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LHC a Flavour Factory 

• Large cross sections @ 7 TeV  :  

o  σinel
pp  ~ 60 mb [JINST 7 (2012) P01010 

o σinel
 (pp  charm)  ~ 6 mb [LHCb-CONF-2010-013]  

o σinel
 (pp  beauty )  ~ 0.3 mb [PLB 694 (2010) 209]  

2 Initial motivation for the design  

In high energy collisions, bb/cc pairs  

are produced predominantly in  

the forward or backward directions 



The LHCb detector 
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LHCb detectors efficiency 
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1380 bunches 
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1380 bunches 
pA 

>2.2 fb-1 

Luminosity in 2012  



Trigger System in 2012 
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Different running condition w.r.t 2011 :  
 

• Energy √s = 8 TeV  was √s = 7 TeV. 

• 10 % more CPU.  

• HLT1 input rate 950 kHz  was 850 kHz. 

• HLT2 output rate 4.5 kHz was 3 kHz.   

• Now using Deferred HLT. 

 

 
    

Note : Due to the excellent perfomances of the LHC and longer data taking, we are very sqeezed in disk !  
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 Deferred Trigger System in 2012  
 

 

• Delay the HLT triggering for 20% of the L0 rate. 

 

• When the event builder detects that the HLT cannot process 

all the incoming events, they are written to the hard disk of 

the nodes in the EFF. Between  fills, these events will be 

processed.  

 

• Equivalent 20% gain in CPU (but cheaper than buying 20% 

more CPU’s)  
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Data reprocessing 
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Reprocessing of 2012 data started last Monday 

Data taken until September’s technical stop 

should be reprocessed by mid-December  



Proton - Lead ion collision pilot run 

9 

• September 13th, 2012  at 1h26  

the LHC declared stable beams.  

 

• Occupancy was lower enough to 

not saturate the detector . 

 

•1h15 without SMOG. 

 

• Trigger rate was 160 Hz. 

 

• 1 hour with SMOG for beam 

imagining studies. 

 

  

 

System for Measuring Overlap with Gas 



Proton - Lead ion collision  

 Physics from pilot run  
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Record data to prepare the 2013 run where  

 

  Measurement of J/ψ cross-section. 

 

And also strangeness and charm production. 

Λ 

Ks
0 



J/ψ, ϒ(1S), ϒ(2S) and ϒ(3S) @ 8 TeV 
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Measure the J/ψ from b quarks : 

Was 47 MeV/c2 in 2011 



Physics papers since June 

• Study of DsJ decays in pp collisions arXiv:1207.6016  

• Measurement of the Bs effective lifetime in the J/ψf0(980) final state 

arXiv:1207.0878 

• Bs → KK lifetime arXiv:1207.5993 

• Observation of B→ DKK arXiv:1207.5991 

• Measurement of Bs→ J/ψ K* arXiv:1208.0738 

• Measurement of Bs→ ϕ γ arXiv:1209.0313 

• Measurement of χb cross section arXiv:1209.0282 

• Search of the rare decay KS→ μμ arXiv:1209.4029 

• Differential branching fraction and angular analysis of the B+→K+μ+μ− decay 

arXiv:1209.4284 

• The Bc production and mass paper arXiv:1209.5634 

• Model Independent Dalitz analysis B → DK LHCb-PAPER-2012-027 
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We have currently 67 published papers ! 



Conference Reports Since June 

• Performance of flavour tagging algorithms optimised for the analysis of Bs→J/ψ ϕ  LHCb-
CONF-2012-026 

 

• Production of J/ψ and Υ(1S), Υ(2S) and Υ(3S) mesons at s√=8 TeV LHCb-CONF-2012-
025 

 

• Measurement of  CP observables in B0→DK∗0 with D→K+K− LHCb-CONF-2012-024 

 

• Branching fraction measurements of B0
d,s decays to K0

Sh
±h′∓  final states, including first 

observation of B0
s→K0

SK   LHCb-CONF-2012-023 

 

• Measurement of the flavour-specific CP violating asymmetry asl
s in Bs decays  LHCb-

CONF-2012-022  
 

• First observation of B−→D0K−π+π−Decays to CP even final states LHCb-CONF-2012-021 

 

• Observation of the  χb(3P) state at LHCb in pp collisions at  s√=7 TeV  LHCb-CONF-
2012-020 

 

• Search for CP violation in D0→ π−π+π+π− LHCb-CONF-2012-019 

 

• Evidence for CP violation in B±→K±π+π−and B±→K±K+K−decays LHCb-CONF-2012-018 
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Electroweak  
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Z→ ττ cross section 
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• Signal topologies 

     and channels  
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Observed : 124 

oBkg : 42  

oSignal : 82  

 

ATLAS : ATLAS-CONF-2012-006 

ATLAS : Phys. Rev. D84 (2011) 112006 

CMS     : JHEP 08 (2011) 117 



Flavour Changing Neutral Current 
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Differential branching fraction of  B+→K+μ+μ−  

• Measure the differential branching fraction :  

 

17 Event yield 1232 ± 40 of B+→K+μ+μ  in 1.0  fb-1 and normalise to B+→ J/ψ K+  
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Flavour Changing 

Neutral Current  

       (FCNC)   SM NP 

? 



