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E(% Biographical Sketch

Frank Chlebana, Senior Scientist at Fermilab
=Serving as deputy L2 in US-MTD

= Experience in construction, commissioning,
operations, and project planning while on CMS,
CDF, and ZEUS

HL-LHC

Deputy head of the Fermilab CMS Department
Former deputy L2 for the HCAL phase 1 upgrades
Former HGCal DPG co-convener

Former HCAL DPG co-convener

Former head of the DAQ group at CDF
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52 Outline

" Schedule Development
= Costs
= Critical path

= Milestones
= Float
= Risks
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DOE-CD1-402.8

DOE CD1)

402.8 TL - Timing Layer (at

C. Neu, F. Chlebana, D. Stuart

=]

MTD Work Breakdown Structure

[

DOE-CD1-402.8.1
TL - Milestones and Risk

C. Neu, F. Chlebana, D. Stuart

=]

DOE-CD1-402.8.2
TL - Management

C. Neu, F. Chlebana, D. Stuart

DOE-CD1-402.8.1.1
TL - Calendar Constraint
Milestones

C. Neu, F. Chlebana, D. Stuart

DOE-CD1-402.8.1.2
TL - Accelerator Constraint
Milestones

C. Neu, F. Chlebana, D. Stuart

DOE-CD1-402.8.1.3

TL - CMS Constraint
Milestones

C. Neu, F. Chlebana, D. Stuart

pt*lcp1-4028.1.4
TL - DOE Constraint
Milestones

C. Neu, F. Chlebana, D. Stuart

p(*lcp1-402.8.1.5
TL - Subproject Milestones

C. Neu, F. Chlebana, D. Stuart

p(*|cp1-402.8.1.6
TL - Risk Analysis

L. Taylor

=]

DOE-CD1-402.8.3
BTL - Barrel Timing Layer

A. Bornheim

DOE-CD1-402.8.2.1
TL - Management Labor

C. Neu, F. Chlebana, D. Stuart

DOE-CD1-402.8.2.2
TL - Management Travel

C. Neu, F. Chlebana, D. Stuart

Emcm-wz.s.z.a
TL - Common Infrastructure

C. Neu, F. Chlebana, D. Stuart

=]

1

DOE-CD1-402.8.4
ETL - Endcap Timing Layer

A. Apresyan

DOE-CD1-402.8.3.1
DEPRECATED -- was: BTL -

LYSO Scintillator
C. Neu

_LI
pc*icp1-402.8.3.2
BTL - SiPMs

M. Wayne

E@comoz.s.s.s
BTL - Concentrator Cards

Y. Maravin

p(*lcp1-202.8.3.4
BTL -A bly

A. Bornheim

el
pc*Icp1-402.8.3.5
DEPRECATED -- was: BTL -

System Testing

p(*lcp1-402.8.3.6
BTL - Integration and

Commissioning
A. Bornheim

Deprecated WBS areas were included before scope optimization
Removed LYSO and LGAD WBS elements - moved LYSO contribution to “Common Infrastructure”

System testing focuses on US deliverables - moved related activities to the associated assembly WBS

10/23/19
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DOE-CD1-402.8.4.1

LGAD Sensors
C. Rogan

DEPRECATED -- was: ETL -

_L'I
p{*icD1-402.8.4.2
ETL - Frontend ASICs

T. Liu

3@01-402.3.4.3
ETL - Assembly

F. Golf, S. Tkaczyk

p(*lcp1-2028.4.4

System Testing

DEPRECATED -- was: ETL -

p¢*icp1-402.8.4.5
ETL - Integration and
Commissioning

S. Tkaczyk
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CMS

Schedule Development

¢

HL-LHC

MTD schedule has about ~1500 activities (including milestones)

A comprehensive set of tiered milestones allows us to monitor technical progress
BTL ~60 milestones
ETL ~90 milestones

Activity durations are less than 3 months to allow monitoring progress
Some exceptions (Supervision activates treated as LOE activates, extended burn-in
activities...)

BTL and ETL production model updated to reflect the design presented in the TDR
and taking input from recent reviews: CD-1 IPR (2018), Technical review (Nov 2018),
OPSS cost and schedule review (Jan 2019), Director’s Review (Mar 2019)

We are directly involved with developing the iMTD schedule and fully synchronized
with iMTD planning

Adi Bornheim (BTL L3 manager) is the international BTL coordinator

David Stuart (MTD Deputy L2 manager) is the international ETL coordinator
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BTL - SIPM

028 TL - Timing Layer - Waorking - Copy for FC-030¢ct19

MTD - Costs - Printout

04-Oct-19 05:52

BTL - Si

PM
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BTL — Concentrator Card

arking - Copy for FC-030ct19 MTD - Costs - Printout 04-Oct1
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BTL — Module Production

028 TL - Timing Layer

-----

Warking - Copy for FC-030ct19 |

MTD - Costs - Printout |
=

04-0ct1

10/23/19
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L - Timing Layer - Waorking - Copy for FC-020ct19 | MTD - Costs - Printout |
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BTL - Module Production

HiHIH

F. Chlebana HL-LHC CMS CD-1 Review MTD - Cost and Schedule Overview



& IBTL - 1&C

028 TL - Timing Layer

HL-LHC

arking - Copy for FC-030ct19 MTD - Costs - Printout 04-Oct1

T gy T o T prory T ey}
HEEaEa —— —— —— —— —
L - Timing Layer - Waorking - Copy for FC-020ct19 MTD - Costs - Printout 04-Oet
e e e e e e e e e e e e e e e e e e T =T=T=rTer=r=T
402.5 TL - Timing Layer - Working - Copy for FC-03Cct19 MTD - Costs - Printout
T T
1

ol T ==
I O I T T I T B I I i B T T I e L

= T =
| I I I T B O T L B L B I T
T, A0 10 SR TL - Temeeg Liyer - Working - Copy B FE-S00KHE

-2, 4T BN-FE-10380 BTL - bnkagraions st Commisioning - TST sl
- TET tngration reacky i star - |
Mardok 1« Macaive s st ey e Fmart Expa - b [ Cabec]

- (L)
oy - b (Cbach)
ey - b (178

-3, 4R

P C-103.63 BTL- Isgration and Comminaioning -

- Macates wrc Smat Eaya e rmar foayn - o {Cabach)
- Mucaien mre Smat ey rmar by - e {LVe)
10, TLEGEDD, DL - Marokl B - Miscave wd ety rar e ap - s (Calnchy

o - s (L
o - et [Calnc]

L- ek || . Comnast sasis ared weklenoing ppas ian St b

- Prozars Fasrte kg and suppr B
- DAD Tamtend - MBS

120, TLAZ, BTL- -
1206, TLEOYGRD, BT - e 1)

L2153, BTL - Trawsits CERN fr i gratin andl =smemsiosng (Calach)

