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Overview

I LHCb Experiment 3 fb−1 [arXiv:1412.6352]
I Rare Decays

I B0
s → µ+µ− (combination with CMS) 3 fb−1 [arXiv:1411.4413]

I B0→ K∗0e+e− - 3 fb−1 [arXiv:1501.03038]
I Lepton universality with B+→ K+`+`− (RK ) 3 fb−1 [PRL 113, 151601 (2014)]
I B0→ K∗0µ+µ− (P′5) 1 fb−1 [PRL 111, 191802 (2013)]
I B0

s → π+π−µ+µ− and B0→ π+π−µ+µ− 3 fb−1 [arXiv:1412.6433]
I CKM matrix and CP violation

I β angle measurements 1 fb−1 [PLB 721 (2013) 24-31]
I γ angle measurements and combination 1-3 fb−1 [arXiv:1411.4600]
I Mixing induced CP violation (φs) - B0

s → J/ψφ 3 fb−1 [arXiv:1411.3104]
I Semileptonic CP asymmetry in B mixing (As

SL,A
d
SL) 3 fb−1 [arXiv:1409.8586]

I Selected others
I Lumi measurement 3 fb−1 [2014 JINST 9 P12005]
I Search for long lived to jet pairs 0.6 fb−1 [arXiv:1412.3021]
I Measurement of B+

c lifetime 3 fb−1 [PLB 742 (2015) 29-37]
I The future

I Prospects for Run2
I LHCb Upgrade [CDS LHCb Reports]
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The LHCb Detector

I A single arm forward spectrometer - unique pseudorapidity (η) range

I pp collisions in Run 1:
I 2011:

√
s =7 TeV, L=1 fb−1

I 2012:
√
s =8 TeV, L=2 fb−1

I High bb and cc production cross section:
I σ(pp → bb) = 286µb at 7 TeV
I σ(pp → cc) ≈ 20 times larger
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I Recent detector performance paper using data from 2010-2012 - [arXiv:1412.6352]
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The LHCb Experiment II

I Detector sub-systems:
I Tracking system

I IP resolution ≈ 20µm
I p resolution ≈ 0.5%
I τ resolution ≈ 45 fs

I RICH sub-detectors
I Good K − π separation for momentum range

2 < p < 100 GeV/c
I Calorimeters

I Identification of γ, e, π0

I Muon detectors
I Identification of µ

I All complimented with a sophisticated trigger system
I Allows high readout rate
I High efficiency for a broad range of physics topics
I Considerable improvement in the HLT for 2015 and

beyond (more later)

40 MHz bunch crossing rate

450 kHz
h±

400 kHz
µ/µµ

150 kHz
e/γ

L0 Hardware Trigger : 1 MHz 
readout, high ET/PT signatures

Software High Level Trigger

29000 Logical CPU cores

Offline reconstruction tuned to trigger 
time constraints

Mixture of exclusive and inclusive 
selection algorithms

2 kHz 
Inclusive

Topological

5 kHz Rate to storage
2 kHz 

Inclusive/
Exclusive 

Charm

1 kHz
Muon and 
DiMuon

I Integrated luminosity
I
√
s = 7 TeV L = 1 fb−1 2011

I
√
s = 8 TeV L = 2 fb−1 2012

I
√
s = 13 TeV L = 7− 8 fb−1 2015-2017

I Instaneous luminosity (levelled)
I Can cope with anything ≈ 1− 4× 1032 cm2s−1 before detector occupuncies become very high
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LHCb Physics

I Many aspects to LHCb physics program
I Mostly indirect searches for new physics

I Rare decays
I CP violation
I Historically indirect approach gives success

I Z0 inferred a decade before direct observation
I t quark inferred 3 decades before direct observation

I Measurement of SM CKM parameters
I γ, β, φs
I Can also offer hints of new physics

I Spectroscopy
I Charm physics
I QCD measurements
I EW measurements
I Exotica searches
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B0
s → µ+µ− and B0→ µ+µ−

I Very rare decay strongly suppressed in the SM
I Theoretically well understood
I Predicted BRs:

I B0
s → µ+µ− = (3.65± 0.23)× 10−9

I B0→ µ+µ− = (1.06± 0.09)× 10−10
I [arXiv:1311.0903]

I Highly sensitive to new physics
I LHCb result based on full Run 1 luminosity (3 fb−1)
I Recent combination with CMS (25 fb−1) submitted to

Nature - [arXiv:1411.4413]
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B0
s → µ+µ− , B0→ µ+µ− combination with CMS
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Bs(d)→ µ+µ− implications

I Provides strong constraints on many new physics models
I particularly at large tanβ

[arXiv:1107.0266]NEW PHYSICS SEARCHES IN FLAVOUR PHYSICS 3

Fig. 1. – Correlation between the branching ratios of Bs ! µ+µ� and Bd ! µ+µ� in MFV, the
SM4 and four SUSY flavour models. The gray area is ruled out experimentally. The SM point
is marked by a star. Taken from [16].

several non-MFV models: four SUSY flavour models studied in [5] and the SM with 4
generations [12]. This highlights the power of the correlation between Bs ! µ+µ� and
Bd ! µ+µ� to discriminate between di↵erent NP models.

