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▪ Introduction

▪ Design of Outer Tracker
▪ Motivation, Scope, and Deliverables

▪ Updates since June 2018 IPR
▪ Conceptual Design, Maturity

▪ Organization, Cost, Schedule

▪ Risks

▪ Response to Previous Reviews

▪ Progress towards CD-3a/CD-2/3

▪ Breakout Session topics

▪ Summary

Outline
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▪ Steve Nahn
▪ MIT 91-98 (Grad Student)

▪ L3 Forward Backward Muon Chamber Upgrade, L3 Muon Operations 

▪ Yale 98-05 (Postdoc)
▪ CDF Silicon Detectors (SVXII, ISL, L00) Run 2 Upgrades, Silicon Operations

▪ MIT 05-13 (Faculty)
▪ CMS Strip Tracker – Co-Operations Manager at Tracker Integration Facility, CMS Strips Operations 

(through Post-docs and Students)

▪ FNAL 13-present (Scientist)
▪ Project Manager for the LHC CMS Detector Upgrade  (aka” Phase 1”)

• Forward Pixel, L1 Trigger, Hadron Calorimeter Photosensors and electronics
• $45M TPC, currently 99.9% complete, (CPI, SPI) = (0.98, 1.00)

▪ Petra Merkel
▪ UHamburg and DESY 95-00 (Grad Student)

▪ H1 Muon System Operations 

▪ Postdoc @ Fermilab (2000-2004)
▪ CDF Silicon Detectors (SVXII, ISL, L00) Run 2 (and 2b) Upgrades, Silicon Operations

▪ Scientist @ Purdue (2004-2014)
▪ CMS Forward Pixel module assembly
▪ CMS Pixel DQM: main developer and convener; CMS Tracker DPG convener

▪ Scientist @ Fermilab (2014-)
▪ L3 CMS Forward Pixel Testing and Integration
▪ Fermilab Detector R&D Coordinator
▪ L3 CMS OT Electronics

Biographical Sketch (Apparatus bias)
Charge #5
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CMS HL-LHC Upgrade Overview
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▪ Current Strip Tracker has been an undeniable success
▪ Heart of the “Particle Flow” algorithm which is used 

ubiquitously in CMS physics analysis

▪ … but it does not survive 3000 fb-1

▪ Blue modules are non-operable after 1000 fb-1 at -20 C 

Outer Tracker Motivation 
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Design Overview
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OT in numbers

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

Charge #2

March 19, 2019S. Nahn                   402.2 Outer Tracker                           CD-1 Director's Review p 8



▪ 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
Charge #2

March 19, 2019S. Nahn                   402.2 Outer Tracker                           CD-1 Director's Review p 9



▪ 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)

Charge #2
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▪ U.S. OT intertwined with the international CMS (“iCMS”)
▪ Both with design validation and actual fabrication

▪ Many shared procurements to guarantee consistency, organized 
through CERN

▪ U.S. supplies ~ 25% of the “CORE costs” for the OT
▪ CORE  = accounting system to facilitate international comparison

▪ Comparison and negotiations at the International level

▪ U.S. is embedded in international organization
▪ U.S. team co-coordinators

“System Test” group and 

“Modules” group

International relations

March 19, 2019S. Nahn                   402.2 Outer Tracker                           CD-1 Director's Review p 11



▪ 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 (CD-3a, later slide), 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 integration, installation, and commissioning activities

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

Charge #2
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▪ International Collaboration effort 
produced Technical Design 
Report
▪ Based on Simulation with variation 

on layout and design choices to 
optimize performance without 
maximizing cost

▪ Scientific and Cost/Schedule 
approval received end of 2017

▪ iCMS Design Reviews: June 2016, 
April 2017,  Dec 2017  

▪ U.S. Design Reviews: Sept 2017, 
April 2018, June 2018

▪ U.S. CDR is essentially the same, 
but restricted to U.S. Scope

▪ CDR: DocDb 13151 

▪ Conceptual design unchanged 
since June 2018 IPR

Outer Tracker Design
CERN-LHCC-2017-009

Charge #2
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402.2 Technical Progress since June 2018 IPR 

▪ 402.2.3 Sensors
▪ Sensor final design thickness, last decision for CD-3a
▪ Development of Sensor QC Sites
▪ Fermilab Irradiation Test Area