LGN 20, 5L Traved i CERM for ntwgration ad comminaicring (U}

S8-Jn-Z, M DTL - Té- egratian and Commissiering Campists
T, g KPP TLAR: BARREL TRAING: LAY
12an

STRUCTION AND INSTALLATION COMPLETE
B4, ES TLATH) FLOAT

B BARREL TIMIG LAVER 182 COMPLETE

10/23/19 F. Chlebana HL-LHC CMS CD-1 Review MTD - Cost and Schedule Overview 9




B F [ROC

8 TL - Timing Layer - Working - Copy for FC-030¢t19 MTD - Costs - Printout
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04-Oct-19 08:25
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ETL - Module R&D and Prototyping

10/23/19

MTL: - Costs - Printout

- ETL—Module R&D
and Prototyping
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%@ ETL — Preproduction and Production

04-

MTD - Costs - Printout 04-Oct-19 05:23

ETL — Preproducfian

it
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I ETL—1&C

MTD - Costs - Printout 04-Oct-19 08:25

402.5 TL - Timing Layer - Working - Copy for FC-030

ayer - Working - Copy for FC-030ct19 MTL: - Costs - Printout 04-Oct-19 D&:
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Basis of Estimates and supporting
documentation are available in DocDB

Documentation includes a detailed
description of scope, vendor quotes, and a
summary of how the costs and labor effort

was determined

L3 Parent:WBS : 402.8.2 TL - Management (1)

402.8.2 TL - Management

L3 Parent:WBS : 402.8.3 BTL - Barrel Timing Layer (4)
402.8.3.2 BTL - SiPMs
402.8.3.3 BTL - Concentrator Cards
402.8.3.4 BTL - Assembly

402.8.3.6 BTL - Integration and Commissioning

L3 Parent:WBS : 402.8.4 ETL - Endcap Timing Layer (3)
402.84.2 ETL - Frontend ASICs
402.84.3 ETL - Assembly

402.84.5 ETL - Integration and Commissioning

10/23/19 F. Chlebana

CMS-doc-13508

CMS-doc-13590
CMS-doc-13591
CMS-doc-13592
CMS-doc-13593

CMS-doc-13595
CMS-doc-13597
CMS-doc-13598

HL-LHC CMS CD-1 Review

Basis of Estimate (BoE)

Example of documentation for the
BTL Concentrator Cards saved in
DocDB

|Files in Document: |

« M&S and Labor estimates excel spreadsheet (BTL-—
Concentrator-Card--—-cost-estimate-V9 .1 xisx, 503.0 kB)

* [Main BaE file (BoE-—402-8-3-3—BTL—-Concentrator-Cards-
11.pdf, 650.9 kB)

Other Files:

* Activity list (CC_ActivityList v0 (3).docx, 20.3 kB)

« BOE Source file (BoE-—402-8-3-3-—-BTL-—Concentrator-
Cards-11.docx, 1.6 MB)

+ BOM (Bill of Materials-CC_V1Quote Updated 6-14-2019 for
Yurii xls, 42.5 kB)

« GBT-SCA receipt (quote) (GBT-SCAReceipt pdf, 6.7 kB)

e M&S Test Stand components quote
(MS-13_TestStand_components.pdf, 2.9 MB)

+ PCB production guote (Quote 278697 pdf, 2009 kB)

* PCB quote (103369-A pdf, 71.7 kB)

+ Samtec board quote (Samtec Quote 201906-11157 pdf, 49.0
kB)

» Spreadsheet to calculate costs for production (MandS xlsx,
17.0kB)

* Test Stand BOM (MS-12_TestStand_BOM pdf, 46.5 kB)

s Test Stand stencil guote (MS-10_TestStand_Stencil pdf, 216.1
kB)

+ Trenz Electronics board quote (Trenz Electronics 88-3961
Order Confirmation.pdf, 91.8 kB)

+ Vivado license guote (EF-VIVADO-DESIGN-FL Xilinx Inc. _
Development Boards, .._pdf, 240.6 kB)

o XILINX KCU105 board quote (EK-U1-KCU105-G Xilinx Inc. _
Development Boards, Kits, . pdf, 851.3 kB)

s |[pGET receipt (quote) (lpGBTReceipt.pdf, 6.7 kB)

MTD - Cost and Schedule Overview 14
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E(% VVendor Quotes

All estimates for the major cost drivers are based on recent vendor
qguotes

LYSO: Received quotes from multiple vendors (Nov 10, 2018)
Non-binding RFQ issued in June 2019, average price was 6% lower
Our contribution to the LYSO purchase is a fixed dollar amount

SiPM: Hamamatsu-SiPM (Apr 1, 2019)

Concentrator Cards: Bill of material parts list (June 6, 2019), PCB production (Sep
12,2019)

BTL Assembly: Pick and place gantry and stencil printer (Aug 15, 2018)
ASIC: MPW, Fabrication, Estimates for Multi-project Wafer submission and maskset

are based on contractual agreement between CERN and foundry (Sep 20, 2018)
ETL Assembly: Service contract, misc parts, AIN quote (Jan 2019)

10/23/19 F. Chlebana HL-LHC CMS CD-1 Review MTD - Cost and Schedule Overview
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Timing Layer Costs (Project Cost Book)

CMS-doc-13777

Direct M&S (3)

FTE| Direct + Indirect + Esc. | Estimate Uncerainty

&)
3,230,993

Total Cost (3)

DOE-CD1-402.8 402.8 TL - Timing Layer (at DOE CD1) 6,845,630
DOE-CD1-402.8.2 TL - Management 1,051,980

156109 12,718,472 15,949,466

1,245,677 221,782 1,467,459

DOE-CD1-402.8.21 TL - Management Labor 0 26520 15.00 0 0 0
DOE-CD1-402.8.2.2 TL - Management Travel 233,000 0 0.00 349,612 27,526 377,138
DOE-CD1-402.8.2.3 TL - Common Infrastructure 818,980 0 0.00 896,064 194,256 1,090,321
DOE-CD1-402.8.3 BTL - Barrel Timing Layer 2,832,903 47774 27.02 5,141,304 1,263,514 6,404,817
DOE-CD1-402.8.3.2 BTL - SiPMs 1,785,400 5384 3.05 2,474,076 392,929 2,867,005
DOE-CD1-402.8.3.3 BTL - Concentrator Cards 559,143 4506 2.55 936,334 194,269 1,130,603
DOE-CD1-402.8.3.4 BTL -Assembly 290,360 27236 15.40 1,293,636 553,215 1,846,851
DOE-CD1-402.8.3.6 BTL -Integration and Commissioning 198,000 10648 6.02 437,258 123,101 560,359
DOE-CD1-402.8.4 ETL -Endcap Timi'ng Layer 2,960,747 81815 46.28 6,331,492 1,745,697 8,077,190
DOE-CD1-402.8.4.2 ETL -Frontend ASICs 2,110,992 24495 13.85 4,186,640 839,972 5,026,613
DOE-CD1-402.84.3 ETL -Assembly 641,455 38348 21.69 1,754,080 787,463 2,541,542
DOE-CD1-402.8.4.5 ETL -Integration and Commissioning 208,300 18972 10.73 390,773 118,262 509,035

