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LHC environment
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-+ Relevant BR 10-4 109, rate 0(Hz)
-+ 2kHz output rate, Pata 39 kb/event, 107 s/year
-+ |ntegrated luminosity @ 14 TeV: 2fb? /year
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LHCb detector

RICHes:
VELO & PileUp System: PID: K, separation
*primary vertex
*impact parameter /
*secondary vertices
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Tracking Stations: Calorimeters:
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- Physics: Key channels
-+ Rare: Bs->up,, B->K*uy, Bs->D y

-+ OP Violation: Bs->4/WV @ B->hh, B->PK

-+ Vertexing, IP
> momentum, mass resolution
-+ Flexible trigger




LHCb trigger overview
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12MHz < 1MHz < 2 kHz Analysis

Inclusive Exelusive

-+ Why an inclusive trigaer and 2 kHz ovtput?
-+ Pata mining
-+ Large calibration sample (J/\V,0")

-2B inclusive signal:
-+ tracks with IP PT,
- detached secondary vertices

-> Robustness:
-» On/offline reconstruction mismateh
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LO algorithms and performance

- Calorimeter triggers
+ ET (Had ECal) 2x2 cells
+ Had or EM triggers

Retention (MHz) vs ET

Trigger on Signal EFF vs ET
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- L0 Muon, PiMuon triggers
+ MI-MJ, projective

-+ single and dimuon per quadrant
+ Latency 1pus
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L0 performance
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PAQ arquitecture
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Front End Electronic

-+ Zero suppression
-+ Buffer data

Readout Network

-+ IMHz input
- Gigabit Ethernet 50

Event Filter Farwm (EFF)

-+ ~1000 boxes
-+ ~90 subfarwms
-+ |ntel Xeon 2.33 GHz

> 8 cores

Monitoring Farm
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1/3 of the EFF installed end 2009




HLT1 strategy

L0 HLT1

-+ Reduction factor (30)
- Partial reconstruction of the event
& Inelusive B search (I PT..)
- Few particles
-+ Design in lines, each gives a trigger

-+ Independent and scalable

- Start from a L0 trigger
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-+ Follow few candidates! 2 hi <
-2 Define few knobs per line ENukANNEE
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- Study eff, rate, time o e’,f "
-+ Monitor, summar i i
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HLT1 Hadron lines, an example
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-»Each line define some knobs (cuts):
-+Single: IP PT
-+ Diladron: IP PT: Vertex: Pointing, Az

-+ What triggers the Hadron HLT1?
-+60% are ghost fracks
-»Use fit to reduce the rate 1/2
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HLT1 bandwidth division

-+ Use key channels
- Fix Output rate (40 kHz)
-+ Minimize x 2
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HLT1 Bandwidth Division
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LOxHLT1 Efficiencies for the Key Channels
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HLT2 strategy and performance U SC g

-+ Scenarios: leptonic, hadronic, democratic
-+ Reduction factor (9-20)

& Full reconstruetion of the event

-+ Inclusive B search

-+ Several particles: 2->4

& Exclusive B search possible
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UNIVERSITAT DE BARCELONA

Understanding the trigaer U SC

& Trig ger Conﬁgura’rion Key (TCK) L0 B->hh as control channel of the Bs->u

> U"ique per event GL: B2hh (sel and triggered)
% DPefine lines of LOXHLT1xHLT2 Al

-+ HLT Sumwary stored in raw event

¢ Line decisions and candidates
- Trigger On (Independent of) Signal (TOS and TIS)
- TIS events “trigger unbias” (4%)

-+ Understand trigger bias and efficiencies
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-» Coswic
-» ECal+Heal coincidences
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First run conditions

-» Visible collisions from few kHz to0 2.7 MHz
-» Scenario : 68 bunches, 7 TeV 230 kHz, 103! emZs!

-+ Soft L0 to 300 kHz (307 of EFF)
- HLT1 nominal reduction factor 30
-+ HLT2 reduction factors (5-20)

- OQutput 2kHz
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Threshold DCO06 MCO09

MeV, mm | MeV, mm
LO-h 3840 860
LO-p 1200 120
LO-e, 2800 2800
HItl-h: pr, IP 1600, 0.09 250, 0.06
HItl-p: pr 6200 1000
Hltl-e,: pr, IP 2820, 0.13+1-2820,-0-13
HItl-y: pr, IP(t) | 2800, 0.15 | 2800, 0.15

>1 MHz LO:harder cuts, HItl xHIt2: nominal values

.3-1 MHz LO: depends on farm size,
HItl: nominal, HIt2: looser

<.3 MHz LO-loose, HItl: nominal,
HIt2: absent, very loose

< 2 kHz Just LO-mbias+random trigger.




Conelusions

-# The trigger of the LHCb selects inclusively B decaying into muons, hadrons, photons,
electrons, from 13 MHz of visible interactions to 2 kHz of output rate

-# The different levels of the trigger are efficient (>807%) except the LO hadron trigger (507%)
- Large contribution of the spanish Institutions (USC, UB)
- |n the design and implementation of the HLT1 (hadron, muon*track)
- In the design and implementations of HLT2 (topological, muons)
-+ HUT1 infrastructure
-» How to understand trigger biases using TIS events
-» LHCb trigger commissioning well advanced
-» Conditions for the first run being established
-2 Eagerly waiting for the data!




