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Quter Tracker Numbers
e 23.5m3 volume

* ~1600 kg

e 75 kW total power

* 192 m? Silicon Area
* 215 M readout channels
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HL-LHC

OT Detector Layout

= 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 “25”
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| |OT — Fundamental Unit: Module

HL-LHC

. . “stub’. Y fail
= Sensor “sandwich” provides local (a) A J"lal‘]‘m]mm“l
curvature information for trigger Lt ‘
= Different spacing in sandwich at J’I ERERRERL B EEREEEERERER BRERRREERD
z x ‘_:Hmpm

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
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% 'OT Structure and Accessories

HL-LHC

= Mechanical Structure
= Modules go on Planks
= Planks go on Rings
= Minimize mass: Carbon Fiber

= Dual Phase CO, cooling
= ala FPIX Phase 1

U.S. scope: Flat
Barrel
(layer 1 shown)

= Electronics

= Test Systems to support
component and module QC

= Off-detector Data
Acquisition electronics

= Share of Design and Firmware
= (Trigger part of 402.07)
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E“‘é’“’ OT — U.S. Involvement
KPPs: DocDb-13237

* 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

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

HL-LHC

WRBS to Level 4

WBS dictionary: DocDb 13216

Suppressed: 402.2.1 Milestones 402.2 |
and 402.2.2 Management OT-0OUTER
TRACKER
| | ] ] ]

402.2.3 | 402.2.4 | 402.2.5 | 402.2.6 | 402.2.7 |
OT - Sensors OT - Electronics OT - Modules OT - FB Mechanics OT - Integration and

Uli Heintz, Brown Petra Merkel FNAL Lenny Spiegel FNAL Stefan Gruenendahl Testing

Yuri Gershtein, RU Meenakshi Narain B Ron Lipton, FNAL SG, RL, FNAL
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402.2.3.1 |
OT - Sensor QC
Centers
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OT - Macro Pixel
Sub-Assembly
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OT - PS-P Sensors
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OT - Test Systems
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OT-DAQ
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OT - 28 Sensors
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402.2.5.1

OT - Module
Assembly
Consortia
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OT - Module
Components

EZ.S.S

OT - Module
Assembly
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402.2.6.1

OT - Plank
Mechanics
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OT -Ring
Mechanics
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Objective KPP: Work at CERN ~ mmmmm)
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402.2.7.1

OT - Flat Barrel
Design

402.2.7.2

OT - FB Plank
Assembly

402.2.7.3

OT - FB Layer

Assembly and Test

402.2.74

CERN

OT - FB Shipping to

402.2.7.5 |

OT- CERN
Integration



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

st and Cost Profile

HL-LHC

WBS Direct M&S ($) Labor FTE| Direct + Indirect + Estimate Total Cost ($)
(Hours) Esc. ($) Uncertainty ($)

402.2 OT - OUTER TRACKER $21,420,779 192.55 $42,593,399 $13,350,307 $55,943,706
402.2.2 OT - Management $658,000 40664 23.00 $844,022 $84,402 $928,424
402.2.3 OT - Sensors $7,582,541 30447 17.23 $9,651,654 $2,672,348 $12,324,001
402.2.4 OT - Electronics $1,436,802 30484 17.24 $4,427,137 $1,361,562 $5,788,698
402.2.5 OT - Modules $8,990,428 204978 115.94 $21,172,433 $6,615,628 $27,788,061
402.2.6 OT - FB Mechanics $433,000 20031 11.33 $2,212,199 $1,024,739 $3,236,938
402.2.7 OT - Integration and Testing $2,320,008 13800 7.81 $4,285,955 $1,591,629 $5,877,583

402.2-OT-WBS L3 Base Budget Breakdown {DOE} . .
BAC = $42.53M (AYS) 402.2-0T-Base Budget Profile {DOE)-WBS L3 Subprojects
402.2.7-01 - Integration and 4022207 Management BAC = $42.59M (AYs)
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T Cost Drivers > S1.5M

Labor Labor M&S Labor+M&S  Estimate Total
CMS Driver Uncertainty

(FTE-years)  (M$) (MS$) (MS$) (MS$) (MS$)