3. – CP violation in Bs mixing

In the SM, CP violation in Bs mixing is a small e↵ect since the relevant combination
of CKM elements has an accidentally small phase,

(2) �s ⌘ arg(M12) = 2�s ⌘ 2 arg

✓
� V ⇤

tsVtb

V ⇤
csVcb

◆
⇡ �0.04 .

Recently however, two experimental hints for a possibly large non-SM contribution to �s

have emerged. One concerns the mixing-induced CP asymmetry S � extracted from the
time-dependent CP asymmetry in Bs ! J/ � decays,

(3) As
CP( �, t) ⌘ �(B̄s(t) !  �) � �(Bs(t) !  �)

�(B̄s(t) !  �) + �(Bs(t) !  �)
⇡ S � sin(�Mst) ,

where S � = � sin�s. The other concerns the charge asymmetry ASL in dimuon events
at D0, which can be related to the semileptonic CP asymmetries in flavour-specific Bd

and Bs decays, ad,s
SL , as [17]

(4) ASL ⇡
�
ad
SL + as

SL

�
/2 ,

with O(10%) uncertainties on the coe�cients on the right-hand side of (4).
While 2009 results on S � showed a discrepancy with the SM somewhere in the

ballpark of 3 standard deviations [18], 2010 updates seem to be in agreement with the

CMS$+$LHCb$
combina/on$
approx.$68.3%$

[arXiv:1401.2145]

Figure 4: Flavour constraints in CMSSM in the plane (m1/2, m0) for A0 = �2m0 and tan � = 20
(left) and 40 (right). The black line represents the experimental direct SUSY search limit with
20.3 fb�1 of data at 8 TeV [55].

according to the legends in the plots. It is remarkable that the constraints from B ! K⇤µ+µ�

using the recent measurements are at the same level as the ones from the well-known BR(B !
Xs�) constraints. Also, the constraints from Bs ! µ+µ� while being very strong at large tan�,
are less restrictive for lower values of tan � where the B ! K⇤µ+µ� constraints dominate. For
comparison we show also in the figure the direct SUSY search limits in the same plane from
ATLAS with 20.3 fb�1 of data at

p
s = 8 TeV [55], as well as the region where the Higgs mass

is above 122 GeV. It is also very interesting to notice that the flavour constraints start being
stronger than the direct search limits for large values of tan� & 20.

Next we consider the MSSM scenarios in full generality without fixing any parameters. The
constraints from the global fit on the physical parameters Mt̃1 , MA and tan � are shown in
Fig. 5. Several interesting features can be observed. First, while the constraints are very strong
in the CMSSM, they can be easily relaxed in the more general scenarios NUHM or pMSSM. In
the case of the CMSSM, the pseudo-scalar Higgs mass is constrained quite generally to be above
⇠ 1 TeV. This strong limit from flavour physics is independent of the value of tan�. Another
interesting feature is the impact on the lightest stop mass. In the constrained scenarios, flavour
constraints require the lightest stop to be heavier than ⇠ 500 GeV. On the other hand, in the
pMSSM the flavour constraints are much weaker, excluding only scenarios where MA and Mt̃1

are both small, or with light MA and large tan �.
Finally, we devote a special attention to P 0

5, as this is the only observable presenting more
than 2� tension in the MSSM, and study how the value of the observable hP 0

5i[1,6] changes as
a function of the MSSM parameters. The results are displayed in Fig. 6. As can be seen, the
tension with respect to the experimental result is reduced for small chargino or stop masses,
while the other SUSY parameters are less relevant.
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FCNC decays B0→ K ∗0`+`−

Standard Model

�
B0 K∗0

W

u, c, t
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νµ

b

d
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s̄

d

�
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d

˜̄d

I Sensitive to NP contributions in the loops
I Express differential decay rate with angular observables

which are form factor independent
I Decay of B0→ K∗0µ+µ− at LHCb with 1 fb−1 (3 fb−1

update coming soon)
I Recently published result of B0→ K∗0e+e− in low q2

region
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B0→ K ∗0µ+µ−

I Complicated angular fit
I Use observables with small form factor

uncertainties

Naturalness 2014, Weizmann Institute 
of Science. Rehovot 31 

Bd → K*(→Kπ) µµ 

PDF can also be parameterized to minimize form 
factors uncertainties 

Local discrepancy with SM prediction of 3.7σ 
 
LEE-corrected SM p-value of this analysis is 0.5% 

Experimental precision will keep improving 
Work ongoing in the theory community  (SM/NP) to better understand this  bin 

