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LEVEL 1 Trigger 40 MHz 
Hardwired processors  (ASIC, FPGA)

 MASSIVE PARALLEL 
Pipelined Logic Systems
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Standard processor FARMs
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Track finding

46

Associate hits in a 2-D plane in order to identify 
segments, circles, etc...

Pattern recognition on global 2-D data
- Combinatorial logic
- Lookup table
- Associative memories

Track following. Find segments built 
by a couple of points aligned in a given 
direction
- Coincidence matrix
- Lookup table
- Mean timer

x
y

1

4

3

2



S. Cittolin CERN/ECP CMS-TriDas. CERN School  of Computing, Egmond aan Zee/NL.96

CMS level-1 muon trigger

47

Global

LVL-1

•  Segment recognition
-  Cone coincidence (RPC)
-  Mean timer (Tube)

• Track momentum
-  Coincidence matrix
-  Logic mask

Primitive generators 
(segments, hits)

• Content addressable memories

• Matrix logic (ASIC, Gate array...)

Pattern
RECOGNITION 

(RPC)

Segment
EXTRAPOLATION 

(DT,CSC)

•
•
•
•

DT,CSC

RPC
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Coincidence matrix

51

Segment identification within a given 
angles and segments combination

x
y

• Two planes low occupancy detectors
• Tree logic for more plane/segments (and pipeline)
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(ATLAS level-1 muon trigger)
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CMS calorimeter level-1.  Isolated electron 

41

+ Max (                )  > Threshold

Hit

/                      < 0.05

< 2 GeV

One of ( , , , )  < 2 GeV

AND

AND

AND

EM calorimeter

HAD calorimeter 

Et cut

Longitudinal cut

HAD transverse cut

EM isolation

Trigger granularity (Dh * Df)	 No.of trigger towers
ECAL :	|h| ≤ 2.1	 0.087 * 0.087	 56 * 72 = 4032
	 |h| > 2.1	 0.174 * 0.087	 as ECAL
HCAL :  	 	 as ECAL	 162

ISOLATED ELECTRON

(sliding window algorithm)

4032 cells

φ
η

ET

Electromagnetic Hadron 
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CMS calorimeter level-1.  Isolated electron 

42

HAD calorimeter 

> Threshold

/                                      > 0.9

< 4 GeV

AND

AND

Et cut

HAD longitudinal and 
transverse cut

EM isolation

EM calorimeter 

Trigger granularity (Dh * Df)	 No.of trigger towers
ECAL :	|h| ≤ 2.1	 0.044 * 0.174	 112 * 36 = 4032
	 	 |h| > 2.1	 0.087 * 0.174	 1008
HCAL :  	 0.174 * 0.174	 162

ISOLATED ELECTRON

∑ wiEi> 0

φ
η

ET

Electromagnetic Hadron 

(peak finding algorithm)

4032 cells

Peak finding
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5 TeraIPS
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SERVICE LAN

Petabyte  ARCHIVE

Energy Tracks

100 Hz
TERED EVENT

EVENT BUILDER.  A large
switching network (512+512 ports) w
throughput of approximately 500 Gbit
the interconnection between the sour
(Readout Dual Port Memory) and the
destinations (switch to Farm Interface
Event Manager collects the status an
request of event filters and distributes
building commands (read/clear) to RD

EVENT FILTER.  It consists 
of high performance commercial proc
organized into many farms convenien
on-line and off-line applications.  The 
architecture is such that a single CPU
processes one event

DYSTRYBUTOR
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