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OutlineOutlineOutline
•Overview of Calorimeter Trigger
•Calorimeter Trigger Status & Plans
•Overview of Muon Trigger
•Muon Trigger Status & Plans
•Cost and Schedule Performance
•Transition to M&O
•Concerns
•Summary and Conclusions
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Level-1 Trigger Requirements:
• Input: 109 events/sec at 40 MHz at full L = 1034

• Output: 100 kHz (50 kHz for initial running)
• Latency: 3 µsec for collection, decision, propagation
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L1 Trigger Hardware
Overview

L1 Trigger HardwareL1 Trigger Hardware
OverviewOverview

US CMS
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Calorimeter Trig.Overview
(all located in underground counting room)

Calorimeter Trig.OverviewCalorimeter Trig.Overview
(all located in underground counting room)(all located in underground counting room)
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160 MHz point to point backplane (proto. tstd.)
• 18 Clock&Control (proto. tstd.), 126 Electron ID (proto. tstd.),

18 Jet/Summary Cards -- all cards operate @ 160 MHz
• Use 5 Custom Gate-Array 160 MHz GaAs Vitesse Digital ASICs

• Phase, Adder, Boundary Scan, Electron Isolation, Sort  (manufactured)

Calorimeter Trigger CrateCalorimeter Trigger CrateCalorimeter Trigger Crate

Spares
not
included*

Data from calorimeter
FE on Cu links
@ 1.2 Gbaud
•• Into 126Into 126* * rearrear
ReceiverReceiver
CardsCards

••PrototypePrototype
testedtested
w/ ASICsw/ ASICs
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Cal. Trig. 4 Gbaud Copper Link Cards
 & Serial Link Test Card - U. Wisconsin

Cal. Trig. 4 Gbaud Copper Link CardsCal. Trig. 4 Gbaud Copper Link Cards
 & Serial Link Test Card -  & Serial Link Test Card - U. WisconsinU. Wisconsin

Compact
 Mezzanine

Cards for
 each

 Receiver
 Card accept

4 x 20 m 1.2-Gbaud
copper pairs transmitting

2 cal. tower energies every
25 ns with low cost & power.

 Uses Vitesse Link Chips (7216-01).

Full quantity of mezzanine link
cards (1422) being manufactured.

New Serial Link Test Card

Status: tested and full production
manufactured,

 New cables,cards, 48V PS, and support
software, delivered to CERN in Feb ‘03,

operating in ECAL electronics lab
stably with no errors
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Cal. Trig. Receiver & Electron
Isolation Cards - U. Wisconsin

Cal. Trig. Receiver & ElectronCal. Trig. Receiver & Electron
Isolation Cards Isolation Cards - U. Wisconsin- U. Wisconsin

DC-DC

Addermezz
link
cards

BSCAN
ASICs

PHASE
ASICs

MLUs

RC & EIC Pre-production Boards validated
Production started
8 RC and EIC Boards being assembled for
full crate test before rest of boards are
assembled
Production of 5 Custom ASICs complete -- all
validated pending EISO full-crate patterns

SORT
ASICs

EISO

EISO

Receiver
Card

Electron
Isolation

Card

SORT ASIC
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Cal. Trig. Jet/Summary Card
- U. Wisconsin

Cal. Trig. Jet/Summary CardCal. Trig. Jet/Summary Card
- U. Wisconsin- U. Wisconsin

Full function prototype manufactured and under test
• Uses SORT ASICs to find top four e/γ, threshold for muon bits

• Absorbs HF functionality with Rec. Mezz. Card

Receiver
Mezz. Card

BSCAN
ASICs Sort

ASICs
BSCAN
ASICs

Phase
ASIC
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Testing Receiver, Clock, EISO, & Jet/Sum
Cards, Crate & Backplane - U. Wisconsin

Testing Receiver, Clock, EISO, & Jet/SumTesting Receiver, Clock, EISO, & Jet/Sum
Cards, Crate & Backplane Cards, Crate & Backplane - U. Wisconsin- U. Wisconsin

⇐160 MHz TTL clock with data into 200
MHz Memories (2 ns scale)

Rear:

Rec. Card

Loop-

back

Cables

for 

testing

Data

Sharing

Front:

Clock, EISO, and Jet/Summary Cards

showing original STC and cable to test

HF data transfer to J/S at full speed
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CSC Muon Trigger  OverviewCSC Muon TriggerCSC Muon Trigger  Overview Overview

CSC
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Peripheral Crate

on iron disk

Slow Control

Muon Track-Finder 

Crate in underground

counting room:
Sector

Receiver/Processor

+

Muon Sorter

+
Clock & Control Board

Trig Motherboard

DAQ

 Mother-

board

Muon Port Card

   
   
   
   
   
   

   
   
   
 
 
   
   

     

 

Clock Control Board

Optical

Link

(red = trigger responsibility)

θ

    ϕ

•Start w/ wire & strip
 segment combinations:

•Wires:25ns bunch xing
•Strips: precision ϕ

•Form “Trigger Primitives” 

•Link into tracks
•Assign pT, ϕ, and η

•Send highest quality
 tracks to Global L1
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Strip FE cards

Wire FE cards

Muon
Port
Card
(Rice)

MPC

Sector Receiver/ Processor
(U. Florida)

OPTICAL

SR/SP SP

CSC Muon Sorter
(Rice)

Global µ Trigger

DTRPC

FE

FE

Global L1

2µ  / chamber

3µ  / port card

3µ  / sector

4µ  

4µ  

4µ  4µ  

LCT

Trigger
Motherboard

(UCLA)

Wire LCT* card

In
counting

house

TMB

LCT

RPC Interface
Module

RIM

On-Chamber
Trigger Primitives

3-D Track-Finding
and Measurement

Combination of all
3 Muon Systems

CSC Muon Trigger SchemeCSC Muon Trigger SchemeCSC Muon Trigger Scheme
EMU Trigger

*Local
Charged
Track
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CSC Trigger Muon Port Card
- Rice

CSC Trigger Muon Port CardCSC Trigger Muon Port Card
- Rice- Rice

Mezzanine card
TLK2501 
serializers

Optomodules

GTLP
Receivers

VME Interface (glue logic) 6 Boards fabricated
and assembled.

