –2 arg(VtsVtb*) ≃ –2βs φD =  –2 arg(VcsVcb*) ≃ 0
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Direct CP violation in B(s)0 →K±π∓
• Measured direct CP 

asymmetry in B(s)0 →K+π− 

- based on 1fb-1 collected 
in 2011 at 7TeV

• Kinematic and particle 
identification (PID) 
variables used for 
selection, optimizing 
sensitivity to CP violation

9

LHCb HFAG (2013)
ACP(B0→K+π−) -0.080 ± 0.007stat ± 0.003syst -0.082 ± 0.006
ACP(Bs→π+K−) 0.27 ± 0.04 ± 0.01 0.26 ± 0.04

PRL 110 (2013) 221601

First observation (6.5σ) 
of CP violation

in Bs decays
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Measuring angle γ

10

• Angle γ (phase of Vub) from interference between b→c and 
b→u transitions

• Use B±→D0h± and B±→D0h± decays

- measure decay rates for identifiable initial and final states

• Determine γ with three methods

- GLW: fD=K+K–, π+π–  (CP eigenstates)

- ADS: fD=K±π∓, K±π∓π+π– (Cabibbo favoured – doubly Cabibbo 
suppressed)

- GGSZ: Dalitz analysis with KS0 in the final state

Determination of CKM angle � from trees

� from trees ! theory error in measurement very small: ��/� < O(10�6)

use B± ! D0h±, B± ! D
0
h± with different D0 decay modes

B±�����*

HHHHHj

AB

ABrBei(�B��)

D0h±
HHHHHj

AD

D
0
h±�����*

ADrDei(�D)

fDh±

A – amplitude
� – phase diff.
r – ratio

interference of b ! c and
b ! u gives sensitivity to �

direct��CP possible, but not
neccessary
three main different
approaches

GLW
[Phys. Lett. B 253 (1991) 483]
[Phys. Lett. B 265 (1991) 172]

fD = K+K�, ⇡+⇡�

uses CP eigenstates

ADS
[Phys. Rev. Lett. 78 (1997)]

fD = K⌥⇡±

fD = K⌥⇡±⇡+⇡�

Cabibbo favored –
doubly Cabibbo
suppressed

GGSZ
[Phys. Rev. D 68 (2003)]

B± ! DK±

fD = K 0
s ⇡±⇡⌥, K 0

s K±K⌥

Dalitz analysis

Markward Britsch (MPIK) CP violation at LHCb 2013-8-30 14 / 26

[LHCb-CONF-2013-006]

PLB 253 (1991) 483; 265 (1991) 172

PRL 78 (1997)  3257

PRD 68 (2003)  054018
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Angle γ measured at LHCb
• Combination of GGSZ (3fb–1) and ADS/GLW (1fb–1)

•  γ = 67º±12º at 68% C.L., modulo 180º  [PRELIMINARY]

• In agreement with CKM-unitarity fit γ = (69.7+1.3-2.8)º
11

LHCb-CONF-2013-006

Table 1: Confidence intervals and best-fit values of the B±! DK

± combination, including
the new 3 fb�1 GGSZ result, for �, �KB , and r

K
B .

quantity DK

± combination
� 67.2�

68% CL [55.1, 79.1]�

95% CL [43.9, 89.5]�

�

K
B 114.3�

68% CL [101.3, 126.3]�

95% CL [ 88.7, 136.3]�

r

K
B 0.0923
68% CL [0.0843, 0.1001]
95% CL [0.0762, 0.1075]

]° [K
Bδ

1-
C

L

0

0.2

0.4

0.6

0.8

1

0 20 40 60 80 100 120 140 160 180

13−
+12114

68.3%

95.5%

LHCb
Preliminary

a)

K
Br

0.04 0.06 0.08 0.1 0.12 0.14 0.16

1-
C
L

0

0.2

0.4

0.6

0.8

1

0.0080−
+0.00780.0923

68.3%

95.5%

LHCb
Preliminary

b)

]° [γ

1-
C

L

0

0.2

0.4

0.6

0.8

1

0 20 40 60 80 100 120 140 160 180

12−
+1267

68.3%

95.5%

LHCb
Preliminary

c)

Figure 1: Graphs showing 1 � CL for (a) �

K
B , (b) r

K
B , and (c) �, for the B

± ! DK

±

combination, including the new 3 fb�1 GGSZ result. The reported numbers correspond
to the best fit values and the uncertainties are computed using the respective 68.3% CL
confidence intervals reported in Table 1.

