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Introduction: Challenges

QCD :
➢ σ : Orders of magnitude greater than any 

“interesting” channel

➢ Contaminating lepton triggers :
➢ Jet fluctuation -> electron background

➢ π, K, B decays -> muon background

➢ Some signal (trilepton) have soft leptons, in 
the (very) high QCD kinematic region

Road to go :
➢ Early rejection of huge QCD in DAQ chain & 

Dealing with 40 MHz : Level 1 Trigger

➢ Dealing with 50 kHz & selection physics : 
High Level Trigger

➢ L1 & HLT : Selecting 
➢ Isolated leptons, photons

➢ τ-, central-, forward-jets

➢ (High) E
T
, E

T

miss



Pedrame Bargassa, Rice University, Houston                                              SPLIT08  30/09/2008 4

Introduction: Level 1 Trigger
Reduce overwhelming background : 40 MHz -> 50 kHz

          Fast processing

➢ Customized hardware 
processors

➢ Algorithms : Implemented in 
re-programmable FPGAs

➢ Information from 
Calorimeter & Muon 
detectors :

➢ Muon triggers
➢ Electron & Photon triggers
➢ Jet & missing E

T
 triggers

➢ Synchronous & pipelined :
➢ Bunch x : 25 ns
➢ Decision/propagation          

  time ~ 3 µs
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Introduction: High Level Trigger

➢ Code : As close as possible to offline 
reconstruction

➢ Seeded by L1, runs on (large) CPU farms
➢ Trigger "Levels" :

➢ 2/2.5 : Use of calorimeter & muon / pixel 
tracker detectors

➢ 3 : Use of tracker
➢ Regionality :

➢ Reconstruction in a small (η,φ) region where 
there are previous levels seeds (L1, L2, L2.5)

➢ Data unpacking: Reduce the CPU

L1 seeds

L2 unpacking 
(MUON/ECAL/HCAL)

Local Reco
(RecHit)

L2 
Algorithm

Filter

L2.5 unpacking 
(Pixels)

Local Reco
(RecHit)

L2.5 
Algorithm

Bring 50 kHz -> 150 Hz
Select as efficiently as possible “σ~0.1 pb 
physics”
Ability: Build full events @ full L1 output rate

Major code exercise in 2007:
(LHCC-CERN 2007-021 , LHCC-G-134)
Time budget: 150 kHz/2000 = <Time>

machine
 = 40 ms respected
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Luminosity  Integrated
Bunches Luminosity Pileup *

43 x 43 0.21 0.13
43 x 43 0.75 0.48

156 x 156 2.6 0.45
156 x 156 14 2.49

[cm2s1]
[pb1]

8.0x1029

2.9x1030

1.0x1031

5.4x1031

Startup Luminosities

➢ Beam, collisions: Pre September-19 plans...
➢ Assume few hours of beam-time per day, 1-2 days per week
➢ Integrated luminosities: Assume 72h data-taking per beam setting

* Assume 75ns
Bunch-Crossing
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 What do we do “first” ?
What is the first data most useful for ?

Align & Calibrate the detector
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Triggers for Calibration

➢ Up to 10pb-1:
➢ φ-symmetry trigger: Inter-calibration of crystals @ constant η, using 

homogeneity of Energy in φ
➢ L1: Minimum-/Zero-Bias, very low-threshold EG seeds
➢ HLT: Store RecHits with E

T
 > 0.15/0.65 GeV for EB/EE

➢ Z->2e triggers: Inter-ring calibration
➢ -> Precision: ~ 2%

➢ 10pb-1 -> 100pb-1: Ecal-pi0 trigger: Higher precision reached using π0s

➢ L1: p
T
(EG) > 5 GeV     HLT: 90 MeV/c2 < M(γγ) < 160 MeV/c2

➢ Precision: < 1% in Barrel

Ecal calibration:
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Triggers for Calibration
Hcal calibration:
➢ Up to 10pb-1:

➢ Also a φ-symmetry trigger

➢ Isolated-track trigger: Compare track p
T
 to Energy in Hcal

➢ L1: Jet triggers ORed
➢ HLT: p

T
 (Pixel-Track) > 20 GeV/c

➢ -> Precision: ~ 2-3 %
➢ 10pb-1 -> 100pb-1:  Jet-Energy-Scale: Use γ+jet and Z+jet events