Phys. Rev. Lett. 111, 191801 

P′i=4,5,6,8 =
Sj=4,5,7,8√
FL(1−FL)

I Discrepany with SM, local significance of
3.7σ, in 3rd bin of P′5

I After LEE correction this goes down to
≈ 3σ

I Possibly NP contribution to EW penguin?
I Are the theory errors reliable?
I Result with 1 fb−1 of data - [PRL 111,

191802 (2013)]

I Update with full Run 1 data coming soon

]4c/2 [GeV2q
0 5 10 15 20

'
5

P

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

SM Predictions

Data

LHCb

]4c/2 [GeV2q
0 5 10 15 20

'
4

P

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

SM Predictions

Data

LHCb

]4c/2 [GeV2q
0 5 10 15 20

'
6

P

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1
SM Predictions

Data

LHCb

Matthew Kenzie (CERN) LHCb Overview (Bormio 2015)

http://arxiv.org/abs/1308.1707
http://arxiv.org/abs/1308.1707


3. Rare Decays 14/37

B0→ K ∗0e+e−

I New result - [arXiv:1501.03038]

I Similar concept to B0→ K∗0µ+µ−

I Measure angular observables in low q2 region: 0.002 < q2 < 1.120 GeV2/c4

I Using full 3 fb−1 of Run 1 data
I Results are consistent with SM predictions
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Lepton universality in B+→ K+`+`−

I In the SM expect that:
RK = B(B+→K+µ+µ−)

B(B+→K+e+e−)
= 1±O(10−3)

I Sensitive to lepton flavour violating NP
I Electrons are difficult for LHCb

11/ 25

Test of lepton universality with B+ ! K +`+`� [PRL,113, 151601 (2014)]

Search for NP in the above loops (q2 = m2
``)

RK ⌘ B(B+ ! K +µ+µ�)

B(B+ ! K +e+e�)
= 1 ± O(10�3) in the SM

RK (LHCb, 1 < q2 < 6 GeV2/c4) = 0.745+0.090
�0.074 ± 0.036 (2.6� from SM)

To be watched out with more statistics

Olivier Leroy (CPPM) LHCb status and prospects 20 December 2014 11 / 25

I Use double ratios with B+ → K+J/ψ (→ `+`−) to cancel systematics
I assumes lepton universality for the J/ψ
I [PRL 113, 151601 (2014)]
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Bs(d)→ π+π−µ+µ−

I New result using 3 fb−1 of data - [arXiv:1412.6433] - submitted to Phys. Lett. B
I First observation of the decay B0

s → π+π−µ+µ− at 7.3σ
I First evidence of the decay B0→ π+π−µ+µ− at 4.8σ
I Use the B→ J/ψK∗ decay for normalisation
I Veto non-resonant µ+ µ− and require 0.5 < m(π+π−) < 1.3 GeV/c2

B(B0
s → π+π−µ+µ−) = (8.6± 1.5± 0.7± 0.7)× 10−8

B(B0→ π+π−µ+µ−) = (2.11± 0.51± 0.15± 0.16)× 10−8
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Figure 1: Mass distribution of B0! J/ K⇤(892)0 candidates with fit projections overlaid. The
2011 and 2012 data sets are combined.

with q = s (d) for B0
s ! ⇡+⇡�µ+µ� (B0! ⇡+⇡�µ+µ�) decays, is the quantity being

measured; it is used to express the observed yields of B0
(s)! ⇡+⇡�µ+µ� decays as follows:

NBq =
fq

fd

"q

"n

NnRq, (1)

where Nn is the B0! J/ K⇤(892)0 yield, fs/fd is the ratio of the fragmentation prob-
abilities for B0

s and B0 mesons [38], "q is the selection e�ciency of B0
s ! ⇡+⇡�µ+µ�

(B0! ⇡+⇡�µ+µ�) decays, and "n the one of B0! J/ K⇤(892)0 decays.
The number of events Nn in Eq. (1) is obtained from an extended maximum likelihood

fit to the unbinned µ+µ�K+⇡� mass distribution of the B0! J/ K⇤(892)0 candidates in
the range 4.97–5.77 GeV/c2. The µ+µ�K+⇡� mass distribution is shown in Fig. 1 with fit
projections overlaid. A sum of two Gaussian functions, with a power-law tail on either
side derived from simulations, is used to describe the dominant B0! J/ K⇤(892)0 peak
and the small B0