The MTD costs derived from the P6 schedule include institutional
specific labor rates, overheads, escalation, and estimate uncertainty

The MTD total project cost is: 15.95MS = 12.72 (BAC) + 3.23 (EU)

10/23/19 F. Chlebana HL-LHC CMS CD-1 Review MTD - Cost and Schedule Overview 16



at Level 3
CMS-doc-13215 I

WBS Direct M&S (§)| Labor (Hours) FTE| Direct + Indirect + Esc. | Estimate Uncertainty Total Cost ($)
(8) ($)

DOE-CD1-402.8 402.8 TL - Timing Layer (at DOE CD1) 6,845,630 156109 12,718,472 3,230,993 15,949,466

DOE-CD1-402.8.2 TL - Management 1,051,980 26520 15.00 1,245,677 221,782 1,467,459

DOE-CD1-402.8.3 BTL - Barrel Timing Layer 2,832,903 47774 27.02 5,141,304 1,263,514 6,404,817

DOE-CD1402.8.4 ETL - Endcap Timing Layer 2,960,747 81815 46.28 6,331,492 1,745,697 8,077,190
” 54,000 Management

2 M&S 10% *

3 ¥ Budgeted Cost - 402.8.4

3 $3,500 ETL Labor

[ B Budgeted Cost - 402.8.3 23%

$3,000
N Budgeted Cost - 402.8.2
o BTL 269
2 ¢2 500 TL M&S 26%
>_
<
D 22,000 ETL M&S 26%
20
3 51,500 | BTL Labor
15%
$1,000
$500 _
* Management includes:
$0 — 2.8% Travel
FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26 7.2% Common infrastructure (LYSO,
Fiscal Year Cooling, Engineering support)

10/23/19 F. Chlebana HL-LHC CMS CD-1 Review MTD - Cost and Schedule Overview 17



BTL Critical Path and Schedule Contingency

HL-LHC

~2019..2020. 202120222023 ,.2024_,.2025 20262027

2017 [ 2018 | 029 | 2030 | 203 | 2032 | 2033
Qi |02|03|04|01 [az[a3]a4|a1[a2]a3]a4 |a1]a2[a3[a4 [a1]a2[a3[a4 [a1]az2[Q3[a4 [a1[@2a3]a4 01|02|03|Q4|Q1 |Q2|03|04|01 [Q2 oslmlcli |02|03|04|01 |u2|03|Q4|01 [az]a3 |Q4|01 |02|03|04|01|02|03|04|01 |02|03|04|01|02|03|1
27-Nov-2019* & DOE - CD-1 - Alternative Selection and Cost Range - Rece|ve ESAAB approval
16:Dec-2019%, & CMS - BTL - FE board available for module and tray assemjbly pre-production

14_Feb-2020‘, & CMS - BTL - LYSO crystals available for preproduction 01 modules

15Apr-202Q", CMS - BTL - Component ASICs ready for CC pre—producﬁon : : : :
15-May-2020%,| & CMS - BTL - BTL.EDR'- BTL Engineering design revi:ew heid _ s Critical path activity
15-May-2020* "8 DOE - CD-3A - Long lead procurements - Receive ESAAB approval 3 : : .
18-May-2020", & CM§ - BTL - IpGBT and DCDC - Preproduction version available f : g C——— Schedule contingency
15-Jun-2020* & CMS - BTL - LYSO pre-production complete i : : External milestone
30-Nov-2020" "% DOE - CD-2/3 - Performance Baseline - Re¢e|ve ESAAB approval ; :
15.Ap-2021°, & CMS - BTL - pGBT and DCDG - Production version available § (e.g. CMS need by date)

MS -BTL-BFEG- FE 10% complete
a TL - T4 - Ready to star BTL module production
BTL - Module batch 01 (CT) - Produce modules
BTL : Module batch iO4 (CT) - Produce modules
BTL - Module batgh 07 (CT) - Praduce modules
BTL - Module batch 10 (CT) - Produce modules
BTL - Module|batch 13 (CT) - Produce modules :
BTL - Modul(:e batch 13 (CT) - Integrate modules and electronics into lrays'
BTL - Module batch 13 (CT) - Test modules and tfays
BTL - Modu|e batch 13 (CT) Update DB and prejpare trays for sl’uppmg
BTL-T5- Module batch 13 (CT) - Producfion corfiplete
BTL - Modgle batch 13 (CT) Ship trays to CERN :
03-Mar-2023*¢ BTL-T7 - T KPP (9 balc?‘és) production hssem bly complete - before any risks
BTL-T4- T KPP (9 batdms) production assemoly complete
2P- TL-;‘lE BARREL TIMING LAYER CONSTRUCTION COMPLETE :
= (FLOAT — T?KPP-TL-1B. BARREL TIMING LAYER CONSTRUCTION COMPLETE TO --CMS NEED BY
-T1.-1B: BARREL TIMING LAYER CQNSTRUCTION AND INSTALLA‘I‘ION COMPLETE
3 FLOAT — O- KPP TL-1B; BARREL TIMING LAYER [&C COMPLETE - TO — CMS NEED BY
01-Feb-2024 i:MS BTL: BAS Tray productl n 100% complete (|nc|ud|ng iMTD schedule contlngency as lag)
26-Mar-2024*%% CMS - BTL BIA8.1-TST- end|of access for BTL (CMS need by date)
1?-Apr-2024e TJ:IBESHOJ.D KEP.(T-KEP-TLYL TIMING LAYER CONSTRUCTION COMPLETE
- =] FLOAT - T- KPF’l -TL-1: TIMING LAYER CONSTRUCTION COMPLETE TO - CD-4
09-Jun-_2025 OBJE¢TN‘E I*PP (O-KPP-TL) TIMING LAYER CONSTRUCTION AND INSTALLATION COMPLETE
: ] FLOAT - O KPP TL-1: TIMING LAYER OBJECTJUE KPP COMPLETE - TO -CD-4
30-Sep-2027°% DOE CD-4-- Pnoject Complenon Receive approval

Apr 2022 Readv to start BTL
module production

Timing Layer Threshold KPP:

Mar 2023: BTL construction complete =
(11.0 months float before CMS need by date)

g

Timing Layer Objective KPP:

Jun 2023: BTL construction and installation complete Long Shutdown 3

10/23/19 F. Chlebana HL-LHC CMS CD-1 Review MTD - Cost and Schedule Overview 18



BTL Critical Path

— 2022 - 2023 2024 2025—
.Janl F |Mar|Apr| M| J |Ju|| A| 5 |Oc:t| M | D .Janl F | M |Apr| M |Jun|.JuI| A | 5 |Oct| M | D .Jan| F | M |.ﬁ-pr Ml..lun|.JuI| A | 5 |Oct| N| D .Jan| F |Mar|Apr| M |Jun|..lul| A |
¥ 0&8-Jun-23, 402.8W-FC-& 402.8 TL - Timing Layer - Waorking - Copy for FC-305ep1%

¥ 05-Jun-23, 402.8W-FC-0.3 BTL - Barrel Timing Layer

¥ 24-Apr-23, 402 BW-FC-9.3.4 BTL - Assembly CC and S|PM prOdUCt|On
are not on the critical path

HL-LHC

-

¥ W 24-Apr-23, 402.8W-FC-2.2.4.2 BTL - Azsembly - Production
v ¥ 24-Apr-23, 402 8W-FC-9.3.432 BTL - Assembly - Praguction (U for BTL module P roduction
15-Apr-22 M 264, TLS00010, BTL - Module batch 02 (UY) - Produce modules

un-22 I 35d, TLS0025D, BTL - Module batch 05 (UV) - Produce modules
28-Jul-22 HEEEE 36d, TL900450, BTL - Module batch 08 (UV) - Produce modules
19-Sep-22 HEEEE 36d, TL900510, BTL - Module batch 11 (UV) - Produce modules
08-Nov-22 HEEE 36d, TL900570, BTL - Module batch 14 {UV) - Produce modules
05-Jan-23 I 36d TL900630, BTL - Module batch 17 (UV) - Produce modules

M Od u Ie p rod u CtIO n sta rts 24-Jan-23 I 354 TLSDDE40, BTL - Module batch 17 (UV) - Integrate modules and electronics into frays
15-Mar-23 W 12d, TLSD0E50, BTL - Module batch 17 (UY) - Test modules and trays
Whe n 10% FE is avai |a b | e 3-Mar-23 1 2d, TLSD0GED, BTL - Maduls bateh 17 (UYV) - Updats DS and prapare trays for shipping

04-Apr-23 EE 15d, TLO0DGED, BTL - Module katch 17 (UV) - Ship trays to CERN

¥ 15-Apr-22, 402 8W-FC-9.3.4.3.3 BTL - Aszembly - Production (General)
15-Apr-22 4 BTL - T4 - Ready to start BTL module production

e 03-Jun-23, 402.8W-FC-9.3.6 BTL - Integration and Commiz=zioning

Y 07-Jun-23, 402 8W-FC-9.3.6.2 BTL - Integration and Commissioning - TST minus
25-4pr-23 W 10d, TL901680, BTL - Manifold 11 - Receive and test trays then insert trays - labor (Caltech)
25-4pr-23 W 104, TL901930, BTL - Manifold 11 - Receive and test trays then insert trays - labor (UVa)

09-May-23 H 10d, TL901700, BTL - Manifold 12 - Receive and test trays then insert trays - labor (Caltech)

. . 09-May-23 M 10d, TL901710, BTL - Manifold 11 - Connect cables and weld cooling pipes then test trays - labor (Caltech)
Tray Insta I IatIO n 09-May-23 B 10d, TL901950, BTL - Manifold 12 - Receive and test trays then ingert frays - labor (UVa)
. " 09-May-23 H 10d, TL901960, BTL - Manifold 11 - Connect cables and weld cooling pipes then test trays - labor (U'a)
I ntO TST 23-May-23 B 10d, TLE01720, BTL - Manifold 12 - Connect cables and weld cooling pipes then test trays - labor {Caltech)
23-May-23 H 10d, TLSD1970, BTL - Manifold 12 - Connect cables and weld cooling pipes then test trays - labor (U'Va)

07-Jun-23, 4 BTL - T4 - TST intagration 100% complete

¥ 08-Jun-23, 402 8W-FC-9.3.6.3 BTL - Integration and Commissioning - General

- 058-Jun-23*. 4 BTL - T4 - Intearation and Commissioninag Complate

T-KPP (9/12 batches) production assembly complete (75%), 6-Mar-23
T4 Production assembly complete (100%), 24-Apr-23

10/23/19 F. Chlebana HL-LHC CMS CD-1 Review MTD - Cost and Schedule Overview 19



BTL Critical Activities

Critical activities identified
by fixing the date of the last
milestone in the sequence

SiPM production and QC starts
before module production starts,
completed off of the critical path

CC
CC assembly completed

before assembly started

A, BN 4 BT Aty

BLT module assembly
starts: 10% FE available

[
5 irvtir g BT S e Al e g

Module preproduction

Module production

10/23/19 F. Chlebana HL-LHC CMS CD-1 Review MTD - Cost and Schedule Overview 20



2019

2 -Sep 2015 !TL T4

~2020___ 2021

2022

2023

2024

2025__

20

26

IL Critical Path and Schedule Contingency

2027

EROC1 submited (Oftpropct)
ity !rBﬂL?l';!‘ tpropct)

ate ETROC! {O1f-proget)
B Perforn fundional lests g
-2620¢ B QUS - ETL . DCOC convenar:

-Age

1E-Mey <02

ETROC3 ready for submission

Feb 2023: Production ETROC3 ready for submission

Tirﬁing Layer Threshold KPP:

Tirﬁing Layer Ob-iective KPP:
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ETL Critical Path

N N N A 3 0 0 I M I R A T R R M T T M 0 B R W B

s HL-LHC

[Ty r——

ETROC2 fabrication

—
P ——

i —

-

Preproduction module
development

Module production (UNL)

Module production (FNAL)

i B LR

Module
assembly on
DEEs

Module assembly on DEEs will
be done in parallel

Cold testing DEEs

Will use one readout teststand

to test assembled module in
wedges Mounting ETL on

EndCap Calorimeter
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BTL Key Milestones and Schedule Contingency

HL-LHC

, o —or——r——2019__2020__2021— 20222023 _2024__2025__2026_ 2027,
o3 [ad|ai[az[a3[ad [ai[az[a3[aa |u1 [az[a3 [ad |01 [Qz[aQ3[ad |o1 [az[a3[ad |o1 |uz|u3|04|o1 [az[a3[a4 |o1 [GZ[a3]qa |o1 [az[a3[Q4|al[az[a3[a4 Qi [az[a3[ad [a1[aZ]a3]a4 [aT[azZ[a3 [ad AT (a2 [Q;
eed - Receive approval § ; Q 5 ; ] ;