All these calibration triggers need maximal rate: 
Quick & accurate calibration...
...Will exceed bandwidth & CPU budgets if everything written & 
reconstructed

➢ Compensate with writting minimal output
➢ CPU: Regional unpacking & reconstruction around 

L1 seed
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Triggers for Alignement
Tracker 
alignment:

➢ -> 10pb-1: ~106 PU free events through MinBias trigger
➢ Improve the build/survey alignment information

➢ 10pb-1: ~2.105 J/ψ events selected with Single-Muon, J/ψ 
triggers. Precision: ~ 100 µm

➢ 10pb-1 -> 100pb-1: Select Z->2µ events with Single- and 
Double-Muon triggers. Precision: ~ 0.1 -> 1 µm

Muon 
alignment:

➢ Clean source of high p
T
 muons: Select W->µν, Z->2µ 

events with Single-Isolated-Muon triggers
➢ With 10pb-1: ~103 µ allow rough alignment:    

∆r~1 mm, ∆φ~0.3 mrad

➢ S43:   <L> for 2.1030 cm-2s-1

➢ S156: <L> for 2.1031 cm-2s-1



Pedrame Bargassa, Rice University, Houston                                              SPLIT08  30/09/2008 11

 Early physics triggers:
Design triggers to...

...Rediscover the Standard Model
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Triggers for early physics: Guidelines for a trigger menu
Bandwidths:
Safety factors

CPU: ➢ Cuts: Put before time-consuming processes
➢ Prescales: Put at L1 as much as possible:

➢ Optimizes CPU (& also HLT bandwidth)

➢ Factor 3 for L1 bandwidth:

➢ Uncertainty on σ
QCD

 (Tevatron: Factor 2)

➢ Not simulated conditions: Beam, noise spikes...
➢ Budget: 11 kHz

➢ Factor 2 for HLT bandwidth:

➢ Uncertainty on σ
heavy-flavor

, simulation

➢ Budget: ~150 Hz
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➢ Play (only) with prescales versus Luminosity
➢ For a given analysis: Merge Data through various luminosities
➢ Flexible/optimal handling of problems: If threshold 7 GeV gets noisy:

➢ Prescale/Use the threshold at 7/9 GeV

Triggers for early physics: Guidelines for a trigger menu

Over many luminosities:

➢ “Sliding window”: Per Luminosity, have:
➢ Previous trigger (lower p

T
/E

T
-threshold, for lower luminosity)

➢ Present trigger
➢ Next trigger:

➢ Have it fully debugged & operational, ready to use
➢ Not next-to-next trigger: 

➢ Study it using “next trigger” and tightening cuts offline

Menus organized in Grids of p
T
/E

T 
per object



Pedrame Bargassa, Rice University, Houston                                              SPLIT08  30/09/2008 14

Triggers for early physics: Jets and MissingET

➢ Single Jet p
T
 grid:

➢ Inclusive jets / Azimuthal 
decorrelation / Dijet studies

➢ Double Jet p
T
 grid:

➢ Mostly: p
T
-averaged

➢ Missing E
T
 grid:

➢ Test MET at HLT: L1-only 
trigger

L1 seed HLT trigger Prescales Rates [Hz]

1Jet15 x 1000 5000 6 5
1Jet15 1Jet30 25 250 21 8
1Jet30 1Jet50 5 50 9 3
1Jet70 1Jet250 1 1 ~0 0.2
1Jet15 2Jet Ave15 25 250 13 5
1Jet30 2Jet Ave30 1 10 21 7
1Jet220 2Jet Ave220 1 1 ~0 0.2

MET20 x 50 250 7 5
MET20 MET25 50 250 2 1
MET50 MET75 1 1 ~0 ~0

8.1029 2.9.1030 8.1029 2.9.1030
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Triggers for early physics: Muons
➢ Test the L1 muon algorithm:

➢ Bit w/o muon-quality
➢ HLT pass-through
➢ Rate(8.1029/3.1030) ~ 5/4 Hz

➢ Test the HLT muon:
➢ L1: Low-p

T
 cut; HLT pass-through

➢ Test L3-muon
➢ Rate(8.1029/3.1030) ~ 10/2 Hz

Take the best from low/intermediate 
luminosities:
Study efficiencies as low p

T
 as 

possible, through different candles

Muon pT grids:
Isolated / NonIsolated grids
SingleIsolated: As low as   3 GeV/c
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Triggers for early physics: Muons