2
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Time-dependent CP in Bs→J/ψφ
• Dataset: 1fb–1 

• Ingredients for measuring φs in Bs→J/ψφ
1.Excellent decay time resolution to resolve fast oscillations

- measurement of Δms (2π/Δms=355fs)

2.flavor tagging to determine B flavor at time of production

- use same- and opposite-side tagging algorithms

3.angular analysis of Vector-Vector final state

- disentangle CP even and
odd amplitudes

4.apply maximum-likelihood fit to time-dependent angular 
analysis ⇒ measure φs

12



Measurement of Bs oscillations
• Determine Δms from Bs→Ds− π+  

• 1fb–1 dataset
⇒ 34’000 signal candidates

• Tagged time-dependent
fit to extract Δms 

13
Δms = 17.768 ± 0.023stat ±0.006syst ps-1

• Proper time resolution = 44 fs

• Demonstrates the excellent vertex 
resolution at LHCb

9
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Figure 2. Decay time distribution for the sum of the five decay modes for
candidates tagged as mixed (different flavour at decay and production; red,
continuous line) or unmixed (same flavour at decay and production; blue, dotted
line). The data and the fit projections are plotted in a signal window around the
reconstructed B0

s mass of 5.32–5.55 GeV/c2.

8. Systematic uncertainties

With respect to the first measurement of 1ms at LHCb [13], all sources of systematic
uncertainties have been reevaluated.

The dominant source is related to the knowledge of the absolute value of the decay time.
This has two main contributions. First, the imperfect knowledge of the longitudinal (z) scale
of the detector contributes to the systematic uncertainty. It is obtained by comparing the track-
based alignment and survey data and evaluating the track distribution in the vertex detector.
This results in 0.02% uncertainty on the decay time scale and thus an absolute uncertainty of
±0.004 ps�1 on 1ms.

The second contribution to the uncertainty of the decay time scale comes from the
knowledge of the overall momentum scale. This has been evaluated by an independent study
using mass measurements of well-known resonances. Deviations from the reference values [27]
are measured to be within 0.15%. However, since both the measured invariant mass and
momentum enter the calculation of the decay time, this effect cancels to some extent. The
resulting systematic uncertainty on the decay time scale is evaluated from simulation to be
0.02%. This again translates to an absolute uncertainty of ±0.004 ps�1 on 1ms.

The next largest systematic uncertainty is due to a possible bias of the measured decay time
given by the track reconstruction and the selection procedure. This is estimated from simulated
data to be less than about 0.2 fs, and results in ±0.001 ps�1 systematic uncertainty on 1ms.

Various other sources contributing to the systematic uncertainty have been studied such
as the decay time acceptance, decay time resolution, variations of the value of 10s, different
signal models for the invariant mass and the decay time resolution, variations of the signal
fraction and the fraction of B0

s ! D⌥
s K± candidates. They are all found to be negligible. The

sources of systematic uncertainty on the measurement of 1ms are summarized in table 2.

New Journal of Physics 15 (2013) 053021 (http://www.njp.org/)

New J. Phys. 15 (2013) 053021
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Figure 13: Two-dimensional profile likelihood in the (��s, �s) plane for the B0
s ! J/ K+K�

dataset. Only the statistical uncertainty is included. The SM expectation of
��s = 0.087± 0.021 ps�1 and �s = �0.036 ± 0.002 rad is shown as the black point with er-
ror bar [2, 41].

