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CMS Trigger Project Manager
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Muon Trigger:
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% Trigger Team

Engineers:

e \Wisconsin:
e J. Lackey & M. Jaworski
e PSL Engineering Staff (P. Robl)
e UCLA: J. Kubic & Y. Shi
e Rice: N. Adams & M. Matveev
e Florida: TBD
Responsibilities for HEP Electronics:

e CDF:

e J. Hauser, Y. Shi, J. Kubic
e PMT system, Run O L2 processor

e ZEUS (& SDC¥):
e W. Smith*, J. Lackey*, M. Jaworski*, S.
Dasu*, W. Badgett (WI), D. Acosta (FL)

e Calorimeter L1 Trigger

e FNAL KTeV:

e J. Kubic, Y. Shi
* FERA readout, shaper/splitter/drivers

e STAR:
e E. Platner
e FE for ECAL, trigger barrel, TOF, MW endcap, SHmax
e Others:

e DO, FNAL E799, AGS E891 & E896, UA1,
MKIIL...
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Project Ma

CMS Annual Reviews

e April: TriDAS Status

e Progress

e Draft R&D Plans & Expenses for next year
e November: TriDAS Internal Review

e Full Detailled Review:

e R&D Plans vs. Progress
e Cost & Schedule, Milestones

e Finalize R&D Plans & Expenses for next year
e Internal CMS Review w/ referees
US Reviews/Reporting

e Monthly Video Conferences:

e Florida, Rice, UCLA, Wisconsin, Davis (sim)
e Review Progress, milestones
e Review Simulation activities

e Integration Meetings:
e Calorimeter Trigger:
e FNAL, Maryland, Wisconsin

e Muon Trigger:
e Ohio, Florida, Rice, UCLA, Wisconsin, others.

e Annual Site Visits:
e Florida, Rice, UCLA

DoE/NSF Review, April, 1998 6



WBS EDIA M&S Base Cont Total
Number Description (k$) (k$) (k$) (%) (k$)
3.1.1 CSC Muon Trigger 937 812 1,749 54 2,687
3.1.1.1 Muon Port Cards (MPC) 215 292 507 50 760
3.1.1.2 Sector Receivers (SR) 202 208 410 50 615
3.1.1.3 CSC Sector Processors (SP-CSC) 170 76 246 65 406
3.1.1.4 Overlap Sector Processors (SP-OVR) 170 76 246 65 406
3.1.1.5 Clock&Control Cards (CCC) 78 36 114 40 159
3.1.1.6 Crate Monitor Cards 10 10 50 15
3.1.1.7 Muon Backplanes 60 20 80 50 120
3.1.1.8 Crate Controllers 35 35 50 53
3.1.1.9 Muon Crates 6 6 50 9
3.1.1.10 Muon Power Supplies 23 23 50 35
3.1.1.11 Additional Cables 30 30 50 45
3.1.1.12 Trigger System Tests 43 43 50 64
3.1.1.13 Trigger Project Management

3.1.2 Calorimeter Regional Trigger 1,247 3,141 4,388 50 6,581
3.1.2.1 Prototypes 301 140 441 46 643
3.1.2.2 Preproduction ASICs 243 310 553 47 811
3.1.2.3 Test Facilities 18 60 78 50 117
3.1.2.4 Power Supplies 3 79 82 30 106
3.1.2.5 Crates 21 13 35 30 45
3.1.2.6 Backplane 64 130 194 54 299
3.1.2.7 Clock & Control Card 67 65 132 40 185
3.1.2.8 Receiver Card 109 1,561 1,670 54 2,571
3.1.2.9 Electron Identification Card 95 649 744 50 1,116
3.1.2.10 Jet Summary Card 67 103 170 50 254
3.1.2.11 Cables 7 7 30 9
3.1.2.13 Crate Monitor Card