▪ 402.2.4 Electronics
▪ Further prototyping of MaPSA
▪ Final versions of Test Systems 
▪ Development of DAQ and Firmware
▪ Proto-Module testing

▪ 402.2.5 Modules
▪ Development of Module Assembly Sites
▪ Feasibility of partial automation of assembly
▪ Construction of first functional modules
▪ Construction Materials studies

▪ 402.2.6 + 402.2.7 Mechanics and Integration
▪ Flat Barrel design refinement
▪ Prototype Plank and Ring fabrication
▪ Plank and Layer QC

Charge #2
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Punchlines in Plenary, 
details in Breakout

(28 slides reduced to 4)



▪ Sensor final design thickness, last decision for CD-3a
▪ Single vendor left in Market Survey

▪ One pulled out, one cannot satisfy throughput demands

▪ Vendor withdraws preferred sensor doping option: Deep Diffused 
Float Zone, due to concerns with yield

▪ Now testing two thickness variants (standard and thinned) of Float 
Zone Silicon for robustness, Decision  aimed for May 2019

▪ Development of Sensor QC Sites
▪ Sensor testing fully specified and regularly practiced

▪ Some progress on Optimization

▪ Process QC – test structures  fully defined since CD1, procurement 
of equipment nearly complete

▪ Equipment being moved into clean room space

▪ Fermilab Irradiation Test Area
▪ Necessary for methodical assessment of Silicon quality through 

production
▪ Preparations underway for operational clearance in summer 2019

402.2.3 Sensors
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402.2.4 Electronics

▪ Further prototyping of MaPSA
▪ “Dummy” program completed, delayed by component issues

▪ Disqualified one vendor on basis of quality
▪ Found excessive bowing from high temperature cure underfill, looking at other 

options
▪ First round of functional MaPSA prototypes ongoing at 2 vendors

▪ Final versions of Test Systems
▪ Single Module Test System, Multi-module burn-in, and MaPSA Test stand 

apparatus all in final version after experience with prototypes 

▪ Development of DAQ and Firmware
▪ Data decoder firmware evolving – balancing functionality vs FPGA 

resource usage
▪ Hardware-level code consolidated from diverse set of prototype code to a 

consistent maintainable platform
▪ Also provides optimization and considerable reuse for different devices  

▪ Proto-Module testing
▪ 2S flavor:  Mini-module demonstrates full efficiency after irradiation to full 

HL LHC dosage
▪ PS flavor:   Mini-MaPSA currently in testbeam, 2SSA module being 

assembled and bench tested

Charge #2
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▪ Development of Module Assembly Sites
▪ All cleanrooms now available, equipment already in or migrating to space

▪ Feasibility of partial automation of assembly
▪ Gantry delivered in September at Fermilab for 2S Module automation

▪ Demonstrated repeatability of laser-based metrology scan
▪ Pursuing gluing algorithms, encapsulation

▪ Similar efforts ongoing at Brown for the PS Module

▪ Construction of first functional modules
▪ 2S construction based on 8CBC2 hybrid, limited by hybrid and sensor supply

▪ FNAL has built 2, East Coast has built 1
▪ 8CBC3 hybrids and more sensors available mid-2019 

▪ PS still in mini-module stage, will not get full modules until 2020
▪ Several “wire-bondable” versions built for jig and assembly testing

▪ Construction Materials studies
▪ Tweaks to assembly jigs based on experience with prototypes
▪ Development of module carriers for transport and testing
▪ Studies of module mechanics material for robustness vs. thermal 

performance
▪ Through prototyping and FEA analysis

402.2.5 Modules
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▪ Flat Barrel design refinement
▪ Final details of service connections for cooling, power, readout 

under discussion
▪ Routing and location of CO2 manifolds finished, agreed upon with CERN
▪ Considering integrating manifolds within Flat Barrel

▪ Prototype Plank and Ring fabrication
▪ Full Layer 1 mock-up with final ring support structure

▪ Tests design feasibility and plank insertion apparatus

▪ New High Pressure curing apparatus and Large Volume 
autoclave

▪ Plank and Layer QC
▪ Defining plans for 

▪ Plank Testing during Module Loading, after fully loaded, and after 
insertion

▪ Full Layer testing, calibration, cosmic ray running, at nominal operating 
point 