➢ p
T
(µ,µ) > 3 GeV/c

➢ 2.9 < M(µ,µ) < 3.3
➢ Rate(1032) ~ 2 Hz

➢ p
T
(µ,µ) > 3 GeV/c

➢ 8 < M(µ,µ) < 12
➢ Rate(1032) ~ 2 Hz

➢ p
T
(µ,µ) > 7 GeV/c

➢ 80 < M(µ,µ) < 100
➢ Backed-up by simpler muon triggers

➢ ε ~ 99%
➢ Rate(1032) ~ 0.1 Hz

J/ψ trigger:

Υ trigger:

Z trigger:
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Triggers for early physics: Electrons & Photons

➢ Different thresholds for...
➢ ...Different Isolations (based 

on Hcal & tracks):
➢ No/Loose/Tight

➢ ...Different pixel-matching 
windows:

➢ Large/Startup/Normal
➢ Motivated by getting physics 

despite Mis-Alignement
➢ ...understand well our 

electron selections
➢ At higher energies: 

Adiabatically drop isolation

➢ Different thresholds for...
➢ ...Different Isolations (based on 

Hcal, Ecal & tracks)
➢ Study Jet-Energy-Scale with 

γ+jet events:
➢ Photons as low as 10 GeV

Electrons:

Photons:
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Triggers for early physics: MinBias triggers

➢ Counting N(Trigger-towers) above Threshold
➢ Handles to minimize/maximize noise/ε(MinBias events)

➢ Double-sided, N=1: ε(MinBias/Hard-core) ~ 72/89 %

MinBias based on Hcal-Forward (3<|η|<5):

Alternative: MinBias based on Pixel tracker:
➢ 2 pixel tracks: p

T
 > 0.2 GeV/c ; |∆z| < 1 cm

➢ ε(MinBias) ~ 80 %
➢ Obviously used for Pixel alignement

What if both of these nonfunctional @ startup ? 
Simple MinBias based on H/Ecal
➢ Hcal: L1 HF low threshold Towers, Rings ORed
➢ Ecal: L1 SingleEG2, DoubleEG1
➢ -> Both prescaled @ L1
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Triggers for early physics: Bandwidth distribution
L1:

HLT:

L = 8e29 cm2s1

L = 3e30 cm2s1

Bandwidth allocation will adiabatically change with luminosity

140 ± 8 Hz

3 kHz1.4 kHz

112 ± 4 Hz

➢ Cross-channel 
triggers present

➢ Cross-channel 
triggers:

➢ e µ
➢ e/µ jets
➢ τ e
➢ ...
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Conclusion
➢ Choice of physics explored : Already made at Level 1 Trigger

➢ Only with calorimeter and muon system
➢ Full object reconstruction at High Level Trigger, with higher 

resolution

➢ Varying conditions in 2009 : L : 1029 -> 1031 (?) cm-2 s-1

➢ L < 1031 cm-2 s-1 : Understand Trigger & Detector in real LHC 
conditions

➢ Minimum Bias, Relaxed algorithms
➢ Calibration/alignment triggers

➢ ECAL : π0

➢ Jet Energy Scale : γ + jets
➢ Tracks : J/ψ -> µµ, isolated π±

➢ L ≥ 1031 cm-2 s-1 : Rediscover SM and... beyond

➢ Lepton triggers : Gateway for many physics channels
➢ Variety of physics covered :  J/ψ ->  Trileptons   ->   t-tbar
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Backup slides
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L1 : Electrons & Photons
➢ Electromagnetic trigger based on 

{3x3} trigger towers
➢ ECAL (barrel) : Each tower is {5x5} 

crystals
➢ HCAL : Each tower is single-readout
➢ Hit tower : 

➢ Local maximum
➢ {2x5} strips (crystals) > 90% of E

T

➢ GCT : 4 highest E
T
 candidates -> GT
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L1 : Jets