3.1.2.14 Trigger Tests 260 22 282 50 423
3.1.2.15 Trigger Project Management




el . . .
Calorlmeter Trigger Unit Costs

WBS ltem Unit Cost Units M&S
3.1.2 Calorimeter Trigger - - 3,140,520
3.1.2.1 Prototypes - - 140,380
3.1.2.2 Preproduction ASICs - - 310,000
3.1.2.3 Test Facilities - - 60,000
3.1.2.4 Power Supplies 3,600 22 79,200
3.1.2.5 Crates 600 22 13,200
3.1.2.6 Backplane 5,910 22 130,020
3.1.2.7 Clock & Control Card 2,960 22 65,120
3.1.2.8 Receiver Card 8,870 176 1,561,120
3.1.2.9 Electron Isolation Card 3,690 176 649,440
3.1.2.10 Jet Summary Card 4,670 22 102,740
3.1.2.11 Cables 7,300 1 7,300
3.1.2.12 DAQ Processor - 22 -
3.1.2.13 Crate Monitor Card - 22 -
3.1.2.14 Trigger Tests - - 22,000
3.1.2.15 Trigger Project Management - - -
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Muon Trigger Unit Costs

WBS ltem Unit Cost Uts M&S
3.1.1 CSC Muon Trigger 812,038 1 812,038
3.1.1.1 Muon Port Cards (MPC) 5,311 55 292,079
3.1.1.2 Sector Receivers (SR) 3,714 56 207,994
3.1.1.3 CSC Sector Proc. (SP-CSC) 5,065 15 75,973
3.1.1.4 Overlap Proc. (SP-OVER) 5,065 15 75,973
3.1.1.5 Clock&Control Cards (CCC) 3,580 10 35,800
3.1.1.6 Crate Monitor Cards 1,000 10 10,000
3.1.1.7 Muon Backplanes 2,000 10 20,000
3.1.1.8 Crate Controllers 3,545 10 35,450
3.1.1.9 Muon Crates 600 10 6,000
3.1.1.10 Muon Power Supplies 2,300 10 23,000
3.1.1.11 Additional Cables - - 29,770
3.1.1.12 Trigger System Tests - - -
3.1.1.13 Trigger Project Management - - -
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WBS Task Name 1998 1999 2000 2001 2002 2003 2004
3.11 CSC Muon Trigger

3.1.1.1 Muon Port Cards (MPC)

3.1.1.2 Sector Receivers (SR) : 1 s s s :

3.1.13 CSC Sector Processors (SP-CSC) a5 — Ap
3114 Overlap Sector Processors (SP-OVR) ay 14 — Feb 1
3.1.15 Clock&Control Cards (CCC) Jul 24 — Mar |
3.1.1.6 Crate Monitor Cards Jul 23 - Dec 9

3.1.1.7 Muon Backplanes May 14 MC 9
3.1.1.8 Crate Controllers Nov 19 E Apr 22

3.1.1.9 Muon Crates Nov 19 -%9#22—
3.1.1.10 Muon Power Supplies Nov 19 %
3.1.1.11 Additional Cables Nov 19 — Mar 4
3.1.1.12 Trigger System Tests Apr 30 Tom
3.1.1.13 Trigger Project Management




WBS Task Name 1998 1999 2000 2001 2002 2003 2004
3.1.1.2 Sector Receivers (SR) Oct 7
3.11.21 SR Design

3.11211 SR Initial System Design

3.1.1.2.1.2 SR Initial Proto. Design

3.1.1.2.13 SR Proto. Design

3.1.1.2.2 SR Proto. Construction

3.1.1.2.2.1 SR Proto. Constr. Manage

3.1.1.2.2.2 SR Proto. Components

3.1.1.2.2.3 SR Proto. Boards

3.1.1.2.3 SR Proto. Test

3.11.24 SR ASIC and Board Design Sep 7

3.1.1.25 SR Active Components r 12 @y Jul 29
3.1.1.251 SR FPGA's A x 12 jul 29
3.1.1.25.2 SR Glink Receivers Mar-12> jul 29
3.1.1.253 SR EPROMSs \ ..r 12 jul 29
3.1.1.254 SR FIFOs for DAQ A Ar 12 jul 29
3.1.1.255 SR Buffers N ar 12 jul 29
3.1.1.25.6 SR Memory Lookups N 4 12 ju| 29
3.1.1.26 SR Boards
3.1.1.26.1 SR Const. Manage

