HL-LHC

P0O5: MTD Cost, Schedule, Risk and
Outcome of the OPSS Review
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EZ Outline

= Basis of estimate

" Schedule development

= Responses to the OPSS review

= Costs

=" Milestones

= Synchronization with the international MTD schedule
= Risk

" Critical Path

" Float
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Basis of Estimates and supporting
documentation are available in DocDB

Detailed description of scope, vendor quotes,
and a summary of how the costs and labor

effort was determined

= L2 Parent:WBS : 402.8 TL - TIMING LAYER (12)

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

= L3 Parent:WBS : 402.8.3 BTL - Barrel Timing Layer (6)
E2 402.8.3.1 BTL - LYSO Scintillator
5 402.8.3.2 BTL - SiPMs
= 402.8.3.3 BTL - Concentrator Cards
5 402.8.3.4 BTL - Assembly
5 402.8.3.5 BTL - System Testing

4

il

1

i)

= 402.8.3.6 BTL - Integration and Commissioning

=2 L3 Parent:WBS : 402.8.4 ETL - Endcap Timing Layer (5)
B} 402.8.4.1 ETL - LGAD Sensors
) 402.8.4.2 ETL - Frontend ASICs
5 402.8.4.3 ETL - Assembly
5 402.8.4.4 ETL - System Testing
E2 402.8.4.5 ETL - Integration and Commissioning

CMS-doc-13508

CMS-doc-13589
CMS-doc-13590
CMS-doc-13591
CMS-doc-13592
CMS-doc-13599
CMS-doc-13593

CMS-doc-13594
CMS-doc-13595
CMS-doc-13597
CMS-doc-13737
CMS-doc-13598

Basis of Estimate (BoE)

Example of documentation for the
BTL Concentrator Cards saved in
DocDB

[Files in Document: |

» BoE--—-402-8-3-3—-BTL---Concentrator-Cards-6 (2).docx (11.5
MB)

» Excel: M&S and Labor tables (BTL---Concentrator-Card---cost-
estimate-V2 xlsx, 506.0 kB)

Other Files:

o Activity list (CC_ActivityList_vO (3).docx, 20.3 kB)

o M&S 2019 prototype BOM
(MS-1_CC_prototype_2019_BOM . pdf, 22 9 kB)

o M&S CC production BOM
(MS-15_CC_production_2021_BOM_pdf, 23.3 kB)

o M&S CC prototype assembly
(MS-2_CC_prototype_2019_Assembly pdf, 498.1 kB)

o M&S FEAST adapter PCB material
(MS-6_FeastAdapter_2019_PCB_pdf, 86.0 kB)

o M&S FEAST adapter board BOM
(MS-5_FeastAdapter_2019_BOM . pdf, 22.0 kB)

e M&S FEAST component quotes
(MS-7_FeastAdapter_2019_components.pdf, 2283 kB)

» M&S Feast adapter production BOM
(MS-16_FeastAdapter_2021_BOM pdf, 18.3 kB)

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

o M&S Test stand BOM (MS-12_TestStand_BOM.pdf, 46.5 kB)

o M&S Test stand quote for bare board
(MS-11_TestStand_BareBoard pdf, 54 6 kB)

o M&S Vivado 1y license for test stand
(MS-14_TestStand_license pdf, 104.0 kB)

o M&S quote for FR4 halogen-free PCB material for CC card
(MS-4_CC_PCB_qguote.pdf, 80.8 kB)

o M&S quotes for CC components, excluding IpGBT and VL+
(MS-3_CC_components_wo_IpGBT_and_WLplus. pdf, 7851
kB)

« Quote for PCle card for the test stand
(MS-8_TestStand_PCle pdf, 257.1 kB)

o Quote for Stencil board for the test stand (MS-10_TestStand_Stencil.pdf, 216.1 kB)

# Shipping rates (M3-9_ShppingRates pdf, 438.1 kB)
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E“é\“’ VVendor Quotes

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

LYSO: 14 vendors contacted, received quotes from 11 vendors (as of Nov 10, 2018)
SiPM: Hamamatsu-SiPM (Feb 26, 2019)

Concentrator Cards: Bill of material parts list, PCB production (Sep 10, 2018)

BTL Assembly: Pick and place gantry and stencil printer (Aug 15, 2018)

LGAD: Shipping estimate (Sep, 2018), FBK-LGAD (Nov 10, 2018)

ASIC: MWP, 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)

System testing: Estimates based on previous experience from the Phase 1 Tracker
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E‘% OPSS Review

Cost and schedule were reviewed during the Office of Project
JSupgg;’chervice’s (OPSS) Cost, Schedule, and Risk (CSR) review in
an

Provided a detailed list of feedback (next slide)

Clarify / improve BOE documentation

Fix schedule logic (missing successors, predecessors)

Add missing codes to P6

= Change generic university with institute specific codes

Add correct MIE / OPC codes

Establish critical path

" Long duration activities with Start-to-start logic (being worked on)

We have implemented updates to the schedule and have provided responses to
most of the feedback




HL-LHC

OPSS Review Feedback and Responses
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OPSS Review Follow Up

We will continue to improve the schedule between now and the CD-1 review

HL-LHC

= Further develop the system testing plan
= Break up the long duration activities

Remove SS and lags in the connection logic
= Refine the interface with international deliverables (bump bonding)
= Review activity sequencing to see if we can increase the float

Example of using long duration activities with start-to-start logic and a lag in the schedule to
get the cost estimate — split into finer detailed activates to facilitate monitoring by the CD-1
revieW
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The MTD schedule is well advanced, provides a solid cost estimate, allows us to do
a critical path analysis, and estimate the risk impact to the schedule
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Timing Layer Costs (Project Cost Book)

CMS-doc-13777

WBS

CD1-v2-DR-402.8 402.8 TL - Timing Layer
CD1-v2-DR-402.8.2 TL - Management
CD1-v2-DR-402.8.2.1 TL - Management Labor
CD1-v2-DR-402.8.2.2 TL - Management Travel
CD1-v2-DR-402.8.2.3 TL - Common Infrastructure
CD1-v2-DR-402.8.3 BTL - Barrel Timing Layer
CD1-v2-DR-402.8.3.1 BTL - LYSO Scintillator
CD1-v2-DR-402.8.3.2 BTL - SiPMs
CD1-v2-DR-402.8.3.3 BTL - Concentrator Cards
CD1-v2-DR-402.8.3.4 BTL - Assembly
CD1-v2-DR-402.8.3.5 BTL - System Testing
CD1-v2-DR-402.8.3.6 BTL - Integration and Commissionin
CD1-v2-DR-402.8.4 ETL - Endcap Timing Layer
CD1-v2-DR-402.8.4.1 ETL - LGAD Sensors
CD1-v2-DR-402.8.4.2 ETL - Frontend ASICs
CD1-v2-DR-402.8.4.3 ETL - Assembly
CD1-v2-DR-402.8.4.4 ETL - System Testing
CD1-v2-DR-402.8.4.5 ETL - Integration and Commissionin

Direct M&S ($)| Labor (Hours)

6,561,457
433,000

0

233,000
200,000
3,352,236
1,178,868
1,135,400
492,896
343,120
78,952
123,000
2,776,221
0
1,922,500
680,860
79,561
93,300

161764
26520
26520

0

0
49800
2946
5384
5147
19353
6322
10648
85444
3872
22588
30088
6322
22574

FTE| Direct + Indirect +

91.50
15.00
15.00
0.00
0.00
28.17
1.67
3.05
2.9
10.95
3.58
6.02
48.33
2.19
12.78
17.02
3.58
12.77

