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Muon TriggerMuon TriggerMuon Trigger

• CSC, DT, RPC Hardware Status
• Overall L1 Muon Performance

Darin Acosta
September, 2002
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CSC Muon Trigger SchemeCSC Muon Trigger SchemeCSC Muon Trigger Scheme
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1st Track-Finder Crate Tests11stst TrackTrack--Finder Crate TestsFinder Crate Tests
Sector ProcessorSector Processor
(Florida)(Florida)

Sector ReceiverSector Receiver
(UCLA)(UCLA)

Clock Control Clock Control 
Board  (Rice)Board  (Rice)

Bit3 Bit3 
VME VME 
InterfaceInterface

Custom Custom 
ChannelLinkChannelLink
BackplaneBackplane
(Florida)(Florida)

Muon Port CardMuon Port Card
(Rice)(Rice)

100m optical 100m optical 
fibersfibers

Very Very 
successful, successful, 
but overall but overall 

CSC latency CSC latency 
was too high was too high ----
New design in New design in 
2002 improves 2002 improves 

latencylatency
Results 
included in 
Trigger TDR
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Muon Port Card Prototype 1Muon Port Card Prototype 1Muon Port Card Prototype 1

HP 
Glink
Optical 
links

Main 
FPGA on 
Daughter 
Card

VME 
Interface

Collects 18 Collects 18 LCTs LCTs from from 
9 chambers, selects best 3 9 chambers, selects best 3 
for optical transmission to for optical transmission to 

TrackTrack--FinderFinder

Resides in peripheral crates

Rice
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Optical 
Receivers 

and HP 
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UCLA
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track segment datatrack segment data
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Final 
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Crossing 
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Track 
Assemblers
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Links track segments into 3D Links track segments into 3D 
tracks, selects best three tracks, selects best three 

tracks, measures momentumtracks, measures momentum

UF

Sector Receiver & 
Sector Processor Prototypes

Sector Receiver & Sector Receiver & 
Sector Processor PrototypesSector Processor Prototypes
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Single Track-Finder Crate Design with 1.6 Gbit/s optical links

• Reduces processing time from 525 ns  (old design) to 175 ns
• Total Latency ~ 15 Bx (from input of SR/SP card to output of MS card)

• Crate Power Consumption ~ 1000 W • 16 Optical connections per SR/SP card
• Custom Backplane for SR/SP ⇔ CCB and MS connection

New Track-Finder Crate DesignNew TrackNew Track--Finder Crate DesignFinder Crate Design
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Optical Link Radiation TestsOptical Link Radiation TestsOptical Link Radiation Tests
R&D study:
• Three serializers 

(T.I. TLK2501): 
up to 270 kRad TID.
No permanent 
damage or SEU

• Two Finisar optical 
modules: No errors 
up to 70 kRad.

• Failed at ~70kRad
(well above 
~10 kRad TID 
inner CSC dose 
for 10 years)

Rice
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New Port Card 2002New Port Card 2002New Port Card 2002
Rice
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Status of New PortcardStatus of New Status of New PortcardPortcard

3 boards have been fabricated and assembled 
along with 6 mezzanine cards

Optical connection verified using optical testboard
• Connected via 100 m optical cable and clocked from 

different clock sources of the same frequency 
• Including 80 MHz from TTCRx

• 8-bit pseudo-random bit stream test (serializer-to-
deserializer) reported no errors over 12 hours

Sorter functionality tested
• 53K iterations of 255 bx deep FIFO passed with no errors

Trigger Motherboard to Portcard connection tested
• Ran 88K iterations from 2 TMBs to MPC no errors in GTLP 

backplane communication or in sorting

Rice





TriDAS Annual Review, Muon Trigger, 13 Sep 2002,  Darin Acosta 14

9U * 400 MM BOARD

CONNECTORS    TO   GMT

LVDS   DRIVERS

CCB 
INTERFACE

SORTER
LOGIC

INPUT 
AND

OUTPUT
FIFO

VME
INTERFACE

SP1

SP2

SP3

SP4

SP5

SP6

SP7

SP8

SP9

SP10

SP11

SP12

GTLP   TRANSCEIVERS

Reduced to single board -- reduces latency, cost
Needed on later timescale

New:
Will use common
Xilinx mezzanine card
with Sector Processor

Rice

Sorter 
firmware 
developed & 
simulated

New Muon Sorter DesignNew Muon Sorter DesignNew Muon Sorter Design

VME  J1
CONNECTOR

CUSTOM  
BACKPLANE

CABLES  TO
GLOBAL  MUON
TRIGGER  CRATE
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Trigger, Timing, & Control  for 
Track Finder Crate

Trigger, Timing, & Control  for Trigger, Timing, & Control  for 
Track Finder CrateTrack Finder Crate

• Same Clock and Control Board for peripheral (EMU) 
and Track-Finder  crates

• 20 sets (main 9U board + Altera-based mezzanine card) have  
been fabricated so far