402.2.6 + 402.2.7 Mechanics and Integration
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402.2 Technical Design Maturity
▪ Design has been essentially complete since June 2018 IPR

▪ Changes now driven by either prototyping experience, either from 
performance or fabrication perspective, or by cost

▪ Maturity estimate went from 60% to 80% between March and December, 
2018

▪ Overall Design Completion estimate is 38% 
▪ 40% is “Preliminary Design Complete”
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402.2 Organization
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U.S. Deliverable flowchart

Establish Test 
Systems and Sites

(2)

Procure and test 
PS-P Sensors 

(2500)

FROM CMS:
MPA chips 
(85,312)

Assemble 
MaPSAs

(2500+2116)

Procure and test 
2S Sensors

(4000)

Procure 2S 
Readout Hybrids 

(4000)

Procure Spacers 
(2500 sets)

Assemble PS 
Modules
(2500)

Fabricate Bare 
Planks

(18+26+36 = 80)

Assemble Flat 
barrel, test, 

(952 PS modules, 
80 planks)

KPP: Delivery of 
PS Modules to 
CMS at CERN 

(1548)

Ship to CERN:
PS Modules

(1548)

Assemble 2S 
Modules
(2000)

Procure and test 
PS-S Sensors 

(2500)

Procure Module 
Carriers
(2500)

Procure Module 
Carriers
(2000)

Ship to CERN:
2S Modules

(2000)

KPP: Delivery of 
2S Modules to 
CMS at CERN 

(2000)

Fabricate Ring 
Mechanics

(3)

Ship to CERN:
3 layers of Flat Barrel

KPP: Delivery of 
Flat  Barrel to 

CERN

Establish Module 
Assembly Sites

(2)

Procure 2S  
Service Hybrids 

(2000)

Procure PS Power  
Hybrids (2500)

Procure PS 
Readout Hybrids 

(5000)

Procure PS 
Optical Hybrids 

(2500)

Fabricate CF Base 
Plates for PS 

(2500 )

Procure 2S 
Spacers 

(2000 sets)

Charge #3

Procurement
Site Setup
Fabrication/Assembly
Deliverable
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WBS to Level 4
Suppressed:  402.2.1 Milestones 
and 402.2.2 Management

Uli Heintz, Brown Anadi Canepa FNAL
Yuri Gershtein, RU

Lenny Spiegel FNAL
Meenakshi Narain BR

Stefan Gruenendahl,
Ron Lipton, FNAL

Charge #5,7

SG, RL, FNAL

WBS dictionary: DocDb 13216

Objective KPP: Work at CERN 
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Steve Nahn FNAL
Petra Merkel FNAL

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


402.2 Cost Evolution
▪ Overall cost reduced by 3.7% since June 2018 IPR

▪ 561k BAC, 1,555k in Estimate Uncertainty
▪ Activities are being completed, EU → 0 but BAC does not

▪ Labor hours increased, mostly Uncosted Labor in Flat Barrel Testing

▪ Completely expected degree of changes as we head to baseline
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▪ Management - Contract for System Engineering for 8 years
▪ Sensors - Updated Exchange Rate for Sensor Procurements
▪ Electronics - Added Testbeam support, DAQ Optical Link 

development
▪ Modules – Labor Rates updated
▪ Mechanics - Autoclave infrastructure  (400k → 500k)
▪ Integration – Contributed Oversight labor added for life of 

project

▪ All changes are small and understood

Cost and Labor changes:   New/Old
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402.2 Cost Drivers > 1.5M

March 19, 2019S. Nahn                   402.2 Outer Tracker                           CD-1 Director's Review p 25

▪ Large M&S Procurements
▪ Sensors, Hybrids, Al-CF mechanics, MaPSA = $14M BAC out of $21.4M

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

▪ Substantial Labor Costs
▪ Manual Module Assembly – $7.4M

▪ Investigating options for automatization

▪ Significant Engineering effort – $6.1M
▪ DAQ firmware, Engineering for Mechanical Substructure and Integration, Sensor testing



402.2 Cost and Cost Profile
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Integration
Mechanics
Modules
Electronics
Sensors
Mgmt