Esc. (%)
11,364,763
568,714
0
349,488
219,226
5,410,860
1,301,006
1,740,686
925,645
989,999
110,401
343,123
5,385,188
0
3,874,081
1,145,013
103,418
262,676

Estimate Totd Cost (%)
Uncertainty ($)
3,026,706 14,391,469
144,562 713,276
0 0
34,949 384,436
109,613 328,840
1,318,476 6,729,336
191,882 1,492,888
296,166 2,036,852
306,932 1,232,577
383,042 1,373,042
49,734 160,135
90,719 433,842
1,563,669 6,948,857
0 0
1,039,579 4,913,660
397,283 1,542,296
38,340 141,759
88,467 351,143

The MTD costs derived from the P6 schedule include institutional specific labor
rates, overheads, escalation, and estimate uncertainty and is within 14.39MS




s at Level 3

CMS-doc-13215 I

[was Direct M&S ($)| Labor (Hours) FTE| Direct + Indirect + Estimate Total Cost ($)
Esc. (9) Uncertainty ($)

CD1-v2-DR-402.8 402.8 TL - Timing Layer 6,561,457 161764 91.50 11,364,763 3,026,706 14,391,469
CD1-v2-DR402.8.2 TL - Management 433,000 26520  15.00
CD1-v2-DR-402.8.3 BTL -Barrel Timing Layer 3,352,236 49800 28.17 5,410,860 1,318,476 6,729,336
CD1-v2-DR402.8.4 ETL - Endcap Timing Layer 2,776,221 85444 48.33 5,385,188 1,563,669 6,948,857

402.8-TL-Base Budget Profile {DOE}-WBS L3 Subprojects
BAC = $11.36M (AYS)

., $4,000
E
3 M Budgeted Cost - 402.8.4
2 $3,500
= m Budgeted Cost - 402.8.3
53,000
' m Budgeted Cost - 402.8.2
L $2,500
-—

Budget

<L
+ 52,000
51,500
$1,000
$500 .
50 - | ]

FY17 FY18 FY19 FY20 FY21 FY22 FY23 FY24 FY25 FY26

Fiscal Year

402.8-TL-WBS L3 Base Budget Breakdown (DOE)
BAC= $11.36M (AYS)

Management
M&S 5%

ETL Labor
19%

BTL M&S 34%

‘ ETL M&S 28%
BTL Labor
14%

F. Chlebana PO5: Cost and Schedule Fermilab Director’s Review 19 March 2019 p.9



‘I\/Iain M&S Cost Drivers (>500kS)

Obligation | Direct Cost | Total Cost Approval Date
Date (k$) (k$)

SiPM production 8/1/2020 1200 CD-3b (Apr 2020)
LYSO production 6/1/2020 1137 1421 CD-3b (Apr 2020)
ETROC preproduction 1/1/2022 728 939 CD-3 (Nov 2020)
ETROC production 7/1/2022 887 1166 CD-3 (Nov 2020)

Main cost drivers represent ~46% of the MTD M&S cost
Estimate uncertainty of 15%

ETROC pricing is well-defined via the IMEC/CERN agreement.

The LYSO pricing is based on the recent vendor quotes from 8 vendors, and our assumed
cost is the mean of the responses from the vendors. 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 documented.

F. Chlebana PO5: Cost and Schedule Fermilab Director’s Review 19 March 2019 p. 10



402 .8-TL-Base Budget Profile (DOE)-Institutions

BAC = $11.36M (AYS)

$4,000

g - . Mortheastern
% 53 500 - Kansas
= £ o - lowa
3,000 - o The main labor cost is for the ASIC
e W - - LUC-Santa Barbara
3 $2,500 = Cal Tech development
E W - - Mebraska
W 52,000 S | = - - Kansas State
&JD % o - - Motre Dame
E 51,500 — - - Virginia
[aa] o - - Fermilab
51,000
. = e

FY17 FY18 FY18 FY20 FY21 FY22 FY23 FY24 FY25 FY26

Fiscal Year

402.8-TL-Base Labor Profile (DOE}-Costed & Contributed
Total =91.5 FTE-yrs

200 | Contributed labor is mainly in the LYSO, LGAD,

i Coned System testing, I&C, and the R&D phase of
Assembly

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

12.0
El0.0
8.0
6.0
4.0
2. — Assembly production is done with a
0.0

combination of costed and contributed labor

Fiscal Year

16.0

o

F. Chlebana PO5: Cost and Schedule Fermilab Director’s Review 19 March 2019 p. 11



ing Cost Drivers (M&S + Labor)

Labor + Estimate

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

(FTE-yrs) (M$)  (MS$) (MS$) (M$) (M$)
TL - ETL frontend ASIC development (v3) - M&S 0.0 0.0 1.9 1.9 0.3 2.2
TL - ETL frontend ASIC prototyping (v2) - Labor 7.7 1.2 0.0 1.2 0.5 1.7
TL - ETL module assembly 11.3 0.3 0.8 1.1 0.4 1.5
TL - BTL LYSO crystals [CORE] 0.0 0.0 1.2 1.2 0.2 1.4
TL - BTL assembly 10.8 0.6 0.4 1.0 0.4 1.4
TL - BTL SiPM production [CORE] 0.0 0.0 1.0 1.0 0.2 1.2
TL - BTL Concentrator Cards - production 1.6 0.2 0.5 0.7 0.2 0.9
TL - ETL frontend ASIC development (v3) - Labor 3.7 0.5 0.0 0.5 0.2 0.7
TL- BTLSiPM Qc labor 3.0 402.8-TL-Base Budget Profile (DOE)}-Resource Type
TL - BTL installation and commissioning 3.0 & $4,000 BAC = 51136 M (AY3)
TL - Management Travel and misc. support M&S 0.0 8 63,500 a Bucdgeted Cost _Materia
TL - BTL Concentrator Cards - prototyping and preproduction 1.3 27 m Budgeted Cost - Labor
TL - ETL installation and commissioning 1.1 $3,000
TL - ETL frontend ASIC prototyping (v2) - M&S 0.0

- - ¥ ¢2,500
TL - iCMS common infrastructure [CORE] 0.0 -
TL - BTL system testing 0.1 % $2,000
TL - ETL system testing 0.0 Eﬂ
TL - BTL SiPM NRE and preproduction SiPMs [CORE] 0.0 2 $L500
TL - BTL SiPM prototyping and preproduction - misc. 0.0 $1,000
TL - BTL LYSO travel and COLA 0.0
TL - BTL SiPM travel and shipping 0.0 $500 .