Table 8: Results of the maximum likelihood fit for the S-wave parameters, with asymmetric sta-
tistical and symmetric systematic uncertainties. The evaluation of the systematic uncertainties
is described in Sect. 10.

m(K+
K

�) bin [MeV/c2 ] Parameter Value �stat (asymmetric) �syst

990� 1008 FS 0.227 +0.081,�0.073 0.020
�S � �? [rad] 1.31 +0.78,�0.49 0.09

1008� 1016 FS 0.067 +0.030,�0.027 0.009
�S � �? [rad] 0.77 +0.38,�0.23 0.08

1016� 1020 FS 0.008 +0.014,�0.007 0.005
�S � �? [rad] 0.51 +1.40,�0.30 0.20

1020� 1024 FS 0.016 +0.012,�0.009 0.006
�S � �? [rad] �0.51 +0.21,�0.35 0.15

1024� 1032 FS 0.055 +0.027,�0.025 0.008
�S � �? [rad] �0.46 +0.18,�0.26 0.05

1032� 1050 FS 0.167 +0.043,�0.042 0.021
�S � �? [rad] �0.65 +0.18,�0.22 0.06

21

φs from Bs→J/ψφ

14

φs = 0.07 ± 0.09stat ± 0.01syst rad
ΔΓs = 0.100 ± 0.016stat ± 0.003syst ps–1 

and from combined analysis
with Bs→J/ψπ+π– 

φs = 0.01 ± 0.07stat ± 0.01syst rad

Excellent agreement 
with standard model!

PRD 87 (2013) 112010

Many other time-dependent CP measurements 
at LHCb (e.g Bs→φφ , ψ(2S)φ)
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Figure 12: Decay-time and helicity-angle distributions for B0
s ! J/ K+K� decays (data

points) with the one-dimensional projections of the PDF at the maximal likelihood point. The
solid blue line shows the total signal contribution, which is composed of CP -even (long-dashed
red), CP -odd (short-dashed green) and S-wave (dotted-dashed purple) contributions.
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Lomonosov 2013 – CPV & Rare Decays @ LHCb (17/40) O. Steinkamp27.08.2013

Flavour-Specific Asymmetry

● detection asymmetries: measured from 

data using various control channels

● separately analyse two magnet polarities

m
ag

ne
t 

up
m
ag

ne
t 

d
ow

n

Ds

+

D+
Ds

−

D−

asl

s = (−0.06 ± 0.50 (stat) ± 0.36 (syst) ) %

[arxiv:1308.1048]

● most precise measurement to date

● main systematic: residual track reconstruction asymmetry

● excellent agreement with Standard Model

● no confirmation of D0 same-sign dilepton anomaly

Flavour-specific asymmetry

• Probes CP violation in B0s –B0s mixing

• Predicted very small in SM: asl=(1.9±0.3)×10-5 [Lenz, arXiv:1205.1444]

=> sensitive to NP entering B0s –B0s mixing

• LHCb uses B0s→ Ds–µ+X
semi-leptonic decay

- production asymmetry
(<few%) is diluted by
rapid B0s –B0s 
oscillations
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Flavour-Specific Asymmetry

a
sl

s =
Γ(B

s

0(t ) → f) − Γ(B
s

0(t) → f)

Γ (B
s

0(t) → f) + Γ(B
s

0(t) → f)

● predicted to be very small in Standard Model

a
sl

s = (1.9 ± 0.3) × 10−5
[A.Lenz, arXiv:1205.1444]

NP ?
Prob (B

s

0→ B
s

0) ≠ Prob (B
s

0→ B
s

0)

● flavour-specific asymmetry

● sensitive to possible New Physics contributions in B0
s
-B0

s
 mixing

● LHCb analyis uses               to measure time-integrated asymmetry

● production asymmetry a
P
 ≤ few %, washed out by rapid B0

s
-B0

s
 oscillations

f = D
s

−μ+ X

● non-zero if CP violated in B0
s
-B0

s
 mixing

A
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Figure 1: Invariant mass distributions for: (a) K+K�⇡+ and (b) K+K�⇡� can-
didates for magnet up, (c) K+K�⇡+ and (d) K+K�⇡� candidates for magnet
down with K+K� invariant mass within ±20 MeV of the � meson mass. The
D+

s

[yellow (grey) shaded area] and D+ [red (dark) shaded area] signal shapes are
described in the text.