s ! J/ K⇤(892)0 contribution. All function parameters are in common
between the B0 and B0

s signal functions, except for the mass; the mass di↵erence between
B0

s and B0 mesons is fixed to the known value [17]. An exponential function is used to
model the combinatorial background. A small contamination of B+ ! J/ K+ decays
combined with an additional charged pion is modelled with an ARGUS function [39].
Partially reconstructed B0 decays at masses lower than the B0 signal are described with
another ARGUS function. The fitted yields of B0! J/ K⇤(892)0 decays are corrected by
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Figure 2: Mass distributions of (a) the B0
(s)! J/ ⇡+⇡� and (b) the B0

(s)! ⇡+⇡�µ+µ� decay

candidates in the range 5.19–5.99GeV/c2 with fit projections overlaid. The 2011 and 2012 data
sets are combined. In (b), the contribution from B0

s ! �µ+µ� and B+! K+µ+µ� decays are
included in the fit, but they are not visible in the projection, because the corresponding yields
are small.

method, and widths that account for a relative uncertainty in the 2011 (2012) data sample
of 15% (10%) for B0! K⇤(892)0µ+µ� decays, and of 2% (1%) for B0! J/ K⇤(892)0

decays. The shape of the B0! K⇤(892)0µ+µ� background is modelled with a Gaussian
function with a power-law tail on the low-mass side; the shape of the B0! J/ K⇤(892)0

background is modelled with a sum of two Gaussian functions with di↵erent means. All
parameters of these functions are fixed from the values obtained in the fit to the control
samples. The background from B0

s ! J/ K⇤(892)0 decays is expected to be less than
0.5% [17] of the B0! J/ K⇤(892)0 yield and is neglected. Similarly, the background from
B0

s ! K⇤(892)0µ+µ� decays is not considered.
Backgrounds from decays B0

s ! �(! ⇡+⇡�⇡0)µ+µ� with an unreconstructed ⇡0,
B0

s ! ⌘0(! ⇡+⇡��)µ+µ� with an unreconstructed �, and B+! K+µ+µ� or
B+! ⇡+µ+µ� combined with an additional charged pion, are estimated from
simulations. The mass distributions of these backgrounds are modelled with ARGUS
functions with parameters fixed from fits to simulated events. Backgrounds from
similar decay modes, where the muons come from the J/ meson, are described in
the B0

(s)! J/ ⇡+⇡� fit using the same methods. An additional contribution is given

by B+
c ! J/ ⇡+⇡�⇡+ decays, where a pion is not reconstructed. This background is

modelled with a sum of two Gaussian functions, one of which has a power-law tail on
the low-mass side. Backgrounds from semileptonic B0! D�(! ⇢0µ�X)µ+X decays with
⇢0! ⇡+⇡�, give a negligible contribution at ⇡+⇡�µ+µ� mass greater than 5.19 GeV/c2.
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CP violation at LHCb

“CP violation in B and D systems at LHCb"
I More details in Marta Calvi’s talk later today
I A brief description and selected highlights here

Matthew Kenzie (CERN) LHCb Overview (Bormio 2015)
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Quark mixing and the CKM matrix

I Quark mixing in the SM described by the CKM matrix

CKM matrix Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

 =

 1− λ2/2 λ Aλ3(ρ− iη)
−λ 1− λ2/2 Aλ2

Aλ3(1− ρ− iη) −Aλ2 1

+O(λ4)

I ∼ 1, ∼ 0.2, ∼ 0.04, ∼ 0.004− 0.008
I Further from diagnoal, the weaker the couplings (hierachy)
I Unitarity requires that VV † = 1
I Imposes 6 conditions (off diagonals of VV † = 0) - unitarity triangles

“B0 unitarity triangle"
VudV

∗
ub + VcdV

∗
cb + VtdV

∗
tb = 0

“B0
s unitarity triangle" (much more squeezed)

VusV
∗
ub + VcsV

∗
cb + VtsV

∗
tb = 0

(⇢̄, ⌘̄)

(0, 0) (1, 0)

↵

��

����
VudV

⇤
ub

VcdV ⇤
cb

����

����
VtdV

⇤
tb

VcdV ⇤
cb

����

(⇢̄, ⌘̄)

(0, 0) (1, 0)

����
VtsV

⇤
tb

VcsV ⇤
cb

����
����
VusV

⇤
ub

VcsV ⇤
cb

����

�s
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The B0 unitarity triangle