40 -_

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

F. Chlebana PO5: Cost and Schedule Fermilab Director’s Review 19 March 2019 p. 12



vy Milestones

2016 2017 | 2018 | 2018 | 200 ] 2 2 Fe] 2024 0% 2026 2027
»_I_I_I_l_l_l_l_aa @ o |G |62 | @ m|m|m|m[u[m|n_|—w1u1m|u|m|u|m|u_l_l_f_|_|_l_i_l_l_l_n- T4 |01 G2 ] 03 |04 |OF |02 | @3 [G¢ |01 oz |03 |08 | Q) |Gz | a3 |08 | o u_l_l_l_l_l_n G4 | o1 |62 |63 | ok

BTL - CMS-D-hete - pGEBT and DCOC - Profofype version avalable — ADD TO KUS TDR &
13-AUg-2019, DOE - CO-1 - APprove Alsrmabye Selecton and Cost m;ﬂ CD-1
12-Nev-2018, BTL - POs for 5P preproguctons snd packs
6-Dec-2015° , 5 - ICHS - BTL - B.FE 4 - Readout Unil Proto? valdated &
- ICMS-Dhere - FE board avaiisbie for module and tray assembly pre-preduction — ADD TO CMS TDR &
ii CMS - BTL - ICMS-ID-here - LS50 crystals avalabie for preproduction of modules - AD0 TO CUSTDR &
02-Mar-2020, BTL - CC - Concentrator Card prolotype
Spe 20200, ES - ICMS - BTL - CWS-D-have - Compenant ASICH ready for CC pra-pradustion - ADD
15-May-2020° , ES - ICME - BTL - BTLEDR - BTL Engineering design review heid &
0207, . ES - ICMS - BTL - ICMS-D-here - pGET and DCOC - Preproduction verson avalable — ICMS TORTABLESZ &
18-Jun-2020" ES - CUS - BTL - ICMS-D-hére - LY50 pre-protucions compsle - ADD TO CME
16-Jun-2020, DOE - CD-36 — Approve long lead CD "33
23-Jul-2830 , BTL - CC - Start 1o issus POs for Concentrabor Cand pre-production
10-Aug-2020, BTL - Pariicipation in Lv'S0 pre-production complete &
11-Aug-2020, , BTL - PO issued for procurement of LS50 batches &
21-Dct-2020, ETL - Readness revew complete - Producton S5Pls and paciaging 4
26-0e2-2020. BTL - POs asued for producton SPUS and packagng
27-Jan-2021, DOE - CD-2 = Approve

28-Jan-2001, DOE - C0-3 — W\nﬁhﬂnl&w:‘:@cn 2’3
04-Mar-2021, BTL - System test stand for pre-production ready o

15-Mar-2021*, , ES - iCMS - BTL - B.534 - SiPW boards 25% compiste &
15-Mar-2021%, H CUS5 - BTL - BC3 - Crysial matrices 25% compiete .
22.-Mar-2031, , BTL - Mocule RAD ar process valdated
15-Apr-2021%,  ES - ICMS - BTL - CMS-D-hare - pGET and DCOC - mmumafm WS TDR TABLE S
18-Apr-2021, , BTL - CC - Ready for Production Resdiness
03-May-2021, , BTL - Start module and tray asssmbly pre.
14-Jun-2021, BTL - Participation n LYS0

26-Aug-2021, BTL - SIPM batch 02 (of 18} - Production SPuls compiete &
15-Dct-2021%, | ES - iCWS - BTL - B.A D - Assembly centres quaified &
03-Feb-2022, , BTL - Modyie pre-progducion compiete &
21-Feb-2022, BTL - SPM batch 10 {af 18} - Production SPuls complsts #
03-Mar-2022, BTL - Sysiem iesing of pre-producton amcies compiste #
15-Apr-2022°, | ES - ICMS - BTL - CMS-D-here - FE 10% compiete — ADG TO CHS TDR. @
02-May.-2022, BTL . CC - Produciion Concenirater
ot 2 s oo e seaee +) My 2022: Start rnodule production
23-Jun-2022, BTL - Bodule batch 81 (CT) - Producion
1E-Aug-2022, BTL - SPM balch 18 fof 18] - Producton SPMS compisle &
03-Dct:2022, BTL - SPW activiies compiste &
11-0c1-2022, BTL - Module bstch 0 (UV) - Production compiste 4
17-1an-202%",  BS - ICMS - ETL - B.55.3 - TST ready for installaton &

02-Mar-2020, BTL . m«.mew.w""'m Mar 2020: Ready for iCMS Engineering Deslgn Review

Key
@ External constraint

€ Project milestone

Apr 2021: Ready for Productiorl Readiness Review
May 2021: Start module pre-productmn

Note: CD milestone dates
reflect ESAAB approval
(~2 months after review)

06-Apr-2023, BTL - System festng of production articies compiste

20-Ape-2023, T-KPR-TL-18: BARREL TIMING LAYER CONSTRUCTION C
20-Apr-202), BTL - Producton sssembly

acf(s) Apr 2023 T-KPP - BTL construction complete

FLOAT — T-PR.TL-18: BARREL TIMNG LAYER CONSTRUCTION COMPLETE — TD — CMS NEED BY ::—,_,_-—:laj months of float to CMS nudbyda‘;a

11.5e0-2023, TL - infegration and commmsioning fscites resdy for use &

16-Jan-2024", ES - iCHS - BTL - iCHS-D-here - CHS need by - Finsl STL tray resdy for

ntegraton
25-Mar- 2024, DKPP-TL-1B. BARREL TMNG LAYER NSTALLATION AND COMMESIONNG

21-Dec-2023, BTL - TET+ miagration compiets

Jan 2024: BTL construction need by date
Mar 2024: O-KPP - BTL installation

21-8iar-2024. BTL - T5T-

17-Ape-2024%, | ES - CMS - BTL - ICWS-D-here - CMS need by date for BTL instaliation complede (Duter Tracker valdation of

Threshold KPP:
Objective KPP:

and commissioning complete

BTL module and tray construction is de-coupled from LHC schedule
Participation in integration and commissioning with iCMS at CERN

F. Chlebana PO5: Cost and Schedule

Fermilab Director’s Review

19 March 2019 p.13



Milestones

2006 | 2017 | L 1 2019 | 2620 | 201 | 202 1 200 i 2024 | 2625 | 206 | 027 | 2028

01 |02 |03 |od|ol|az{a3|osfol fozfes|os|orfozfos oo fo2fa3|os ol (a2 a3 [as o oz |03 [os ot [ozfad|os|ar|a2{asfosfar [a2 a3 |asfarfozfa3fos [or joafas[od|ar [o2]oafad

018, ETL - T4 - Prolotype 1 ASIC resdy for subsmession - (0ff project) &

- ICM5-D-here - pGET avaiable for pre-production — ADDTO iCHS TDR & K
M—lm-znw',,fs-lcus-m-i.fiI-E‘l'lluc_umm CD-I i e?
F2-Auy 2018, 00€ - 0-1 - Avirov Abrts Sl Cot R @ External constraint

ES - CMS - ETL - iCMS-ID-bere - DCOC convenor avalabie for pre-production — ADD TO M5 TDR &

16-Jun-2020, DOE - CD-38 — Approve long lead = ! . 5
zuum_es.c:q“s.m-msm_m:'ﬁm CD-38B Note: CD milestone dates i L Project milestone
30-5ep-2020°, E5 . CW5 - ETL a:us.nz—m mm_hwﬂninrm:;mﬂ;s:rm" reflect ESAAB approval !
E5- -ETL. s
14.0c4-2020 , £5 - ICUS - ETL - EFE 2 - ETROC v2 submission @ (~2 months after review)

