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CP CP violationviolation and CKM and CKM matrixmatrix
•• Current  laboratory measurements of CPV are in agreement withCurrent  laboratory measurements of CPV are in agreement with

SM predictions, encoded in the CKM matrix, butSM predictions, encoded in the CKM matrix, but
observation of universe requires much more.observation of universe requires much more.
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Still space for finding effects due to NP in less constrainedStill space for finding effects due to NP in less constrained
elements like elements like γγγγγγγγ and and ββββββββss angles.angles.

“db”

“sb”

•• UnitarityUnitarity relations represented by triangles.relations represented by triangles.

UT constraints from tree UT constraints from tree 
measurements only measurements only àà

HEP 2009 - M.Calvi



The BThe B00
ssBB00

ss mixing in Bmixing in Bss
00ààJ/J/ψφψφ

•• A CP violating phase arises from interference between BA CP violating phase arises from interference between Bss decay     decay     
to J/to J/ψφψφψφψφψφψφψφψφ directly or via mixing directly or via mixing 

•• In the SM:In the SM:
BBss ààààààààJ/J/ψφψφψφψφψφψφψφψφ is dominated by a single weak phase, well predicted:is dominated by a single weak phase, well predicted:

ΦΦΦΦΦΦΦΦJ/J/ψφψφψφψφψφψφψφψφ
SMSM======== --22ββββββββs  s  + + δδδδδδδδPP Penguin contribution Penguin contribution 

estimated  ~estimated  ~1010--44--1010--33

--22ββββββββss = (= (--0.0370.037±±±±±±±±0.002) 0.002) radrad from UT fitsfrom UT fits

Bs

Bs f =J/ψφψφψφψφ
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BB00
ssBB00

s s withwith New New PhysicsPhysics

•• New particles could contribute to the BNew particles could contribute to the Bss--BBss box diagram modifying box diagram modifying 
the SM prediction, adding a new phase :the SM prediction, adding a new phase :

•• This new This new phase          will also  modify other measurements:phase          will also  modify other measurements:

where:where:
is is calculated calculated in in the the SM:SM:
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BBss
00ààJ/J/ψ(µµ)φ(ΚΚ)ψ(µµ)φ(ΚΚ)

PPààààààààVV decay : mixture of CPVV decay : mixture of CP--even even 
(ℓ=0,2) and CP odd (ℓ=1) final states.(ℓ=0,2) and CP odd (ℓ=1) final states.
An angular analysis allows to separateAn angular analysis allows to separate
statistically the decay amplitudes.statistically the decay amplitudes.

Differential Differential 
decay decay rate:rate:

Bs
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3 angles  3 angles  Ω=( Ω=( Ω=( Ω=( Ω=( Ω=( Ω=( Ω=( θ,φ,ψθ,φ,ψθ,φ,ψθ,φ,ψθ,φ,ψθ,φ,ψθ,φ,ψθ,φ,ψ ) ) ) ) ) ) ) ) to describe the final decay products directions. to describe the final decay products directions. 

Bs

AA00 (0) (0) àààààààà CP even CP even 
AA|||| (0) (0) àààààààà CP even CP even 
AA⊥⊥⊥⊥⊥⊥⊥⊥ (0) (0) àààààààà CP odd CP odd 
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TimeTime dependentdependent decaydecay amplitudesamplitudes

Depend on 8 physics parameters: 

Φ, Γs, ∆Γs, ∆ms, R┴, R||, δ┴, δ||
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High sensitivity High sensitivity 
to small to small ΦΦΦΦΦΦΦΦ valuesvalues
when B/B initialwhen B/B initial
state is determinedstate is determined
by by FlavourFlavour tagging tagging 
((∆∆∆∆∆∆∆∆mmss terms)terms)

From From TevatronsTevatrons results: results: 
∆∆∆∆∆∆∆∆mmss well measured, hints well measured, hints 
of deviation from SM in of deviation from SM in ΦΦΦΦΦΦΦΦ
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bb angular 
correlation in pp 

collisions   at 
√s=14 TeV

LHCbLHCb @ LHC@ LHC
High bb production in pp collisions at High bb production in pp collisions at √√√√√√√√s=s=14TeV14TeV

σσσσσσσσinelinel = 80 mb= 80 mb
σσσσσσσσbbbb = 500 = 500 µµµµµµµµb  b  àààààààà N N ∼∼∼∼∼∼∼∼10101212 bb events in Lbb events in Lintint = 2 fb= 2 fb--1 1 

(1 nominal year 10(1 nominal year 1077 s  at 2x10s  at 2x103232 cmcm--22ss--11))
~40% in the forward region~40% in the forward region

LHCbLHCb single arm forward detectorsingle arm forward detector
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TED data June 2009 
(secondary particles                 

downstream LHC beam stopper)     

Detector  ready        
and operational 

HEP 2009 - M.Calvi



BBss
00ààJ/J/ψ(µµ)φ(ψ(µµ)φ(KKKK) ) reconstructionreconstruction

Signal yield (2 fb-1) 117 k

B(long-lived) /S 0.5

B(prompt J/ψ) ψ) ψ) ψ) /S 1.6

Full MC: inclusive J/ψ(µµ)