I CKM picture now well verified - any discrepancies could be of great importance

1995

2004

2014

Matthew Kenzie (CERN) LHCb Overview (Bormio 2015)
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The B0 unitarity triangle

I CKM picture now well verified - any discrepancies could be of great importance

1995

2004

2014 - zoom
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Measuring angle β

I Interference between mixing (via BB oscillation) and decay (to J/ψ K 0
S ) gives a CP

violating phase:
φ = φM − 2φD = 2β

8    Discrete 2014,    King’s College London        5th December  2014                 N.Harnew 

Measurement of angle β 

� Interference between B0 decay to J/ψK0
S directly and via B0 B0  oscillation 

gives rise to a CP violating phase  
      φ =  φMixing – 2 φDecay =   2β 
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I Measure decay asymmetry to get sin(2β)

A(t) =
Γ(B0(t)→ J/ψK0

S)− Γ(B0(t)→ J/ψK0
S)

Γ(B0(t)→ J/ψK0
S) + Γ(B0(t)→ J/ψK0

S)

I Current analysis with 1 fb−1- [PLB 721 (2013) 24-31]
I Result: sin(2β) = 0.73± 0.07± 0.04
I 3 fb−1 coming soon (precision comparable with B

factories)

World average (HFAG Winter 2014)

sin(2β) = 0.68± 0.02
 [ps]t

5 10
Si
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sy

m
m
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ry
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0
SKψJ/ →0B

LHCb

Figure 2: Time-dependent asymmetry (NB0 ≠ NB0)/(NB0 + NB0). Here, NB0 (NB0) is
the number of B0 æ J/ÂK0

S decays with a B0 (B0) flavour tag. The data points are
obtained with the sPlot technique, assigning signal weights to the events based on a fit to
the reconstructed mass distributions. The solid curve is the signal projection of the PDF.
The green shaded band corresponds to the one standard deviation statistical error.

6 Systematic uncertainties
Most systematic uncertainties are estimated by generating a large number of pseudo-
experiments from a modified PDF and fitting each sample with the nominal PDF. The
PDF used in the generation is chosen according to the source of systematic uncertainty
that is being investigated. The variation of the fitted values of the CP parameters is used
to estimate systematic e�ects on the measurement.

The largest systematic uncertainty arises from the limited knowledge of the accuracy of
the tagging calibration. It is estimated by varying the calibration parameters within their
systematic uncertainties in the pseudo-experiments. Another minor systematic uncertainty
related to tagging emerges from ignoring a possible di�erence of tagging e�ciencies of B0

and B0.
The e�ect of an incorrect description of the decay time resolution model is derived from

pseudo-experiments in which the scale factors of the resolution model are multiplied by a
factor of either 0.5 or 2 in the generation. As the mean decay time resolution of LHCb is
much smaller than the oscillation period of the B0 system this variation leads only to a
small systematic uncertainty. The omission of acceptance e�ects for low decay times is
estimated from pseudo-experiments where the time-dependent e�ciencies measured from
data are used in the generation but omitted in the fits. Additionally, a possible inaccuracy

7
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Measuring angle γ from trees

I Use interference between tree decays of B± → DK± and Dπ± which lead to the
same final state

I Inteference between “suppressed" and “favoured" decays
I Combine results of many modes with different methodologies:

Method Decay Reference
GGSZ D → K0

Sπ
±π∓, D → K0

SK
±K∓ [arXiv:1408.2748]

K3π D → π±K∓π±π∓, D → K±π∓π±π∓ [arXiv:1203.3662]
ADS D → π±K∓ [arXiv:1203.3662]
GLW D → K±K∓, D → π±π∓ [arXiv:1203.3662]

B�

D0K�

D
0
K�

fD

AD

ADrDei�D

AB

ABrBei(�B��)

Favoured Suppressed

Matthew Kenzie (CERN) LHCb Overview (Bormio 2015)
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LHCb combination of angle γ from trees

I Nominal result: γ = (72.9+9.2
−9.9)

◦ - [arXiv:1411.4600]
I World average (direct measurement): γ = (73.2+6.3

−7.0)
◦

I Uncertainty < 10◦ is better than combined B factories
I Many Run 1 modes still to be published with 3 fb−1
I Continued improvement expected with larger statistics of Run 2 and beyond:

I Hope to get near ∼ 3◦ precision (current indirect precision)

Result combining B → DK decays

Table 3: Confidence intervals and central values for the robust combination.

quantity robust combination

� (�) 72.9

68% CL (�) [63.0, 82.1]

95% CL (�) [52.0, 90.5]

rDK
B 0.0914

68% CL [0.0826, 0.0997]