DE - CD 1 - Alternative Selection and Cost Range - Recewe ESAAB approva CD-1 i : : . .
03-Jan-2020, TL - Timing Layer - Ready for CD-3A ¢ Project milestone
_ 09-Jan-2020, , BTL - Ready for iCMS Engineering Design Review } ’ : External constraint
29 Jan-2020, BTL - T4 - POs far SiPM preproductmn and packagmg |ssued * (e.g. CMS need by date)
15- May 2020*, DOE - CD-3A -- Long lead procurements Receme ESAAB approvalz i i : i
. . ' 09-Sep-2020, BTL -Ready for cD-* ) Ready for cD-2 = Schedule contlngency
¢ 09- Sep-2020 TL - Timing Layer Readyfor cD-2* ¢
30-Nov-2020*, DOE - CD-:‘Z!3 - Performance Baseline  Receive ESAAB approvd G CD- 2/3
17-Dec-2020, BTL - T4 - Readiness review complete - Produiction SiPMs and packaging ™ : <Long Shutdown 3>
! 28-Dec-2020, BTL T4 - POs |ssued for productlon SiPMs and packaging *
i j 14-Jan2021, BTL - Ready for CD-3 3 i i
14-Jan-2021, ; BTL T4 - CC - Ready for Productlon Readiness Review .
11- Mar-2021 TL- Tmmg Layer- Readyfor CD- 3 * :
; 06-Jan-2022,, BTL - T4 - Module pre-production complete * * 5 :
| 31-Jan-2022, BTL - T4 - CC - Production Concentrator Cards complet Production cC completed
15 Apr-2022, BTL - DD - Degision Point forOb]ectwe Scope Produce Iast 3 productlon module batches * ‘
- ' 15t Apr 2022, , BTL T4 - Readyto start BTL module productfcn *
. . 14-0ct-2022, BTL - T4 - SIPM activities completo SiPM activities completed
i 04-Jan-2023, BTL-T4 - TST integration 530% complete + | 5
06 Mar-2023, BTL T4-T- KPP (9 batches) productlon assambly oomplete i i
06-Mar-2023, T-KPP-TL-1B; BARREL TIMING LAYER CONSTRUCTION compLeTe(» ) 'V1aF 2023: BTL _thresholo_l KPP complete
FLOAT --- T-KPP- TL-1B BARREL T!M ING LAYERICONSTRUCTION COMPLETE -~ TO ~- CMS NEED BY : 11.0 months of float to CMS need by date
- i 24-Apr-2023, BTL - T4 - Production agsembly complete . .
07- Jun-2023 BTL- T4 TST mtegraﬁon 100% complete * :
03 -Jun-2023, BTI_ T4 - Integra!lon and Commrssmnmg Complete_ ¢ I ! : d
09-Jun-2023, O-KPP-TL-1B: BARREL TIMING LAYER CONSTRUCTION AND INSTALLATION COMPLETEQ Jun 2023: BTL objective KPP complete
FLOAT - 0- KPP-TL 1B: BARREL TIMING LAYER 1&C COMPLETE ---TO - CMS NEED:BY [ :
01-Feb- 2024* CMS - BTL - B.A6 - Tray: production 100% complete (including 'MTD schedule contingency as la Feb 2024: CMS need by date
: i 26-Mar-2024*, CMS - BTL B.A.8.1 -TST- end of access for BTL (CMS need by date) & for BTL threshold KPP
1?-Apr-2024 THRESHOLD KPP ET -KPP-TL): TlMING LAYER CONSTRUCTlON COMPLETE * |
i FLOAT - T-KPP-TL-1: TIMING LAYER CONSTRUCTION COMPLETE — TO --- CD L
09-Jun- 2025 OBJECTIVE KPP (O-KPP-TL): TIMING LAYER CONSTRUCTION AND INSTALLATION COMPLETE G Jun 2025 BTL + ETL 0 KPP
: { FLOAT -—0 KPP-TL-1: TlMING LAYER OBJECTIVE KF’P COMPLETE - TO -- CD-4 . :
: : i 30 Sep-2027*,|DOE - CD-4 -- Prqect Completlon - iecewe approv@ CD 4
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HL-LHC

ETL Key Milestones and Schedule Contingency

- 2019__2020__2021__2022__2023_ 2Qg4_|_29_2_5_|_2026_r2(_)_g7 | o
R FE EE E E FA PR I FH FA CE FO F FA FE A i "4]Q1|02]osloc [01]02|03|04]o1 [G2]Q3[aa|ai[az|a3[ad |Q1[02]m]oa|a1 [az 03[o4101[02|o3]m [@T[az[o3[a4 a1 [az[o3[a4d[ai[az Q3]
OE - CD-1 - Alternative Selection and Cost Range Receive ESAAB appro B - H ¢ §
03-Jan-2020, TL- Timing Layer - Ready for CD-3A * : :
: 16-Mar-2020, , ETL-T4- Modulemechamcal deslgn validated ¢ Long Shutdown 3 * Project milestone
15-M ay—2020" DOE - CD-3A - Long lead procuréments - Receive ESAAB approvald - .
26-Aug-2020; ETL - Ready forCD2* : : External constraint
26-Aqg-2020. ETL -T4 - Tested ETROC1-based module : : (e.g. CMS need by date)
. 09-8ep-2020, TL - Timing Layer - Ready for C Ready for CD-2
21-Sep-2020, ETL - T4 - ETROC? pixel level design complete * : = Schedule contingency

30-Nov-2020", DOE - CD-2/3 - Performance Baseline - Receive ESAAB approWfiz ) CD-2/3
01-Mar-2021, ETL -{T4 - Demonstrated high throughputassem iyt :

5 1 Mar-2021 ETL -Readyfor CD3 ¢

11 Mar—2C!21 ETL- T4 - ETROC2 readyforsubmlsslon'
1 -Mar-2021 TL- Tmlng Layer -Ready for CD-3 d i
130:12021,,ETL T4 - Modulepmductionpmoessesvaldated'
20 Oct-2021, ETL T4- ETRbcztestlngresultsready’
15-Mar-2022, ETL - T4 - Preproducmn ETROCSreadyforsubmlss:

15-Jun-§2023. ETL - DD - Decision Pointfor Objecth.’e Scope - Produce batch 4 of

5 17
FLOAT — T-KPP-

29-May-2oz4 ETL- T4
29- May 2024, ETL

99-Jun-2025, G
09-Jun
FLOAT - O
19\Jun-2025 GMS - ETL - CM
12-Dec-20

S need by date formodule produchon comp

20-Jan- 2023 ETL-T4- ETROC:S pmdur.tlon readlnessrewew aone:~,
20-Feb: 2023 ETL - T4 Production ETR003 readyfor submissi
01-Mar2028 ETL-T4 - Modulepre-production wmpleﬁe
23-Mar-2023 ETL-T4- FlnallzemodulaassemblyandQCproceduras’
18—May—2023 ETL- T4 Finalize module assemblystes‘

| 28-Nov-2023; ETL - T4 - ETROC Production Comple

. 28- Nov-mzs ETL-T4- Starl ofmodule production ¢

17- Apr-2024 T-KPP-TLAE: ENDCAP TIMING LAYER CONSTRUCTION COMPL
Apr-2024, THRESHOLD KPP (TKPP-TL): TIMING LAYER CONSTRUCTION COMPLETE®

TL-1E: ENDCAP TIMING LAYER CONSTRUC TION COMPLETE - TO - CMS NEE BY':-:I 14. 2 months of ﬂoat to CMS need by date

FLOAT — T-KPP-TL-1 TIMING LAYER CONSTRUCT)ON COMPLETE TO-—-CD4 !

