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Outline 

�  Introduction 

�  Analysis of  BàJ/ψX modes: first results on the CPV 

phase φs  at LHC and related measurements. 

�  Flavour oscillations in BsàDsπ and Δms measurement. 

�  BsàK+K- lifetime measurement. 
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Single arm forward detector: 2<η<5 
High bb production in the forward 
region in pp collisions at √s=7 TeV: 
σbb	
  ≈	
  290	
  µb	
  ,	
  but	
   σinel	
  ≈	
  60	
  mb	
  .	
   
  
LHCb detector performance: 

Ø  Efficient trigger for leptonic and hadronic decays (εtrig~94%-60%) 
Ø  Excellent resolution for tracking and vertexing ( σIP

x	
  ≈	
  15	
  µm	
  )	
   
Ø  Good particle identification: π/K/p(RICHs), π/e/γ(ECAL), µ(MUON) 

 
                 Good proper time resolution and flavour tagging power  

LHCb 
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In this talk preliminary results from analysis of   ~ 36 pb-1  2010 data 

Expectation for 2011  ~1 fb-1 of  data 



Bs mixing and CP violation 
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Well predicted: 
2βs = 0.0363 ± 0.0017 rad  
Additional penguin contribution ~10-4 -10-3 
 

A CP violating phase can arise in the Bs system, 
from interference between decay with and without 
mixing.  
 
BsàJ/ψ(µµ) φ(KK)  is the golden mode. 

In the Standard Model φs is dominated by a 
single weak phase:  φs

SM ≅ - 2βs  

New Physics in mixing can enhance the  
measured φs : + ?? 

φs =  ΦM – 2ΦD
  

φs = φs
SM +  φNP    



φs from BsàJ/ψ(µµ)φ(KK)  
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 (= - 2βs) 

�  The roadmap for a new φs measurement at LHCb requires several 
intermediate steps, and to demonstrate good control on: 

�  Signal and control channels selection 

�  Proper-time measurement 

�  Angular distributions 

�  Flavour tagging 

Still much space  
for NP to appear 

LHCb-CONF-2011-001, 
     002,003,004,005,006,010 



BàJ/ψ X event samples 
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 B+àJ/ψ K+   BsàJ/ψ φ   B0àJ/ψ K0*  

Very good mass resolution. 
Very low background after proper-time cut t>0.3 ps  removing prompt 
J/ψà µµ. 
Increase sample (~ 30%) with events from displaced track trigger 
“decay time biased”.	



σm = 8 MeV/c2 σm = 10.7 MeV/c2 σm = 7 MeV/c2 

Similar selection for all HbàJ/ψ(µµ)X channels, use “decay time unbiased”  
di-muon trigger 

36 pb-1 

S/B=12.5  
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à Very good proper-time resolution.  

No cut t > 0.3 ps  

Triple Gaussian  
resolution  model: 

σ ≈ 50 fs 
for BsàJ/ψφ 

Proper-time resolution determined  from data, using background events, 
mainly prompt J/ψàµµ. 

Proper-time acceptance of  the “decay time 
biased” sample from data: 

! =
Nunbiased&biased

Nunbiased

Time resolution and acceptance 



Measurement of  lifetimes 
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 B+àJ/ψ K+   BsàJ/ψ φ   B0àJ/ψ K0*  

Will become competitive with 2011 data sample. Current systematic dominated 
by time dependence of  reconstruction efficiency, conservative estimate. 

36 pb-1 

(preliminary) 

LHCb-CONF-2011-001 

Yields for t>0.3 ps 

Use “decay time unbiased” sample.  

(*) Fit to a single exponential  

(*)  



Time dependent angular analysis 
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Angular acceptance effects induced by LHCb geometry,  within ±5% 

Corrections for angular acceptance in BsàJ/ψφ  from MC:  

BsàJ/ψφ  decay (PàVV) requires full 
angular analysis to statistically separate  
CP-even (ℓ=0,2) and CP odd (ℓ=1) final 
states. 
Use θ,φ,ψ angles in the transversity basis. Transversity basis  

zero 
suppressedà 

Normalized  
1D projections 
of  the 3D 
distributions  

LHCb Monte Carlo 



Polarization amplitudes for B0àJ/ψK0* 
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Same PàVV structure in B0àJ/ψ(µµ) K0*(Kπ) decay.     
Analysis used as a cross-check of  the full 5D fit  (m, t, φ, ψ, θ).	



Background shape from sidebands. Non resonant S-wave Kπ contribution  5±2 %.	



