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Dernieres nouvelles de lamachueu

But : Avoir > 200 pb™* au terme du run 2009-2010

Time Luminosity
Fill Scheme for [cm?s™] Pile-up
physics

2x2 Days 2.9x10% 0.2
2XxX2 Days 1.6x10%° 1.1
43 x 43 Weeks 6.9x10% 1.1
156 x 156 Weeks 2.5x10° 1.1
156 x 156 50 ns Months 1.6x103>2 6.9
144 x 144 50 ns Months 4.8x10% 2.2
288 x 288 50ns Months 9.7x10* 2.2
432 x 432 50ns Months 1.5x103>2 2.2

Pour plus d'info sur la machine :
http://indico.cern.ch/getFile.py/access?contribld=4&resld=1&materialld=slides&confld=59088
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Contraintes pour faire un eI

Bandes passantes: - Facteur 3 pour L1: 11 kHz

Facteurs de surete - Incertitudes sur S (Tevatron: Facteur 2)

> Conditions non-simulées
- Facteur 2 pour HLT: ~150 Hz

> Incertitudes sur o, .. > simulation

vy-flav

- Throughput: 1 GB/s /3 = 333 MB/s

®
w
-

- Filtres: Avant les processus CPU-gourmand

- Prescales: Au niveau L1 autant que possible :
> Optimiser CPU (& bande-passante HLT)

Différents types - Trigger de monitoring : Etude d'efficacité
de triggers: - Trigger de physique : Pas de prescale

- Trigger back-up : Si un trigger de physique doit
étre prescalé

Analyse/monitoring rapide sur
CAF
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w Historique

- 2008: Un seul menu avec ~160 triggers pour couvrir 1E29 -> 1E32
- Changement de stratégie :
- Reéduire le nombre de triggers (maintenance vs manpower)
- Différents menus pour 3 luminosités : 8E29 / 1E31 / 1E32
- Menus initiaux “de base” :
- Nombre minimal de triggers
- Efficacité ~90% pour la physique du SM
- Présenté a la collaboration en novembre 2008
> Revues : 11 décembre -> 4 février

- Apres revues et approbations : Groupe Trigger Menu Development
(TMD) compile les menus et évalue les rates
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A Software & MC

- Code : OpenHLT 2 1 15 : Emulation (souple & rapide) des décisions
HLT

> Outil validé a plusieurs reprises

- Echantillons :

> 9.9 M MinBias (single-bin QCD) /
MinBias/Summer08 STARTUP V5 STARTUP V5 vI/GEN-SIM-RAW

> Version : CMSSW 2 2 5
- Condition AlCa : STARTUP V8 GlobalTag
- 8E29 :
> L1:
- Pas de correction jet, excepté correction plate 0.7 pour HF

> L1 scales optimisés pour Startup :
L1Menu Commissioning2009 vO L1T Scales 20080926 startup ImpO Unpre
scaled cff

- HLT : Pas de correction jet
- 1E31:
- Correction jet L1/HLT

> L1 scales optimisés pour "run physique"
L1Menu MC2009 vO LIT Scales 20080922 Imp0O Unprescaled cff
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- Grille p_ Single Jet :

> Jets inclusifs / Décorrelation azimuthal / Etudes Dijets

- Grille p_ Double Jet : p. Moyen

- Grille Missing E :

- Tester MET au niveau HLT: Trigger L1
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Path Name L1 condition L1 Prescale HLT HLT Rate Total
Prescale [Hz] Rate
[Hz]
HLT L1Jet6U L1_SingleJet6U 25 20 6.05+-0.19  6.05 [
HLT_Jet15U L1_SingleJet6U 25 1 7.82+-0.22 13.51
HLT_Jet30U L1_SingleJet20U 1 1 17.71+-0.33 30.42
HLT_Jet50U L1_SingleJet30U 1 1 3.01+-0.13 30.42
HLT_DiJetAve15U L1_SingleJet6U 25 1 3.48+-0.15 30.42
HLT_DiJetAve30U L1_SingleJet20U 1 1 8.49+-0.23 30.42
HLT_FwdJet20U L1_IsoEG10_Jet6U_ForJet6U 1 1 5.62+-0.18 35.48
HLT QuadJet15U L1_QuadJet6U 1 1 0.70+-0.07 35.57
HLT_L1MET20 L1_ETM20 1 2 6.86+-0.20 40.37 l
HLT_MET35 L1_ETM30 1 1 0.26+-0.04 40.39
HLT_MET100 L1_ETM80 1 1 0.00+-0.00 40.39 I

“U” : Jets L1/HLT non-corrigés
“HLT L1” : HLT pass-through
+35 Hz (Jet) + 5 Hz (MET)
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Jet : 1’E31

Path Name L1 condition L1 Prescale HLT HLT Rate Total
Prescale [Hz] Rate
[Hz]
HLT_L1Jet15 L1_SingleJet15 1000 10 1.42+-0.34  1.42 .
HLT_Jet30 L1_SingleJet15 1000 5 1.09+-0.30 2.43
HLT Jet50 L1 _SingleJet30 100 2 1.51+-0.35 3.93
HLT_Jet80 L1_SingleJet50 10 2 1.92+-0.40 5.86
HLT_Jet110 L1_Singledet70 1 1 7.11+-0.77 12.63
HLT Jet180 L1_SingleJet70 1 1 1.17+-0.31 12.63
HLT_QuadJet30 L1_QuadJet15 5 1 2.18+-0.43 14 .47
HLT_FwdJet40 L1_IlsoEG10_Jet15_ForJet10 1 1 0.00+-0.00 14.47
HLT_DiJetAve15U L1_SingleJet15 1000 1 1.09+-0.30 14.81
HLT_DiJetAve30U L1_Singledet30 100 1 0.67+-0.24 14.89
HLT_DiJetAve50U L1_SingleJet50 10 1 1.34+-0.33 16.23
HLT_DiJetAve70U L1_SingleJet70 1 1 5.35+-0.67 15.48
HLT DiJetAve130U L1 _SingleJet70 1 1 0.67+-0.24 15.48

- Corrections pour jets L1/HLT Single/Double

- Réevaluation nécessaire avec nouvelle correction L1
- DiJetAve: Utilise toujours jets non-corrigés
- +15 Hz
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MET: 131