25-How-2020, ETL - T4 - LGAD prototype sensor work compiche zf
27-Jan-2021, DOE - CO-2 — Approve CD-2/3 ! l\
28-jan-2021, DOE - C0-3 — Start of ;
Bi-Apr-2021°, E5 - EMS - ETL - CMS-D-hese - DCOC oo Amﬂ :ﬁm < Long Shutdown 3
O-Jun-2021%, ES - ICMS - ETL - lcus-n-nm LGAD prototype sensors avalabe @& i /
14Jun-2021* ES - CMS - ETI_ E 5i1 - Sensor vendor gealfcation snd finsl geometry ssisction @ 1
03-5ep-2021, ETL - T4 - System 124y of engineerng prototype compieted 4 :
25 0ct-2021%, ES - iCMS - ETL - CMS-D-here - Service hybrd preproduction svaiabie &
14.Dec.20217, ES - CUS - ETL - £.4 2 - Module System tast wih ETROC v2 protstype
i mmmmwnxg Jan 2022: ETL pre- productmn ASIC submission

14-Feb-2022",  ES - iCMS5 - ETL - EFE 3 - ETROC v3 {pre-production)
14Fe0-2022°, ES - CMS - ETL - ETLEDR - Engneering Design Revew (AR 201E) &

19-Jul-2022, ETL - Té - Module profotype done
283012022, ETL - 74 - Production ASK ready for submmss Jul 2022: EI'I. productlon ASIC submission
Z-Sep-2022, ETL - T4 - Sysiem festing of production ariices
14-00c4-2022", | ES - ICMS - ETL - EFE 4 - ETROC ready for production |
22-Nov-2022, ETL - T4 - Module pre-production comglels &
03-2an-2023", | ES - iCHS - ETL - Start module ntegration snd commssioong i
26-1an-2023, ETL - Té - LOAD sensor production compisle &
10-Mar-2023, ETL - T4 - ASKC Producton Complets &

14-Jun-2023", BS - CHS - FTL - E 504 - Sensor produciion 30% compiele @ IE :
20-Novw. 2023, ETL - . T =
e SR T st Nov 2023: T-KPP - ETL construction complete
FLOAT — T-KPP-TL-1F- ENDCAF TMING LAYER CONSTRUCTION COMPLETE — T — CNS NEED 9,8 months uffloattoCMF need by date
1d-Mar2004* E5. CM5 . ETL - £ 555 - Sensor producton 100% compiste &

ETL - T4 - Module integralion on Des 1 and Zdone

e T i T EAT leose ey o coe{a) Sep 2024: ETL construction need by date

30-Dec-2024", £5 - CMS - ETL - iCMS-D-here - £ slecironccs produgiion compiets
T4 Mar-2025° ES- iCMS-ETL- Enummmmmmwm.

e o T e Dec 2025: O-KPP - ETL
15-0un-2025%, ES - CUS -ETL - E 4 9 - Module ntegration 100% carclete Dees for second end) &

95.0ec 3025, ETL - T4 £TL Commesinng corvme ¢ [NStallation & commissioning
05-Dee-2025, ETL - 4 - matattion and Commissisning
05-Dec-2025, 0-KPP-TL-1E ENDCAP TMNG M\ﬁﬁwmmlmrmcomplete
H W.M-m‘-rmﬁﬁwmﬂ &

Threshold KPP: ETL construction is de-coupled from LHC schedule
Objective KPP:  Participation in integration and commissioning with iCMS at CERN
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Milestones to Monitor Progress (Tier 5

HL-LHC

We have additional milestones throughout the MTD project to monitor technical
progress, Tier 5 milestones are monitored by subproject manager

b i) E EBED T EEREE
N[D[J [E[M[A]M] [T A[S[O]N[C| J[F[M[A[M[ I [A[S[O[ N[ O| I [F[M[A[M[J[J]A] 5[ O[N] D[ J [ [M[A[M] ] . .
# BTL - Raadnebs fevew o - U= and packaging, . T2-TjouT ETL T5 Mllestones
AES e R g BTL TS Milestones
#5TL: Cf -Pritodps CE ready for tsting! 17-Fgb-20;
#{BTL Fikp mivesdol. |15{Mby-30
4:BTL < Tes tng pr g fined. ;. 18-Jun-20 o
S B dch T EET
#E1L -G o 1o
#ETLC o b 1
#!BTL { Systeim test stand fdr ehgy photbtype teaby o se] . 16-Sukz0! = bt
:® BT - System festing nirastrupture avglable for tign, . 14-Olct-R0. o i R
# BT Rkl T B Golich ahd i packagha | 21-Tak 1o 4
& GTL- Pl i produckion sthrt! 28-0pt-bo, i ik s [F
#; BITL - Testng progegures for pi ned, | 24-Jan- T R
& BTL: CE -Frép rehdy o o g -
b E7L-dc ] e & e AR
TS ey 1o 48T ‘33 progutiol 2 VEyrby ."1
# ETL - Comp: aalable fog systam fest. . 03iMay-H1 3 y |
i BTL - 58 fatbh b4 fofl1a] - Probiudtoh SPNIs forpltte! 3 |
BTL { 5PM batc 0 (gf 15) - Prodgcthn SEMS cqm i o ehopdod, hatbod b
57| -55iPM path baof1a) - Proguction SPs bl adelah b bt 4 1
3 At T2]TaR 18) - ¥ - A
e ay-22 i 3
o T py
bear pl " o
TR SR T =3 SRS 3
* BTL- o
# BTL i Mpdile baiph 4 € uj-2; N SN
#; BTL { Mpdle batth PS5 [U ug-2; E
& ETLI- dysfer tekt tand ik
- SMgdile gaidn L
# BTL - ul SRE
# BTL - Mojiu g
5T paration: 7-jank-2]
$ 5Tl - Moplule bgtch 13 (6T} - Frosiugtion cpmpiete. § 03-Fab-3 et
ST sk Bhsk LIV il chmbeles Tudeis: i
# ETL - Moduld batch 18 (T} Froguciion cqmglete. i28iMar-3 3 o i
4 5T~ Bogulg bater 13 (V) Froqusiion cqmefiet. .i28iMiar-33 -1 i
# BTL | Moddle problubtioh chrripidte {Caltedn)] , f2-dpriz: n aphaizgs
# BTL + Modgle profiuftion cpmiplehe {UVa).i, 1-Apriza '.""E A
& BT g aadyyib shard 193 Lils 5
# ETi - TS hisprabion rebady tofsthrt 07} Dic-£3, A
& 571 oplgte] , 32-Maf-2: I

Complete list of milestones are listed in the Milestone Dictionary
(CMS-doc-13321)




HL-LHC

E“é“‘“ Synchronization with MTD Schedule

International milestones and need by dates are tabulated in the TDR
and included in the US schedule logic to ensure we are aligned with
the MTD schedule

The US deliverables precede the CMS request-by-dates with
sufficient float

We also have a watch list of external deliverables with people
assigned to monitor progress

IoGBT, DC/DC converter, TOFHIR

Expected delivery dates are included in the schedule and drive some
activities

We are directly involved in developing the international MTD
schedule and fully synchronized with international MTD planning




ritical Path and Schedule Contingency

2020 1 2021 | 2022 1 2023 , 2024 , 2025 , 2026

2 o P 7 B (e = I ) () (7 7 ) e oG 7 2 P o G 7 e ) e e P ) S L e B |

April 2022: FE boards .
10% complete

| - Prodoce moduies.
- Produte meduies
. -, e L - xtagran modus and sectnos €83 Y1
1My 0o 202, ST Ml bk 02 (V- riegraie s wd wctonch 749 Iy
B an0z T1-Jun-JU22. ETL - Minsuie ateh 0% {E7) - Tast moduins amd wrys
hn 202 [ T 2022, STl 02 L) Tt e by Long Shutdown 3
TMePT | T-doe-200T BTL - Meoduly Btk OF ET) - Updetn 05 it mrees s for sbpsing
L2021 | D-sen20T1 ETL - Wotule Saes 07 (UV) - Upsame DE snd srapars rays fo shgeng
Z e L)

| 7oAy T2, 5L - Moy sato 4 7] - Upsats DS ane srasarm Eays b snegng
1% | Mg BTL - Uodule batch 04 UV - Update Dl aod precere trays for shppng
RGN gy TTL - Wil Baich T4 (T} - Poostction compinin