Mgmt 2% M&S

Sensors 18% 
M&S Sensors 

4% Labor

Electronics 
4% M&S

Electronics 7% Labor

Modules 26% 
M&S

Modules 23% 
Labor

Mechanics 2% 
M&S

Mechanics 4% 
Labor

Integration 6% 
M&S

Integration 4% 
Labor



▪ Bottom-up aggregation based on confidence in accuracy 
of cost estimate
▪ Reflects knowledge of costs and quantities needed

▪ 28.1% of Budget at Completion
▪ 30.8% on Cost to Go
▪ Does not include contribution from Risk→ 33.9%

Cost Estimate Maturity

27

Key Assumptions: DocDB 12919

Charge #3

Total Estimate Uncertainty $11.8M 

June 2018 IPR

March 19, 2019S. Nahn                   402.2 Outer Tracker                           CD-1 Director's Review

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=12919


▪ Labor dominated by 
module assembly
▪ Skilled work done by 

technicians/engineers

▪ Testing done by 
contributed labor and 
undergraduate 
students

402.2 Labor Profiles
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▪ Cost Estimate follows 
project standards laid out 
in Cost Estimating Guide 
and Key Assumptions 
Document

▪ Several workshops 
involving full 
management team to 
scrub cost estimates

▪ Expect modest further 
refinements as 
prototyping informs 
estimates

▪ Details in the Breakout 
session

OT Basis of Estimates
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Charge #3
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▪ Main Labor needs at two Module Assembly “sites”
▪ Mitigates schedule risk
▪ Training up technicians as production draws closer

▪ Critical skills personnel
▪ “Floor managers” at Brown, Rutgers, Princeton 100% 

OT
▪ Module Mounting super-tech at FNAL – mostly OT
▪ DAQ guru at FNAL – mostly OT (and testbeam)

▪ Other institutes have niche roles and/or provide 
students and postdocs to do QC 

Human Resources

30

Charge #4
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Bethel X X

Brown X X X

UC-Davis X X

Fermilab X X X X

Iowa X X X

Mississippi X X

Princeton X X X

Purdue X X

Rochester X X X

Rutgers X X X

Wayne State X X X

UCSD X X
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OT Cartoon Schedule

FY26FY25FY24FY23FY22FY21FY20FY19FY18FY17

CD4
CD1 CD 2/3

LS 2LHC TSPhysics Physics Physics TS Physics TS Physics LS 3

CD3a
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Prototype PrePd Production and QC

Prototype Production 

Prototype PrePd Production and QC

Components Systems Full DAQ 

Fabrication Operation

Fabrication Operation

Sensor QC sites
Sensors

MaPSAs

Test Systems

Data Acquisition

Assembly sites
Prototype PrePd Production 

Prototype PrePd Production

Module Hybrids

Module Mechanics
Prototype PrePd Production

Prototype Production

Prototype Production

Design and Prototype Assembly

CERN Integration

Module Assembly

Planks

Rings

Flat Barrel

Production

June 5, 2018 31

Installation

Charge #3



▪ Large Shifts (>100 days)

▪ KPP milestones did not move

Schedule Changes
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Activity June 2018 IPR Now  (wd) Comment

Jigs and Fixtures 30-Sep-19 30-Mar-20 129 Added support in FY20

Plank and Ring 
Production

27-Apr-20 17-Sep-20 100 CD-3 moved 1 year

Hybrid Delivery 03-Sep-19 17-Sep-20 262 CD-3 moved 1 year

2S preproduction 27-Feb-20 17-Sep-20 142 CD-3 moved 1 year



▪ Critical path 
assessed 
separately for each 
KPP
▪ Flat Barrel KPP 

goes from CERN 
Hybrid delivery, 
into PS production 
to batch 4 then 
Outer Plank 
Assembly

▪ Modules is driven 
by Sensor 
delivery, then last 
batch of PS 
modules

▪ All of this will 
evolve as we move 
toward baseline 

Critical Path for OT
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MaPSA batch 10

PS Modules
batch 10



▪ Modules KPP
▪ 6.5 months float to CMS request-by date
▪ Additional 9.9 months to Installation

▪ Flat Barrel KPP
▪ 10.5 months float to CMS request-by date
▪ Additional 5.0 months to Installation

Critical Path Endgame
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Long Shutdown 3