Path Name L1 candition L1 Prescale HLT HLT Rate Total

Prescale [Hz] Rate

[Hz]
HLT_SumET120 L1_ETTGO 500 1 0.08+-0.08 15.56
HLT L1MET20 L1_ETM20 20 100 0.08+-0.08 15.56
HLT_MET25 L1_ETM20 20 1 1.51+-0.35 16.98
HLT METS50 L1_ETM40 1 1 0.50+-0.20 17.15
HLT_MET100 L1_ETM80 1 1 0.00+-0.00 17.15
HLT_HT300_MHT100 L1_HTTZ200 1 1 0.00+-0.00 17.15

HLT_HT250 L1_HTTZ200 1 50 0.08+-0.08 17.15 l

- Trigger SumET & HT
- Travail en cours:

- HLT HT250: p=50-> 10

- HLT HT200: 25 Hz ! Quel seuil HT pour quel seuil de jets
- +15 Hz

Pedrame Bargassa, IPHC Strasbourg CMS France 28/05/2009 10



- Tester l'algorithme muon L1 :
- Bit sans muon-quality
- HLT pass-through
- Tester le muon HLT:
- L1: Coupure bas-p_; HLT pass-through

> Tester muons L3: Muons L1-2
- Isolation:

- L2 : Calorimetrique
- L3 : Tracker

Prendre ce qu'on peut de mieux des £ '
luminosites basses/intermediaires : = e
P alie=s
L 08—
Etudier les efficacités aussi bas p_ L
° g 06—
que pOSSIble g N —e— Z sideband-subtracted
s 0.4:— i: *— v sideband.cubtracted
0.2 :_ —&— J/y sideband-subtracted
0: ] ] 1 [ | ] ] ] L1
1 10 p, (1) (GeVf’
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Muons : 8E29

Path Name L1 candition L1 Prescale HLT HLT Rate Total
Prescale [Hz] Rate
[Hz]
HLT_L1MuOpen L1_SingleMuOpen or L1_SingleMu0 1,1 10 11.10+-0.26 51.36 I
HLT_L1Mu L1_DoubleMu3 or L1_SingleMu? 1,1 5 2.12+-0.11 53.26
HLT_L1Mu20 L1_SingleMu20 1 1 1.17+-0.08 54.00 I
HLT_L2Mu9 L1_SingleMu7 1 1 1.37+-0.09 54.67
HLT_L2Mu11 L1_SingleMu7 1 1 0.81+-0.07 54.67 I
HLT_Mu3 L1_SingleMuOpen or L1_SingleMu0 1,1, 1 1 22.83+-0.37 72.79 I
or L1_SingleMu3
HLT_Mu5 L1_SingleMu3 1 1 7.53+-0.21 72.79
HLT_Mu9 L1_SingleMu7 1 1 0.95+-0.08 72.79 I
HLT_DoubleMu0 L1 _DoubleMuOpen 1 1 0.43+-0.05 72.83
HLT_DoubleMu3 L1_DoubleMu3 1 1 0.17+-0.03 72.83
HLT_L1DoubleMuOpen L1_DoubleMuOpen 1 1 2.59+-0.13 73.87
HLT_lsoMu3 L1_SingleMu3 1 1 12.96+-0.28 73.87
- +33 Hz
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Muons

Path Name

HLT_L1MuOpen
HLT_L1Mu
HLT_L1Mu20
HLT_L2Mu11
HLT_Mu5

HLT Mu9
HLT_Mu11
HLT_Mu15
HLT_DoubleMuO
HLT_DoubleMu3
HLT_L1DoubleMuOpen
HLT_IsoMu9

+41 Hz

;1258

L1 condition

L1 Prescale

L1_SingleMuOpen or L1_SingleMu0 1,1

L1_DoubleMu3 or L1_SingleMu7

L1_SingleMu20
L1_SingleMu7
L1_SingleMu3
L1_SingleMu7
L1_SingleMu7
L1_SingleMu10
L1_DoubleMuOpen
L1_DoubleMu3
L1_DoubleMuOpen
L1_SingleMu7
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HLT

Prescale

400
100

HLT Rate
[Hz]

3.76+-0.56
1.34+-0.33
14.73+-1.11
10.37+-0.93
4.85+-0.64
11.96+-1.00
5.86+-0.70
1.76+-0.38
5.77+-0.69
2.26+-0.43
2.01+-0.41
6.44+-0.73

Total
Rate
[Hz]
20.92
22.26
36.65
4217
46.52
51.62
51.62
51.62
56.56
56.56
58.23
58.23
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Electrons & Photons G

Electrons:

- Bien comprendre nos sélections électrons
- Différentes Isolations (basées sue Hcal & Tracking):
- No/Loose/Tight
- ...Différentes fenétres pixel-matching :
- Large/Startup/Normal

- Motivation : Avoir des électrons malgré non-alignement du
détecteur

Photons:

- Différentes Isolations (basées sue Hcal & Ecal & Tracking)

- Etudier Jet-Energy-Scale avec évenements y+jet :
- Photons aussi bas que 10 GeV
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Electrons : 8229 G

Path Name L1 condition L1 Prescale HLT HLT Rate Total
Prescale [Hz] Rate
[Hz]
HLT L1SingleEG5 L1_SingleEG5 1 50 8.26+-0.22  81.68
HLT L1SingleEG8 L1_SingleEGS8 1 10 8.08+-0.22  88.03 I
HLT_Ele10_LW_L1R L1_SingleEG5 1 1 17.30+-0.32 98.16 .
HLT_Ele10_LW_Eleld L1R L1_SingleEG5 1 1 3.26+-0.14  98.16 I
HLT_Ele15_LW_L1R L1_SingleEGS8 1 1 5.09+-0.18 98.16
HLT_Ele15_SC10_LW_L1R L1_SingleEGS8 1 1 2.33+-0.12 98.16
HLT_Ele20_LW_L1R L1_SingleEGS 1 1 2.09+-0.11 98.16 D
HLT_L1DoubleEG5 L1_DoubleEG5 1 5 7.64+-0.21 103.23 l
HLT DoubleEle5 SW_L1R L1_DoubleEG5 1 1 0.71+-0.07 103.39 I

- LW : Large-Window pixel-matching > SW : Startup-Window
- Eleld : Identification électron basée sur variables Cluster Shape
- SC10 : Super-Cluster additionel avec E_ > 10 GeV

- 430 Hz
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Photons : 8E29

HLT_Photon10_L1R L1_SingleEG5 1 25 1.83+-0.11 104.07
HLT_Photon15_L1R L1_SingleEG8 1 1 10.60+-0.25 106.65