-KPP-TL-1E: ENDCAP TIMING LAYER CONSTRUCTION AND INSTAL
-2025, OBJECTIVE KPP (O-KPP-TL): TIMING LAY ER CONSTRUCTION AND INSTAL
-KPP-TL-1E: ENDCAP TIMING LAYER I&C COMPLETE — T
FLOAT & O-KPP-TL-1: TMING LAYER OBJECTIVE KPP COMPL

25, CMS - ETL Commissionlng complete (G

Preproductlon ETROC3 ready for submlssmn

Productlon ETROC3 ready for submlssmn

production modules *

ETROC productlon completed
Apr 2024 ETL threshold KPP complete

All producﬁon modules at

T4 - Module produchonoo lete * i ] ; :
08-Jun-2025, ETL - T4 - Installation and Co issioning complet ! : L :
ATION COMRLE Jun 2025: ETL objective KPP complete

| ATION COMPLET
D —- CMS NEED BY |:'

ETE—-TO— CD
lete (includingiiMTD schedule contngencym Jun 2025: CMS need by date for ETL threshold KPP

MS need by date - includes IMTD schedule} icontingency)*;
letion - ecewa approv@ CD-4
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‘I\/Iain M&S Cost Drivers (>500kS)

Obligation | Direct Cost Direct+Esc Relevant Review
Date (k$) (k$)

LYSO production June 2020 CD-3a (May 2020)
SiPM production Dec 2020 1600 1765 CD-2/3 (Nov 2020)
ETROC preproduction Mar 2022 728 816 CD-2/3 (Nov 2020)
ETROC production Feb 2023 887 1014 CD-2/3 (Nov 2020)

Main cost drivers represent ~54% of the MTD M&S cost
ETROC pricing is well-defined via the IMEC/CERN agreement.

The LYSO pricing is based on multiple vendor quotes and we contribute a fixed cost.

LYSO is a commonly available commodity in the medical industry. We are not doing
anything exotic in terms of its specification or preparation --hence our needs are similar to
existing designs with little or no modifications.

SiPM pricing is based on a recent vendor quote from HPK.

These SiPMs that were the subject of the vendor quote reflect a nearly-completed design
and are similar to the design used for the HCAL upgrade, for which costs are well
documented.
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402.8-TL-Base Labor Profile {DOE)-Costed & Contributed
Total = 88.3 FTE-yrs

®FTEs - Contributed
WFTEs - Costed

FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26

Fiscal Year

402.8-TL-Base Labor Profile (DOE)-Resource Discipline
Total = 88.3 FTE-yrs

= FTEs - Scientist
® FTES - Student

= FTEs - Technician

: III

FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26
Fiscal Year

ayer Labor

The areas with technical deliverables, SiPM, CC, ASIC,
are done with mostly costed labor

The main labor cost is associated with the ASIC
development

Contributed labor is used during the R&D phase of
module assembly, system testing, 1&C

Assembly production is done with a combination of
costed and contributed labor

402.8-TL-Base Budget Profile (DOE)-Institutions
BAC = $12.72M (AYS)

- CERM Accnt TL
Motre Dame

. $4,000 - - - Kansas
"g = . - Mortheast
=g = - - Unspecified
'g $3, mo o - - Prince tol "
- Boston Univ
$2,000 - o
m . . UC-Santa Barbara
13 %2,500 - ShL
- - - Virginia
= = - CalTech
o = Kansas State
20 = - - Nebraska
Eg m
]
- -

- Farmilab

£2,000

$1,500

1,000

e —— =
<0 —

FY1l7 FY18 FY19 FY20 FY21 FY22 FY232 FY24 FY25 FyYz2e
Fiscal Year
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- Cost Drivers

Labor M&S Total
Labor
CMS Driver BAC BAC BAC
(FTE-yrs) (M$) (MS)  (M$)
TL - ETL ASIC Development 12.5 1.8 1.3 3.2
TL - BTL Production SiPMS [CORE] 0.0 0.0 1.8 1.8
TL - ETL module assembly 15.4 1.0 0.7 1.8
TL - BTL module assembly 15.1 0.9 0.5 1.5
TL - ETL Production ASICs [CORE] 0.0 0.0 1.0 1.0
TL - Timing Layer installation and commissioning 6.5 0.3 0.6 0.9
TL- BTL SiPM labor 3.0 402.8-TL-Base Bgifets.:;o}gliq {:fi\?sE}}-Resource Type
TL - BTL LYSO crystals M&S [CORE] 00 .. _
TL - BTL electronics - concentrator board [CORE] 0.0 s
TL - BTL electronics - concentrator board 2.5 gzzz" I
TL - Travel 0.0 fuw
TL - BTLiCMS common core infrastructure [CORE] 0.0 ™ I I
TL - ETLiCMS common core infrastructure [CORE] 0.0 55: . -
* BAC = Budget at Completion (=direct + indirect + escalation) R :;16'::; R
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E‘"“é"" MTD Risks

Risks modelling is included in the P6 schedule and a risk analysis has
been done to determine the cost and schedule impact

HL-LHC

A detailed description of the methodology used for the risk analysis
can be found in CMS-doc-13481

General Risks (2)

= WBS / Ops Lab Activity : 402.8 TL - Timing Layer (general risks) (2)

3 Risk Rank : 2 (Medium)

RT-402-8-91-D TL - Shortfall in Timing Layer scientific labor 30% 0--0--611k$ 0 months 61 0.0
3 Risk Rank : 1 (Low)
RT-402-8-90-D TL - Key Timing Layer personnel need to be replaced 25 % 45--135-- 261 k§ 0 -- 0 -- 3 months 37 0.3
10/23/19 F. Chlebana HL-LHC CMS CD-1 Review MTD - Cost and Schedule Overview 28



L Risks

# WBS / Ops Lab Activity : 402.8.4 ETL - Endcap Timing Layer (10)

RI-ID Title Probability Cost Impact Schedule Impact P * Impact (k$) P * Impact (months)
3 WBS / Ops Lab Activity : 402.8 TL - Timing Layer (general risks) (2)

= WBS / Ops Lab Activity : 402.8.3 BTL - Barrel Timing Layer (14) BT I— R I S ks ( 1 4)