•• High efficiency for High efficiency for didi--muonmuon trigger trigger εεεεεεεεtottot~70%~70%

•• Baseline event selection  is lifetimeBaseline event selection  is lifetime--unbiased:unbiased:
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ØØ small proper time and angular acceptance corrections needed.small proper time and angular acceptance corrections needed.
ØØ High background from prompt J/High background from prompt J/ψ: ψ: ψ: ψ: ψ: ψ: ψ: ψ: harmless  in harmless  in ββββββββss fit,                 fit,                 

can allow the determination can allow the determination of proper time resolution.of proper time resolution.
ØØ Alternative analysis under study: higher statistic sensitivity.Alternative analysis under study: higher statistic sensitivity.

•• Large use of control channels:Large use of control channels:

Measure resolution and Measure resolution and acceptance for acceptance for 
proper proper time and angular distributions. time and angular distributions. 
FlavourFlavour taggingtagging

Channel Yield       
(2 fb-1)

B/S       
total

BdààààJ/ψ ψ ψ ψ K* 490 k 6.7

BuààààJ/ψ ψ ψ ψ K+ 940 k 1.9

BsààààDsππππ ~70k 0.4

Full MC simulation 
all trigger levels 
included:
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FlavourFlavour TaggingTagging

B0ààààJ/ψ(µµ)ψ(µµ)ψ(µµ)ψ(µµ)K*(Kππππ) oscillations
for oppositeopposite side taggers

BBssààààààààDDss ((KKKKππππππππ) ) π π π π π π π π oscillationsoscillations
forfor samesame side side taggertagger
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Tagger Tag eff. mistag ε(1ε(1ε(1ε(1−−−−2ω2ω2ω2ω)2

Opposite side 45% 36.5% 3.3%

+ same side 56% 33.3% 6.2%

From combination of several methods (electron, muon, kaon, 
inclusive vertex, same side kaon)

CalibrationCalibration and and validationsvalidations on on controlcontrol channelschannels

Qvtx

Bs

B–

µ−, e− K–

K+PV

HEP 2009 - M.Calvi



BBss
00ààJ/J/ψφψφ :  :  fitsfits resultsresults
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•• Sensitivity studies  with 2fbSensitivity studies  with 2fb--11 (one nominal year) : (one nominal year) : σ(2βσ(2βσ(2βσ(2βσ(2βσ(2βσ(2βσ(2βss) ~0.03  ) ~0.03  
Good Good convergence for all physics parameters, all “detector parameters” can also be fitted. convergence for all physics parameters, all “detector parameters” can also be fitted. 

•• SystematicsSystematics:   :   Angular Angular distortions distortions ((±± 5%)                 75%)                 7% % 

Proper Proper time resolution (time resolution (40 40 ±± 4 4 fsfs) ) 5% 5% 
MistagMistag rate (rate (0.34 0.34 ±± 0.01)                     70.01)                     7% % 

Ignoring a possible 5Ignoring a possible 5--1010% % SS--wave contamination wave contamination willwill introduce aintroduce a ~~1515% % biasbias on on ββββββββss.       .       
IncludedIncluded in the in the fitfit willwill reduce the reduce the resolutionresolution ~~2020%% but allows cos2but allows cos2ββββββββss measurementmeasurement

∆∆∆∆ββββs////ββββs

ψψψψ

θθθθ φφφφ

ττττ
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If If true true ββββββββss value value is the current is the current TevatronTevatron measurement (measurement (NPNP--like)    like)    
we we should measure should measure it from it from BBssààààààààJ/J/ψ(µµ)φψ(µµ)φψ(µµ)φψ(µµ)φψ(µµ)φψ(µµ)φψ(µµ)φψ(µµ)φ with with 200 200 pbpb--1 1 !!

WithWith 10 fb10 fb--11 > 3> 3σσσσσσσσ evidence of nonevidence of non--zerozero ββββββββss even if only SM.even if only SM.

Other channels also under study:Other channels also under study: BBssààààààààJ/J/ψ(ψ(ψ(ψ(ψ(ψ(ψ(ψ(eeee)φ)φ)φ)φ)φ)φ)φ)φ, , BBssààààààààJ/J/ψηψηψηψηψηψηψηψη, , , , , , , , BBssààààààààDDss
++DDss

−−−−−−−− ……

First First important results can come already from 2010 running. important results can come already from 2010 running. 

Reduced
LHC collision
energy √√√√s=14TeV

SensitivitySensitivity versus versus integratedintegrated LuminosityLuminosity



sin(2sin(2ββ) ) withwith BB00ààJ/J/ψ(µµ)ψ(µµ)KKSS((ππππ))
Will be the first time dependent CP Will be the first time dependent CP 
asymmetry measurement at asymmetry measurement at LHCbLHCb::
with with 200 pb200 pb--11 expect  expect  σσσσσσσσ(sin2(sin2β β β β β β β β )~0.06)~0.06

σσσσσσσσ(sin2(sin2β β β β β β β β )~0.020  in )~0.020  in 2 fb2 fb--11
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Channel Signal yield       
(2 fb-1)

B/S       

BdààààJ/ψψψψ KS 94 k 0.6

With additional luminosity will give insight into possible NP contributions With additional luminosity will give insight into possible NP contributions 
to to bbààààààààccsccs.   Will also constrain direct CP asymmetry..   Will also constrain direct CP asymmetry.