HLT_Photon15_Tracklso_L1R |_1_Sing|eEGB 1 1 2.48+-0.12 106.65
HLT _Photon15_LooseEcallso L1R | L1 _SingleEG8 1 1 8.51+-0.23 106.65

HLT_Photon20_L1R L1_SingleEG8 1 1 3.65+-0.15  106.65
HLT_Photon30_L1R L1_SingleEG8 1 1 0.83+-0.07 106.65
HLT DoublePhoton5 eeRes L1R |L1_SingleEG8 or L1_DoubleEG5 1, 1 1 13.35+-0.28 112.31
HLT_DoublePhoton5_Jpsi_L1R L1_SingleEGS8 or L1_DoubleEG5 1,1 1 1.20+-0.09 112.31
HLT_DoublePhoton5_Upsilon_L1R |L1_SingleEG8 or L1_DoubleEG5 1,1 1 0.65+-0.06 112.31
HLT_DoublePhoton10_L1R L1_DoubleEGS5 1 1 2.32+-0.12 112.33

- Tracklso : < 2 traces dans cone d'isolation

- LooseEcallso : < 3 GeV ou 10% E(y) dans cone d'isolation
- Coupure de masse-invariante : [2,...[ /[2,4.5] / [8,11]

- +9 Hz
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Electrons : 1E3

Path Name L1 condition L1 Prescale HLT HLT Rate Total

Prescale [Hz] Rate

[Hz]

HLT L1SingleEG5 L1_SingleEG5 1 2500 2.01+-0.41 60.24

HLT_Ele10_SW_L1R L1_SingleEG5 1 50 2.18+-0.43 62.33

HLT Ele15 SW L1R L1_SingleEGS8 1 10 2.43+-045  64.67

HLT Fle15_SW_LooseTracklso_L1R L1_SingleEG8 1 1 14.56+-1.10  76.97

HLT Ele20 SW_L1R L1 _SingleEG8 1 1 14.98+-1.12  83.58

HLT_DoubleEle10_SW_L1R L1_DoubleEG5 1 1 2.01+-0.41 84.00

HLT_Ele15_SC15_SW_LooseTracklso_L1R L1_SingleEG8 1 1 3.01+-0.50 84.00

HLT Ele20 SC15 SW_L1R L1_SingleEG8 1 1 6.02+-0.71 84.00

HLT_Ele25_SW_L1R L1_SingleEG8 1 1 7.95+-0.82 84.00

HLT_DoubleEle5_SW_Jpsi_L1R L1_SingleEGS8 or L1_DoubleEG5 1,1 1 0.42+-0.19 84.34
HLT_DoubleEle5_SW_Upsilon_L1R L1_SingleEG8 or L1_DoubleEGS 1,1 1 0.17+-0.12 84.42 I

- LW -> SWces dans cone d'isolation
- +20 Hz
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Photons : 1’E31

Path Name L1 candition L1 Prescale HLT HLT Rate Total
Prescale [Hz] Rate
[Hz]
HLT_Photon10_L1R L1_SingleEG5 1 500 0.92+-0.28 85.34
HLT_Photon10_LooseEcallso_Tracklso_L1R L1_SingleEG5 1 100 2.59+-0.47 87.85 I
HLT_Photon156_L1R L1_SingleEG8 1 20 6.61+-0.74 92.79
HLT Photon20 LooseEcallso_Tracklso L1R L1 _SingleEGS 1 10 4.02+-0.58 96.47 I
HLT_Photon25_L1R L1_SingleEG8 1 1 20.50+-1.31 106.26
HLT_Photon25_LooseEcallso_Tracklso_L1R L1_SingleEG8 1 1 4.27+-0.60 106.26 I
HLT_Photon30_L1R L1_SingleEG8 1 1 10.29+-0.93 106.26
HLT_DoublePhoton10_L1R L1_DoubleEG5 1 20 1.42+-0.34 107.18 I
HLT_DoublePhoton15_L1R L1_DoubleEG5 1 1 4.69+-0.63 108.26
HLT_DoublePhoton15_VerylLooseEcallso_L1R L1_DoubleEG5 1 1 0.17+-0.12 108.26 I
HLT_Photon70_L1R L1_SingleEG8 1 1 0.00+-0.00 108.26 .
- +24 Hz
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Path Name

HLT_SingleLooselsoTau20

HLT_DoubleLooselsoTau15

HLT BTaglP_Jet50U
HLT BTagMu_Jet10U

tau/b-jets, x-tr

L1 candition

L1_SingleTauJet20U or
L1_SingleJet30U

L1_DoubleTauJet14U or
L1_DoubleJet30U

L1_SingleJet30U
L1_Mu3_Jet6U

- +3 Hz (tau-jet) + 0 Hz (b-jet)

Path Name

HLT_L1Mu14_L1SingleEG10
HLT_L1Mu14_L1SingleJet6U
HLT_L1Mu14_L1ETM30

- +0 Hz

L1 condition

L1_SingleEG10 and L1_SingleMu14
L1_SingleJet6U and L1_SingleMu14
L1_ETM30 and L1_SingleMu14

L1 Prescale

1,1

1,1

L1 Prescale

1,1
25, 1
1,1
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HLT

Prescale

HLT
Prescale

HLT Rate

[Hz]

19.10+-0.34

4.95+-0.17

0.05+-0.02
0.00+-0.00

HLT Rate
[Hz]

0.08+-0.02
0.07+-0.02
0.03+-0.01

Total
Rate
[Hz]

116.51

116.98

116.98
116.98

Total
Rate
[Hz]

116.98
116.98
116.98
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Path Name

HLT_SinglelsoTau30_Trk5

HLT_DoubleLooselsoTau15_Trk5

HLT_BTaglP_Jet80
HLT_BTaglP_Jet120
HLT_BTagMu_Jet20

tau/b-jets, x-tr

L1 candition L1 Prescale

L1_SingleTauJet40 or
L1_SingleJet100

L1_DoubleTaudet30 or
L1_DoubleJet70

L1_SingleJet70
L1_SingleJet70
L1_Mu3QEB8_Jet15

- +14 Hz (tau-jet) + 0 Hz (b-jet)

Path Name

HLT_L1Mu14_L1SingleEG10
HLT L1Mu14_L1SingleJet15
HLT_L1Mu14_L1ETM40
HLT_L2Mu5_Photon9_L1R
HLT_L2Mu9_DiJet30