- Prodecton pompens
gl @ 52 Sep-i022. BTL - atum tatch 07 €T - .'ww-rm

Threshold KPP: T-KPP-TL-1B
April 2023: Barrel Timing Layer

Construction Complete
|

Has 8.7 months of float to:

Jan 2024|: CMS request-by
date

7 - Tast
iz g 7Oz, .- mm:sum Test moduies and wEys
TeOetINE 11-0xt-2022. HTL - Modile Satch 57 (T} - Upéate DB and srapare tays for shioping

2ETLOAT — T-PP-TL 1. BARREL TN LAYER CONSTRUCTION COMPLETE — TG — CMS MEED B
- CAMESA0here - TS naed by = Sl BTL v ey for inaralasion
¢ B B CUS - WL - MOty - S e e Sl for BTL sttt comcies (Dute Toackar waiiatin of L34

Wdw o $ E5.CUS - Daiseslr clovas #t P
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2023

2024

BTL Installation and Commissioning

2025 2026

Jan [ Feb [ Mar [ Apr [ May [ Jun [ Jul [Aug [ Sep [ Oct [ Nov | Dec

Jan [Feb [ Mar | Apr [ May [Jun | Jul [ Aug [ Sep | Oct [ Nov [ Dec

Jan [Feb [ Mar | Apr [ May [ Jun [ Aug [sep [ oct [Hov | Dec | Jan [Feb

h 10 {CT) - Integrate modules and electrenics info trays.
30 L h 11 (UV) - Integrate modules and electronics into trays
02-Dec-2022, BTL - Module| batch 10 (CT) - Test modules and trays

02-Dec-2022, BTL - Module|batch 11 (UV) - Test modules and trays

UE»LFEL;ZU&, BTL - Module batch 10 (CT) - Update DB and prepare trays for shipping

06-Dec-2022, BTL - Modulg batch 11 (UV) - Update DB and prepare trays for shipping
- Module batch 10 (CT]) - Production complete

iT1| - Module batch 11 (UV) - Production complete

Dec-2022, BTL - Mgdule batch 13 (CT) - Produce modules

-Dec-2022, BTL - Mgdule batch 14 (UV) - Produce modules
- Module batch 13 (CT) -

13-Jan-2023, BTl Integrate modules and electronics info trays
13-Jan-; 2023 BTY - Module batch 14 (UV) - Integrate modules and electronics info trays
17_tapon22: [ £c_irue mm s for ingtallation
17-Jan-202] - W1-Feb-2023| BTL - Hﬂdu\e Batch 15 (CT) - Test modules and trays
- 01-Feb-2023( BTL - Module batch 14 (UV) - Test modules and trays
03-Feb-2023, BTL - Module batch 13 (CT) - Update DB and prepare trays for shipping
03-Feb-2023 BTL - Module batch 14 (UV) - Update DB and prepare trays for shipping

batch 13 (CT) - Production complete

batch 14 (UV) - Production complete:

023, BTL - Module batch 16 (CT) - Produce modules
[I23 BTL - Module batch 17 (UV) - Produce modules

ar-; 2023 BTL - Module batch 16 (CT) -

Mar-: 2023 BTL - Module batch 17 (UV) - Integrate modules and
7—I|Er 2023 BTL - Module batch 18 (CT) - Test modules and

3, B

)QLHar 2[I23 BTL - Module batch 16 (CT) - Update DB and preg
Po-Mar-. 2023 BTL - Module batch 17 (UV) - Update DB and pre
3TL—HuduIe batch 16ch} Production complete

L- ule batch 16 (CT) - Ship trays to
19—Apr 2023 BTL - Hodul baich 17 (UV) - Ship trays to
BTL - Production assembly complete - before any risks
BTL - Module production complete (Catech)
BTL - Ilndu\e pmdummn comg

BTL - TST+ integration
25-Sep-2023, BTL -
25»5&}2023 BTL -
< Sart

09-0ct-2023, BTI
08-0 :1—2023, BTI
08-0ct-2023, BTI
- 23-0ct-2023,
.- 23-0c1-2023,

23-0ci-2023,

06-Nov-20
08-Nov-20

211 DeDZDZ3

I
Integrate madules and &

TL - Module batch 17 (UV) - Test modules and fray:

FREL THING 1axER CoNSTRUCTIN e
p-2023 - Integration and c mmlsslumng facilties ready for use

OD-Od 2023 BTE

23-0c4-2023, ETL TST+ Manifold #3 - Receive and test trays then insert trays -
023,

08-Nov-2023, BTL - TST+ Manifold #4 - Receive and fest trays then insert frays -
06-N DV—ZDESI B

ELTER Sfart lnnn shitdnwn 2 11 &1

Long Shutdown 3

lectronics into trays
electronics into trays
ays

ays
pare trays for shipping
pare trays for shipping

ERN
CERN

I

|
Threshold KPP: T-KPP-TL-1B

— April 2023: Barrel Timing Layer

ady 1o
ST+ Manlfnld #1 - Receive and test trays then insert trays -
ST+ Manifold #1 - Receive and test trays then insert trays -

labor {Caltech)
labor (UVa)

TST+ Manifold #2 - Receive and test trays then insert trays - labor (Cattech)
T5T+ Manifold #1 - Connect cables and weld cooling pipes then test frays -
- TST+ Manifold #2 - Receive and test trays then insert trays - labor (UVa)
- TST+ Manifold #1 - Connect cables and weld cooling pipes then test trays - lsbor
ITL - TST+ Manifold #3 - Receive and test trays then insert trays - labor (Cattech)
TL - TST+ Manifold #2 - Connect cables and weld cooling. plnasmen test lravs lab!

labor (Cattech)

Va)
r (Cattech)
or
TL - TST+ Manifold #2 - Connect cables and weld cooling ulpasmen test |rays labpr (UVa)
labor (Caltech
and weld cooling pipes then test trays - labor (Cattech)
3, BTL - TST+ Manifold #4 - Receive and test trays then insert trays - labor (UVa)
3, BTL - TST+ Manifold #2 - Connect cables and weld cooling pipes then test trays - labor (UVa)
12023, BTL - TST+ Wanifold #5 - Receive and test trays then insert trays - labor (Caltgch)
2023, BTL - TST+ Wanifold #4 - Connect cables and weld cooling pipes then test trays -
2023, BTL - TST+ Manifold #5 - Receive and test trays then insert trays - labor (UVal
2023, BTL - TST+ Wlanifold #4 - Connect cables and weld cooling pipes then test trays
ec-2023, BTL - TST+ Manifold #6 - Receive and test trays then insert trays - labor (Cakte:
ec-2023, BTL - TST+ Manifold #5 - Connect cables and weld cooling pipes then test rays
Dec-2023, BTL - TST+ Manifold #8 - Receive and test trays then insert trays - labor (UV
ec-2023, BTL - TST+ Manifold #5 - Connect cables and weld cooling pipes then test
-TST- Inteqratlnn ready to start
Me B 47 ATl inatallafinn SN ramnlate (TET aide 11 _ NOT ISEN M | QI

