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LHCb operation 
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2010 2011 

  limit the number of visible pp-collisions/bunch  
    crossing to  µmax ~ 2  (2.5    at start-up)  
  limit the peak luminosity to L ~ 3·1032 cm-2 s-1 

  need to increase number of bunches to ≥700 to reach “nominal” LHCb  luminosity 
  luminosity leveling essential to keep µ and lumi to optimal value 
  will run with flat luminosity throughout most of the year, so cannot “catch-up” on 

integrated luminosity during the year 
  need to continue to increase number of bunches (even at nominal lumi) to reduce µ 
  expect ≥200 pb-1 by end of June and ~1 fb-1 by the end of 2011 

LHCb limitations: 



Detector status 
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Activities during 2010 / 2011 Technical Stop 
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   Silicon Tracker: Exchange and repair of modules with broken bonds 
   RICH: Replacement of ~7% of HPDs 
   Outer Tracker:  Repair FE, disconnect a few broken channels 
   CALO:  Replacement of a few PMTs 
   MUON:  Replacement of a few non-fully operational chambers 

Overall very small changes in the detector  

Major improvement of the HLT farm 

HLT:  Addition of 100 boxes (400 nodes) 
         for a total of 50 subfarms × 27 nodes 
         × (8 to 20) HLT tasks running 
          = 24600 HLT tasks ! 

A lot of work also on infrastructure, maintenance and safety 



Detector related concerns & Plans 
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  Breaking (at a low frequency) VCSELs 
   Order new VCSELs of a different production type and  
       test these under radiation 

  High current in some Tracker Turicensis  modules  
   Careful monitoring of the problem 
   Continue further investigation in situ and on a test module  

  Uncertainty in the long term behavior of the gain loss in the Outer Tracker  
     remains main concern 
     Periodic threshold / HV scans in order to measure 2D gain maps  
         and monitor aging effects 

  Design and construction of the aerogel box 

  Complete the VELO spare during first half of 2011 



Status of Aerogel ( RICH 1 ) 
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The Box: 
 Company found that promised to respect the 
specification  
 The same for the O-ring to be placed between the 
window and the carbon fiber box 
 A couple of month to receive the prototype 
 Pressure tests for this box will then follow  
 Engineering Review envisaged for May 2011  

Alignment for the tracking 
not yet done 

  can not give numbers 
    now, but improvement 
    clearly visible ! 

Very fresh results: Data taken with CO2 as radiator: 



Operations at the LHCb Pit 
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   LHCb detector is fully operational and in good shape  

   LHCb detector is efficiently operated by only two people on duty 
     (complemented by weekly experts-on-call for each subsystem). 
     Weekly appointed “Run Chief” oversees the global strategy for  
     data taking. 
     LHCb central shifter situation is acceptable but requires attention 
     during the year 

   High Level Trigger framework completely revised to improve  
      reliability and speed 

   “Luminosity leveling” is vital for LHCb in order to maximize integrated     
      luminosity collected in the optimal conditions.  
         Highest priority is given to its commissioning 
             Looks very encouraging ! 



Data Processing  
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  A total of 155 TB of raw data collected in 2010  

  Reconstruction and stripping of raw data done at Tier1 sites 
    (50% user jobs, 25% simulation, 25% reconstruction)  
     The CPU usage efficiency – 85% at Tier1 and 90% at Tier2 

  Several reconstruction and stripping cycles (more than foreseen 
     in steady state) 

  Computing model has been updated to accommodate changing 
     running conditions. The average event sizes increased by 60% 
     and the trigger output rate by 50%      

Shortfall in CPU and disk space resources in 2011 / 2012 
  Delay in processing 
  Require additional resources in 2012, in particular disk space 



Detector performance 
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   Flexible and efficient trigger 

   Vertex and Impact Parameter (IP) resolution 

   Tracking & PID 

   Proper time resolution 

   Flavour tagging 

LHCb detector is ready for the core measurements in 2011 ! 
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Trigger 

HLT1 

HLT2 

L0 
Trigger efficiencies very close to expectations 

Physics analysis 

LHCb trigger is fully functional and was capable to cope with harsh 
running conditions in 2010 

The extension of LHCb physics programme to accommodate charm 
physics requires higher trigger output rate of 3 kHz 



Primary Vertex (PV) & Impact Parameter (IP)  resolution 

Best IP resolution ~15 µm   

Primary vertex resolution: 
 ~ 15 ( 75 ) µm in transversal 
( longitudinal plane ) 
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Tracking: excellent mass resolution demonstrated 

Signals are as clean as at the e+e- - machines !!! 
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PID with RICH 

LHC 2010, Hamburg, Germany      LHCb PID - XING � 13�CERN RRB April 2011 

Clean reconstruction 
of various hadronic decay 
channels of D(s) and B(s)  
mesons   
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PID with Calorimeter and MUON  
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Photon PID: Important for B,D reconstruction and  spectroscopy studies 