HLT Ele10_SW_L1R_TripleJet30

- +8 Hz

L1 candition

L1_SingleEG10 and L1_SingleMu14
L1_Singledet15 and L1_SingleMu14
L1_ETM40 and L1_SingleMu14
L1_Mu3QE8_EG5
L1_Mu5QE8_Jet15
L1_EG5_TripleJet15

1,1

1,1

L1 Prescale

1,1
1000, 1
1,1
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HLT
Prescale

HLT
Prescale

HLT Rate
[Hz]

12.80+-1.03

10.46+-0.94

0.08+-0.08
0.08+-0.08
0.00+-0.00

HLT Rate
[Hz]

0.84+-0.26
0.00+-0.00
0.17+-0.12
5.52+-0.68
3.01+-0.50
13.55+-1.06

Total
Rate
[Hz]

116.46

122.07

122.07
122.07
122.07

Total
Rate
[Hz]

122.15
122.15
122.15
125.50
125.83
130.85
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Triggers MinBias G

MinBias basé sur Hcal-Forward (3<|n|<5):
- Compter N(Trigger-towers) au-dessus Seuil

> Possibilité de minimiser/maximiser bruit/e(MinBias evts)
- Double-sided

Alternative : MinBias basé sur Pixel tracker :

- 2 pixel tracks: p_, > 0.2 GeV/c; |Az] < 1 cm

Que fait-on si aucun de ces triggers ne marchent au Startup ?
Trigger MinBias simples basés sur H/Ecal

- Hcal : L1 HF low threshold Towers, Rings ORed
- Ecal : L1 SingleEG2, DoubleEG1
- -> Tous 2 prescalés au L1

8E29 /1E31 /1E32:15/10/5 Hz
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HLT_ZeroBias
HLT_MinBiasHcal

HLT_MinBiasEcal

HLT_MinBiasPixel
HLT_MinBiasPixel_Trk5

Triggers MinB

+14 Hz

HLT_ZeroBias
HLT_MinBiasHcal

HLT_MinBiasEcal

HLT_MinBiasPixel
HLT_MinBiasPixel_Trk5

+9 Hz

L1_ZeroBias 5000 1

L1_SingleHfBitCountsRing1_1 or 1000, 100, 500

L1_DoubleHfBitCountsRing1_P1N1 100, 100,

or L1_SingleHfRingEtSumsRing1_4 100, 100

or

L1_DoubleHfRingEtSumsRing1_P4N4

or L1_SingleHfRingEtSumsRing2_4

or

L1_DoubleHfRingEtSumsRing2_P4N4

L1_SingleEG1 or L1_DoubleEG1 or 100, 100, 250

L1_SingleEG2 100

L1_ZeroBias 5000 1

L1_ZeroBias 5000 1
L1_ZeroBias 100000 5
L1_SingleHfBitCountsRing1_1 or 20000, 50
L1_DoubleHfBitCountsRing1_P1N1 or 1000,
L1_SingleHfRingEtSumsRing1_4 or 10000, 100,
L1_DoubleHfRingEtSumsRing1_P4N4 10000, 100

or L1_SingleHfRingEtSumsRing2_4 or
L1_DoubleHfRingEtSumsRing2_P4N4

L1_SingleEG1 or L1_DoubleEG1 or
L1_SingleEG2

L1_ZeroBias

L1_ZeroBias

Pedrame Bargassa, IPHC Strasbourg
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1000, 500, 500
500

100000 1
100000 1

11.92+-0.27
0.34+-0.05

1.40+-0.09

7.85+-0.22
0.89+-0.07

1.561+-0.35
2.43+-0.45

1.17+-0.31

5.10+-0.65
0.59+-0.22

128.87
129.21

130.61

130.61
130.61

132.36
134.79

135.96

139.97
139.97
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Triggers de Calibration S —

Ecal calibration:

- Jusqu'a 10pb™: Trigger @-symmetry : Inter-calibration de crystals a n
constant, utilisant I'homogenéité d'énergie en @

- 10pb™ -> 100pb™: Trigger Ecal-pi0 : Haute précision atteinte en
utilisant m’s

Hcal calibration:
- Jusqu'a 10pb™: Trigger @-symmetry
- 10pb™ -> 100pb™*: Jet-Energy-Scale: Evenements y+jet & Z+jet

Tous ces triggers nécessitent un rate maximal:

Calibration précise & rapide

Excederait le budget de bande-passante & CPU si tout le contenu de
I'evenement était ecrit:

- Compenser en écrivant output minimal: Seulement
l'information des parties nécessaires du détecteur est écrit

- CPU: Unpacking régional & reconstruction autour de L1 seed
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AlCa_HcalPhiSym

AlCa_EcalPhiSym

AlCa_EcalPiO

AlCa_EcalEta

Trigger AlCa :

L1_SingleEG1 or L1_DoubleEG1 or
L1_SingleEG2

OpenlL1_ZeroBias or L1_SingleEG1
or L1_DoubleEG1 or L1_SingleEG2
or L1_SingleHfBitCountsRing1_1 or
L1_DoubleHfBitCountsRing1_P1N"1

or L1_SingleHfRingEtSumsRing1_4
or
L1_DoubleHfRingEtSumsRing1_P4N4
or L1_SingleHfRingEtSumsRing2_4
or
L1_DoubleHfRingEtSumsRing2_P4N4

L1_SingleEG1 or L1_SingleEG2 or
L1_SingleEGS5 or L1_SingleEGS8 or
L1_SingleEG10 or L1_SingleEG12 or
L1_SingleEG15 or L1_SingleEG20 or
L1_SinglelsoEG5 or
L1_SinglelsoEGS8 or
L1_SinglelsoEG10 or
L1_SinglelsoEG12 or
L1_SinglelsoEG15 or L1_DoubleEG5
or L1_SingleJet6U or
L1_SingleJet20U or L1_SingleJet30U
or L1_SingleJet40U or
L1_SingleJet50U or
L1_DoubleJet30U

L1_SingleEG1 or L1_SingleEG2 or
L1_SingleEGS5 or L1_SingleEGS8 or
L1_SingleEG10 or L1_SingleEG12 or
L1_SingleEG15 or L1_SingleEG20 or
L1_SinglelsoEGS5 or
L1_SinglelsoEGS8 or
L1_SinglelsoEG10 or
L1_SinglelsoEG12 or
L1_SinglelsoEG15 or L1_DoubleEGS5
or L1_SingleJet6U or
L1_SingleJet20U or L1_SingleJet30U
or L1_SingleJet40U or
L1_SingleJet50U or