0—Da(>2023 BTL - TST+ Manifold #6 - Connect cables and welcl cooling pipes then test trays -
0-Dec-2023, BTL - TET- Manifold #1 - Receive and test trays then insert trays - laber (Caltech)
0-Dec-2023, BTL - TST+ Manifold #5 - Connect cables and weld cooling pipes then test trays -
0_Dec-2023, BTL - TST- Manifold #1 - Receive and lest trays then insert trays - labof (UVa)
BTL integration complate

TL - TST+ Manifold #3 - Connect cables

labor (Caltech)
Iab)nr (Uva)
laber (Caltech)

rays - labor (UVa)

labor (Caltech)
labor (Uva)

- DOF._ E¥24 ELode Availahla
09-Jan. 202: BTL - TST- Manifold #2 - Heceive and fest trays then insert frays -

abor (Caliech
03-1an-2024, BTL - TST- Manifold #1 - Connect cables and weld cooling pipes then test trays -

)
labor (Caltech)
08-Jan-2024, BTL - TST- Nanifold #2 - Receive and fest trays then msert trays _fabor

r(UVa)
Connect cables and weld cooling pipes then test trays -

20-Apr-2023{

18- 1an.207)

- labor (Caltech}
then test trays -

_labor (UVa)
then test trays -

5 IS X Fin
24-Jan: iDZd BIL - TST- Manifold #3 - Receive and test trays then insert trays.
24 Jan-2024 BTL - TST- Wanifold #2 - Connect cables and weld cooling pipes
24-Jan. 2I}24 BTL - TST- Manifold #3 - Receive and test trays then insert trays
2Har|—2024‘ BTL - TST- Manifold #2 - Connect cables and weld cooling pines

labor (Caftech)
labor (UVa)

02-Jan-2024

| Y
B

21 FekLZI]Zd BTL - TST- Manifold #5 - Receive and test trays then insert trays - labor (Cal
21%Ferr2024‘ BTL - TST- Manifold #4 - Connect cables and weld cooling pipes then test trays
21-Feb-2024, BTL - TST- Manifold #5 - Receive and test trays then insert trays - labor (UVa)
21\-Feh—2024 BTL - TST- Manifold #4 - Connect cables and weld cooling pipes then test lrays
1 08-Mai 2I]24 BTL - TST- Manifold # - Receive and test trays then insert trays - labor
D&Mar 2I]24 BTL - TST- Manifold #5 - Connect cables and weld caoling pipes theg
D&Mar—ZDZd‘ BTL - TST- Manifold #65 - Receive and test trays then jnsert
DB-Mar -2024, BTL - TST- Manifold #5 - Connect cables and weld o
28R instalotion 1005 comoly
ZD-MBr 2024 BTL TST- Manifold #5 -
20-Mar-2024, BTL - TST- Manifold #
BTL - TST- integration completa

labo

or (UV: ]

o esmen testtrays -
Stk NOT 1ISED M1 NGIe

weld cooling pipes then test trays -

Rblcs and el cooling pipes then test trays -

’ ing Complete:
2 I \NG LAYER INSTALLATION AND COMMISSIONING COMPLETE
, FLOAT — O-KPP-TL-1B: BARREL TIMING LAYER I&C COMPI

_iPMS_N_hara _ MMS need by data for A

an-. T Manifold #1 - iabor (UVa)
] 12-Jan 2024, T DA T PR LB BARREL THING LAV ER CONSTRDETN CONALETE — 70 TS NEED BY
iPMS ) RTI iCMENehers - CHE need hy — Final RT| frav reariu far installatio

labor (Caftech)

~labor (Caltech)
labor (UVa)

labor (Caltech)
labor {UVa) \

LETE — TO — CMS NEED BY

inatallatinn ramnlata (Miter Tracker ualidation nf | 2}

Construction Complete

Objective KPP: O-KPP-TL-1B

07-Fep-2024, BTL - TST- Manifold #4 - Receive and test trays then insert frays - labor (Caltech) . . .
[2 07-Fep-2024, BTL - TST- Manifold #3 - Connect cables and weld cooling pipes then test trays - labor (Caltech) A rl I 2024 . Ba rrel TI m 1 n
[2 07-Fep-2024, BTL - TST- Manifold & - Receive and test trays then insert trays - labor (UVa) .

07-F8b-2024, BTL - T5T- Manifold #3 - Connect cables and weld cooling pipes then test lrays labor (Ua)

Layer Integration and
Commissioning Complete

48 Mar 2006 ™ FE it Natartnr chess

P=50-TUn2026, LHC - Long shutdown 3 (LE3)
‘ DHuLZDZF-r E4 - LHC - End long shufdowin 3 (L53)



HL-LHC

—2019 2020

2021

2022

2023

2024

ETL Critical Path and Schedule Contingency

2025 2026

[ ¥ Jun[u] AT s oet] W] 0 Jsan] F Mar] AT Pun[du] AT Joct] ] o [san] F [Mar] AT W Jaun[aul] AT s [oct] N [ B [san] F [war] A [ M Jtun]ul] & ] s [oct] 0] 0 Jsan] F [mar] AT [dun[su] AT [oct] N ] [san] £ [Mar] A T4 Jsun]dul] A\ |n:t| N [ .Ianl F [war[ AT funfaui] AT s Joct] N[ o [san] F [Mar] AW Jun[ou] A s Joct[ ]t
30Z.8 TL - Timing Layer — WITH FINAL FLOAT AND CRITICAL PATH
17-0¢t-2019, ETL - Scale up prolotype 1 (4x4) o prolotype 2 (8x8) ASIC - (O1f project)
19t ¥ ES-CIy ROC v1 submission
0 20-Apr-2020, ETL - Prototype 2 intdgration step 2

ADrZUZU‘ iCMS-ID-here - DCDA
un-2020, ETL - Simula

18-Aug-2020, ETI

- iCMS -ETL -
18-1

2r-dus2020: & e5CUS - ETL - Cl
Aug-2020+4 ETL- T5 - Prototy]
w-Aug-zuzu 25-Aug-2020, EY
26-Aug-2020 09-Sep-2020,

09-Sep-202074 ETL- T4 - Pro
10-Sep-2020 [i0-Sep-2020,
11-Sep-2020 1

- ICMS -
iCMS -

30-Sep-2020*
14-0ct-2020%, ES-
11-Dec-2020

14-Dec-2020)
14-Dec-2020
21-Dec-2020°
30-Dec-2020"
08-Jan-2021
08-Jan-2021
09-Feb-21

convertor available for pre-production — ADD TO iCH
e prototype 2 ASIC performance

- Evaluate simulation performance for prototype 2
S-ID-here - Service hybrid prototvpe available

e 2 ASIC (mid-size) design ready for review

L - Review prototype 2 ASIC design
ETL - Prepare purchase order for prototype 2 ASIC sy
btype 2 ready for submission
ETL - Issue PO for ASIC prototype 2 fabrication
0-Dec-2020, ETL - SVT - Vendor fabricates ASIC pro
[ETL - iChS-ID-here - InGET available for production —

ETL - E.FE 2 - ETROC v2 submission

1-Dec-2020, ETL - Receive prototype 2 ASICs
8-Dec-2020, ETL - Specify irradiation testing require
[18-Dec-2020, ETL - Specify irradiation testing require