χc J/ψ γ 
B  K* γ 

Excellent Muon PID is vital for the LHCb key measurements with dimuons  



Proper time resolution 

Lifetime measurements 
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Flavour Tagging (LHCb) Performance measured on data 

Same Side K tagger studies are 
in progress. Need larger 
data samples. 
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Physics results from 2010 Run  

   Production studies 

   Core LHCb measurements 

    - Bs mixing phase 

    - Bs  µµ

    - Bd  K*µµ

    - Towards the measurement of the UT angle gamma 
      (reconstruction of hadronic  B decays)  

    - CPV studies in charm sector



Production measurements 

  Many results reported on open b and c-production  at LHC  
     and exclusive b-hadron cross-sections 
     (including Bc production). LHC luminosity is known to 3.5% accuracy.       
     First evidence for D0 production asymmetry at LHC  

   Important testing ground for QCD calculations ! 

   Cross-sections are large as expected ( charm > 20 × beauty ) 
     More confidence to LHCb projections in heavy flavour physics 

    Extensive studies of J/ψ, Upsilon and other quarkonia started; 
       polarization studies are still to come… 
       Double J/ψ production observed by LHCb. 
     Understanding of onia production mechanism in progress ! 

     Very interesting possibilities to study W/Z in the forward direction  

 Experiments are requested to provide data in the  
 ATLAS / CMS / LHCb rapidity overlapping region 
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Z: 2 µ, each with Pt > 20 GeV/c 

W: single isolated µ with 
 Pt > 20 GeV/c  & small Pt opposite 

Z & W in the forward direction 

Mµµ , GeV 

LHCb preliminary 
L = 16 pb-1 

LHCb preliminary 
L = 16 pb-1 

W- 
W+ 

Acceptance 
 of GPDs 

-  Measurement of AFB  in future  
  In LHCb  acceptance Z production occurs 
  predominantly through collision of valence 
  and sea quark, so axis of AFB measurement 
  is well defined, and dilution low.  

-   Knowledge of PDF  
   Will help to improve accuracy on AFB and MW. 
   LHCb is complementary to GPDs and may 
   provide vital input with high statistics data samples.  

Switch-over in W+/W- in LHCb acceptance 
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Measurements of fd / fs   fragmentation fraction (LHCb) 

In particular important to measure BR(Bs  µµ) 
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Search for Bs  µµ 

  Super rare decay in SM with well 
    predicted BR(Bs  µµ) = (3.2±0.2)×10-9 

                    BR(Bd µµ) = (1.1±0.1)×10-10 

                           (Buras et al., arXiv:1007.5291) 

   Sensitive to NP, in particular new scalars 
     In MSSM: BR ∝ tan6β / M4

A
      

5σ discovery contours for observing the heavy MSSM Higgs bosons H, A 
in the three decay channels H,Aτ+τ-  jets (solid line), jet+µ (dashed line), Jet+e 
(dotted line) assuming 30-60 fb-1 collected by CMS. 
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Regions compatible with  
BR(Bsµµ) = 2x10-8, 1x10-8,5x10-9 and SM 

LHCb calculation using F. Mahmoudi, 
SuperIso, arXiv: 08083144  

O. Buchmuller et al, arxiv:0907.5568] 
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           Bs  µµ 

Beauty 2011, Amsterdam 

LHCb prospects for the 2011/2012 LHC Run ATLAS and CMS in particular 
should be very competitive !!! 

Very exciting  
sensitivity expected 

 @ 90% CL @ 95% CL 

LHCb Today, 37 pb-1 < 43 x10-9 < 56 x10-9 

D0 World best, 6.1 fb-1 

PLB 693 539 (2010) 
< 42 x10-9 < 51 x10-9 

CDF Preliminary, 3.7 fb-1 

Note 9892 
< 36 x10-9 < 43 x 10-9 

LHCb UL is based on 0 events in the most 
sensitive signal bins 
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                Bs mixing phase 
 φs

J/ψφ = -2βS  in SM   is the Bs  meson counterpart of 2β 
   penguin contribution ≤ 10-3 

 φs
J/ψφ  is not really constrained so far     

Theoretical uncertainty is very small:- 2βs  = - 0.0368±0.0017 (CKMfitter 2007) 
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              Bs mixing phase 

SS tagging will significantly improve sensitivity 
 Exciting prospects for the nearest future 
    Expect σ(φs) ∼ 0.1 with about 1 fb-1  
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SM 



Future prospects on ASL 

•  CDF measurement  

•  D0 update (with 9 fb-1) 
  IP cut and improved 
  data selection 

•  LHCb prospects 
  (with 1 fb-1)  
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Helicity structure of the decay amplitudes in Bd  K*µµ 
Forward backward asymmetry, AFB, is extremely  
powerful observable for testing SM vs NP 
Intriguing hint is emerging !!!  