• 15  boards are assembled  and  tested
• 2 boards will be used for Track Finder tests (UF&Rice)

Rice

TTCrx 
mezzanine board
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DT Trigger Server status - Bologna

Trigger Boards (TB)

Server Board (SB)

Trigger Server implemented with:
1200 TSS (ASICs)
250 TSM (system composed by 

3 pASICs each)
250 Server Boards (PCB, 10x21cm2 , 

16 layers)
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DT Trigger Server status - Bologna

LVDS to Sector Collector

Chamber Minicrate

……

Trigger Boards Server Board

Link
board

TSM:
-VHDL code is ready:

TSM under test now! 
- 1000 devices (to be fused) delivered
-1 month to fuse all chips (to be done by    
ext firm)

TSS :
- 10 prototypes fully tested 
- full production delivered in April 02
- production tests in Bologna: 

test system + software are ready
screening of 1200 devices in 4 weeks

Control
serial line

Server Board (250 PCBs):
- prototype board under test
- it is used to test also TSM pASICs
- combined test with TB under way
- need to study the effect of TTC jitter on LVDS links
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Drift-Tube Track-Finder StatusDriftDrift--Tube TrackTube Track--Finder Finder StatusStatus
DT TF

• First Evaluation Prototype Board ready (see photo)
• Tests start next week

• PCB made for 2 Prototypes, 
Components available for total 6 (neighbour tests)

• Test Programs
• For stand-alone test ready 
• For neighbour connection tests under preparation

• Board Control Description ready
• Will be available soon as CMS Technical Note

Backplane & 9U Crate (400mm deep)
• Ready, under test

Input Test Modules - ready
Eta TF

• New Patterns made based on Eta Drift Tube Geometry (from CMSIM)
• Checked with ORCA – same results

• VHDL model development started (based on new Patterns)
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Drift Tube Track Finder prototypeDrift Tube Track Finder prototypeDrift Tube Track Finder prototype
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CSC/DT MilestonesCSC/DT MilestonesCSC/DT Milestones

Oct ‘04Prod doneCSC
Jan ‘04Design doneMuon SorterCSC

Jan ’03Apr ‘02End deliveryTSMS+TSMD+ pASICsDT

Dec ‘03Prod doneSector CollectorDT

DoneJan ‘02Begin deliveryTSMS+TSMD+ pASICsDT
DoneApr ‘02End deliveryTSS ASICDT

Nov ’03Proto doneBarrel SorterDT
Oct ’03June ’03Prod startSector CollectorDT
Jan ’03Nov ‘02Proto doneWedge SorterDT

DoneJan ’02Begin deliveryTSS ASICDT

Apr ’03Mar ’03Proto testedSR/SPCSC

Done*Mar ’03Proto testedMPCCSC
DoneSep ’02Proto testedCCBCSC
Dec ’02Sep ’02Proto doneSR/SPCSC
DoneSep ’02Proto doneMPCCSC
DoneJune ’02Proto doneCCBCSC
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Summary of Hardware StatusSummary of Hardware StatusSummary of Hardware Status
CSC

• Front-end LCT boards (EMU) mostly in production
• Track-Finder is in 2nd generation fabrication/testing
• SR/SP coming in late, hope to make up during testing period

DT
• Completion of TSM pASICS delayed to finish all tests of Trigger 

Server Board
• Track-Finder prototype done, tests starting
• Eta Track-Finder design started

RPC
• TTC clock jitter causes Link Board/GOL to fail (OK with xtal)
• 4/6 PAC algorithm ready for ASIC (or FPGA if feasible)
• Decision on ASIC/FPGA on critical path
• Splitter board on critical path
• Adding HO requires new logic in either PAC or external FPGA
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L1 Muon Trigger PerformanceL1 Muon Trigger PerformanceL1 Muon Trigger Performance



TriDAS Annual Review, Muon Trigger, 13 Sep 2002,  Darin Acosta 23

L1 Efficiency vs. EtaL1 Efficiency vs. L1 Efficiency vs. EtaEta
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CSC does not 
participate @ 
L1)

Suppressed 
zero

Efficiency to detect single muons 
from W decays at L = 1034 cm-2s-1
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L1 Single Muon Trigger RatesL1 Single Muon Trigger RatesL1 Single Muon Trigger Rates
Low luminosity High luminosity
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Note: GMT optimizes PT measurement from DT/CSC and RPC to 
reduce rate, keeping efficiency high
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÷3 
(safety) 
÷4 
(Muons) 
= 8 kHz

High luminosity

(Very close to same rates and thresholds published in L1 Trigger TDR)

L1 Threshold OptimizationL1 Threshold OptimizationL1 Threshold Optimization
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Signal EfficienciesSignal EfficienciesSignal Efficiencies
Efficiency to detect 
W→µ+X decays in |η|<2.1

Efficiency to detect 
Z→µ+X decays in |η|<2.1
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