29-Dec-2020, ETL - Purchase irradiation testing hars
§ 07-Jan-2021, ETL - Assemble iradiation testing ha
08-Feb-2021, ETL - Irradiate prototype 2
08-Feb-2021, ETL - Travel associated with i
22-Mar-2021, ETL - Test and analyze ir
20-Apr-2021, ETL - Evaluate results
£ICHS _ETL - CHSID-hers - DCOC

- Front-end design selectel

mulay 2021, ETL - Optimize #
13-Aug-2021, ETL

Mar-2021'
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S0z,
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ASIC ready for submission

July 2022: Production
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Nov 2022: Start module productio

-, Sansor vendor quaification and final eomery sslectio]
ETL - Simulate preproduction ASIC performance - FHAL

14-Feb-2032%,
14-Feb-2022* # ES_iCMS - ETL - ETLEDR - Engineering Desi
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ADD TO iCMS TDR
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ware
dware

diation of prototype 2 (M&S placeholder)
adiated prototype 2 ASICS

for irradiated prototype 2 ASICs

convertor available for production — ADD TO ICHS T]
4 atter rradiation test
ont-end design
- Perform preproduction ASIC integration step 2

B - LGAD prototvpe sensors available

ETL - Simulate preproduction ASIC performance - SH
4-Dec-2021, ETL - Evaluate simulation performance
4-Dec-2021, ETL - Evaluate simulation performance
S - ETL - ICMS-ID-here - Service hvbrid preproductior

- iCMS - ETL - £.A.2 - Module system test with ETR
75 _ Pre-production ASIC (fullsize) ready for del

an-2022, ETL - Prepare purchase order for
T4~ Pre-production ASIC ready for submiss

£-Jan-2022, ETL - lssue RO for preproduction

18-Apr-2022, ETL - ST - Vendor |

-iCMS - ETL - EFE.3 - ETROC v3 (pre-proy

Long Shutdown 3

or pre-production ASIC - FNAL
or pre-production ASIC - SWU
available

DC w2 prototvpe

Sign review

re-production ASIC submission
sion

SIC fabrication

pricates pre-production ASIC

duction} submission

m Revisw (AR 2018)
SICs - NRE for masks only [CORE]

26-Apr-2022, ETL - Inspec{ and s

26-Apr-2022

rt pr&prudui:tlnn ASIC
ASICs available

20-Apr-2022

ETL - T5 - Testbeam for
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‘ 04-May-2022
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14-Nov-20.
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d analyze irradiated preproduction ASICs (SMUJ
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SIC (full-size) ready for design review - without risk
\(full-size) ready for design review
epare purchase order for production ASICs

ASIC ready for submission

ue PO for production ASICs.
{2022, ETL - SVT - Vendor fabricates production ASH
- ETL - E.FE.4 - ETROC ready for production

2022, ETL - Receive production ASICs [CORE]
y-2022, ETL - Inspect and sort production ASICs
v-2022, ETL - Probe wafers for production ASICs
v-2022, ETL - Dice wafers for production ASICs
Nov-2022, ETL - Perform functional tests for product]
Nov-2022, ETL - Perform functional tests for product]

aceholder)

ls

lon ASICs (SN

30-Ng

0-Nov-20:
30-Nov-20.
03-Jan-2023°,

L - TS - Production ASICs available for module produ
- T5 - Start of Wodule Praduction
Dec-2022, ETL - Receive production Al carrier pl
Dec-2022, ETL - Receive production ARN carrier
Dec-2022, ETL - Receive production hybrids (Mg

- iCMS - ETL - Start module integration and comn

Threshold KPP: T-KPP-TL-1E
Nov 2023: Endcap Timing

Layer Construction Complete
| | |

Has 9.8 months of float to:
Sep 2024: CMS request-by
date

03-Jan-2023
10-Jan-2023°

28 Feb-2023, ETL - nspect production me

20-Nov-20:

| Components (hybrid, base plete) - Ui
- Perfofm mechanical assembly of pri
- Perform wire bonding and encapst
, ETL - Perform mechanical assembly of
23, ETL - Perform final production modul
0v-2023, ETL - Pack and Ship module to
0v-2023, ETL - Track production moduk
- Module production complete

ules in parallel - Stage 1- UNL

odules in parallel - Stage 2 - UNL

20-Nov-2023’
20-Nov-202:

ISTRUCTION COMPLETE —- TO — CMS NEED BY
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2026

ETL Installation and Commissioning

2023

2024

2025

2027

Jun | Jul [ Aug [ Sep [ Oct | Nov [ Dec

[ Feb [ Mar | Apr [ May [ Jun [ Jul | Aug [Sep | Oct | Nov | Dec

Jan [ Feb | Mar [ Apr [ May | Jun | Jul [ Aug [ Sep | Oct [ Mov | Dec

Jan [ Feb [ Mar | Apr | May [ Jun [ Aug [ Sep [ oct | Nov [ Dec

[ Feb [ Mar | Apr [ May [Jun [ Jul [ Aug |

® £5_iCMS -ETL- ESMI Sensnrnrndumlnn 50%
23— — Sep-2023, Install ETL

23, 4 ETL-TS- Module pdeuc‘I\Dn 50% complete -
-2023 | T 14-Aug-2023, Receive ETL modu
Juk2023 [ 28-Aug-2023, Acceptance tes
M-Aug-2023 [ 20-Ock-2023, In:
09-Aug-2023 [ 25-Oct-2023,
15-Aug-2023 [ 21-5ep-2023, Receive
23-Aug-2023 [T 05-0ct-2023, Accep
11-5ep-2023, # ETL - TS - Module producti
13-Sep-2023 [ 30-Ng
14-Sep-2023 ® ES- (CMS-ETL-E.S54-
22-5ep-2023 [ 30-Oct-2023,
02-0ct-2023 [ 27-0ct-2023,
06-0ct-2023 [ 13-Nov-2(

20-Oct-2023

26-0ct-2023
27-0ct-2023 4 ETL-T5- 28
30-0ct-2023 [ 28-Noj
31-0ct-2023 ] 08
14-Nov-2023 [
17-Nov-2023 ETL - TS
20-Nov-20.

complete
nodules on Dee 182 batch 2 - UNL

Long Shutdown 3

-2023, Install ETL modules on Dee 182 batch 4 - UNL

LV and HV power sugolv oroduction comoleted — NOT USED IN LOGIC

Receive ETL modules for Dee 3%4 batch 1- UHL

eadout of ETL installed on Dee 1&2 batch 1 - UNL

123, Acceptance test of ETL modules for Dee 384 batch 1 - UNL

12-Jan-2024, Install ETL modules on Dee 384 batch 1 - UNL

19-Jan-2024, Checkout of ETL modules on Dee 182 batch 3 - UNL

of ETL modules installed on Dee 132

-2023, Readout of ETL installed on Dee 182 batch 2 - UNL

ec-2023, Receive ETL modules for Dee 3&

26-Dec-2023, Acceplance

BUICS Tor Dee 384 batch 2 - UNL
e - UNL

~1E- ENDCAP TIMING LAYER CONSTRUCTION COMPLETE
- Allmodules at CERN

20-Nov- 2023 L

1 13-Sep-2024, FLOAT —

28-Hov-2023 & ETL-
30-Nov-2023
11-Dec-2023

14Dec2023 ¥ E
27 Dec-2023

12-Jan-2024
22-Jan-2|

Note: For visual clarity, where

parallel tasks involve |

Fermilab, UCSB, and UNL, then

only the UNL taskis s

S - 50% of ETL modules installed on Dee 182
21-Feb-2024, Install ETL modules on Dee 384 batch 2 - UNL