4 Analysis method

Signal yields are determined by fitting the K+
K

�
⇡

+ invariant mass distribu-
tions shown in Fig. 1. We fit both the signal D+

s

and D

+ peaks with double
Gaussian functions with common means. The D

+ channel is used only as a
component of the fit to the mass spectrum. The average mass resolution is
about 7.1 MeV. The background is modelled with a second-order Chebychev
polynomial. The signal yields from the fits are listed in Table 1.

We use two calibration samples containing muons to measure the relative
trigger e�ciencies of D+

s

µ

�
/D

�
s

µ

+ events, and the relative µ

�
/µ

+ identifi-
cation e�ciencies. The first sample contains b ! J/ (! µ

+
µ

�)X decays
triggered independently of the J/ meson, and where the J/ is selected by
requiring two particles of opposite charge have an invariant mass consistent
with the J/ mass. This sample is called the kinematically-selected (KS)
sample. The second sample is collected by triggering on one muon from
a J/ decay that is detached from the primary vertex. It is called muon

5
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Flavour-specific asymmetry: results
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Figure 6: Measurements of semileptonic decay asymmetries. The bands corre-
spond to the central values ±1 standard deviation uncertainties, defined as the
sum in quadrature of the statistical and systematic errors. The point indicates the
SM prediction.
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asl = (–0.06 ± 0.50stat ± 0.36syst)%
LHCb-PAPER-2013-033

• Most precise measurement to date

• In excellent agreement with SM

• No confirmation of D0 same-sign 
dilepton anomaly
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Searches for Lepton Flavor Violation (LFV)
• Search for τ–→µ–µ+µ– (1fb–1 at 7 TeV)

- large τ± production rate at the LHC (mostly from Ds± →τ±ν)
- exploit the excellent LHCb muon ID capabilities

- normalize with respect to Ds± → φπ± 
- BF(τ–→µ–µ+µ–) <  8.3×10–8 @90% C.L.

(Belle: BF < 2.1×10–8)

• Search for B(s)0→e±µ∓ (1fb–1 at 7 TeV)
- sensitive to SUSY, lepto-quarks (LQ), singlet Dirac neutrinos...
- normalize with respect to B0→K±π∓ 
- track and vertex quality cuts + BDT decision

17
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Figure 3: Invariant mass distributions and fits to the mass sidebands in data for (a) µ+µ�µ�

candidates in the four merged bins that contain the highest signal probabilities, (b) p̄µ+µ�

candidates in the two merged bins with the highest signal probabilities, and (c) pµ�µ� candidates
in the two merged bins with the highest signal probabilities.

7 Results213

Tables 2 and 3 give the expected and observed numbers of candidates for all three214

channels investigated, in each bin of the likelihood variables, where the uncertainties215

on the background likelihoods are used to compute the uncertainties on the expected216

numbers of events. No significant evidence for an excess of events is observed. Using the217

CL
s

method as a statistical framework, the distributions of observed and expected CL
s

218

values are calculated as functions of the assumed branching fractions. The aforementioned219

uncertainties and the uncertainties on the signal likelihoods and normalisation factors are220

included using the techniques described in Ref. [12]. The resulting distributions of CL
s

221

values are shown in Fig. 4.222

The expected limits at 90% (95%) CL for the branching fractions are223

B(⌧� ! µ�µ+µ�) < 8.3 (10.2)⇥ 10�8,

B(⌧� ! p̄µ+µ�) < 4.6 (5.9)⇥ 10�7,

B(⌧� ! pµ�µ�) < 5.4 (6.9)⇥ 10�7,

8

LHCb-PAPER-2013-014

LHCb-PAPER-2013-030

The signal region, defined by the invariant mass win-
dow [5.1, 5.5]GeV/c2, retains (85.0± 0.1

stat

± 5.0
syst

)%
and (82.0± 0.1

stat

± 5.0
syst

)% of the B0

s ! e±µ⌥ and
B0 ! e±µ⌥ signal decays, respectively. The system-
atic uncertainties on these fractions are evaluated with
pseudo-experiments that fluctuate each parameter of the
mass lineshape according to its uncertainty. The width
of the corresponding fraction distribution is taken as the
systematic uncertainty.