95% CL [0.0728, 0.1078]

�DK
B (�) 126.8

68% CL (�) [115.3, 136.7]

95% CL (�) [101.6, 145.2]
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Figure 2: 1 � CL curves for the robust combination.
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Result combining B → DK and
B → Dπ decays
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Figure 4: 1 � CL curves for the full combination.
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Measuring angle γ from loops

I Make use of decays: B0 → K+K−, B0 → π+π−, B+ → π+π0, B0 → π0π0

I Result compatible with γ from trees γ = (63.5+7.2
−6.7)

◦ - [arXiv:1408.4368]

21/ 25

�-angle measured with loop processes [arXiv:1408.4368, 1 fb�1 ]

� extracted from B0
s ! K +K� , B0! ⇡+⇡� , B+ ! ⇡+⇡0 and B0 ! ⇡0⇡0

using U-spin + isospin analyses. [e.g. R. Fleischer, PLB459 (1999) 306, Ciuchini, JHEP 10 (2012) 029]

Experimental result: � = (63.5+7.2
�6.7)

�

Compatible with “� from tree” so far

Olivier Leroy (CPPM) LHCb status and prospects 20 December 2014 21 / 25
Matthew Kenzie (CERN) LHCb Overview (Bormio 2015)
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CP violation in the B0
s system

I Interference between decay (B0
s → J/ψφ) and mixing (via BB oscillation)

I CP violating phase φs = −2βs in SM
I Very small and precisely predicted in SM
I Early Tevatron results were tantalising

I LHCb (and also
ATLAS/CMS) have
clarified this picture

I B0
s → J/ψφ

analysis with
∼ 20× precision
of Tevatron

I Augmented with
complementary
analysis of
B0
s → J/ψπ+π−

I Final LHCb Run1
results recently made
public -
[arXiv:1411.3104]
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Figure 2: Decay-time and helicity-angle distributions for B0
s ! J/ K+K� decays (data points)

with the one-dimensional fit projections overlaid. 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.

The e↵ect due to the b-hadron background contributions is evaluated by varying the
proportion of simulated background events included in the fit by one standard deviation
of their measured fractions. In addition, a further systematic uncertainty is assigned as
the di↵erence between the results of the fit to weighted or non-weighted data.

A small fraction of B0
s ! J/ K+K� decays come from the decays of B+

c mesons [23].
The e↵ect of ignoring this component in the fit is evaluated using simulated pseudoexper-
iments where a 0.8% contribution [23,24] of B0

s -from-B+
c decays is added from a simulated

sample of B+
c ! B0

s (! J/ �)⇡+ decays. Neglecting the B+
c component leads to a bias

on �s of 0.0005 ps�1, which is added as a systematic uncertainty. Other parameters are
una↵ected.

The decay angle resolution is found to be of the order of 20 mrad in simulated events.
The result of pseudoexperiments shows that ignoring this e↵ect in the fit only leads to
small biases in the polarisation amplitudes, which are assigned as systematic uncertainties.

The angular e�ciency correction is determined from simulated signal events weighted
as in Ref. [6] such that the kinematic distributions of the final state particles match those

5

CP#even#
CP#odd#
S*wave#

Matthew Kenzie (CERN) LHCb Overview (Bormio 2015)

http://arxiv.org/abs/1411.3104


4. CKM matrix 27/37

HFAG combination of φs and ∆Γs

I SM wins out again!
I Still, these observable are very sensitive to non-SM contributions
I Improved precision is a long term aim
I World average φs = −0.015± 0.035 - [arXiv:1412.7515]

I Precision dominated by LHCb
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Semileptonic CP asymmetry in BB mixing

I Reconstruct B0 → D−µ+ and B0 → D∗−µ+ where D− → K+π−π− and
D∗− → Dπ−

I Measure asymmetry between the number of D(∗)−µ+ and D∗+µ− decays
I Result consistent with SM adsl = (−0.02± 0.19± 0.30)% - [arXiv:1409.8586]
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Luminosity measurement

I Precise luminosity measurement required to reduce
uncertainty as much as possible when measuring cross
sections and yields

I LHCb now has the most precise lumi measurement at a
bunched hadron collider

I Luminosity uncertainty now at 1.1% level for Run 1 data
- [2014 JINST 9 P12005]

I Introduced two-dimensional description of the beam
density profile

I Use of both “van der Meer scan" and “beam gas
imaging" methods
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Search for long-lived particles decaying to jet pairs

I Search for long lived particles with 25 < mjj < 50 GeV/c2 and 1 < t < 200 ps
I Pair-produced from SM-like Higgs

I Using just first 0.62 fb−1 of data at
√
s =7 TeV - [arXiv:1412.3021]