Jet finder : “Square” finder

“τ-like” shapes for τ 
trigger

➢ Sliding window

➢ E
T
(central {4x4} region) > others

➢ (η,φ) : from {12x12} towers

➢ E
T
({12x12} towers) > cut

➢ τ-jet : Isolated- and narrow-deposit Jet

➢ Single-, double-, triple- & quad-thresholds
➢ Possible to cut on N(jets)
➢ All cuts programmable

➢ Also H
T
=ΣE

T
(jets), ΣE

T
, E

T
miss triggers
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L1 : Muons
➢ Resistive Place Chambers : 

Dedicated trigger detector : Excellent 
time resolution

➢ Drift Tubes (barrel) & Cathod Strip 
Chambers (endcap) : Precise position 
resolution

Muon candidate : RPC and (DT or CSC) no quality
OR  RPC or DT or CSC + high quality
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HLT : Object algorithms
Jets : Reconstruction with iterative cone algorithm
E

T
miss : Reconstruction with vector sum of towers > E

threshold

Track

L2 object axis

➢ Iterative refinement of p
T

➢ L2 : Reconstruction in Muon system / Calo. Isolation
➢ L3 : Reconstruction in {Muon+Tracker} system / Pixel Isolation

Muons :

e/γ :

τ :

➢ L2 : ECAL/HCAL reconstruction/isolation : clustering (bremsstrahlung 
recovery), E

T
 > E

threshold

➢ L2.5 : Pixel matching (electron)
➢ L3 : 

➢ Photon : Track-isolation
➢ Electron : Track reconstruction / Track isolation

➢ L2 : Calo. Reconstruction + Isolation
➢ L3 : 

➢ Hard track (p
T

max > 40 GeV/c) with ∆R<0.1 of a jet axis

➢ Track Isolation : No p
T
 > 1 GeV/c track within 

0.03<∆R<0.4 the hard track
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HLT: Timing performance
How does an offline-type code do at the very output of L1 ?
Time budget : Dictated by L1 output rate & Number of CPU 
nodes: 150 kHz / 2000 = <Time>

machine
 = 40 ms

➢ Get a L1 bandwidth as realistic as 
possible

➢ Use full L1-emulator
➢ Ensure that all L1 bandwidth is 

used by HLT
➢ Use software framework to be used 

for data-taking
➢ Fit L1/HLT triggers in 17 kHz/150 Hz

➢ Balance the trigger menus

LHCC note : LHCC-CERN 2007-021 , LHCC-G-134

Slow events : Will autosave events if T > 600ms : Saves time
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➢ Profiling studies revealed slowest pieces of code
➢ Use zero-suppressed data : Reduces data-unpacking time
➢ Regional reconstruction : Muon, e/γ 
➢ Data-unpacking :

➢ Regional for ECAL
➢ Fast(er) for siStrip

➢ Machine : 
➢ Core-2
➢ Data cache (memory allocation), sometimes more important 

than clock speed
➢ Optimizing trigger logic (τ-, b-triggers) : Filter more before 

event enters time-consuming steps

➢ Equal bandwidth distribution for leptons, jets, E
t
miss

➢ Regional reconstruction : Everywhere in HLT
➢ Regional unpacking : For the tracker
➢ Library for track-fitting in S-Matrix : Avoid too much data-

copying in new versions

HLT : Timing performance ingredients
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Triggers for early physics: Jets and MissingET
L1 seed HLT trigger Prescales Rates [Hz]

1Jet15 x 1000 5000 6 5
1Jet15 1Jet30 25 250 21 8
1Jet30 1Jet50 5 50 9 3
1Jet50 1Jet80 1 5 5 4
1Jet70 1Jet110 1 1 1 4
1Jet70 1Jet180 1 1 0.1 0.5
1Jet70 1Jet250 1 1 ~0 0.2
1Jet15 2Jet Ave15 25 250 13 5
1Jet30 2Jet Ave30 1 10 21 7
1Jet50 2Jet Ave50 1 5 3 2
1Jet70 2Jet Ave70 1 1 1 3
1Jet130 2Jet Ave130 1 1 ~0 0.2
1Jet220 2Jet Ave220 1 1 ~0 0.2
MET20 x 50 250 7 5
MET20 MET25 50 250 2 1
MET30 MET35 1 10 6 3
MET40 MET50 1 1 0.1 0.3
MET50 MET65 1 1 ~0 ~0
MET50 MET75 1 1 ~0 ~0