3.1.1.2.6.2 SR Board Setup

3.1.1.26.3 SR Board Fabrication

3.1.1.2.6.4 SR Board Assembly

3.1.1.2.6.5 SR Connectors-copper

3.1.1.2.6.6 SR Misc components

3.1.1.2.6.7 SR Front Panels and Hardware

3.1.1.2.6.7 SR Inspection and test

3.1.1.2.7

SR Installation




1998 1999 2000 2001 2002 2003 2004
WBS Task Name Oct \ Apr | Oct \ Apr | Oct \ Apr | Oct \ Apr | Oct \ Apr | Oct \ Apr | Oct \ Apr
3.1.2 Calorimeter Regional Trigger
3.1.21 Prototypes
3.1.2.2 Preproduction ASICs Aug 27 — Oct 19
3.1.2.3 Test Facilities May 22 .— Mar 9
3.1.2.4 Power Supplies Feb 12 p—y Jun 29
3.1.25 Crates Mar 12 ﬂ Sep 21
3.1.2.6 Backplane Jul 2 .— Sep 16
3.1.2.7 Clock & Control Card Nov 5 * Feb 11
3.1.2.8 Receiver Card Mar 26 — Oct 21
3.1.29 Electron Identification Card Aug 13 * Mar 1
31210 | Jet Summary Card Dec 17 * Apr
3.1.2.11 Cables j Sep 24 - Feb 26
3.1.2.12 DAQ Processor Mar 26 [ Aug 12 ‘
3.1.213 | Crate Monitor Card Mar 26 p—y Aug 12
3.1.2.14 Trigger Tests May 7
31215 | Trigger Project Management




1998 1999 2000 2001 2002 2003 2004
WBS Task Name Oct \ Apr | Oct \ Apr | Oct \ Apr | Oct \ Apr | Oct \ Apr | Oct \ Apr | Oct \ Apr
3.1.2 Calorimeter Regional Trigger
3.1.2.1 Prototypes :
31211 Proto. Receiver Card Sep 2
3.1.21.1.1 Design Proto. RC Mar 4
312112 Order Proto. RC flar 5 Jul 22
3.1.21.1.3 Purchase Proto. RC lar 5 Jhl 22
3.1.2.114 Test Proto RC Sep 2
3.1.2.1.2 Proto. Electron ID Card ar 5 ﬁ Oct 14
31213 | Proto. Phase ASIC * Feb 18
3.1.2.14 Proto. BScan ASIC Oct 15 * Mar 3
3.1.2.1.5 Proto. Jet Summary Card Oct 15 ﬁ Aug 26
3.1.2.16 Proto. Clock & Control Card Mar 190 g Nov 11
3.1.2.1.7 Proto. Crate Monitor Card Nov 12 9= Feb 4
3.1.2.2 Preproduction ASICs Aug 27 * Oct 19
3.1.2.3 Test Facilities May 22 * Mar 9
3.1.24 Power Supplies Feb 12—y Jun 29
3.1.25 Crates Mar 12 ﬁ Sep 21
3.1.2.6 Backplane Jul 2 — Sep 16
3.1.2.7 Clock & Control Card Nov 5 * Feb 11
3.1.2.8 Receiver Card Mar 26 — Oct 21
3.1.28.1 Design RC Mar 26 I Aug 12
3.1.2.8.2 RC Procure
3.1.28.2.1 RC Procure Manage
3.1.2.8.2.2 RC Parts
3.1.2.8.2.3 RC Board
3.1.28.24 RC Assembly
3.1.2.8.25 16 RC Spares
3.1.2.8.3 Test RC




o] | .
Peak Engineering Level

Muon Trigger WBS 3.1.1
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Obligations P

bligations for Muon & Cal Triggers
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Major Cost Drivers

896 Cost by Category

in K$
41 82
103 133
164
172 : 157
Muon Trigger WBS 3.1.1

Engin. Tech. Bd/Ass Comp. FPGA Opt.LinkCb/Cr/PSSpares

Cost by Category

1060
in K$

187

412 j

236

100"

410
Calorimeter Trigger WBS 3.1.2

Engin. Tech. Bd/Ass Comp. ASIC Prot/Tst Cr/Cb/PSSpares

1868
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Crate (Top View)
0o 1 2 3 4 5/%/ N\

8 Electron
Isolatlon Cards

Data Sharing Jet Summary Card

Remove 2 outer Receiver &

Trigger Tower Mapping in Crate
2 Electron ID Cards that

7 Nn—» 14 2.1
covern > 2.1
P e
#' | Receiver Remove 19th crate that
Card covers very forward cal.

Descope Detalls:

e Receiver Cards and Electron ID Cards
e Reduced from 176 to 132

e Jet Summary Cards & Crates
e Reduced from 22 to 21

e Cost Changes
e Base Cost reduced by 590K

CMS Management Decision: Reject
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Low Luminosity:

Cfficiency versus eta cut for trigger descope
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High Luminosity:

cfficiency versus eta cut for trigger descope

Ef?%emcyé
O O

0
O

~
O

00

o0

40

50

20

10

O

| = 10" cm ™ s~

Trigger particle(s) generated n < 2.5 required

® Top events decaying to electron + Xy

> @

O \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

v
B Higgs events decaying to two photons
v
A Higgs 6‘ s decaying to ee + ee/uu
(Only e e\,,f orﬁ rigger used)
V¥V SUSY sparticle events
| | ‘ | ‘ | ‘ | | ‘ | | ‘ | |
0.5 1 1.9 7 2.5 3
—taCut
- S. Dasu

DoE/NSF Review, April, 1998

12



wWSE@NAS
Z’ﬂ

n=1.2

n=11 n=1
7.430 m -
MB/2/4 MB/1/4 | [ MB/0/4
6.955 m —— ) -
n=1.6 (MB/0/3 |
n= 1-4\7 9 YB/2/N
= \ MB/1/2 || [ MB/0/2
YB/2/1
. nvB/1/A | | MBlo/L
n=2.1 \ -
—= 24
AN
n=30 =
|
n=531) | _

e Remove ME*/1 & all ME4 Processing

e Cuts trigger off at h = 1.6 (see above)
e Port Cards cover 60° sectors

e Formerly 30°
e Two optical links per Port Card

e 1 muon stub/xing

e Use time mux to send 2 muon stubs
e 8 Total CSC Trigger Processor Crates
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CSC Trigger Design C

Overlap Crates }(,?9 o
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Two Type of Crates:

e 4 Overlap Crates & 4 CSC-only Crates
Two Versions of Sector Processor:
e SP-Overlap: data from CSC's & Barrel DT's
e SP-CSC: data from CSC's only
One type of Receiver Card:

e Receives data from either DT's or CSC's
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Ereie . .
=% Descope CSC Trig. Cost Reduction

Muon Port Cards: (564 k$ — 424 k%)
e Reduced from 108 to 43 by 1 MPC/30° - 60°
e Includes spares (number used: 96 - 36)
e Links to Trackfinder: 672 - 72

e Change from 7//MPC - 2/MPC ($300/link)
Sector Receivers: (464 k$ - 311 k%)

e Reduced from 55 - 29
e Includes spares (number used: 48 - 24)

e Increasing links/Trackfindereliminates savings
Sector Processors:

e Originally 83 of one type (incl. 11 spares)
e Cost: 548 k$
e New: 15 apiece of 2 types (incl 3 spares):

e SP-Overlap: 271 k$ + SP-CSC: 261 k$ = 532 k$
Crates & associated backplanes, cards:

e Number Changes: 25 - 11 saves 94 k$
Total Cost Changes:

e Base Cost reduced by 404 k$

CMS Management Decision: Reject
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efficiency plateau
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- Impact off GSie trlg descope
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trigger acceptance for |[n|<1.6 / acceptance for |n|<2.4 (%)

low lumi. trigger thresholds - pt=7 GeV, pg2t=4 GeV

Study by S.Abdulin, C.Albajar, D.Denegri, l.lashvili, A.Kharchilava, R.Kinnunen, A.Nikitenko, L.Rurua, G.Wrochna
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No Descope in n

4th station removed

New architecture --

Muon Port Cards: (564 k$ - 536 k$)

e Reduced from 108 to 55 by 1 MPC/30° - 60°
e except ME1 retains 1 MPC/30° (no ME4)
e Includes spares (number used: 96 A 48)

e Links to Trackfinder: 672 - 336

e Retain 7/MPC but reduce # MPC's
Sector Receivers: (464 k$ - 387 k%)

e Same number (56) but reduced number of links
Sector Processors:

e Originally 83 of one type (incl. 11 spares)
e Cost: 548 k$
e New: 15 apiece of 2 types (incl 3 spares):

e SP-Overlap: 256 k$ + SP-CSC: 256 k$ = 532 k$
Crates & associated backplanes, cards:

e Number Changes: 25 - 11 saves 94 k$
Total Cost Changes:

e Base Cost Reduced by 230K

CMS Management Decision: Accept
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