I See no excess above background
I Exclude some hidden valley scenarios
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Measurement of the B+
c lifetime using B+

c → J/ψπ+

I Study the time evolution of B+
c → J/ψπ+ and B+ → J/ψK+ decays - [PLB 742 (2015)

29-37]
I Measure the partial width difference (ratio of decay times) of the two to extrapolate

the B+
c lifetime

I Indepdent of the complimentary measurement with the semileptonic
B+

c → J/ψµ+νµX decay

B+
c → J/ψπ+ lifetime

∆Γ = ΓB+
c
− ΓB+ = 4.46± 0.14± 0.07 mm−1c

τB+
c →J/ψπ+ = 513.4± 11.0± 5.7 fs

Combined B+
c → J/ψπ+ and

B+
c → J/ψµ+νµX

τB+
c

= 511.4± 9.3 fs
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Figure 1: Invariant mass distributions for (a) selected B+
c ! J/ ⇡+ and (b) B+ ! J/ K+ can-

didates. The fit result with the function described in the text is shown by the red solid line;
the signal (background) components are shown with green (blue) dotted (dashed) lines.
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Figure 2: (a)Decay time distributions for selected B+
c ! J/ ⇡+ (red solid circles) and

B+ ! J/ K+ (blue open squares) decays, with the data points positioned within the t bins
according to Eq. (6) in Ref. [56]; (b) ratio of acceptance functions R"(ct). The uncertainties
are due to sample size only. For visualization purposes the e�ciency ratio is normalized as
R"(0.5 mm/c) = 1.

determined using the simulation and shown in Fig. 2(b). The variation in the acceptance
ratio is caused by the requirement on the J/ decay length imposed in the trigger and
the subsequent selection. The acceptance is calculated as the ratio of decay time distribu-
tions of the reconstructed and selected simulated events to the theoretical (exponential)
distributions convolved with the resolution function. This e↵ectively includes the correc-
tions due to resolution e↵ects, neglected in Eq. (1). It is estimated that any residual bias
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Figure 3: Ratio of the e�ciency-corrected decay time distributions (points with error bars).
The curve shows the result of the fit with an exponential function. The data points are positioned
within the t bins according to Eq. (6) in Ref. [56].

is smaller than 0.1 % in the range 50 < t < 1000 µm/c.
The e�ciency-corrected ratio R(t)/R"(t) is shown in Fig. 3. A minimum �2 fit with

an exponential function, according to Eq. (1), gives

�� = 4.46 ± 0.14 mm�1c, (2)

where the uncertainty is statistical. The quality of the fit is good, with a p-value of 42 %.

5 Systematic uncertainties and cross-checks

Several sources of systematic uncertainty are considered, as summarized in Table 1 and
discussed below.

The uncertainty related to the determination of the signal yields in t bins is estimated by
comparing the nominal results with those obtained using di↵erent fit models. As an alterna-
tive model for the B+

c and B+ signals, a modified Novosibirsk function [57] and a Gaussian
function are used. Although the latter provides poor description for the large B+ sample
for all decay time bins and the low-background B+

c signal for bins with t > 150 µm/c, there
is no e↵ect on the determination of ��. For the combinatorial background two alternative
parameterizations are used: a pure exponential function and a product of an exponential

5
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Preparing for Run 2

I Run 2 now only a few months away!
I Nominal running at

√
s =13 TeV

I bb cross section increased by ∼ 1.6
I Expect total integrated luminosity of ∼ 6− 8 fb−1

I Considerable improvements to trigger system will
facilitate new challenges

I Improvements
I Systematics from size of control samples
I Detector induced asymmetries
I PID calibration
I Lifetime biasing cuts in trigger

I Objectives
I There are many!
I Improved precision in CKM paramters
I Improved knowledge of rare processes

e.g. Bs(d)→ µ+µ− and B0→ K∗0`+`−
I More spectroscopy
I New ideas!

I Full explotation of Run 1 data still ongoing

40 MHz bunch crossing rate

450 kHz
h±

400 kHz
µ/µµ

150 kHz
e/γ

L0 Hardware Trigger : 1 MHz 
readout, high ET/PT signatures

Software High Level Trigger

12.5 kHz Rate to storage

Partial event reconstruction, select 
displaced tracks/vertices and dimuons

Buffer events to disk, perform online 
detector calibration and alignment

Full offline-like event selection, mixture 
of inclusive and exclusive triggers

LHCb 2015 Trigger Diagram
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And beyond....