Dec 2025: Outer Tracker 
Installation in CMS

Threshold KPP:  Aug 2024 
Modules Complete

Feb 2025: CMS requests-
by date Modules

August 2025: CMS requests-
by date Flat Barrel

Threshold KPP:  Sep 2024: 
Flat Barrel Complete



▪ At June 2018 IPR
▪ Project Office owns Exchange Rate, Contributed Labor, Fermilab 

Overhead, and Critical Attrition risks – all impact OT

▪ OT Specific: 16 Threats, 2 Opportunities, and 1 Uncertainty

▪ Since then
▪ Risk Workshop 9/7/2018  Agenda

▪ External Reviewers: Aseet Mukherjee, Jeff Spalding

▪ Outcome: One Risk split into two with high/low impact, added critical 
personnel at Rutgers, wirebonding risk,  modified burn rates to be L3 
specific

▪ Critical Attrition and Contributed Labor risks moved into L2 areas

▪ Outer Tracker Threats: 1.8M → 2.5M @90% C.L.
▪ {Probability  Impact}:  $720k → $1.2M

402.2 OT Risks
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FNAL Risk Procedures: PPP-doc-65
Risk Register: DocDb 13480

https://indico.fnal.gov/event/18224/
http://ppp-docdb.fnal.gov/cgi-bin/ShowDocument?docid=65&asof=2018-03-21
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13480&asof=2018-03-21


▪ 20 Threats and 1 Uncertainty: P  $ = $1,198k
▪ Was $720k in June 2018, (Contributed Labor + Key personnel = 178k)

▪ 2 Opportunities: P  $ = $690k  (666k in June 2018)
▪ Dominated by Automation opportunity

▪ Risk Assessment constantly evolving

Quick Risk Summary
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402.2 Response to Previous Reviews
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Charge #8

1. The review committee recommends that Fermilab work with the DOE to establish 
a proton irradiation facility at Fermilab. This is particularly important during LS2 
when the CERN PS facility will be down. This is critical not only for the CMS Outer 
Barrel but also for all the HL-LHC projects. 

2. Finalize the plan for automation of module construction by CD-2. 

2. Based on the assessment above, the Committee recommended finalizing the plan 
for automation of module construction in close collaboration with international CMS 
by June 2019. This would allow to gain some experience and collect some statistics 
about production speed and alignment precision before CD-2.

3. Proceed to CD-1.

▪ March 2018 Director’s Review  (DocDB 13535)

▪ Fermilab is actively establishing a proton irradiation test area

▪ We continue to pursue automation and will have the plan finalized by CD-2

▪ June 2018 Independent Project Review

▪ We fully continue to pursue automation and will have the plan finalized by 
CD-2.  Note in June 2018, CD-2 was Sept 2019.  It is now Sept 2020, so we 
assume this date should shift accordingly (and will satisfy it earlier anyway)

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13535


▪ CD-3a: Silicon Sensor Procurement (Breakout topic)
▪ CD-3a required for Sensors (long lead time)

▪ CERN-wide negotiation with Silicon vendor, incl. ATLAS iTK, CMS 
CE 

▪ 46,000 wafers!  Need to coordinate across LHC

▪ “Frame Contract”: Costed Menu of small number of options and 
coordinated delivery schedule

• Ordering from menu comes later

▪ Prerequisites
▪ Final Silicon thickness choice, May 2019

▪ Silicon Sensor Production Readiness Review

▪ Approval from CERN Finance Board

▪ Project Office actively working with Fermilab Management and 
Procurement to put together an Acquisition Plan 

402.2 Progress towards CD-3a
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▪ Focus is moving from design stage towards getting 
experience and optimizing based on prototypes
▪ Sensors:  QC procedures now exist for sensors and test structures, 

still working on optimizing speed and designing a long term test
▪ Electronics

▪ MaPSAs have a defined development path of 2 rounds of prototyping 
before pre-production

▪ Test Systems are nearly complete, may have continuous improvement 
with experience

▪ DAQ/FW still in development, likely to be true until many modules 
available

▪ Modules: Main Focus is on gaining experience with module 
assembly as parts become available

▪ Incorporate automation

▪ Mechanics and Integration
▪ Build full plank from prototype modules, test system aspects

▪ Overall goal is to improve knowledge of assembly 
procedures and further validate final performance before 
baseline

402.2 Progress towards CD-2/3
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ES&H
Charge #6

▪ ES&H aspects are guided by the Fermilab Integrated Safety 
Management approach, with rules and procedures laid out in 
the Fermilab ES&H Manual