Good agreement with previous measurements, but not yet competitive. 

LHCb-CONF-2011-002 



BsàJ/ψφ untagged analysis 
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 5D fit (m,t,ψ,θ,φ)   assuming no CPV (φs= 0) . 

LHCb-CONF-2011-002 

LHCb preliminary 
 Parameter          Result   ±    stat.    ±   syst.  

CDF 5.2 fb-1:  



Flavour tagging 
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B flavour at production determined by   
several algorithms  

�  Opposite Side (tag all b hadrons): µ, e, K,  
charge of  inclusive secondary vertex 

�  Same Side:  K (for Bs), π (for Bd,Bu) 

Qvtx	



Bs	



B–	



µ-, e-	

 K–	



K+	

PV	



Algorithms optimized on data for maximum tagging power:  εtag(1-2ω)2  (*) 
using control channels. 

    OS and SSπ:   
�  B0àD*-µ+ν, B+àJ/ψK+, B0àJ/ψK0* 

 

 
     SSK:  BsàDs

-π (≈1.3k) too small data sample to calibrate on data 
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(*) ω=mistag rate 

εtag(1-2ω)2 ≈ 2%     OS 
                    ≈ 2.8%  OS+SSπ 

LHCb-CONF-2011-003 



Flavour tagging calibration 
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•  Tagging power enhanced using per-event 
mistag probability calculated from taggers 
and event properties. 

•  Calibrated on data with B+àJ/ψ K+ events        
    Validated on B0àJ/ψ K0*.            

•  Uncertainty dominated by sample size:   
         ± 0.012(stat) ± 0.004 (syst)    on intercept   
           ± 0.12 (stat) ± 0.01 (syst)       on slope.  

Performance on BsàJ/ψφ   (OS only)  
   εtag =  17.6 ± 1.4 %     
   ω   =  32 ± 2 %     
   εtag(1-2ω)2 = 2.2 ± 0.5 %  
 

Calculated mistag (η) 

Tr
u
e 

m
is

ta
g 

(ω
) 

B0àJ/ψ K0* 
B+àJ/ψ K+ 

BsàJ/ψ φ  

LHCb MC 



sin2β from B0àJ/ψK0
S  
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1330 events in 35 pb-1 
Unbiased+biased trigger.  
Use OS and SSπ tag. 

Too small data sample for a measurement competitive with B-factories, but 
valid demonstration of  LHCb capability in time dependent CPV analysis.  

Main systematic from tagging calibration.  

LHCb-CONF-2011-004 

LHCb preliminary 



BsàJ/ψφ tagged analysis 
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757±28 events (t>0.3ps) from unbiased+biased trigger. 7D fit (m,t,tag,ω, φ,ψ,θ)  
No point-estimate, CL contours (Feldman-Cousins) in ΔΓs- φs plane. 

Include statistical uncertainty and systematic 
from tagging and Δms  floated in the fit. 
All other syst. uncertainties give negligible 
effect on the contours. 

Improvements expected with  
2011 data: x30 larger data 
sample and addition of  SSK tag. 

Projection on φs:  

Preparing for world best 
measurement!  

LHCb-CONF-2011-006 

SM p-value 22% (1.2 σ) 

LHCb preliminary SM 



Bs mixing in BsàDs
-(3) π+   
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Combine four decay modes for 
 a total of   ~1300 signal events:  

LHCb-CONF-2011-005 

σm=18 MeV/c2   (Dsπ) 

σm=12.7 MeV/c2   (Ds3π) 



Bs mixing  in BsàDs
-(3)π+ 

M. Calvi - FPCP 2011 17 

Per-event proper-time resolution calibrated on 
data with prompt Ds and random π+ : 

         <σt> = 44 fs  (Dsπ), 36 fs  (Ds3π) 
 
Propertime acceptance from MC. 

Per-event mistag probability as re-calibrated in the B0àD-π+ channel:  	


εD2 = 3.8 ± 2.1 %  (OS tag) 

Minimum in the likelihood at        
Δms ~17.6 ps-1  with 4.6 σ statistical 
significance 



Bs mixing  in BsàDs
-(3)π+ 
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Competitive with world best  (CDF,  1 fb-1 ):  

LHCb preliminary 

�  Amplitude scan: A=1.41 ± 0.26  (stat) for Δms =17.6 ps-1 



Bs àK-K+  lifetime 
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Several test of  SM and NP searches are possible with Bd,sà πK,ππ,KK,pp  
decays, as CP asymmetries and γ angle masurements. 
 
