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Talk outlineTalk outline
•• IntroductionIntroduction

•• Some results from experiment commissioning in the last yearSome results from experiment commissioning in the last year

•• Present ActivitiesPresent Activities

•• Short term perspective (first beam in 2009)Short term perspective (first beam in 2009)

•• ConclusionsConclusions
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NP (?) in CP & b rare NP (?) in CP & b rare decaysdecays

PotentialPotential ChallengesChallenges
Effective σbb(14 TeV) in 

LHCb acceptance ~230 μb

∫
yearLHC

Ldt
_

0
= 2 fb-1

270 x 109 Bd per year
70 x 109 Bs per year

AllAll bb--hadronshadrons speciesspecies producedproduced

Multiplicity per rapidity 
unity = 30

Background from high inelastic 
cross section of 80 mb

Branching ratios for B-meson 
decays relevant for LHCb 
physics O(10−3 –10−9)

Monte Monte 
Carlo Carlo 
event: event: 
BBss

J/J/ψ(μμψ(μμ)) φφ

PerformancePerformance
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LevelLevel--0 Hardware Trigger0 Hardware Trigger
high-pT m, e, g, hadron candidates
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Global reconstruction30 kHz
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Trigger had μ μμ e± γ π0

pT> (GeV) 3.5 1.3 Σ>1.5 2.6 2.3 4.5

Muon
Alley

Inclusive selections
μ, μ+track, μμ

Exclusive selections

Storage: Event size ~40kBStorage: Event size ~40kB

High Level TriggerHigh Level Trigger (C++ application)
Event Filter Farm with up to 1000 16-core nodes

HLT1:HLT1: Check L0 candidate with more complete info 
(tracking), add impact parameters and lifetime cuts

HLT2:HLT2: global event reconstruction + selections.

40%80%50%Hadronic
40%60%70 %Electromagnetic
70%80%90%Muon
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“software” approach provides increasing
processing power ~for free

ε corrected for acceptance and selection

LHCb triggerLHCb trigger
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CommissioningCommissioning (2008)(2008)
COSMICSCOSMICS

““WrongWrong”” detector geometry, but still well visible detector geometry, but still well visible in in 
largelarge subsub--detectorsdetectors (Muon, Calo, Outer (Muon, Calo, Outer TrackerTracker))

ExtensiveExtensive commissioningcommissioning of basic L0 building of basic L0 building blocksblocks
1.8 x 101.8 x 1066 triggerstriggers acquiredacquired duringduring SummerSummer 20082008

OR of Calorimeter and Muon triggers (in various combinations)OR of Calorimeter and Muon triggers (in various combinations)

-- NominalNominal Muon trigger Muon trigger 
configuration:configuration:

Coincidence of ≥ 1 hit for each
muon station in projective
geometry (from IP) ~ 0 Hz rate~ 0 Hz rate

-- UsedUsed Muon trigger Muon trigger configconfig::

≥ 1 hit in station M3
60 60 HzHz raterate

≥ 1 hit in stations (M4 & M5)
4 4 HzHz raterate

-- CalorimeterCalorimeter trigger:trigger:

ECAL & HCAL with high gain (MIP)
10 10 HzHz raterate

M2M2 M3M3 M4M4 M5M5
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Forward tracks

M2

M3

M4

M5

M2

Hit raw Hit raw 
time (ns)time (ns)

00 5050--5050

First muon First muon AlignmentAlignment withwith cosmicscosmics
Backward tracks

Alignment corrections loaded to be aligned on forward tracks

B

F

No No 
analysisanalysis, , 
nono TOF TOF 

correctionscorrections
σ ~11 ns
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… After data analysis of events from 
cosmics

Cleaning of tracks 
(tracks with only 4 hits)

Detailed TOF 
correction

Average on smaller
detector areas

(not enough statistics
on single channels)

Low stat

Expectations from lab measurements
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Muon detector EfficiencyMuon detector Efficiency

Not corrected for projectivityNot corrected for projectivity

εε as a as a 
function of function of 
the track the track 

angleangle
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CommissioningCommissioning (2008)(2008)
Particle blastsParticle blasts…… the more messy the betterthe more messy the better……

WhatWhat donedone duringduring monthsmonths withwith cosmicscosmics couldcould bebe ((betterbetter) ) donedone in a few in a few 
hourshours or or daysdays withwith beambeam

OnlyOnly a few a few opportunitiesopportunities:  TED :  TED injectioninjection teststests ((AugustAugust//SeptemberSeptember 08)08)
First LHC First LHC beambeam circulationcirculation (10 (10 SeptemberSeptember 08)08)

Splash event from beam 1
(10 September 08)
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TED TED runsruns

LHC Beam 2

SPS
TED TED beambeam stopperstopper

Beam 2 dump on injection line Beam 2 dump on injection line 
beam stopper (TED)beam stopper (TED)