= Risk Rank : 3 (High) (2
RT-402-8-30-D  BTL - Concentrator Card requires significant design changes 50 % 40--135--175k$ 1--3 -- 6 months 58 1.7
RT-402-8-07-D  BTL - Concentrator Card delay in external component deliveries 50 % 50k$ 3 -- 6 -- 9 months 25 3.0
3 Risk Rank : 2 (Medium) (4)
RT-402-8-05-D  BTL - Change in interfaces of tray assembly components 20% 150--250--350k$ 3 months 50 0.6
RT-402-8-46-D  BTL - Problems with sensor gluing facility 50 % 90k$ 1 --2 -- 3 months 45 1.0
RT-402-8-33-D  BTL - Difficulties procuring LYSO from international suppliers 10% 100--250--400k$ 3 -- 6 -- 9 months 25 0.6
RT-402-8-14-D  BTL - Problems with SiPM vendor 20% 32--96--128k$ 2 -- 6 -- 8 months 17 1.1
= Risk Rank : 1 (Low) ()

RT-402-8-15-D  BTL - Batch shipment of SiPMs lost in transport 5% 224k$ 1 months 11 0.1
RT-402-8-35-D  BTL - Delays or damage of tray in transport to CERN 5% 220k$ 1 months 11 0.1
RT-402-8-04-D  BTL - LYSO matrices not meeting specifications 10% 100 k$ 1--2 -- 3 months 10 0.2
RT-402-8-36-D  BTL - Interface to iCMS changes 20 % 30k$ 1 -- 2 -- 3 months 6 04
RT-402-8-34-D  BTL - Delay in delivery of components from iCMS 20% 10--20--30k$ 1--2 -- 3 months 4 0.4
RT-402-8-18-D  BTL - Concentrator card production & testing facility problem 20% 10k$ 0.5 -- 1 -- 2 months 2 0.2
RT-402-8-08-D  BTL - Delay in cooling plate delivery 10% 10--20--30k$ 1 -- 2 -- 3 months 2 0.2
RT-402-8-42-D  BTL - Problems with module assembly site 10 % 10--20 -- 30 k$ 1--2 -- 3 months 2 0.2
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Risks

RI-ID Title Probability ~ Cost Impact Schedule Impact P * Impact (k$) P * Impact (months)

& WBS / Ops Lab Activity : 402.8 TL - Timing Layer (general risks) (2)

@ WBS / Ops Lab Activity : 402.8.3 BTL - Barrel Timing Layer (14)

= WBS / Ops Lab Activity : 402.8.4 ETL - Endcap Timing Layer (10) ET L R i S ks ( 1 O)

= Risk Rank : 3 (High) (1)
RT-402-8-01-D ETL - Additional FE ASIC prototype cycle is required 40 % 500--600--700k$ 4 --5--6 months 240 2.0

@ Risk Rank : 2 (Medium) (5)

RT-402-8-03-D  ETL - FE ASIC does not meet specs - needs another pre-prod run 10 % 874--930--986k$ 6 -- 7.5 -- 9 months 93 0.8
RT-402-8-55-D  ETL - Schedule delay in submitting ETROC2 30% 55--110--165k$ 2 -- 4 -- 6 months 33 1.2
RT-402-8-02-D  ETL - ETL module facility unavailable 50 % 20k$ 2 months 10 1.0
RT-402-8-10-D  ETL - Sensor quality problem during production 15 % 28--52-- 109 k$ 2 -- 3 -- 6 months 9 0.6
RO-402-8-01-D  ETL - Use AltiROC 10 % -720 k$ -8 months -72 -0.8

= Risk Rank : 1 (Low) (4)

RT-402-8-54-D  ETL - Schedule delay in submitting ETROC3 20% 275--55--825k$ 1--2--3 months 1 0.4
RT-402-8-53-D  ETL - Integration facility at CERN runs out of components 25 % 21k$ 3 months 5 0.8
RT-402-8-31-D ETL - Storage-related degradation of LGADs 10 % 18k$ 3 months 2 0.3
RT-402-8-51-D ETL - Problem with vendor provision of module components 5% 0--15--30k$ 1 -- 2 -- 3 months 1 0.1
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HL-LHC

Main risk changes in

past 12 months are

= Detailed risk analysis
of both BTL and ETL

= Careful alignment
with iCMS (TDR)

plans

= External risk reviews

= ASIC risks to cover
realistic scenarios
and submission

delays

-200

(=]

MTD Risk Cost Impact

Risk Contingency (k$)

RT-402-8-08-D BTL

600

Risk Contingency (k$)

~ RT-402-8-01-D ETL-
| RT-402-8-03-D ETL-
| RT-402-8-91-D TL - Shortfall in Timing Layer scientific labor
| RT-402-8-30-D BTL-
RT-402-8-05-D BTL-
| RT-402-8-46-D BTL-
RT-402-8-90-D TL - Key Timing Layer personnel need to be replaced
| RT-402-8-55-D ETL-
RT-402-8-33-D BTL-
| RT-402-8-07-D BTL-
RT-402-8-14-D BTL-
RT-402-8-54-D ETL -
RT-402-8-35-D BTL -
| RT-402-8-15-D BTL-
| RT-402-8-02-D ETL-
RT-402-8-04-D BTL-
| RT-402-8-10-D ETL-
| RT-402-8-36-D BTL -
RT-402-8-53-D ETL -
RT-402-8-34-D BTL-
| RT-402-8-31-D ETL-
| RT-402-8-42-D BTL-
RT-402-8-18-D BTL-
- Delay in cooling plate delivery
RT-402-8-51-D ETL-
| RO-402-8-01-D ETL- Use AltiROC

= Total contingency at 90% C.L. shared amongst risks pro-rata with (Probability * Cost Impact)

Additional FE ASIC prototype cycle is required
FE ASIC does not meet specs - needs another...

Concentrator Card requires significant design...

Change in interfaces of tray assembly...
Problems with sensor gluing facility

Schedule delay in submitting ETROC2

Difficulties procuring LYSO from international...

Concentrator Card delay in external...
Problems with SiPM vendor

Schedule delay in submitting ETROC3
Delays or damage of tray in transport to CERN
Batch shipment of SiPMs lost in transport
ETL module facility unavailable

LYSO matrices not meeting specifications
Sensor quality problem during production
Interface to iCMS changes

Integration facility at CERN runs out of...
Delay in delivery of components from iCMS
Storage-related degradation of LGADs
Problems with module assembly site
Concentrator card production & testing...

Problem with vendor provision of module...

MTD risk contingency = $1.95M (15.3% of MTD BAC)

MTD risk contingency includes cost weighted fraction of project wide common risks

(exchange rate, escalation, funding delay, import/export issues, OH, ES&H incident)
MTD - Cost and Schedule Overview
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Project Cost Risks

HL-LHC

Main risk changes in
past 12 months are

Risk Contingency (kS)

= Total contingency at 90% C.L. shared amongst risks pro-rata with {Probability * Cost Impact)

_- RU-402-1-01-D PM - Foreign exchange rates are uncertain (DOE)
| RU-402-1-02-D PM - Future escalation rates are uncertain (DOE)

'FL||

= Reviewed and updated

RT-402-8-01-D ETL - Additional FE ASIC proto

RT-402-1-05-D PM - Significant funding delay during project...