100, 100,
100

5000, 100,
100, 100,
1000, 100,
100, 100,
100, 100
100, 100, 1,
1,1,1,1,1,
1,1,1,1,1,
1,25, 1,1,
1, 1,1

100, 100, 1,
1,1,1,1,1,
1,1,1,1,1,
1,25, 1,1,

1, 1,1
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0.00+-0.00

565.30+-1.86

179.79+-1.04

31.57+-0.44

139.80

685.69

809.38

817.91
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AlCa_RPCMuonNormalisation
AlCa_RPCMuonNoHits
HLT IsoTrack

AlCa_EcalPhiSym

AlCa_EcalPi0

AlCa_EcalEta

HLT_StoppedHSCP

Trigger AlCa :

L1_SingleMuOpen or L1_SingleMuO
L1_SingleMuOpen or L1_SingleMuO

L1_Singledet30 or L1_SingleJet50 or
L1_Singledet70 or L1_SingleJet100 or
L1_SingleTauJet30 or
L1_SingleTaudJdet40 or
L1_SingleTauJet60 or
L1_SingleTaudet80

L1_ZeroBias or L1_SingleEG1 or
L1_DoubleEG1 or L1_SingleEG2 or
L1_SingleHfBitCountsRing1_1 or
L1_DoubleHfBitCountsRing1_P1N1 or
L1_SingleHfRingEtSumsRing1_4 or
L1_DoubleHfRingEtSumsRing1_P4N4
or L1_SingleHfRingEtSumsRing2_4 or
L1_DoubleHfRingEtSumsRing2_P4N4

L1_SingleEG1 or L1_SingleEG2 or
L1_SingleEG5 or L1_SingleEGS8 or
L1_SingleEG10 or L1_SingleEG12 or
L1_SingleEG15 or L1_SingleEG20 or
L1_SinglelsoEGS5 or L1_SinglelsoEG8
or L1_SinglelsoEG10 or
L1_SinglelsoEG12 or
L1_SinglelsoEG15 or L1_SingleJet15
or L1_SingleJet30 or L1_SingleJet50
or L1_SingleJet70 or L1_SingleJet100
or L1_Doubledet70 or L1_DoubleEGS5

L1_SingleEG1 or L1_SingleEG2 or
L1_SingleEGS5 or L1_SingleEGS8 or
L1_SingleEG10 or L1_SingleEG12 or
L1_SingleEG15 or L1_SingleEG20 or
L1_SinglelsoEG5 or L1_SinglelsoEGS8

or L1_SinglelsoEG10 or
L1_SinglelsoEG12 or
L1_SinglelsocEG15 or L1_SingleJet15
or L1_SingleJet30 or L1_SingleJet50
or L1_SingleJet70 or L1_Singledet100
or L1_Doubledet70 or L1_DoubleEGS5

NOT_L1_BPTX_AND_L1_SingleJet10

Pedrame Bargassa, IPHC Strasbourg

CMS France 28/05/2009

100000, 1
1000, 500,

500, 20000,
1000,

10000, 100,
10000, 100

1000, 500, 1
5,1,1,1, 1,
1,10, 5, 1,

1, 1, 1000,

100, 10, 1,

1, 1,1

1000, 500, 1
1,1.1,1,1,
1,10, 5, 1,

1, 1, 1000,

100, 10, 1,

379.14+-5.63

104.41+-2.96
9

796.30+-8.17

878.01+-8.58

339.00+-5.33

483.41
483.41

1267.84

2058.21

2256.71

2257.71
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Triggers Comm

HLT_CSCBeamHalo L1_SingleMuBeamHalo 1 1 7.48+-0.21 137.22
HLT_CSCBeamHaloOverlapRing1 L1_SingleMuBeamHalo 1 1 0.13+-0.03 137.22
HLT_CSCBeamHaloOverlapRing2 L1_SingleMuBeamHalo 1 1 0.00+-0.00 137.22
HLT_CSCBeamHaloRing2or3 L1_SingleMuBeamHalo 1 1 0.68+-0.06 137.22
HLT_BackwardBSC ! 1 0.00+-0.00 137.22
HLT_ForwardBSC ! 1 0.00+-0.00 137.22
HLT_TrackerCosmics ! 1 0.00+-0.00 137.22
HLT_IsoTrack L1_SingleJet20U or L1_SingleJet4OU 1,1,1,1, 1, 1 3.90+-0.15 139.80
or L1_SingleJet30U or 1,1,1,1

L1_SingleJet50U or L1_SingleJet60U
or L1_SingleTauJet10U or
L1_SingleTauJet20U or
L1_SingleTauJet30U or
L1_SingleTauJet50U

- +9 Hz

HLT_CSCBeamHalo L1_SingleMuBeamHalo 100 1 0.75+-0.25 140.73
HLT_CSCBeamHaloOverlapRing1 L1_SingleMuBeamHalo 100 1 0.00+-0.00 140.73
HLT_CSCBeamHaloOverlapRing2 L1_SingleMuBeamHalo 100 1 0.00+-0.00 140.73
HLT_CSCBeamHaloRing2or3 L1_SingleMuBeamHalo 100 1 0.00+-0.00 140.73
HLT_BackwardBSC ! 1 0.00+-0.00 140.73
HLT_ForwardBSC ! 1 0.00+-0.00 140.73
HLT_TrackerCosmics ! 1 0.00+-0.00 140.73
AlCa_RPCMuonNormalisation L1_SingleMuOpen or L1_SingleMuO 1, 1 1 379.14+-5.63 483.41
AlCa_RPCMuonNoHits L1_SingleMuOpen or L1_SingleMuO 1,1 1 104.41+-2.96 483.41
HLT_IsoTrack L1_SingleJet30 or L1_SingleJet50 or 100, 10, 1, 1 1]