I Huge improvements planned for 2019 and beyond with the LHCb upgrade
I Operational lumi will increase to 2× 1033cm−2s−1

I Aim to collect 50 fb−1 in total
I Upgrade all detector subsystems:

VELO 41M 55µm×55µm Si pixels very close to beam
PID Upgrades to RICH1, Calorimeters and Muon system
Tracking Si based upstream tracker and scintillating fibre downstream tracking system

I Limitations of current L0 hardware trigger will be completely removed
I Will read out the full detector at 40 MHz!
I Full software trigger - running on large CPU farm
I All upgrade projects have been approved by CERN research board

I Final R&D ongoing

Realising the dream – the LHCb upgrade 
LHCb collaboration plans an upgrade, to be installed in 2018-19 shutdown 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All aspects of Upgrade have been approved by CERN research board. Final R&D  
on sub-detector technologies underway, with construction to begin very soon. 

Essential features: 

• Full software trigger: will readout into DAQ all subdetectors at 40 MHz 
  (c.f. 1 MHz at present).  This will improve efficiency compared with current 
  hardware trigger, giving factor of two improvement for hadronic final states  

• Increase operational luminosity to 2 x1033 cm-2s-1 
Annual yields in muonic final states will increase 10x w.r.t. most published 
analyses, and 20x for hadronic decays.  Aim to collect ~50 fb-1 in total. 

37 
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LHCb Upgrade expected performance - CERN-LHCC-2012-007

24/ 25

Expected performances of LHCb upgrade CERN-LHCC-2012-007

Type Observable Current LHCb Upgrade Theory
precision 2018 (50 fb�1) uncertainty

B0
s mixing 2�s (B0

s ! J/ �) 0.035 0.025 0.008 ⇠ 0.003
2�s (B0

s ! J/ f0(980)) 0.17 0.045 0.014 ⇠ 0.01
Afs(B

0
s ) 6.4 ⇥ 10�3 0.6 ⇥ 10�3 0.2 ⇥ 10�3 0.03 ⇥ 10�3

Gluonic 2�eff
s (B0

s ! ��) – 0.17 0.03 0.02
penguin 2�eff

s (B0
s ! K⇤0 K̄⇤0) – 0.13 0.02 < 0.02

2�eff(B0 ! �K 0
S ) 0.17 0.30 0.05 0.02

Right-handed 2�eff
s (B0

s ! ��) – 0.09 0.02 < 0.01
currents ⌧eff(B0

s ! ��)/⌧
B0

s
– 5 % 1 % 0.2 %

Electroweak S3(B0 ! K⇤0µ+µ� ; 1 < q2 < 6 GeV2/c4) 0.08 0.025 0.008 0.02
penguin s0 AFB(B0 ! K⇤0µ+µ�) 25 % 6 % 2 % 7 %

AI(Kµ+µ� ; 1 < q2 < 6 GeV2/c4) 0.25 0.08 0.025 ⇠ 0.02
B(B+ ! ⇡+µ+µ�)/B(B+ ! K+µ+µ�) 25 % 8 % 2.5 % ⇠ 10 %

Higgs B(B0
s ! µ+µ�) 1.5 ⇥ 10�9 0.5 ⇥ 10�9 0.15 ⇥ 10�9 0.3 ⇥ 10�9

penguin B(B0 ! µ+µ�)/B(B0
s ! µ+µ�) – ⇠ 100 % ⇠ 35 % ⇠ 5 %

Unitarity � (B ! D(⇤)K (⇤) ) ⇠ 10–12� 4� 0.9� negligible
triangle � (B0

s ! DsK ) – 11� 2.0� negligible
angles � (B0 ! J/ K 0

S ) 0.8� 0.6� 0.2� negligible

Charm A� 2.3 ⇥ 10�3 0.40 ⇥ 10�3 0.07 ⇥ 10�3 –
CP violation �ACP 2.1 ⇥ 10�3 0.65 ⇥ 10�3 0.12 ⇥ 10�3 –

2�eff
s (B0

s ! ��) with a precision of 0.03

� with a precision below 1�

Olivier Leroy (CPPM) LHCb status and prospects 20 December 2014 24 / 25
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Summary

I LHCb has performed incredibly well Run 1
I Have produced a wide variety of informative

results with 3 fb−1
I First observations of new decays
I Observations of new particles
I Precision physics measurements of many

parameters of interest (β, γ)

I So far results in CPV consistent with SM CKM
matrix

I Some interesting deviations in rare decays
I P′5 in B→ K∗µ+µ−
I Lepton universality in B0→ K∗0`+`−
I Need more data to confirm or deny

I Much more still to come from Run 1 and much of it in the near future
I Exciting prospects in Run 2 (and beyond) to add new measurements and improve

existing ones with more statistics

Thanks for your attention!
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