. - | RT-402-2-11-D OT - MaPSA bump bonding cost increases
fu I I S p e Ct r u m Of Il S ks & RT-402-4-18-D CE - Additional concentrator ASIC engineering...
= Top 25 | RT-402-2-10-D OT - Vendor cannot perform MaPSA...
H H = . RT-402-4-22-D CE - Additional production acceleration required
u N EW: d eta I | e d rl S k . pFOJeCt RT-402-6-03-D TD - /O performance does not meet...
[ ] : RT-402-1-12-D PM - Major import or export issue (DOE)
a n a |yS e S Of BT L & ET I_ ._ cost rISkS __ RT-402-2-91-D OT - Shortfall in Outer Tracker scientific labor
_. | RT-402-4-91-D CE - Shortfall in Calorimeter Endcap scientific...
" Re_a | Ign ed Wlth th e I i RT-402-8:03-D ETL--FE ASIC does not meet specs - needs...
° ° | | RT-402-4-01-D CE - Additional FE ASIC engineering run require
eVO IVI n g I C M S p | a n S l | RT-402-2-09-D OT - MaPSA yield is lower than expected
. l | RT-402-2-90-D OT - Key Outer Tracker personnel need to be...
] | d I k [l RT-402-4-90-D CE - Key Calorimeter Endcap personnel need to...
H e eXte r n a rl S B RT-402-6-06-D TD - Baseline FPGA does not satisfy...
H ] RT-402-4-02-D CE - Infrastructure failure at module assembly...
reVIeWS | l . : i) Srs 1) _ A i Ll nerarmance gdoe no me et
[ | E S Ca | a t i O n Ove r h e a d S | :IjZO-D BTI:- Concntrator Cardeuire sinifict... |
) ) R1-4 Ice S€ ‘
a n d eXC h a n ge ra te ri S ks RT-402:S:IJS—D BTL-- Chnge in intarfaces of tray asembly...
decreased (we have q‘ T T T
d d b | | RO-402-2-03-D OT - Module assembly can be automated
a Va n Ce y O n e ye a r) -1,000 0 1,000 2,000 3,000

Risk Contingency (k$)

Project Risk-based contingency = $10.07M (8.1% of BAC)
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HL-LHC

E( hMBg

= Risk MC aggregates
delays stochastically in
the full P6 schedule

= Risks will delay finish
by < 4.6 months at
90% confidence level

= Plan has 10.9 months
of float before the
CMS need by date

= T-KPP will finish before
the need by date at
99% confidence level

= Will revisit schedule
risk when new LHC
schedule is known

10/23/19 F. Chlebana

BTL Schedule Contingency

Multiple Projects (Post-mitigated) Analysis
PRA-402.8-TKPP-TL-1B - T.KPP-TL-1B: BARREL TIMING LAYER CONSTRUCTION COMPLETE : Finish Date | arations: 10000
100% 17-Jul-2024
e o ———— R T -Sep.2023 o
— 90% 25Ju1-2023 S
40001 85% 03.Jul.2023 Minimum: 03-Mar-2023
0% 21-Jun-2023 Maximum: 17-Jul-2024
3500 75% 12-Jun.20 Mean: 25-May-2023
rrrrrrrrrrr Bar Width month
3000 - 65% J0-May-2023
2 L 60% 23.May-2023 g Highli
g § |Highlighters
= 2500 [ O%% 1902023 § | Deterministic (03-Mar-2023) 8%
s [ M g 0n, 06-Jun-2023
45% 12-May-2023 =
% 0] I a0% 09.May.2023 E |9% 26-Jul-2023
s osmay2023 O |95% 15-Sep-2023
T 03-May-202
28. 202
I Delay due | Confidence
CRee| | oh (S evel to finish
Results of schedule risk MIC date need by date
) dd by date (90% C.L.) (90% C.L.)| before CMS
(months) ""| (months) | need by date
Barrel Timing Layer
T-KPP-TL-B ks 6-Mar-2023 1-Feb-2024 |  10.9 | 25-ul-2023 4.6 99%
Construction Complete
MTD - Cost and Schedule Overview 33
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HL-LHC

E( hMBg

= Risk MC aggregates
delays stochastically
in the full P6 schedule

= Risks will delay finish
by < 11.1 months at
90% confidence level

= Plan has 14.1 months
of float before the

CMS need by date

ETL Schedule Contingency

= T-KPP will finish
before the need by
date at 97%
confidence level

= Will revisit schedule

risk when new LHC
schedule is known

10/23/19

Multiple Projects (Post-mitigated) Analysis
PRA-402.8-T-KPP-TL-1E - T-KPP-TL-1E: ENDCAP TIMING LAYER CONSTRUCTION COMPLETE : Finish Date | jterations: 10000
r 100% 03-Mar-2026
B5% 10.May-202
DDDDD - — 90% 21-Mar-2025 Eanstcy
m 85% 12.Feb.2025 Minimum: 18-Apr-2024
BO% 14-Jan-2025 Maximum: 03-Mar-2026
00000 75% 18.Dec-202 Mean: 13-Oct-2024
T0% 26-Mov-2024 Bar Width month
1 65% 08-Nov-2024
E o / 0 60% 23.0c1.2024 g Highlighters
= _ 55% 09.0ct2024 - | Deterministic (18-Apr-2024) 6%
E ol SO ISR 2 709, 26-Nov-2024
] 45% 17.5ep-2024 =
z (90% 21-Mar-2025
E W 40% 30-Au9-2024 E
X L 355 10.00p.2026 S |e5% 19-May-2025
0% 06-Aug-2024
))f 25% 22-Jul-2024
0% 01-Jul-2024
200 /r n-2024
F 0% 20
t : .|' " UDD‘:==‘ 0% 18.Apr-20
02 024 18-Now.2024 \M-Jlm- ZZZZZZZZZZZZ
Finish date
e Floa SR Delay due | Confidence
Finish CcMmS N Finish X c
: CMS need to risk level to finish
Results of schedule risk MIC date need by date
) dd by date (90% C.L.) (90% C.L.)| before CMS
(months) ""| (months) | need by date
Endcap Timing Layer
T-KPP-TL-E bbb 17-Apr-2024 19un-2025|  14.1 |21-Mar-2025|  11.1 97%
Construction Complete
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HL-LHC

CMS
E é Summary

The BTL and ETL design is mature and we have a well-developed
schedule that reflects the design described in the MTD TDR and
includes recommendations from the previous reviews

The detailed schedule in P6 has well motivated cost and labor
estimates that are documented in the BOEs

Risks have been identified and reviewed and are linked in the
schedule allowing us to model the cost and schedule impact

The MTD cost estimate and schedule is advanced, and we
are well on the way to being prepared for CD-2
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