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LHCb experiment 
�  Complementary to B Factories (look for Bs sector) 

�  Complementary to ATLAS and CMS 
�  Dedicated to flavour physics in B (and D) sector(s) 

�  LHCb searches for indirect effect of   

 New Physics through loop diagrams 

 sensitive to higher mass scales 

�  Forward spectrometer as      are boosted along beam axis 2<η<5 
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LHCb experiment 
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LHCb performance 
�  VELO silicon planes gets closer (8 mm) to beam in collision 

mode è IP resolution of  ~12μm and proper time of  ~40fs 

�  2 RICH detectors give better particle identification (p/K/π) 
separation 2-100GeV/c 

�  Tracking system gives a resolution of  σp/p ~0.5% 
(2-100GeV/c) 

�  In 2011: 1.0 fb-1 recorded: ~3.1011 bb pairs produced 
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Indirect CP 
�  When both B0,Bs and B0,Bs have the same final state 

we can have CP asymmetry in the interference 
between decay and mixing 

�  Same is true for Bs 

�  Have to measure the oscillation and the flavour of  
the B0,Bs at t=0 
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Tagging system 
�  Flavour Tagging is the procedure to determine the flavour of  

the reconstructed B meson at production 

�  Looks for the underlying event to get an answer 

�  Neural net to combine the different taggers 

 
 
 

B. Souza de Paula - LISHEP 2013 – 20/3/2013 6 

In B0 same side π 



Tagging system 
�  Calibrate tagging using flavour specific decays as B+J/ψK+ 

 
 
 

�  Dilution depends on final state and we have a per event ω 

�  Combined tagging power εeff=(3.4±0.3)% (for BsJ/ψΦ) 
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CPV in B0J/ΨKS 
�  We measure the time-dependent asymmetry (assuming 
ΔΓ=0) 

�  In SM CJ/ψKS=0 and SJ/ψKS=sin2β (2β=Φf) 

�  One of  the most precisely CP parameter measured  

�  Good test for the analysis method (and Flavour tagging) 
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sin2β=0.679±0.020   (CKM fitter) 



CPV in B0J/ΨKS 
�  Analysis with ~8200 events in 1.0fb-1 

�  Simultaneous MLL fit to mass and proper-time 
(more than 20 parameters) 
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CPV in B0J/ΨKS 

�  First measurement of  S in hadronic environment  

�  C compatible with SM and S with WA 

�  Systematics will also go down with more statistics 
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CPV in Bs system 
�  Can do a similar analysis in Bs system 

�  Bs oscillates much faster than B0 èneed precise 
measurement of  Δms 

�  Better channel is BsDs
-π+ 

�  Using 5 different Ds modes 
(adds up to ~34 k events in 1.0 fb-1) 
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Ds
− →φ(K +K − )π −

Ds
− → K *0 (K +π − )K −

Ds
− → K +K −π −

Ds
− → K −π +π −

Ds
− → π −π +π −



Δms measurement 
�  With ~34k events in 1 fb-1 

�  World’s most precise measurement 
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Δms = (17.728± 0.023± 0.006)
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Compatible with SM prediction 
Δms = (17.3±2.6)ps-1 
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BsJ/ψΦ 
�  Golden mode for Φs (Analogue in  

Bs sector to B0J/ψKS) 

�  Very small well predicted in SM  
Φs=(-0.036±0.002) rad (CKM fitter) 

�  New Physics could add large terms to Φs 

�  VV final state: is not a CP  
eigenstate and needs to separate CP  
odd and even components with  
angular analysis (s-wave ~ 1%) 

�  Described using transversity basis  
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BsJ/ψπ+π- 

�  There is a vector-pseudo scalar final state with the same 
diagram as BsJ/ψΦ 

�  BsJ/ψπ+π- (dominated f0(980)) 

�  No angular analysis needed  

�  Is CP eigenstate (CP-odd) 

�  ~1/3 of  BsJ/ψΦ yield 

�  First observed by LHCb  

in 2011 
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BsJ/ψπ+π-‐ 

�  There is a vector-pseudo scalar final state with the same 
diagram as BsJ/ψΦ 

�  BsJ/ψf0,2(π+π-) 

�  No angular analysis needed  

�  Is CP eigenstate (CP-odd) 

�  ~1/3 of  BsJ/ψΦ yield 

�  First observed by LHCb  

in 2011 
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Φs fit results 
�  Results MLL fit for BsJ/ψΦ 

�  Main systematics  
due to acceptance of  the angles 
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Φs fit results 
�  Results MLL fit for BsJ/ψΦ 

�  Main systematics  
due to acceptance of  the angles 

�   Enough data to also measure Δms  

�  Good agreement with BsDs
-π+ 
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Δms = (17.70± 0.10± 0.01)
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Φs fit results 
�  Results for BsJ/ψπ+π-‐

  

�  Combining the results from BsJ/ψΦ and BsJ/ψπ+π-‐ 

�  +ambigous solution (Φs,ΔΓs)è(Π-Φs,-ΔΓs) 
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Solution of  ambiguity 
�  To solve ambiguity it is possible to measure the 

difference between S-wave and P-wave in bins of     
K+K- mass 
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Solution of  ambiguity 
�  To solve ambiguity it is possible to measure the 

difference between S-wave and P-wave in bins of     
K+K- mass 

�  Only ΔΓs>0 fits the expected pattern 
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Conclusion 
�  LHCb produced very interesting results of  CP 

violation in B to charmonia decays 
�  sin2β in B0J/ΨKS:	  

�  Bs oscillation (mandatory ingredient) 

From BsDs
-π+  

�  CP violation in BsJ/ΨΦ,π+π-‐: 
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Δms = (17.728± 0.023± 0.006)ps-1 
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Prospects 
�  All results presented are in good agreement with 

Standard Model 

�  All results are still limited by statistics 
�  Update those results with 2012 data (2fb-1) 
�  2015-2017: 2x more data 

�  With more data, we can measure penguin modes 
(BsJ/ΨKS, BsDSDS) 
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Backup 
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CKM triangles 
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Tagging calibration 
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Φs 
�  In SM 

�  We measure 

�  Many NP terms can be added to Φs due to mixing: 
eg. SUSY, extra dimensions, 4th generation 
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BsèJ/ψΦ Fit 
�  Signal pdf  depends on acceptance, flavour tagging 

andproper time resolution 
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Angles definition 
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