The B0

s ! e±µ⌥ and B0 ! e±µ⌥ yields are translated
into branching fractions according to

B(B0

(s) ! e±µ⌥) =
B
norm

✏
norm

fd
N

norm

✏
sig

fd(s)
⇥NB0

(s)
!e±µ⌥

= ↵B0
(s)

⇥NB0
(s)

!e±µ⌥ , (1)

where N
norm

= 10 120 ± 920 is the number of signal
events in the normalization channel, and the uncertainty
is the sum in quadrature of the statistical and system-
atic uncertainties. The branching fraction of the normal-
ization channel is B

norm

= (1.94± 0.96)⇥ 10�5 [33] and
NB0

(s)
!e±µ⌥ is the number of observed signal events. The

factors fd and fs indicate the probabilities that a b quark
fragments into a B0 or B0

s meson, respectively. We use
fs/fd = 0.256 ± 0.020 measured in pp collision data atp
s = 7 TeV [34]. The measured dependence of fs/fd

on the B meson p
T

[34] is found to be negligible for this
analysis.

The e�ciency ✏
sig(norm)

for the signal (normalization)
channel is the product of the reconstruction e�ciency
of the final state particles including the geometric de-
tector acceptance, the selection e�ciency and the trig-
ger e�ciency. The ratios of acceptance, reconstruction
and selection e�ciencies are computed with simulation.
A systematic uncertainty is assigned to these ratios, to
take into account the di↵erence between the tracking ef-
ficiencies measured in data and predicted in simulation.
Reweighting techniques are used to correct distributions
in the simulation that do not match those from data,
in particular for those variables that depend on N

SPD

.
The trigger e�ciency of L0 and HLT1 on signal decays is
evaluated using data, while the HLT2 e�ciency is evalu-
ated in simulation after validation with control samples.
The electron and muon identification e�ciencies are eval-
uated from data using the B+ ! J/ (µ+µ�)K+ and
B+ ! J/ (e+e�)K+ control samples. The two nor-
malization factors ↵B0

s
and ↵B0 are determined to be

↵B0
s
= (1.1± 0.2)⇥ 10�9 and ↵B0 = (2.8± 0.5)⇥ 10�10.

The BDT range is divided into eight bins with bound-
aries at 0.0, 0.25, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0. The
number of expected combinatorial background events in
each BDT bin and the invariant mass signal region is de-
termined from data by fitting to an exponential function
events in the mass sidebands, defined by [4.9, 5.0]GeV/c2

and [5.5, 5.9]GeV/c2. The BDT output for signal and
combinatorial background events is shown in Fig. 1.
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FIG. 1. Binned BDT distribution for signal (black squares)
and combinatorial background (blue circles).

In the exponential function both the slope and the nor-
malization are allowed to vary. The systematic uncer-
tainty on the estimated number of combinatorial back-
ground events in the signal regions is determined by fluc-
tuating the number of events observed in the sidebands
according to a Poisson distribution, and by varying the
exponential slope according to its uncertainty. As a cross-
check, two other models, the sum of two exponential func-
tions and a single exponential fitted to the right sideband
only, have been used and provide consistent background
estimates inside the signal region.

The low-mass sideband and the signal region
are potentially polluted by exclusive backgrounds.
The background from B+

c ! J/ (µ+µ�)e+⌫e and
B+

c ! J/ (e+e�)µ+⌫µ decays is evaluated assuming the
branching fraction value from Ref. [35]. The decays
B0 ! ⇡�l+⌫l, B0

(s) ! h+h0�, B0

s ! K�l+⌫l, ⇤0

b !
pl�⌫l and B+ ! ⇡+l+l� (where l± = e± or µ±) are
potential backgrounds if the hadrons are misidentified
as electrons or muons. The B0 ! ⇡�l+⌫l and B0

(s) !
h+h0� branching fractions are taken from Ref. [33]. The
B+ ! ⇡+l+l� branching fraction is taken from Ref. [36].
The theoretical estimates of the ⇤0

b ! pl�⌫l and B0

s !
K�l+⌫l branching fractions are taken from Refs. [37] and
[38], respectively. We use the ⇤0

b fragmentation fraction
f⇤0

b
measured by LHCb [39] and account for its p

T

de-
pendence.