BsàK-K+  decay dominated by penguin diagram. 
Can receive important NP contributions affecting  
lifetime difference:  ΔΓs = ΓL– ΓH ≅	
 ΔΓs

SM cos (φ NP ) 

Fitting the decay rate with a single exponential an effective lifetime is 
measured: 

Compared with a lifetime in a flavour specific final state: τBs
-1  = (ΓL +ΓH )/2   

can constrain  ΔΓs /Γs  and  the NP  Bs mixing phase φ NP   

RL,RH: fraction of  L,H states in the BsàK-K+ 
decay, mainly light.  

τ-1KK 



Bs àK-K+  lifetime measurement  
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Bàhh’ states well  
separated using π/K 
identification from RICHs. 

Two τ measurements: 
-  Relative lifetime:  proper-time acceptance cancelled by using the ratio        

to the kinematically  similar decay BdàKπ , and Bd lifetime. 
-  Absolute lifetime: proper-time acceptance                                                        

determined from data on event-by event basis  

 CDF: τ = 1.53±0.18±0.02 ps   

Interesting NP constraints will come with 2011 data 

LHCb-CONF-2011-018 

BàK-K+  BàK-π+  

LHCb preliminary 



Conclusions & Prospects 

�  Excellent performance of  LHCb in time dependent measurements 
proved on 2010 data. 

�  Preliminary result on Δms in BsàDsπ oscillations at LHCb with 36 pb-1 
competitive with world best. 

�  Successfully completed all steps towards a φs measurement in  
BsàJ/ψφ. Will allow world best result to be reached with 2011 data. 

�  Many other decays modes under study: BsàJ/ψf0 , J/ψη’, Ds
- Ds

+ …
and also BsàK0*K0*, Bsàφφ … will provide CPV measurements and 
constraints on penguin contributions.  

�  With 2011 data tagged time dependent analysis of  hadronic charmed 
(BsàDsK)  and charmless (Bd,sàhh’) modes will also allow new 
measurements on γ angle. 
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backup 
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LHCb trigger 
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Global reconstruction 30 kHz 
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Inclusive selections 
µ, µ+track, µµ 

Exclusive selections 

2 kHz 

�  L0 Hardware Trigger 40 MHz à 1 MHz 

�  Search for high pT , µ, e, γ, hadron 
candidates 

�  High Level Software Trigger Farm 

�  HLT1: Add Impact parameter cuts 
�  HLT2: Global event reconstruction 

�  Physics output rate 2 kHz ‒ 3. kHz 
�  Fully operational.  

 



First evidence of  BsàK0*K0* 
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BsàK0*(K+π-) K0*(K-π+) only from penguin decay. Future measurement 
of  time-dependent CP asymmetries will probe new physics in bàs 
transitions. 

First evidence at LHCb  
with 35 pb-1:    
        34.5 ±7.4 events  (7.3 σ) 	



	



Branching fraction with B0àJ/ψ K0* 
as normalization channel. 

Predictions from QCD factorization: 



B0 mixing in B0àD-(K+π-π-)π+  
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~ 6000 signal events. 
Double Gaussian proper-time resolution 
model from Monte Carlo (tuned to data):      
<σt> = 49 fs. 

Per-event mistag probability with free  
calibration parameters (different trigger and 
selection with respect to B+àJ/ψ K+).	



OS tagger parameters  used  for the  Δms analysis.	



LHCb-CONF-2011-010 
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B0àJ/ψK0* and BsàJ/ψφ  untagged 

B0àJ/ψK0*  

BsàJ/ψφ  



WA: 
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sin2β from B0àJ/ψK0
S  



BsàDsπ signal mistag distribution  
& time resolution  
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Asl 
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Ø  LHCb will measure as
sl – ad

sl 
from difference in asymmetry in 
Bs→Ds(KKπ)µν, B0→D+(KKπ)µν. 

Ø  Orthogonal constraint to D0.  

Di-muon charge asymmetry measured by D0, giving hints of  
anomalous CPV in the mixing of  neutral B mesons. 

If  there is NP in Bs mixing it will be seen by LHCb also in the φs 
measurement 



Data taking @ √s=7TeV 
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Running conditions with up to ~2 collisions/event 
more demanding than originally planned. 
Trigger and offline analysis well coping with it. 
 
2011 use luminosity levelling to keep L<3.1032 cm-2s-1 

Expect to collect  ~1 fb-1 by the end of  the year. 

2010  2011  

2010  


