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First observation of CPV in the Bs system !
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Excellent Particle 
Indentification (including low 
momenta for flavour tagging)
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The LHCb experiment in a nutshell
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2010: ∫L = 37pb-1

2011: ∫L = 1.0fb-1

2012: ∫L = 2 fb-1

...and posters !

High trigger 
efficiency

Excellent tracking 
(Time, impact parameter, 

mass resolutions)
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Many other talks...

LHCb-Roadmap

Rich performance

Trigger performance
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Overview of B→hh measurements
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Branching fraction measurements 

Time integrated CPV

Effective lifetime measurement

Time dependent CPV

N
EW

LHCb Charmless B decays results: http://lhcbproject.web.cern.ch/lhcbproject/CDS/cgi-bin/bnoc.php

http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lhcbproject.web.cern.ch/lhcbproject/CDS/cgi-bin/bnoc.php
http://lhcbproject.web.cern.ch/lhcbproject/CDS/cgi-bin/bnoc.php


Aurélien Martens CPV in B→hh @ LHCb - BEAUTY 2013 - 11/04/2013

General strategy in 2-body decays
Decays sensitive to CKM angle γ, and mixing parameters and phases
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Example of 
interfering diagrams

Decays of interest, BR~10-7→10-5

U-spin relates 
hadronic 

parameters

control U-spin
assumption

for spectator quark

control size of  
polluting diagrams

LHCb-Roadmap
PLB 459 (1999) 306 [Fleisher]

JHEP 10 (2012) 029 [Ciuchini et al.]

All the decay modes need to be studied together !

7 parameters for 4 observables 
if no additional hypothesis
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Overview of B→hh measurements
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Branching fraction measurements 

Time integrated CPV

Effective lifetime measurement

Time dependent CPV

N
EW

LHCb Charmless B decays results: http://lhcbproject.web.cern.ch/lhcbproject/CDS/cgi-bin/bnoc.php
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Aurélien Martens

Suppressed signal contributions 
require tighter selections

3 body charmless decays
dominate lower mass 

sideband
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Topological and kinematic selection
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Many 2 body decay 
modes to be separated

No particle 
identification

0.37fb-1

Topological and 
kinematic selection

JHEP 10 (2012) 037
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Particle identification separation
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Looking for Bs→π+K-
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and very suppressed modes
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Overview of B→hh measurements
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Branching fraction measurements 

Time integrated CPV

Effective lifetime measurement

Time dependent CPV

N
EW

LHCb Charmless B decays results: http://lhcbproject.web.cern.ch/lhcbproject/CDS/cgi-bin/bnoc.php
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Time integrated CPV
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Goal:
Study CPV in flavour specific decays

B0→K+π- and Bs→K-π+
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Detection asymmetry
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Determined from large D decay samples
From HFAG

transported to LHCb 
decay time acceptance

LHCB-PAPER-2013-018 in preparation

NEW

HFAG
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Production asymmetry
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Determined from time dependence

A
CP

= A
Raw

� (A
Det.

+kA
Prod.

)

Dilution from:
- mixing

- proper time acceptance

In summary: corrections are small

NEW

LHCB-PAPER-2013-018 in preparation
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Bs case: B invariant mass fit model
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CPV in the Bs system !

NEW
LHCB-PAPER-2013-018 in preparation

keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
keynote:/Users/aurelienmartens/Documents/talks/conferences/Epiphany2012/martens.key?id=BGSlide-0
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://www.slac.stanford.edu/xorg/hfag/
http://www.slac.stanford.edu/xorg/hfag/
http://www.slac.stanford.edu/xorg/hfag/
http://www.slac.stanford.edu/xorg/hfag/


Aurélien Martens CPV in B→hh @ LHCb - BEAUTY 2013 - 11/04/2013

Overview of B→hh measurements

16

Branching fraction measurements 

Time integrated CPV

Effective lifetime measurement

Time dependent CPV

N
EW

LHCb Charmless B decays results: http://lhcbproject.web.cern.ch/lhcbproject/CDS/cgi-bin/bnoc.php
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Phys. Lett. B 716 (2012) 393

Flat time acceptance
 above 0.5ps

trigger and 
selection: 

Neural 
Networks

1.0fb-1

sWeights

1.0fb-1Dominant systematic: proper time reconstruction bias

Eur. Phys. J. C 71 (2011) 1532

Consistent with Standard Model prediction

Consistent with independent 2010 data LHCb result:
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Goal:
Study CPV in non flavour specific decays

B0→π+π- and Bs→ K+K-

Tagged time dependent analysis
calibrated with flavour specific B0→K+π-
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N(Bd)~28000
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input Δms from Bs→Dsπ
input ΔΓs from Bs→J/ΨΦ
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N(Bd)~5360
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Dominating systematic uncertainties: 
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Improvements expected:

LHCb OS tagging only
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LHCb Charmless B decays results: http://lhcbproject.web.cern.ch/lhcbproject/CDS/cgi-bin/bnoc.php

Branching fraction measurements
First observation of Bs→ππ 

Observation of Direct CPV 
in Bs system (Bs→Kπ)

Effective lifetime measurement
in Bs→KK

Tagged time dependent measurements 
in the Bd→ππ and Bs→KK

N
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3fb-1 on tape
Same Side TaggingImprovements expected:
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✔SM
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✔SM

Upgrade
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Fleisher, Knegjens
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39% C.L. 

Assuming SU(3)
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Branching fraction measurements 

Time integrated CPV

Effective lifetime measurement

Time dependent CPV

LHCb Charmless B decays results: http://lhcbproject.web.cern.ch/lhcbproject/CDS/cgi-bin/bnoc.php
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PRL 108 201061

Untagged
D0→Kπ 0.37fb-1 0.37fb-1 0.37fb-1

D*+ tagged
D0→Kπ

D*+ tagged
D0→KK

Determined from large D decay samples

Reconstruction asymmetry

Suppressed by magnetic field flip:
α = 0.20 ± 0.1

Strong interaction cross-sections
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0.37fb-1

B0→J/ΨK*0

Determined with B0→J/ΨK*0 decays: 
CPV at the level of 10-3

(Corrected for detection asymmety)

A
CP

= A
Raw

� (A
Det.

+kA
Prod.

)

Dilution from:
- mixing

- proper time acceptance

In summary: corrections are small
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Dominant systematic uncertainties: 
Bs case: B invariant mass fit model

Bd case: production and detector asymmetries
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