L1_SingleJet70 or L1_SingleJet100 or 1,1,1, 1,1
L1_SingleTauJdet30 or

L1_SingleTaudet40 or

L1_SingleTauJdet60 or

L1_SingleTauJet80

- +1 Hz
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1:8F29

Path Name L1Prescale = L1rate [Hz] Total Rate [Hz] L1_SinglelsoEG10 1 27.05+-0.40  409.09
L1_SingleMu0 1 44724052 4472 L1_SinglelsoEG12 1 13.43+-029  409.09
L1_SingleMu3 1 36.07+-047 4472 L1_SinglelsoEG15 1 5.77+-0.19 409.09
L1_SingleMus ] 17394032 44.72 L1_SingleEGS 1 412.73+1.59  454.15
L1_SingleMu7 ] 007s024 447 L1_SingleEG8 1 78.60+-0.69  454.15
L1_SingleEG10 1 37.59+-048  454.15
L1_SingleMu10 1 4.79+0.17 4472 -
L1_SingleEG12 1 20.26+-0.35  454.15
L1_SingleMu14 1 2.08+0.11 44.72
L1_SingleEG15 1 9.94+.025  454.15
L1_SingleMu20 1 147+0.08 4472 )
L1_SingleEG20 1 3.55+.0.15  454.15
L1_DoubleMuOpen ! 2.59+0.13 4550 L1_DoubleEGS 1 37.07+-047  454.15
L1_DoubleMuTopEBottom 1 0.50+-0.08 45.50 L1_DoubleEG05_TopBottom 100 477.85+1.71  927.94
L1_DoubleMu3 1 216+0.11 4550 L1_SingleJet6U 25 121.28+-0.86  1033.49
L1_SinglelsoEGS 1 367.09+1.50  409.09 L1_SingleJet20U 1 52.25+-056  1056.25
L1_SinglelsoEG8 1 61.45+061  409.09 L1_SingleJet30U 1 12.01+-0.27  1056.25
L1_SingleJet40U 1 441+:016  1056.25
L1_SingleJet50U 1 2.00+-0.11 1066.25
L1_SingleJets0U 1 0.99+-0.08  1056.25
L1_DoubleJet30U 1 0.79+-0.07  1056.25
L1_TripleJet14U 1 0.58+0.06  1056.25
L1_QuadJetsU 1 152.21+-0.96  1147.77
L1_SingleTauJet10U 1 29567+1.34 1262.88
L1_SingleTauJet20U 1 28.91+-042  1262.88
L1_SingleTauJet30U 1 6.89+-020  1262.88
L1_SingleTauJet40U 1 0.00+-0.00  1262.88
L1_SingleTauJet50U 1 1.06+0.08  1262.88 L1_MinBias_HTT10 10 5.39+0.18  2039.91
L1_DoubleTauJet14U 1 0.80+-0.07 1262.88 L1_ZeroBias 5000 12.57+-0.28 2052.07
L1_ETM20 ! 13.75+-025 126548 L1_SingleHfBitCountsRing1_1 1000 0.59+0.06  2052.52
L1_ETMS0 ! 086+0.07 126548 L1_SingleHBitCountsRing2_1 1000 068+006 205297
L1_ETM80 1 0.05+0.02  1265.48
- * L1_SingleHfRingEtSumsRing1_4 100 75.76+-0.68  2117.71
L1_ETT60 1 701.22+-2.07 1671.11
- L1_SingleHfRingEtSumsRing2_4 100 75.58+-068  2181.59
L1_HTT100 1 1.26+-0.09  1671.11
L1_SingleHfRingEtSumsRing1_200 1 2803.82+-4.23 4257.21
L1_HTT200 1 0.22+0.04  1671.11
L1_SingleHfRingEtSumsRing2_2 1 2799.72+-4.2 32
L1_lsoEG10_Jet6_ForJetsU 1 25.40+-038  1671.11 -SingleHiRingE(SumsRing?2_200 99.72+-4.23 58053
L1 Mu3 JetsU 1 0.00+-0.00 1671.11 L1_DoubleHfBitCountsRing1_P1N1 100 0.15+-0.03 5805.32
> ~5 8 kHZ L1 MU3QES JetoU . 8464048 1681.96 L1_DoubleHfBitCountsRing2_PAN1 100 0.16+003 580532
. i B 46+-0. :
L1 MuSQE8 Jet6U 1 10.53+-0.25 1681.96 L1_DoubleHfRingEtSumsRing1_P4N4 100 21.09+-0.36 5809.65
L1_SingleMuBeamHalo 1 8.54+-0.23 1687.43 L1_DoubleHfRingEtSumsRing1_P200N200 1 509.25+-1.76  5809.65
L1_SingleMuOpen 1 108.40+-0.81 172497 L1_DoubleHfRingEtSumsRing2_P4N4 100 20.26+-0.35  5813.59
L1_SingleEG1 100 193.76+-1.08  1904.88 L1_DoubleHfRingEtSumsRing2_P200N200 1 508.54+-1.76  5813.59
L1_DoubleEG1 100 103.77+-0.79  1995.13 Total Rate [Hz]
L1_SingleEG2 100 57.34+.059  2039.91 U 5613.59+-6.00
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1: 1558

Path Name L1 Prescale L1 rate [Hz] Total Rate [Hz]