•  With 1 fb-1 LHCb expects ~1400 events, and 
   should clarify existing situation.  Expected 
   accuracy in AFB zero crossing point is 
   ~0.8 GeV2 in 1 fb-1  

•  BELLE, BaBar and CDF consistent 
  with each other and SM 

•  Flipped C7 scenario looks however 
  more favoured from AFB data 
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Towards the measurement of the UT angle γ
Reconstruction of hadronic B decays 

LHCb yield: 444 ± 30 / 34 pb-1 
CDF yield: 516 ± 37 / fb-1 

•    LHCb yields: 275±24 Bdπ+π-      &          333 ± 21 Bs Κ+Κ-   in 37 pb-1

  c.f. CDF in 1 fb-1 1121±63 Bdπ+π- and 1307±64 BsK+K

-  Bs  DsK final state under study 
-  Expect world’s first time-dependent CPV analysis 
   for BsDsK analysis in 2011 

Combined estimated sensitivity for γ 
 in 2011/2012 Run is ~5° 

(Current accuracy in γ ~20°) 
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Direct CPV seen by LHCb: 

Excellent prospects for ACP observation in Λb baryons  with L ~ 1 fb-1 

LHCb yields in 37 pb-1 : 

LHCb preliminary: 

28 

Competitive with world’s best 
measurement by CDF: 

ACP(Bsπ+K-) = 0.39±0.15±0.08   
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    CP Violation with charm 

Excellent prospects for CPV studies: Expect about a few millions  
tagged D0  KK  with L ~ 1 fb-1  Very sensitive to CPV in D-mixing ! 

Sample sizes in low 
multiplicity decay modes 
with low mis-tag rate 
already similar to those of 
B-factories !  

AΓ is well in progress ! Control channel: (“AΓ “ in DKπ)
“ΑΓ “= (-2±4) × 10-3 

29 
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       CP Violation with charm 

•   Time integrated CPV asymmetries in Dhh’ decays: 

    Expect mixing induced CPV to cancel out in the difference as well 
    as many other systematics (e.g. production and tracking asymmetries): 

        ACP(KK) – ACP(ππ) = ACP
RAW

 (KK)* – ACP
RAW

 (ππ)*   (very clean measurement !) 

    Sensitivity to penguins is retained !  

Measure raw asymmetries in flavour tagged samples 

 ACP(KK) – ACP(ππ) = -0.275 ± 0.701 ± 0.250)%  
Expect a factor 5 better sensitivity 

with 2011 data 
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Preparations towards LHCb upgrade 

 Purpose of upgraded LHCb detector  
 collect ~50/fb with a general purpose detector in the forward region 

  Which requires:   
•  running at luminosity of L ~ 1x1033 cm-2 s-1  
•  with full software trigger (40 MHz) 

  Physics program will include: 
•  Quark flavour physics (CORE program!) 
•  Lepton flavour physics 
•  Electroweak physics 
•  Exotic searches 

  Aim 
•  Run with current detector and collect ~5/fb till second long shutdown   
•  Upgrade to 40 MHz in ~2018 and collect ~50/fb thereafter  

  Submitted upgrade LOI to LHCC beginning of March 
  Physics case well received! 
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Sensitivities of the LHCb upgrade to key observables 
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 Readout detector at 40MHz to run full software trigger 

 Replacement of all sub-detector Front-End electronics to 40 MHZ 
readout; RICH photo-detectors 

 Replacement of all Si detectors directly attached to the current 1MHz 
electronics 
  VELO, IT, TT 

 Remove some detectors due to increased occupancies at higher 
luminosity 
   RICH1-aerogel, M1, possibly PS&SPD 

 Eventually improve PID at low momenta by introducing TORCH 

  R&D has started and is expected to ramp-up 
significantly this year towards producing TDRs in time 
for installing the detectors & electronics in 2018 

Detector upgrade to 40 MHz requires: 
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Collaboration matters 

  The status of the accounts healthy. No cash flow problems foreseen 

   New resources need to be spent on R&D for LHCb Upgrade 

    Pierluigi Campana (INFN) will start his three years SpokesPerson 
      mandate on June 1, 2011 

        - Roger Forty (CERN) has been appointed as Deputy SP 

        - Burkhard Schmidt (CERN) has been appointed as Deputy SP  

        - Andreas Schopper (CERN) has been appointed as the Upgrade 
          Coordinator starting from June 1, 2011 

        - Carmelo D’Ambrosio (CERN) has been appointed as the RICH 
           Project Leader for two years starting from July 1, 2011  



CERN RRB April 2011 
35 

Conclusions 
    LHCb has demonstrated excellent performance 

        - A concept of the forward spectrometer at the LHC 
          has been proven with data 

        - Heavy flavour resonances and mesons have been reconstructed 
          ( Z  & W candidates as well ); cross-sections measured 

        - First measurements of the core LHCb physics programme have reached 
          TEVATRON sensitivity 

    LHCb data sample should be increased by a factor of 25-30 by the end of 2011 

    Very interesting sensitivity reach in the nearest future is guaranteed ! 
      -   Bs  µµ 
       -   φs in Bs  J/ψφ 
       -   AFB in Bd  K*µµ 

    Long term future of LHCb looks healthy (if you help !!!) 
       LOI is being approved by LHCC 