OT.5 - Produce and test modules 51.7 8.1 1.5 9.7 2.9 12.6
OT.3 - Procure Sensors 0.0 0.0 6.9 6.9 2.0 8.9
OT.5 - Module mechanics 2.1 0.3 2.9 3.1 13 4.5
OT.5 - Procure hybrids 0.0 0.0 3.3 33 1.0 4.3
OT.5 - Establish / maintain module assembly site (East Coast) 4.9 0.8 1.8 2.6 0.7 3.3
OT.6 - Plank and Ring mechanics 11.1 1.6 0.6 2.2 1.0 3.2
OT - Outer Tracker integration and commissioning 0.0 0.0 2.5 2.5 0.7 3.2
OT.7 - Flat Barrel design, assembly and test 5.5 1.4 0.3 1.7 0.8 2.5
OT.4 - DAQ development 8.4 1.5 0.1 1.6 0.4 2.0
OT.4 - MaPSA purchase and testing 2.2 0.1 1.2 1.3 0.6 1.9
OT.3 - Sensor prototyping, production and testing 14.5 1.4 0.1 1.5 0.4 1.9

= Large M&S Procurements
= Sensors, Hybrids, Al-CF mechanics, MaPSA = $13.6M BAC out of $24.8M

. Invedstigating less expensive mechanics solutions, lower cost/higher risk Bump Bonding
vendors

= Substantial Labor Costs
= Manual Module Assembly — $8.1M
» |nvestigating options for automatization
= Significant Engineering effort — $5.9M
= DAQ firmware, Engineering for Mechanical Substructure and Integration, Sensor testing
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Installation ‘

Sensor QC sites

LH

@]

Production and QC Sensors

Tost Systems

Full DAQ Data Acquisition

Assembly sites
Module Hybrids
Module Mechanics

Module Assembly

Flat Barrel
CERN Integration

Integrat’n

FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26
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HL-LHC

Outer Tracker Float

2025

2026 2027 2028

J|J|A|S|O|N

= Flat Barrel delivery
has 11 months to
CMS request date

= +5 months to
installation

= 3.1 vyearsto CD4

= Module completion
has 7 months to
CMS request date

15-Feb-2034
15-Feb-2034

16-Feb-2024

D|J|FIM[A[M|I|I|A|S|O|N|[D|JI|FIM[A|IM]I

JIAISIOINIDIJ |F[m]alu]y

Jl‘\lsl°l"l°l JIFI"l*"l“lJlJl‘\lslol"l“}JlFl"l“l"lJlll

10980, Mount Outer Planks - Batch 09
0T711000, Mechanical Test Outer Planks - Batch 09
OT710990, Electrical Test Outer Planks - Batch 09
0OT711010, Thermal Test Outer Planks - Batch 09
OT711040, T5 - Outer Plank Mounting - Batch 09 Compl,
OT711020, T5 - Outer Plank Mounting and Testing C
RT-402-2-57-D-C, Risk Hook ID=RT-402-2-57-D-C
OT711205, T5 - Start Outer Layer Assembly
0T711210, Assemble Outer Layer
- 0OT711240, Perform mechanical test - Outg
0T711230, Perform electrical test - O

(7-Jun-2024

Threshold KPP: T-KPP-OT-1

|has 11 months of float to: |
CMS requests-by date

|p|us 5 months more before: |

Outer Tracker Installation in CMS

OT Flat Barrel Construction Complete

T-KPP-OT-1 has 3.1
years of float to CD-4

LAI' BARREL CONSTRUCTION COMM

] OT715041, FLOAT — T-¢
P-OT-1: OT FLAT BARREL CONSTRYCTION COMPLETE --TO -
Subdeté¢ctors completed

PP-OT-2, T} - O-KPP-OT-2: OUTER TRACKER MODULE INSTALLATION AN
PP-OT-1, T# - O-KPP-OT-1: OUTER TRACKER FLAT B(»:‘\RREL INSTALLATIO

- OT Installation

30-Sep-202 140050, DOE - CD+4 -

2024 2025

2027 2028

= +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
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- Iradiate production PS-P 0)

J]a]s[o[u[o] sTeuaJu s [A]s[o]n[o] T Fulau]s]4]

with p (Lot 10) Labor
D, Irradiate production PS-P sensors with protons (Lot 10) M&S

01-Aug-2024QI5150, 5 - PS module
02-Aug-2024(% JKPP-OT-2, T4 - TP

Threshold KPP: T-KPP-OT-2
, OT Module Construction Complete
| Has 7 months of float to: |

CMS requests-by date
poy |Plus 10 months more before: |

Outer Tracker Installation in CMS

T-KPP-OT-2 has 3.2
years of float to CD-4

dul-2025

OT71502 el - OT

Detector Upgrade Risk Workshop - OT

19-Dec-202 0 711775, ES

] OT715051, FLOAT — T-k

ODULE CONSTRUCTION COMPLETE - TO - CMS NEED BY D.

Subdeté¢ctors completed
- OT Installation
30-Sep-2027

7140050, DOE - CD+4 -

Sept 7, 2018 11