▪ In General, Safety is achieved through standard Lab practices
▪ Items comply with local safety standards in site of fabrication and 

operation
▪ Radiation campaigns/test beams require appropriate safety training 

and ORC
▪ No construction, accelerator operation, or exotic fabrication
▪ No imminent peril situations or unusual hazards

▪ Phase 1 FPIX provides an excellent recent template for ESH 
issues
▪ Both are fabrication of  Silicon + electronics on  Carbon composite 

support structure w/CO2 cooling, much of it done at FNAL
▪ CO2 cooling system at SiDet already has Operational Readiness 

Clearance

▪ Outer Tracker participated in Nov 29 2018 ESH&Q review 
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Preliminary Hazard Analysis Report: cms-doc-13394

https://indico.fnal.gov/event/19119/
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13394


QA/QC
Charge #6

▪ QA/QC aspects are guided by the Fermilab Integrated Quality 
Management approach, with rules and procedures laid out in the 
Fermilab Integrated Quality Assurance Manual

▪ Both QA and QC are integrated into many aspects of OT
▪ Quality Assurance = processes to prevent substandard fabrication

▪ Sensors: Designing test structures into wafers for “Process Quality Control” to test 
sensor composition

▪ Electronics: design/fabrication of test systems for hybrids, MaPSAs, Modules to 
verify quality

▪ Prototype/Preproduction/Production cycles 

▪ Quality Control = actions to detect substandard fabrication
▪ Sensor:  Sensor Quality Control and Irradiation tests

▪ Modules: Acceptance tests of components, final module burn-in tests

▪ Considerable development of QA/QC documentation since June 
2018 IPR

▪ Participated in Nov 29 2018 ESH&Q review
▪ Developed OT specific QA appendix and list of QA/QC activities in QAP
▪ International CMS working on overall QA/QC specification applicable to all 

major fabrication sites 
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Quality Assurance Plan: cms-doc-13093

https://indico.fnal.gov/event/19119/
https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13093


402.2 Interfaces and Externals
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▪ Key interfaces defined, unchanged since June 2018 IPR

▪ iCMS and U.S. share same design for Modules, so interfaces handled 
at the international level

▪ Gently encouraging our international colleagues to take a more formal 
approach to interfaces

▪ Flat Barrel Integration design work requires specific handshaking
▪ Design files shared between U.S. and CERN engineering

▪ Codifying in Interface Documentation (cms-doc-13388 , ICD) ongoing

▪ Interface negotiation expedited by embedded U.S. team in 
international organization

L3 Area/Interface Voltage Readout data flow Mech. Support Cabling Cooling

Sensors Hybrids Hybrids, MaPSA Module 
Mechanics

Module 
Mechanics

Electronics Hybrids, MaPSA, DTC, 
FC7, DAQ, Modules

Module 
Mechanics

Hybrids

Modules Hybrids DTC, FC7, DAQ Jigs, Planks Planks

Mechanics Planks and Rings

Integration Bulk Power 
system

Environmental Control 
and Monitoring

Tilted Barrel, IT 
Support Tube

PS power and 
optical cable plants

CO2 distribution 
system

https://cms-docdb.cern.ch/cgi-bin/DocDB/ShowDocument?docid=13388


Breakout Sessions

▪ Much more technical discussion in the Breakouts
▪ Focused on previous review comments and recommendations
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Summary

▪ We have made technical progress in all areas since June 
2018 IPR
▪ On target for being ready for  CD-3a in fall 2019, CD-2/3 fall 

2020

▪ Details in Breakout

▪ The management, cost, and schedule  aspects of the 
project are essentially unchanged since June 2018 IPR
▪ Natural evolution as we move towards a baseline

▪ We have addressed all recommendations

▪ We are ready for CD-1
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Backup material
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Threshold and Objective KPPs

46

CMS-doc-13237

402.2 Outer Tracker



Shifts at T3 
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▪ T3 Milestone Shifts
▪ Red: June 2018 IPR

▪ Black: Now

▪ Major changes
▪ CD-3 move shifts 

Preproduction/Production 
starts

▪ Tooling design complete
▪ Added FY20 activities

▪ Endgame does not change
▪ In particular, KPPs