8.1029 2.9.1030 8.1029 2.9.1030

➢ Single Jet p
T
 grid:

➢ 20-30 GeV/c steps
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L1 seed HLT trigger Prescales Rates [Hz]

1Mu Open x 20 100 5 4
1Mu7, 2Mu3 x 1 20 10 2
1Mu7 L2: 1Mu16 1 20 2 0.4
1Mu3 1Mu3 Iso 1 5 17 12
1Mu5 1Mu5 Iso 1 5 7 5
1Mu7 1Mu7 Iso 1 5 3 2
1Mu7 1Mu9 Iso 1 1 0.3 1
1Mu7 1Mu11 Iso 1 1 0.2 0.5
1Mu10 1Mu13 Iso 1 1 0.2 0.3
1Mu10 1Mu15 Iso 1 1 0.1 0.3
1Mu7 1Mu9 1 1 1 4
1Mu7 1Mu11 1 1 0.6 2
1Mu10 1Mu13 1 1 0.3 1
1Mu10 1Mu15 1 1 0.2 0.6
2Mu3 2Mu3 1 1 0.1 0.5
2Mu3 2Mu3 Iso 1 1 0.1 0.2
2Mu3 1 1 ~0 ~0
2Mu3 1 1 ~0 ~0

8.1029 2.9.1030 8.1029 2.9.1030

2Mu J/
2Mu 

Triggers for early physics: Muons
➢ Muon p

T
 grids:

➢ 2 GeV/c steps
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Triggers for early physics: Electrons
L1 seed HLT trigger Prescales Rates [Hz]

1EG10 1Ele15 LW 1 5 7 5
1EG12 1Ele15 LW LoosIso 1 1 3 10
1EG12 Iso 1Ele15 LW TightIso 1 1 2 6
1EG12 Iso 1Ele15 TightIso 1 1 0.1 0.5
1EG15 Iso 1Ele18 TightIso 1 1 0.1 0.3

2EG8 Iso 2Ele10 LW TightIso 1 1 0.1 0.7
2EG10 Iso 2Ele12 LW TightIso 1 1 0.3 0.7
2EG8 Iso 2Ele10 TightIso 1 1 ~0 ~0
2EG10 Iso 2Ele12 TightIso 1 1 0.1 0.2
2EG5 2Ele10 LW PM 1 1 ~0 ~0

8.1029 2.9.1030 8.1029 2.9.1030

Benchmark efficiencies:

➢ Z->ee :                                                     
ε(1Ele15 TightIso / 2Ele10 TightIso) = 93 / 72 %

➢ W->eν : ε(1Ele15 TightIso) = 80 %
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Triggers for early physics: Photons
➢ Different thresholds for...
➢ ...Different Isolations (based on 

Hcal, Ecal & tracks)
➢ Study Jet-Energy-Scale with 

γ+jet events:
➢ Photons as low as 10 GeV
➢ Accumulate max. statistics 

with lowest-unprescaled-

threshold @ various L
➢ Electro-weak: Wγ, Zγ
➢ ... later Higgs

L1 seed HLT trigger Prescale Rates [Hz]

1EG8 1Phot10
1EG8 1Phot10 Iso 1 5 6.3 5
1EG10 1Phot15 Iso 1 5 1 1
1EG12 1Phot25 Iso 1 1 0.2 0.4
1EG12 Iso 1Phot30 Iso 1 1 0.1 0.1
1EG15 1Phot40 Iso 1 0.1 0.1
1EG10 1Phot15 1 5 13 9
1EG10 1Phot25 1 5 3 2
2EG8 Iso 2Phot20 Iso 1 1 ~0 ~0

8.1029 2.9.1030 8.1029 2.9.1030
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L1 seed HLT trigger Prescales Rates [Hz]

1Mu3 1EG5 Iso 1Ele8Iso 1Mu7Iso 1 0.1

1Mu5 1Jet15 1Mu7Iso 1Jet40 1 7
1Mu3 3Jet20 1Mu5 3Jet30 1 0.1
1EG5 3Jet20 1Ele5Iso 3Jet30 1 ~0

1.1032 1.1032

Triggers for early physics: Crosschannel triggers