Angular analysis B+→K+μ+μ−  
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Both the FH and the Forward Backward asymetry AFB are expected to be null in the SM 

If muons were massless, FH would be proportional to the contributions from (pseudo-)scalar and tensor operators to the partial width, Γ. 
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Search for the rare decay KS
0→μ+μ−  
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FCNC family :   
SM prediction B(KS

0 → μ+μ−) = (5.0 ± 1.5) × 10−12 

Normalisation:   ππ  

hypothesis 

μμ  

hypothesis 

We measure with 1.0 fb -1 :  

B(KS
0 → μ+μ−) < 11(9) × 10−9 

 

This limit is a factor 30 below the previous 

measurement !  

Dimuon decays of neutral flavoured mesons 



Radiative decays 
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• Family of FCNC. 

• NP can affect observables  

  such as CP asymmetry… 

• Mass resolution of ~ 90 MeV 

  dominated by ECAL.  

 

 

We measure with 1.0 fb-1 

World’s best measurements !  
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Bs Mixing and CP Violation 



Semileptonic asymmetries 
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The observales :  

How we measure it :  

Yields 190 k Bs
0 candidates in 1.0 fb-1: 

Ds
+ Ds

- 



23 

Semileptonic asymmetries 
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Delicate systematic treatement is needed :  

•  Obtain any corrections from data/control samples. 

•  Pay attention to the π and μ detection asymmetries.  

•  Swap magnetic field to help cancel effects. 



Semileptonic asymmetries 
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• Dominant systematic is from limited statistics in control sample. 

• 3 tension with SM in the D0 result, not confirmed or excluded by LHCb. 

• More decay modes, data  are needed. But also the  B0 mode! 

We measure : 
 

asl 
s = (-0.24 ± 0.54 ± 0.33 ) %  

 
Most precise measurement !  

 

And also in agreement with SM 

as quoted in arXiv:1205.1444  

asl 
s = (0.0019   ± 0.0003  ) %  and  

asl 
d = (-0.0041 ±  0.0006  ) %  

 

 

 

 
 

  

 

 

 



Bs → KK effective lifetime 
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• Bs → K+K -  is a CP even eigenstate : 

• Dominantly a penguin decay. 

• Doubly Cabibbo suppressed tree decay. 

 

•   Analysis  uses  minimal lifetime biasing  selection :  

• No selection on variables biasing the lifetime.  

• Trigger and event selection based on NN using  

• Primiarly particle identification.  

  Independent  of  previous  measurement  using 40  pb-1 of data 

     using a complementary technique in  Phys.Lett. B 707  (2012)  349 

This independent analysis is currently being updated with 1.0 fb-1 
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Bs → KK effective lifetime 

τKK  =  1.455   ±  0.046 (stat) ±  0.006 (syst) ps 
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HFAG Combinations  

     (ICHEP 2012*)  

(*) This plot will be updated for CKM 2012 
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Towards the measurement of the 
angle γ 

Patience patience lots more to come next week !  



Measurement of  CP observables in 

B0→DK∗0 with D→K+K− 
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Two color suppressed decay modes  Interference   Sensitivity to γ  

Bs B0 Bs B0 
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Two workshops LHCb Collaboration + Theorists:  

30 November 2011 and 16 April 2012 @ CERN 

 

Summary of the document LHCb-PUB-2012-009 

submitted to the  European Strategy Preparatory Group 
B
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A Few Highlights 



What about 

the future?  
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A Framework TDR for the LHCb upgrade 

submitted in June to LHCC for approval  

  



Highlights from the Upgrade physics 
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Goal of LHCb upgrade: collect 50 fb-1 to reach the theoretical error on several  

flavor physics variables 



Upgrade planning  
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• June 2011 : LoI fully endorsed  

• June 2012 : Framework TDR submitted, waiting for feed  

   back. 

• 2012         : Continue R&D towards technical choices  

• 2013         : Technical review & choice of technology.  

        TDRs & prototype validation.  

• 2014-16    : Tendering & serial production.  

• 2016-17    : Quality control & acceptance tests. 

• 2018/19    : Installation (18 months according to planning!)  



Conclusion 

• So far collected  1.4 fb-1 in 2012. 

• All disks for the deferred HLT are 
deployed.  

• The ion-proton pilot went  

 smoothly.  

• Lots of new results and we expect  

 an other bunch next week.  

• Greedy for precision and surprises. 

• Upgrade program advancing. 

• We would like to thanks the LHC !  
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Backup slides 

35 



36 



Z→ ττ backgrounds 
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Z→ ττ selections 
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Intermediate states for radiative 

decays 
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Semileptonic asymetries systematics 
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Kμμ systematics 



DK* favored modes 
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Performances 
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Motivations for the physics upgrade 

Current limit getting close to SM:   

BR(Bs → μ+μ– ) = (3.2 ± 0.2) x 10–9 

Rule out SUSY @ large tan β.  
ϕs=  0.001 ±  0.101 ±  0.027 deg. 
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CP Violation in Charm:  

ΔACP = (-0.82 ± 0.21 ± 0.11)% 

Theory community is debating 

Expected statistical sensitivity 

σ(ΔACP) ~ 0.12 x 10-3 
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Trigger Upgrade 
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Today  Soon @1033 cm-2s-1 

• Current detector limited to 1 MHz  

   trigger Level-0 trigger. 

 

• Particularly limiting for hadronic 

   decay modes, and would become more 

  limiting as the luminosity rises due to pileup 

• Upgrade detectors to 40 MHz readout 

• Implement first level software trigger  

  for all detectors 

1 MHz 

10 MHz 



Detector Upgrade  
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RICH HPDs 
(replace HPDs  

+ R/O) 

Silicon Trackers  

Si Strips  
(replace all) 

Outer Trackers 

Straw tubes 
(replace R/O) 

Design a common Read Out Board : Tell 40.  