340m before LHCb along beam 2340m before LHCb along beam 2
8 8 mradmrad H and H and 

12 12 mradmrad V from LHCb beam axisV from LHCb beam axis

ParticlesParticles comingcoming fromfrom behindbehind the detector and the detector and notnot centeredcentered
Centre of shower in upper right quadrantCentre of shower in upper right quadrant
High flux, centre of blast ~10 particles/cmHigh flux, centre of blast ~10 particles/cm2 2 (x20 than nominal !)(x20 than nominal !)
Vertex Locator ~0.1 particles/cmVertex Locator ~0.1 particles/cm22
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TED TED runsruns (2)(2)
Trigger Trigger byby ScintillatorScintillator PadPad Detector (SPD) Detector (SPD) multiplicitymultiplicity..
Readout of consecutive triggers centered on the triggered event
(Time Alignment Events)

2 usable LHC injection tests:2 usable LHC injection tests:

August 22nd, 5x109 p per shot (every 48s)
Muon, Calo, VELO 
700 tracks in VELO

September 5th and 6th, lower flux 2x109 p per shot
Muon, Calo, VELO, IT, TT
700 tracks in VELO

UsefulUseful teststests toto verifyverify space and time space and time alignmentalignment
within single subwithin single sub--detectors and among detectors and among subsub--detectorsdetectors

First First opportunityopportunity of of ““goodgood”” statisticsstatistics in in smallsmall area area detectorsdetectors
(VeLo, TT)(VeLo, TT)

SPD
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PicturesPictures fromfrom TED TED runsruns

VeLo reconstructed tracks, 
August 22, 2008 

MuonMuon
~70 candidates per shot~70 candidates per shot

M2

M3

M4

M5

VeLo tracks extrapolated to TT
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TED TED runsruns and and AlignmentsAlignments : : 
highlightshighlights fromfrom space space domaindomain

VELO alignment:
Module alignment precision 
is about 3.4 μm for X and Y 

translation and 200 μrad
for Z rotation

σ~500μm

Relative alignment VELORelative alignment VELO--TT (~1.5m apart)TT (~1.5m apart)
•• Expected Expected uncertainty uncertainty in VELOin VELO--TT TT 
extrapolation:extrapolation: 300300μμmm
•• Hit residuals observed in TT:Hit residuals observed in TT: 500500μμm m 
•• Offsets: Offsets: 150150--300300μμmm
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SeptemberSeptember, 10, 10thth 20082008

11stst circulatingcirculating beamsbeams (no (no collisionscollisions yetyet) ) 
Beam 1 in the right direction:Beam 1 in the right direction:
Looking for halo and splash Looking for halo and splash eventsevents

SplashSplash

Important Important testbenchtestbench forfor::

•• AlignmentsAlignments
•• Experiment Experiment operationoperation ((smoothsmooth
and and quickquick on/off of the system)on/off of the system)

ExcitingExciting yetyet tootoo shortshort

• Very good response of Control and 
DAQ Systems
• Use of “physics” Muon trigger 
(4-fold coincidences)
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Beam 1 on RICH2Beam 1 on RICH2

One event in RICH2 during the 
beam1 on collimator runs on 

September 10th.

Photon blast, occupancy as high as 
140k hits, out of roughly 200k 

pixels 
in the active area.

RICH1 stayed off during these runs 
(too close to the beam pipe).

Timing inside 25 ns window
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First First beambeam: Calo & Muon : Calo & Muon 

5 consecutive time slots acquired per trigger5 consecutive time slots acquired per trigger
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5 consecutive time slots acquired per trigger5 consecutive time slots acquired per trigger

TracksTracks in the in the OuterOuter TrackerTracker
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BackBack--endend teststests
RawRaw--Monte Carlo events Monte Carlo events 

injected into the DAQ chain injected into the DAQ chain 
as if coming from the as if coming from the 

readout boardsreadout boards
(@2kHz  (@2kHz  ““preselected events preselected events 

that will pass the HLTthat will pass the HLT””))

1.9kHz achieved steadily 1.9kHz achieved steadily 
(limited by MC injector)(limited by MC injector)

FEST  (Full Experiment System Test)FEST  (Full Experiment System Test)

Online and offline data monitoring and processingOnline and offline data monitoring and processing

AIMAIM:: get prepared to receive, process and get prepared to receive, process and 
analyze 7 million events in the first hour of analyze 7 million events in the first hour of 

collisionscollisions

WhatWhat wewe test:test:

•• Run control (the Run control (the ““injectorinjector””
emulates a subemulates a sub--detector);detector);
•• Data stream;Data stream;
•• Dynamic farm Dynamic farm nodenode balancingbalancing;;
•• Data Data monitoringmonitoring;;
•• Data Data storagestorage
•• Interaction Interaction withwith the GRIDthe GRID
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2009 2009 ShutdownShutdown activitiesactivities

Main activities until next  July:Main activities until next  July:

M1 installation and commissioningM1 installation and commissioning
HPD replacement (RICH)HPD replacement (RICH)
HV and readout boards modification (ECAL)HV and readout boards modification (ECAL)
Fixing of defective channels (MUON)Fixing of defective channels (MUON)

ControlControl System System optimizationoptimization
FESTFEST weeksweeks

Installation of fullInstallation of full––size readout network for a size readout network for a 
1 MHz readout1 MHz readout
(add 350 nodes to the 200 presently in place)(add 350 nodes to the 200 presently in place)
Commissioning 1 MHz readout from April onwardsCommissioning 1 MHz readout from April onwards

ReduceReduce HLT output rate HLT output rate toto 2 2 KHzKHz

DebugDebug, continue , continue toto debugdebug and, and, whenwhen finishedfinished, start , start 
debuggingdebugging againagain

Still (always) a lot of workStill (always) a lot of work……

DetectorDetector

EFF EFF 
hardwarehardware

HLTHLT

EverythingEverything

System & DAQSystem & DAQ
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LHC LHC scheduleschedule 2009/102009/10

What we can expect/hope today:What we can expect/hope today:

Setting-up run

Technical run

450 GeV 450 GeV 2 2 TeVTeV

2 TeV 2 TeV 4 TeV, 5 pb4 TeV, 5 pb--11 overalloverall

4 TeV 50 ns, 4 TeV 50 ns, 0.5(3)0.5(3) fbfb--11 overalloverall

Preliminary phase
(~like planned one year before…)

Physics run

TED TED runsruns ((AugustAugust))
450 450 GevGev runsruns ((SeptemberSeptember))

OctoberOctober and and beyondbeyond
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9 x 1010 p/bunch, β*=3m L ~2.3 x 1031 (target L)
Few weeks @ 2.3 x 1031, εop = 20% 5 pb-1

LHCb LHCb plansplans 2009/102009/10
SetSet--upup and and TechnicalTechnical phasesphases: : 

rampingramping fromfrom 450 450 GeVGeV toto 4 4 TeVTeV

Up to 2 Up to 2 TeVTeV (6(6--7 7 weeksweeks ?)?)::

1. Refine time and space alignment reaching nominal conditions.

2. VELO open, no LHCb B-field
(With LHCb B-field at nominal, VELO may only be closed with 
≥2 TeV/beam)

≥≥2 2 TeVTeV/beam/beam (6(6--7 weeks ?):7 weeks ?):
1. Operation of LHCb magnets
2. Closing of VELO 

68 colliding bunch 68 colliding bunch pairspairs out of 156out of 156
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LHCb LHCb plansplans 2009/102009/10
PhysicsPhysics runsruns @ 4 @ 4 TeVTeV

50ns bunch scheme: 1173 colliding bunch pairs out of 1333, 50ns bunch scheme: 1173 colliding bunch pairs out of 1333, 
4(5?) 4(5?) TeVTeV/beam/beam

9 x 109 x 101010 p/bunch, p/bunch, ββ*=10m *=10m LL = ~1.3 x 10= ~1.3 x 103232

200 days @ 1.3 x 10200 days @ 1.3 x 103232, , εεopop = 20/30% = 20/30% ~0.3(5) fb~0.3(5) fb--11

Nominal LHCb year should provide 2 fbNominal LHCb year should provide 2 fb--11 @ 7 @ 7 TeVTeV
……but significant measurements @ 0.3 fbbut significant measurements @ 0.3 fb--11 and lower energy are possibleand lower energy are possible

BBss J/J/ψ(μψ(μ++μμ−−)) φ φ 
BBss μμ++μμ−−

AAFBFB in in BBdd K*K*μμ++μμ−−

2βs measurement competing or better 
than Tevatron result

BR limit approaches SM value

Statistics ~4 times better than present
B-factories

Trigger strategy is adapted to favor inclusive selections of Trigger strategy is adapted to favor inclusive selections of 
key channels for the first measurementskey channels for the first measurements
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ConclusionConclusion

LHCb LHCb isis eagereager toto receivereceive the first the first collisionscollisions ((wewe
needneed themthem!) !) toto conclude conclude commissioningcommissioning and and tunetune

calibrationscalibrations towardstowards nominalnominal conditionsconditions

The The experimentexperiment isis wellwell advancedadvanced in in preparingpreparing the the 
receptionreception of the first of the first collisionscollisions at moderate at moderate 

luminosityluminosity asas soonsoon asas the LHC the LHC willwill bebe ableable toto deliverdeliver
significantsignificant physicsphysics (DAQ, HLT and (DAQ, HLT and analysisanalysis))

Our (reacheable!) targetOur (reacheable!) target isis collectingcollecting and and quicklyquickly
exploitingexploiting 0.3 fb0.3 fb--11 of of physicsphysics in the in the 

firstfirst ““yearyear”” of of runrun
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THANK YOU !THANK YOU !


