
23/04/2012 1 Alexandre Zabi - LLR Ecole Polytechnique 



LHC 

OUTLINE 

23/04/2012	
   Alexandre	
  Zabi	
  -­‐	
  LLR	
  Ecole	
  Polytechnique	
   2	
  



23/04/2012	
   Alexandre	
  Zabi	
  -­‐	
  LLR	
  Ecole	
  Polytechnique	
   3	
  

The CMS trigger system is organized in 2 stages to achieve an input data rate 
reduction of the order of 4.105. The L1 trigger decision is based on  coarsely 
segmented data from the calorimeters and muon systems. Custom made 
hardware is implemented at L1 while the second stage (HLT) reconstructs 
partially the event with full sub-detector readout using a farm of computers. 

CMS Event Selection 
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Pre-Trigger primitives @ 
40 MHz, 800 Mb/s 

VME 9U ECAL Off-
Detector crates : 
service cavern 
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ECAL Trigger Primitives 
for each BXs : 
•  Trigger tower ET (8b) 
•  Compact bit  
  (ECAL fine grain) 

HCAL Trigger 
Primitives 

Per regional RCT crate: 
•  4 highest isolated E.M objects 
•  4 highest non-iso E.M objects 
•  4 highest central, forward, τ jets 

•  4 isolated E.M objects 
•  4 non-iso E.M objects 
•  4 central, forward, τ jets 

L1 accept signal !!! 

Front End 
On-Detector : experimental cavern 

Trigger Concentrator Card 
Synchro Link Board 

Optical fibers ≈ 70 m 

Copper links = 10 m 

E.M objects : based on 
the sum of 2 Trigger 
Towers 

Level-1 e/gamma trigger path 
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Level-1 e/gamma trigger path 
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Level-1 e/gamma Algorithm 
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Operating the L1 EG trigger 
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Level-1 Active Channels 
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ECAL anomalous signal 

working point 
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L1 bandwidth optimized 
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Electron reconstruction in CMS 

Supercluster  
in ECAL 

Level-1 EG performance 
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EG15	
   EG15 EB EE 

50% 

95% 

99% 

100 GeV € 

22.5−0.05
+0.04  GeV

€ 

28.0−0.1
+0.1  GeV€ 

16.0−0.01
+0.01  GeV

€ 

19.1−0.06
+0.05  GeV

€ 

27.1−0.4
+0.6  GeV

€ 

34.6−1.1
+1.5  GeV

€ 

99.9−0.9
+0.01  %

€ 

99.8−0.3
+0.1  %

Level-1 EG performance 
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Implementing corrections for ECAL response change in EE: 10 % average (40% 
inner rings) (see Margherita Obertino’s talk) 

Level-1 EG improvements 

EE online, EE corrected  (EG15) EG15 EE data EE corrected 

50% 

95% 

99% 

100 GeV 
€ 

27.1−0.01
+0.01  GeV

€ 

34.4−0.01
+0.01  GeV

€ 

19.1−0.06
+0.03  GeV

€ 

17.8−0.06
+0.03  GeV

€ 

24.5−0.2
+0.1  GeV

€ 

30.8−0.5
+0.2  GeV

€ 

99.8−0.60
+0.06  %

€ 

99.9−0.7
+0.01  %
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Implementing Level-1 ET calibration at RCT level 

Level-1 EG improvements 

EB EE 
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Mitigation of the pile-up effect on the spike killer removal algorithm at L1 

Level-1 EG improvements 
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After implementation of all these changes: performance on EG20 

Performance in 2012 
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SUMMARY 
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ECAL EE trigger primitive map 

BACKUP: L1 TPG EE 
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SLBs 

•  Inputs: 68 
Trigger towers 
(12×6 fibres) �
•  Outputs: 68 
trigger towers 
(8×9 cables) after 
compression etc�

•  2448 FE boards�
•  36 TCC cards �
•  324 SLB cards �

TCC-EE + SLB: �

•  Inputs: up to 48 strips (12×4 fibres) �
•  Outputs: 16 (outer) / 28 (inner) 
trigger towers (8×3 or 8×4 cables) �•  72 TCC cards �

•  252 SLB cards �

TCC-EB + SLB �

BACKUP: ECAL TCC 
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BACKUP TPG CALCULATION 
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BACKUP: L1 RESOLUTION 
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SHOWER-LIKE  
PATTERN 

« Strip Fine Grain Veto Bit » (sFGVB) 

ECAL trigger tower 
Trigger Primitive (TP) 
null for spike: 
ET (TP)>killing thresh.  
& sFGVB(TP)=0 

ECAL anomalous signal definition 

φ	
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BACKUP: transparency 
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