Passed stand-alone
tests

Passed communication
tests with Trigger
Mother Board

Tests with Track-finder
are underway

Tests with time
structured test beam
on-going at CERN
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CSC Trigger Sector Receiver/
Processor Under Test - U. Florida

CSC Trigger Sector Receiver/CSC Trigger Sector Receiver/
Processor Under Test Processor Under Test - U. Florida- U. Florida

3 SRs

Optical
Transceivers

•15 x 1.6
Gbit/s Links

Front
FPGA

TLK2501
Transceiver

Phi Local
LUT

Eta Global
LUT

Phi Global
LUT

EEPROM
VME/
CCB

FPGA

DC-DC Converter

To/from
custom
GTLP
back-
plane

Mezz.
Card
Xilinx
Virtex

~800 I/O
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VME/JTAG  
INTERFACE

GTLP 
BACKPLANE
INTERFACE

MEZZANINE
CARD
(same as used by
Sector Recv/Proc)
Contains Sorter
Logic

LVDS
DRIVERS
AND SCSI-3
CONNECTORS

CSC Trigger Muon Sorter
- Rice

CSC Trigger Muon SorterCSC Trigger Muon Sorter
- Rice- Rice

SHIELDED TWISTED
PAIR  CABLES  TO 
GMT  CRATE

4 Boards in hand, one assembled & under test with
dedicated crate, test w/track-finder next
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US Trigger StatusUS Trigger StatusUS Trigger Status

US Trigger Contingency Allocation 

$8,123

$658$0
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$10,000

Trigger

Scope Contingency

Base Contingency

May98 Baseline

US Trigger EAC = $8,771K AY

65%

35%
Work Complete

Work Remaining

Pre-production
prototypes
completed &
under test

Production starting

Contingency for
production
problems, testing
difficulties or
unanticipated
integration tasks
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Recent Trigger
Milestone Performance (v33)

Recent TriggerRecent Trigger
Milestone Performance (v33)Milestone Performance (v33)

Prototypes
performed
sufficiently
to serve as
pre-
production

Production
will
proceed on
schedule
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US Trigger Project ResourcesUS Trigger Project ResourcesUS Trigger Project Resources

Engineering demand remains significant
thru installation & commissioning start

US CMS Trigger Constr Proj Resources
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Trigger Transition to M&OTrigger Transition to M&OTrigger Transition to M&O
Installation in Underground

Counting Room
• Expect access by March ‘05
• Sufficient time for installation

and some testing but not for
completing commissioning
with detectors

• Need to start
commissioning earlier

Slice Test (on surface)

With Both HCAL and EMU
Verify trigger functions and

 interfaces by testing with detectors on surface at CERN.
Use as substitute for commissioning completion step.
Will check as much on surface before gaining access to

underground facilities.
Milestone (HG1018) planned for completion November ‘04

UXC55

USC55
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US Trigger Transition to M&OUS Trigger Transition to M&OUS Trigger Transition to M&O

Production ordering underway.

M&O starts with slice test

US CMS Trigger Proj / M&O Cost Estimate
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US Trigger M&O ResourcesUS Trigger M&O ResourcesUS Trigger M&O Resources

Testing & Operation of Trigger System
 Changing conditions ⇒ modifications

US CMS Trigger M&O Resources
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US Trigger FY03 PlanningUS Trigger FY03 PlanningUS Trigger FY03 Planning
Trigger SOWs FY03 -- $1.3M AY

University of California-Los Angeles

University of Florida

Rice University

University of Wisconsin

Largest costs: production parts orders

Engineering costs for testing/final revisions
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ConcernsConcernsConcerns
Installation Schedule

• Time for installation & commissioning tight (sched. delay)

• Significant time needed for integration in a synchronous
pipelined system

• Use slice test to advance installation & commissioning

Base Program Manpower
• Major effort on trigger software required

• Tasks include board testing, monitoring/controls,
diagnostics, configuration downloading and documentation,
modeling, physics simulation, etc.

• Major effort on testing & installation

• Planned as activity of base program manpower

• New Major Effort on “Slice Test

• Also needs base program manpower

• Recent DOE University program augmentation is a big help
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Conclusions - TriggerConclusions - TriggerConclusions - Trigger

Calorimeter Trigger
• All Preproduction Boards tested
• Production started

• Most parts ordered, ASIC production finished
• Integration tests: ECAL started, HCAL starts this Fall

Muon Trigger
• All Pre-production boards built & under test

• Basic stand-alone tests complete
• Integration testing between boards has started

• Integration tests starting this month w/EMU
• Operation in 25 ns structured beam

Project Completion
• Transition to M&O
• Slice Test


