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Outer Tracker Numbers
• 23.5 m3 volume
• ~1600 kg
• 75 kW total power
• 192 m2 Silicon Area
• 215 M readout channels



▪ Divided into 6 barrel layers and 5 endcap disks
▪ Barrel has “Flat” section and “Tilted Section”

▪ Trigger:  Each layer is a sandwich of sensors (next slide)
▪ Two flavors of pairs,  “PS” and “2S”

OT Detector Layout

TB2S

Tilted TBPS

Flat TBPS
TEDD

Inner Tracker – aka “Pixels”  NSF scope
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▪ Sensor “sandwich” provides local 
curvature information for trigger

▪ Different spacing in sandwich at 
different radii to match trigger

▪ Two types of module
▪ Pixel-Strip (PS):  Strip sensor (PS-s)  

provide 1D information, Pixelated 
sensor (PS-p) provide 2D 
information.  Used at lower radius, 
balance between precision and 
cost

▪ Strip-Strip (2S): Strip Sensors (2S) 
for both slices of sandwich at high 
radius

▪ Modules include sensors, ASICs, 
power and readout hybrids, 
spacers and mechanical support

▪ Sensors and Electronics may differ, 
Mechanics similar

OT – Fundamental Unit: Module
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▪ Mechanical Structure
▪ Modules go on Planks

▪ Planks go on Rings

▪ Minimize mass: Carbon Fiber

▪ Dual Phase CO2 cooling
▪ ala FPIX Phase 1

▪ Electronics
▪ Test Systems to support 

component and module QC 

▪ Off-detector Data 
Acquisition electronics

▪ Share of Design and Firmware

▪ (Trigger part of 402.07)

OT Structure and Accessories

U.S. scope: Flat 
Barrel
(layer 1 shown)
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▪ Modules (Key Performance Parameter #2)
▪ Deliverable:  2500 PS and 2000 2S working production modules, plus 5% 

preproduction and 10% spares
▪ 952 PS go to Flat Barrel (below), rest to iCMS collaborators

▪ Sensors - Procurement (CERN group purchase), QC
▪ Electronics

▪ Development of Test systems for iCMS, Procurement for  U.S. needs
▪ Development of Sensor-ASIC assembly: MacroPixel Sub Assembly (MaPSA)

▪ Modules
▪ Development of assembly sites

• East Coast and FNAL 

▪ Module component procurements and QC
▪ Assembly of components into modules and QC

▪ Flat Barrel Fabrication (Key Performance Parameter #1)
▪ Fabrication of Planks and Rings for the PS Flat Barrel (inner 3 layers)
▪ Assembly of  (U.S.) PS Modules onto Planks/Rings, QC

▪ U.S. scope mixes homogeneously with international scope
▪ We are independent, but not necessarily the unique supplier

▪ Threshold KPPs are not tied to LHC schedule and tunnel access
▪ Objectives include installation and commissioning activities

OT – U.S. Involvement
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KPPs: DocDb-13237

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13237


WBS to Level 4
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Suppressed:  402.2.1 Milestones 
and 402.2.2 Management

Uli Heintz, Brown Petra Merkel FNAL
Yuri Gershtein, RU

Lenny Spiegel FNAL
Meenakshi Narain BR

Stefan Gruenendahl,
Ron Lipton, FNAL SG, RL, FNAL

WBS dictionary: DocDb 13216

Objective KPP: Work at CERN 

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13216


Cost and Cost Profile

Sept 7, 2018S. Nahn                                      402.2 Outer Tracker        HL LHC CMS  Detector Upgrade Risk Workshop - OT 8

Integration
Mechanics
Modules
Electronics
Sensors 
Mgmt



OT Cost Drivers > $1.5M
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▪ Large M&S Procurements
▪ Sensors, Hybrids, Al-CF mechanics, MaPSA = $13.6M BAC out of $24.8M

▪ Investigating less expensive mechanics solutions, lower cost/higher risk Bump Bonding 
vendors

▪ Substantial Labor Costs
▪ Manual Module Assembly – $8.1M

▪ Investigating options for automatization

▪ Significant Engineering effort – $5.9M
▪ DAQ firmware, Engineering for Mechanical Substructure and Integration, Sensor testing



OT Cartoon Schedule
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Installation



▪ Flat Barrel delivery 
has 11 months to 
CMS request date
▪ +5 months to 

installation
▪ 3.1 years to CD4

▪ Module completion 
has 7 months to 
CMS request date
▪ +10 months to 

installation
▪ 3.1 years to CD4

▪ Prototyping effort 
and completion of 
Vendor inquiries will 
inform durations 
between now and 
CD-2 Baseline

Outer Tracker Float
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