The mass and BDT distributions of these background
modes are evaluated from simulated samples, using the
probabilities of misidentifying kaon, pion and proton as
muon or electron as functions of momenta and trans-
verse momenta, which are determined from D⇤+ !
D0(! K�⇡+)⇡+ and ⇤ ! p⇡� data samples. The
mass lineshape of the B0

(s) ! h+h
0� ! e+µ� peak-

ing background is obtained from a simulated sample of
doubly-misidentified B0

(s) ! h+h0� events. Apart from

B0

(s) ! h+h0�, all background modes are normalized rel-

3

TABLE I. Expected background (bkg) from the fit to the data sidebands, and expected B0
(s) ! h+h

0� ! e+µ� events,
compared to the number of observed events in the mass signal region, in bins of BDT response.

BDT bin 0.0 – 0.25 0.25 – 0.4 0.4 – 0.5 0.5 – 0.6 0.6 – 0.7 0.7 – 0.8 0.8 – 0.9 0.9 – 1.0

Expected bkg (from fit) 2222± 51 80.9+10.1
�9.4 20.4+5.0

�4.5 13.2+3.9
�3.6 2.1+2.9

�1.4 3.1+1.9
�1.4 3.1+1.9

�1.4 1.7+1.4
�1.0

Expected B0
(s) ! h+h0� bkg 0.67±0.12 0.47±0.09 0.40±0.08 0.37±0.06 0.45±0.08 0.49±0.08 0.57±0.09 0.54±0.12

Observed 2332 90 19 4 3 3 3 1
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FIG. 3. CLs as a function of the assumed branching fraction for (left) B0
s

! e±µ⌥ and (right) B0 ! e±µ⌥ decays. The dashed
lines are the medians of the expected CLs distributions if background only was observed. The yellow (green) area covers, at
a given branching fraction, 34%(47.5%) of the expected CLs distribution on each side of its median. The solid black curves
are the observed CLs. The upper limits at 90% (95%) C.L. are indicated by the dotted (solid) vertical lines in blue for the
expectation and in red for the observation.

TABLE II. Expected (background only) and observed limits
on the B0

(s) ! e±µ⌥ branching fractions.

Mode Limit 90% C.L. 95% C.L.

B0
s

! e±µ⌥ Expected 1.5⇥ 10�8 1.8⇥ 10�8

Observed 1.1⇥ 10�8 1.4⇥ 10�8

B0 ! e±µ⌥ Expected 3.8⇥ 10�9 4.8⇥ 10�9

Observed 2.8⇥ 10�9 3.7⇥ 10�9

at
p
s = 7 TeV. The data are consistent with the

background-only hypothesis. Upper limits are set on the
branching fractions, B(B0

s ! e±µ⌥) < 1.1 (1.4)⇥ 10�8

and B(B0 ! e±µ⌥) < 2.8 (3.7)⇥ 10�9 at 90 (95)%
C.L., that are the most restrictive to date.
These limits translate into lower bounds on
the leptoquark masses in the Pati-Salam model
[10] of M

LQ

(B0

s ! e±µ⌥) > 101 (107)TeV/c2 and
M

LQ

(B0 ! e±µ⌥) > 135 (126)TeV/c2 at 90 (95)% C.L.,
respectively. These are a factor of two higher than the
previous bounds.
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BF(Bs0→e±µ∓) < 1.1×10–8 @ 90% C.L.
BF(B0→e±µ∓) < 2.8×10–9 @ 90% C.L.

(⇒ MLQ > 101 & 135 TeV/c2!)
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Summary and future prospects
• Very successful first LHC run at LHCb ⇒ 3fb–1 

• Obtained many new or best B (and D) physics measurements

- CP violation

- rare decays

• Results in agreement with SM, putting strong constraints 
on New Physics models

• Detector maintenance and improvements during the current 
LHC shutdown

• Expect to collect ~5fb–1 @13TeV in 2015-2017
⇒ ~8 fb–1 total

• 2018: detector upgrade to allow 40MHz readout and 
operation at 5 times higher luminosity
⇒ physics output rate to increase by factor 10–20!

18

Continue to probe fundamental 
symmetries and conservation laws⇒