L1_HTT100 1 191.73+-4.01  8191.54
L1_MinBias_HTT10 20000 0.25+-0.14 0.25
L1_SingleHfBitCountsRing1_1 20000 0.33+-0.17 0.59 L1_HTT200 ! 17.49+1.21 8191.54
L1_SingleHfBitCountsRing2_1 20000 0.33+-0.17 0.92 L1_HTT300 1 4.10+-0.59 8191.54
L1_SingleHfRing EtSumsRing1_4 10000 4.02+-0.58 4.94 L1_DoubleTauJet30 1 2.76+-0.48 8191.54
L1_SingleHfRing EtSumsRing2_4 10000 3.43+-0.54 8.37 L1_DoubleJet70 1 3.68+-0.55 8191.54
L1_SingleHfRing EtSumsRing1_200 100 74.71+-2.50 82.99 L1_DoubleEG1 500 255.88+-4.63  8431.20
L1_SingleHfRing EtSumsRing2_200 100 74.63+-2.50 157.62 L1_DoubleEG5 1 418.02+-5.92  8431.20
L1_DoubleHfBitCountsRing1_P1N1 1000 0.17+-0.12 157.79 L1_DoubleMuOpen 1 32.63+-1.65 8431.20
L1_DoubleHfBitCountsRing2_P1N1 1000 0.17+-0.12 157.95 L1_DoubleMu3 y 27.02:4-1.50 8431.20
L1_DoubleHfRingEtSumsRing1_P4N4 100 66.68+-2.36 224 38 L1 TriploMu3 ; 0.004-0.00 843120
L1_DoubleHfRingEtSumsRing2_P4N4 100 61.91+-2.28 286.04
L1_DoubleHfRingEtSumsRing1_P200N200 1 499.19+-6.47  772.61 L1_TripleJets0 L 59.40+-2.23 8431.20
L1_DoubleHfRingEtSumsRing2_P200N200 1 499.69+-6.47  1252.83 L1_QuadJett5 5 6.19+-0.72 8431.20
L1_SingleJet15 1000 18.16+-1.23 1269.81 L1_Mu3QE8_EGS 1 85.75+-2.68 8431.20
L1_SingleJet30 100 22.00+-1.36 1290.39 L1_Mu3QE8_Jet15 1 271.77+-4.77 8431.20
L1_SingleJet50 10 28.95+-1.56 1317.75 L1_Mu5QE8_Jet15 1 78.14+-2.56 8431.20
L1_SingleJet70 1 65.50+-2.34 1374.98 L1_EG10_Jet15 1 451.04+-6.15  8431.20
L1_SingleJet100 1 11.13+-0.96 1374.98 L1_EG5_TripleJet15 1 420.61+-593  8431.20
L1_SingleTauJet30 1 1817.77+-10.52 2565.76 L1_IsoEG10_Jet15_ForJet10 1 56.56+-2.18 8431.20
L1_SingleTaulet40 ! 499.443-6.47 256576 L1_ZeroBias 100000 6.94+-0.76 8438.06
L1_SingleTauJet6o ! 91.69+-2.77 2565.76 NOT_L1_BPTX_AND_L1_SingleJet10 1 200 8628.56
L1_SingleTauJet80 1 20.75+-1.32 2565.76
L1_SinglelsoEGS 10 450.48+-6.20  2954.59 Total Rate [Hz]
L1_SinglelsoEG8 5 167.23+-3.74  3043.53 L1 8638.06+-26.62
L1_SinglelsoEG10 1 367.60+-555  3138.90
L1_SinglelsoEG12 1 188.89+-3.98  3138.90
L1_SinglelsoEG15 1 82.99+-2.64 3138.90
L1_SingleEG1 1000 237.31+-4.46  3373.03
L1_SingleEG2 500 173.92+-3.82  3540.93
L1_SingleEG5 1 4873.04+-20.30 6950.55
L1_SingleEGS8 1 950.60+-8.93 6950.55
L1_SingleEG10 1 453.38+-6.16  6950.55
L1_SingleEG12 1 247.60+-4.55  6950.55
L1_SingleEG15 1 119.88+-3.17 6950.55
L1_SingleEG20 1 42.75+-1.89 6950.55
L1_SingleMuBeamHalo 100 1.17+-0.31 6951.56 > ~ 8 ° 6 kHZ
L1_SingleMuOpen 1 1355.50+-10.67 8180.16
L1_SingleMuO 1 557.29+-6.83 8180.16
L1_SingleMu3 20 23.59+-1.41 8180.16
L1_SingleMu5 10 22.00+-1.36 8180.16
L1_SingleMu7 1 115.87+-3.11 8180.16
L1_SingleMu10 1 60.07+-2.24 8180.16
L1_SingleMu14 1 25.85+-1.47 8180.16
L1_SingleMu20 1 14.73+-1.11 8180.16
L1_ETT60 500 5.19+-0.66 8182.59
L1_ETM20 20 9.29+-0.88 8186.02
L1_ETM40 1 2.51+-0.46 8186.10
L1_ETM80 1 0.17+-0.12 8186.10
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Resume 829 :

Cumulative trigger rate

AlCa and HLT_IsoTrack triggers

Cosmics/Beam halo/BSC
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AlCa and HLT_IsoTrack triggers

Cosmics/Beam halo/BSC

Minbias
Cross-triggers
b-jet

T
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Jets
5 30 35

5 10 15 20

- 23 MB/s: Largement dans le budget throughput
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, Resume & Plans

Changement de stratégie en 2008-09
2 luminosités Startup couvertes...

...votre “feed-back” est le bienvenue :
https://twiki.cern.ch/twiki/bin/view/CMS/TSG 03 V 09 8E29
https://twiki.cern.ch/twiki/bin/view/CMS/TSG 03 V 09 1E31
https://twiki.cern.ch/twiki/bin/view/CMS/TriggerReviews 0809

Travail en cours :

8E29 :
- 2 2 6 en train de tourner dans Middle-Week-Global-Run (MWGR)
1E31 :
- Quelques triggers : Pas encore simulés & doivent étre intégres
- ...converger vers 150 Hz
Nouvelle mise-a-jour annoncée régulierement
Refaire tout cela avec software 3 1 X
Test timing / Performance (groupes de physique)
Menu 1E32...
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Backup slides
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Introduction: Trigger Level i

Reduce overwhelming background : 40 MHz -> 50 kHz
Fast processing

- Customized hardware Detector
processors Inl<2.1 Inl<1.2 0.8<|n|<1.2 Inl<5
. . . RPC DT CSC
- Algorlthms ¢ Implemented 11 frontend frontend frontend
re-programmable FPGAs v v
- Information from ;2 (ng
Calorimeter & Muon ><
detectors :

- Muon triggers
- Electron & Photon triggers
- Jet & missing E_ triggers

7T )

\
Track
Finders

4 u
4 (B,EC) p

- Synchronous & pipelined :
- Bunch x: 25 ns

- Decision/propagation 411 (p., @ n, Mip+Iso bits)
time ~ 3 us

Mip+Iso
bits

4e,vy,jet (p, ¢n), H, E, E ™

Global Trigger
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L1 seeds

v

L2 unpacking
(MUON/ECAL/HCAL)

v

Local Reco
(RecHit)

v

L2
Algorithm

v

<

L2.5 unpacking
(Pixels)

v

Local Reco
(RecHit)

v

L2.5
Algorithm

v

A Introduction: High e

Bring 50 kHz -> 150 Hz

Select as efficiently as possible “0~0.1 pb
physics”
Ability: Build full events @ full L1 output rate

- 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 (n,) region where
there are previous levels seeds (L1, L2, L2.5)

- Data unpacking: Reduce the CPU

Major code exercise in 2007:
(LHCC-CERN 2007-021 , LHCC-G-134)

Time budget: 150 kHz/2000 = <Time>_ = 40 ms respected

achine
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L1: Tlectrons & Photons

. . 0.0175n Sliding window centered on all
- Electromagnetic trigger based on ECAL/HCAL trigger tower pairs

n—
{3x3} trigger towers -0.0175¢
i g Candidate Energy:

- ECAL (barrel) : Each tower is {5x5}
Crystals MaxE  of4

Max

Neighbors
- HCAL : Each tower is single-readout R it + Max
. E, > Threshold
- Hit tower :
- Local maximum
> {2x5} strips (crystals) > 90% of ET
Trigger Primitive Generator
Fine grain Flag Max of ( £2 EE g 2 ) & Sum ET
Regional Calorimeter Trigger
E,cut :—'ij'—'+ MNMax ( [ — ! }» = Threshold
= AND —
Longitudinal cut (HV/E) | H_i o [y < 0.05
AND
Isolation, Hadronic & EM n - 2 GeW
AND
One of ( I I ] I L . 'I}-=:1G‘-e\.f
.t

ELECTRON or PHOTONMN

- GCT : 4 highest E_ candidates -> GT
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Jet finder : “Square” finder

PbWQ4 Crystal An.Ad = 0.348
L

< . >
- Sliding window O

ET(central {4x4} region) > others

> (N, : from {12x12} towers
> ET({12X12} towers) > cut

- T-jet : Isolated- and narrow-deposit Jet

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

- All cuts programmable

- Also H =3E (jets), 2E_, E ™ triggers

Pedrame Bargassa, IPHC Strasbourg CMS France 28/05/2009

Triggerr

Tower D
B [EE EE 5

) B - B
_ “t-like” shapes for t
L trigger
HCAL
ECAL
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Li:Muons

- Resistive Place Chambers :

HPC i i MS1 MS2 MS3 MS4
Dedicated trigger detector : Excellent patiern recogni Ion 1011 1
time resolution . Pattem catamg '
- Drift Tubes (barrel) & Cathod Strip - Fast |0giC I
Chambers (endcap) : Precise position o
resolution I

Muon candidate : RPC and (DT or CSC) no quality

OR RPC or DT or CSC + high quality
DT CSC RPC
hits hits hits

v Y P |

local trigger local trigger —— DT and CSC track hndmg:
track segments track segments ' ‘ .
@86, 5n) (®. 50.7. 5m) Copmerarer | -Finds hilsegments i I
<4b I [
v v i - Gombines vectors m st
ional tri ional tri didat s
Barrel Track Finder | | EndcapTrack Finder | | (oo m. 0. quaityy |+ FOrmats a track iapfonn X e
<4 muon candidates <4 muon candidates unpridlomekAsng '

(P, M, ¢, quality) (pt. M. ¢, quality) . ASSIQ"S pt Va|ue 'T \ Dyedepeen )"
Y ! l’ <
Global Muon Trigger H ' i

<4 muons = s
(Pt M. ¢, quality) .

Y
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0

Jets : Reconstruction with iterative cone algorithm
ET“‘iSS : Reconstruction with vector sum of towers > E

threshold

Muons : - Iterative refinement of p_

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

e/y: - L2 : ECAL/HCAL reconstruction/isolation : clustering (bremsstrahlung
recovery)’ ET > Ethreshold

- L2.5 : Pixel matching (electron)

- L3: 552

>~ Photon : Track-isolation

> Electron : Track reconstruction / Track isolation

T: - L2 : Calo. Reconstruction + Isolation
- L3:
- Hard track (p,™ > 40 GeV/c) with AR<0.1 of a jet axis

- Track Isolation : No p_ > 1 GeV/c track within
0.03<AR<0.4 the hard track
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% JLT: 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> = 40 ms

machine

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

- Get a L1 bandwidth as realistic as ~_Mnimumbias |
possible 1
» Use full L1-emulator 10‘? ' | acﬁn;:.:fxi R
- Ensure that all L1 bandwidth is [ ................................................ YU FROOE SO SO S
used by HLT ey 10.;1_; _______________ T Mean 42.88 . |
- Use software framework to be used mlﬁ ............................... - 0J1
for data-taking : v[(f.ﬂ b ff."ﬂ% ........... A — ]
- Fit L1/HLT triggers in 17 kHz/150 Hz wE | {_IJ}LI .................. oo | “HHHH{HLFIJM _____ . _— 1
- Balance the trigger menus ] W‘H ”m 10| I IU[H ‘M T
o so oo b f 0 I | |’ H'JP”LWF
10° ( '
10-9&.,..... ...... 500 ..... 1,‘,“;00 ............. 1 5|00, ........ ,2 Dlgé ............ é500

msec

Slow events : Will autosave events if T > 600ms : Saves time
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| JILT : Timing performance igeuiss

- Profiling studies revealed slowest pieces of code

- Use zero-suppressed data : Reduces data-unpacking time
- Regional reconstruction : Muon, e/y
- 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 (1-, b-triggers) : Filter more before
event enters time-consuming steps

- Equal bandwidth distribution for leptons, jets, E ™*

- 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
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Ecal calibration:

- Up to 10pb™:

- @-symmetry trigger: Inter-calibration of crystals @ constant ), using
homogeneity of Energy in ¢

- L1: Minimum-/Zero-Bias, very low-threshold EG seeds
- HLT: Store RecHits with E_ > 0.15/0.65 GeV for EB/EE

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

- 10pb™ -> 100pb™: Ecal-pi0 trigger: Higher precision reached using m’s
- L1: p (EG) > 5 GeV  HLT: 90 MeV/c* < M(yy) < 160 MeV/c?

> Precision: < 1% in Barrel
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Hcal calibration:

- Up to 10pb™:
- Also a ¢symmetry trigger
- Isolated-track trigger: Compare track p_to Energy in Hcal

- L1: Jet triggers ORed
- HLT: D, (Pixel-Track) > 20 GeV/c

» -> Precision: ~ 2-3 %
- 10pb™ -> 100pb™': Jet-Energy-Scale: Use y+jet and Z+jet events
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TI:aCker - => 10pb™*: ~10° PU free events through MinBias trigger
alignment: - Improve the build/survey alignment information

- 10pb™': ~2.10° J/Y events selected with Single-Muon, J/y
triggers. Precision: ~ 100 pm

- 10pb™ -> 100pb™*: Select Z->2p events with Single- and
Double-Muon triggers. Precision: ~ 0.1 -> 1 um

Muon - Clean source of high p_ muons: Select W->pv, Z->2p
alignment: events with Single-Isolated-Muon triggers

- With 10pb™*: ~10° p allow rough alignment:
Ar~1 mm, Ap~0.3 mrad
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