Channel Yield (2 fb-1) B/S (90% CL)

Bs →→→→ φ φ φ φ φφφφ 3100 < 0.8

Bd →→→→ φ φ φ φ KS 920 < 1.1

Good perspective at Good perspective at LHCbLHCb for for BBss→→→→→→→→φφφφφφφφφφφφφφφφ..

From Bd →φKS expect  σ(sin2βeff) ≈0.23

NP from NP from bb→→ssssss penguin decayspenguin decays
Time Time dependent dependent analysis of angular analysis of angular 
distribution of flavour tagged distribution of flavour tagged events:events:

σσσσσσσσstat stat ( ( φφφφφφφφBs Bs →→→→→→→→ φφφφφφφφφφφφφφφφ
NPNP) = 0.11   ) = 0.11   in 2 fbin 2 fb––11
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γγ measurementsmeasurements
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●● Many approaches to Many approaches to γγγγγγγγ angle measurements.  Most powerful through angle measurements.  Most powerful through 
‘B‘BààààààààDK’ strategies (charged and neutral B modes).  D final state is DK’ strategies (charged and neutral B modes).  D final state is 
common to Dcommon to D00 and Dand D00..

●● Opportunity for Opportunity for LHCbLHCb to make a contribution to make a contribution already with 200 pbalready with 200 pb--1  1  :  :  
expect ~10k events expect ~10k events BBààààààààD(D(hhhh)K . )K . 

●● DalitzDalitz plot analysis giving currently the single best plot analysis giving currently the single best γγγγγγγγ results:  results:  LHCbLHCb will will 
reconstruct  in reconstruct  in BBààààààààD(D(KKSSππππππππππππππππ)K   )K   ~6.800 events /2 fb~6.800 events /2 fb--11 with B/S<1.5  90%CL.with B/S<1.5  90%CL.

●● BBss→D→DssKK time dependent CP asymmetry is unique to time dependent CP asymmetry is unique to LHCbLHCb:  exploit good :  exploit good 
PID for separation from PID for separation from BBss→D→Dssππππππππ and excellent proper time resolution.and excellent proper time resolution.

Global fit to all measurements of Global fit to all measurements of γ  γ  γ  γ  γ  γ  γ  γ  from tree decays onlyfrom tree decays only :   :   
σσσσσσσσ((((((((γγγγγγγγ) ) ) ) ) ) ) ) ~ 4~ 4ºº with  2 fbwith  2 fb––11

Many possibilities for D final states: Many possibilities for D final states: 
KKππ, KK, , KK, ππππ, , KKππππππ,  ,  KKSSππππ ......

More details in poster session: M. Gersabeck
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ConclusionsConclusions
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•• LHCbLHCb detector is on place and operational, ready for data takingdetector is on place and operational, ready for data taking
at LHC startat LHC start--up.up.

•• 2β2β2β2β2β2β2β2βs s value value could bring good news for NP:  first could bring good news for NP:  first LHCbLHCb results couldresults could
come already from 2010 running. Expected sensitivity ~0.03/ 2 come already from 2010 running. Expected sensitivity ~0.03/ 2 fbfb--11

•• Extensive Extensive LHCbLHCb program includes studies on many program includes studies on many hadronichadronic
channels for measurements on all CKM matrix parameters, channels for measurements on all CKM matrix parameters, 
as well as searches for rare decays.as well as searches for rare decays.

•• First year data will also provide a lot of inclusive measurements First year data will also provide a lot of inclusive measurements 
and studies on control channels.and studies on control channels.

•• In the coming years In the coming years LHCbLHCb results will finally provide a strongresults will finally provide a strong
improvement to improvement to flavourflavour physics, in particular to the knowledgephysics, in particular to the knowledge
of the Bof the Bss sector. sector. 
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BACKUPBACKUP
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AngularAngular acceptanceacceptance checkschecks withwith BB00ààJ/J/ψψK*K*
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•• Measurement of polarization amplitudes and phases in the Measurement of polarization amplitudes and phases in the BB00ààààààààJ/J/ψψψψψψψψKK* * 
decay decay from fit to time dependent angular distributionsfrom fit to time dependent angular distributions..

•• Comparison with existing results from B Factories and Comparison with existing results from B Factories and TevatronTevatron will will 
validate the use of simulated acceptance functions and allow estimation validate the use of simulated acceptance functions and allow estimation 
of systematic uncertainties to of systematic uncertainties to 2β2β2β2βs related to angular acceptance.related to angular acceptance.

±5% modification
of acceptance

θθθθ

•• Strong constrain already  for a Strong constrain already  for a ±± 5% modified5% modified
angular acceptance .angular acceptance .
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