23-Jan-2024, Receive ETL modules for Dee 384 batch 3 - UNL
- iCMS - FTL - E A 5 - Module assemblv 10% comolete — NOT USED IN LOGIC
08-Feb-2024, Acceptance test of ETL modules for Dee 3&4 batch 3 - UNL

[ 29-Mar-2024, Install ETL modules on Dee 334 batch 3 - UNL
124 [ 16-Feb-2024, Readout of ETL installed on Dee 182 batch 3 - UNL
124 05-Apr-2024, Checkout of ETL modules on Dee 182 batch 4 - UNL
24 [ 29-Feb-2024, Receive ETL modules for Dee 3&4 batch 4 - UNL
b-2024 [ 14-Mar-2024, Acceptance test of ETL modules for Dee 384 batch 4-U
eb-2024 & ETL - TS - 75% of ETL modules installed on Dee 182
&b-2024 07-May-2024, Install ETL modules on Dee 384 batch 4 - U
Mar-2024* # ES_iCMS - ETL - E.5i5 - Sensor oroduction 100% comolste
08-Apr-2024 . [ 03-May-2024, Readout of ETL installed on Dee 182 batch 4
J8-Apr-2024 | [ 24-Jun-2024, Checkout of ETL modules on De
03-May-2024 4 ETL - T5- 100% of ETL modules installed on Dee 132
3-May-2024 4 ETL - T4 - Module integration on Dee 1 and 2 done
ay—2l]24‘ 4 ETL - T5 - Cold test Dee 1 and 2 start

2024 ] 25-5ep-2024, Constru
024‘ ’ ES ICMS ETL - E.A.8 - Module assembly 50% comolete
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Llﬂ 2024 C————7 11-5ep-2024, Checkout o
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[I&Dcl 2[I24 # ETL - T5-50% of
24-Oct-2024, 4 ETL-TS - Insial

24-0ct-2024

02-Dec-2024
02-Dec-2024

02-Jan-2025
2

abor from

hown

30-Dec2024" & E5-

-KPP-TL-1E: ENDCAP TIMING LAYER CONSTRUCTION COMPLETE — TO — CMS NEED BY

L
L

f- UNL
3&4 batch 1 - UNL

tt test stand for ETL cold testing (UNL)
— NOT USED IN LOGIC
in Dee 384 batch 1 - UNL
ETL modules on Dee 384 batch 2 - UNL
v — ETL Installation and Commissionina Comolete
on Dee 384
out of ETL installed on Dee 3&4 batch 2 - UNL
-2024, Checkout of ETL modules on Dee 3&4 batch 3 - UNL
Module assemblv 100% romnlete
gadout of ETL Dee 1 and 2 while cold (UNL)
iTL modules installed on Dee 384
lation of Dee 1 and 2 on CE start
21-Mar-2025, Installation of ETL cooling transfer lines and cables on Y
21-Mar-2025, Installation of ETL cooling transfer lines and cables on Cl
02-Jan-2025, Readout of ETL installed on Dee 384 batch 3 - UNL
21-Feb-2025, Checkout of ETL modules on Dee 3&4 batch 4 - UNL
iCMS - ETL - iCMS-ID-here - BE electronics oroduction comolete: for ETL
# ETL-T5 - 75% of ETL modules installed on Dee 354
{-Feb-2025 [ 21-Mar-2025, Readout of ETL installed on Dee 384 batch 4 - UNL
14-Mar2025* # ES_iCWS - ETL - £.A 8 Module intearation 50% complete (Dees for first|
24-Mar-2025 4 ETL - TS - 100% of ETL modules installed on Dee 3&4
24-Mar-2025 4 ETL - T4 - Module integration on Dee 3 and 4 done
24-Mar-2025, 4 ETL-T5- Cold test Dee 3 and 4 start
24-Mar-2025 | 24-Mar-2025, Risk Hook ID=RT-402-8-53-D
24-Mar-2025 [ 04-Apr-2025, Connect ETL Dee 1 and 2 onto nose of CE (UNL)
Mar-2025 [ 18-Apr-2025, Readout of ETL Dee 3 and 4 while cold (UNL)
21-Apr-2025, & ETL - TS - Installation of Dee 2 and 3 on CE start
1-Apr-2025 [ 02-May-2025, Connect ETL Dee 3 and 4 onto nose of CE (U|
_May-2025 4 ETL - T4 - Installation of Dees complete
- T5 - Start ETL commissioning
15-Jul-2025, ETL DQM software develop|
s ) 24-5ep-2025, Softwar

in-2025° % E5- WS- ETL - F 4.9 - Module intearation 100
2025, R

Threshold KPP: T-KPP-TL-1E
_—Nov 2023: Endcap Timing
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E deve
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lent for full ETL readout (UNL)

te (Dees for second end)
of full ETL

25-5ep-2025 [ 22-Oct]

025, Integration of ETL with slow control|
-2025, Integration of ETL with run control
TS - ETL included in global runs

- Installation and Commissioning complete)
P-TL-1E: ENDCAP TIMING LAYER INSTALLAT|

[DSS/DCS (No US involvament)
NL)

JION AND COMMISSIONING COMPLETE

30-Jun-2026, FLOAT — O-KPP-TL-1E: ENDCy
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Layer Installation and

ing Complete

AP TIMING LAYER 1&C COMPLETE — TO — CMS NEED BY

01-Juk-20268* r ES - iCMS - ETL - Commissionino complete
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@ P6 Schedule Adjustments for IPR

= We are following a staged approach for the schedule development:

1.

2.

3.

4.

US activities entered into P6 to produce our technically driven schedule.
DONE and frozen for this review

International schedule formalized for the LHCC/UCG Step 2 approval.
Being done now

Complete set of international project / external tie points entered into P6.
Many already implemented

Recommendations from OPSS review and the DR implemented.

Majority of OPSS recommendations already in place

= We've started to implement the following changes in the P6
sandbox

Implement bump bonding external tie point

IrI:\pI_ement UNL external constraint and optimize UNL/FNAL workload
sharing

= We expect to complete stages 3 and 4 listed above and freeze the
schedule for the June 2019 IPR by end of April



| Risks

HL-LHC

BTL Risk Workshop: Nov 7, 2018: https://indico.fnal.gov/event/19025/
ETL Risk Workshop: Nov 8, 2018: https://indico.fnal.gov/event/19026/

Panel of external reviewers found that we have a comprehensive list of risks
Provided feedback on: consolidating risks, improving impact estimates, improving descriptive
text, fixing missing risk reqister field entries

Risk impact on the cost has been included in the total project cost
Risks have now been included in the P6 schedule to get a better understanding of the
schedule impact

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

General Risks (3)

-1 WBS / Ops Lab Activity ;: 402.8 TL - Timing Layer (general risks) (3)

Probability Cost impact Schedule impact P*impact (kS)
= Risk Type : Threat (G
2 (Medium) RT-402-8-91-D  TL - Shortfall in Timing Layer scientific labor 30% 0--0--421k$ 0 months 42
2 (Medium) RT-402-8-80-D TL - Key Timing Layer personnel need to be replaced 25% 45--135--261 k$ 0 -- 0 -- 3 months 37

2 (Medium) RT-402-8-43-D  TL - System Testing - components late for system test 30% 0--10--20k$ 4 months 3




IBTL and ETL Risks

WBS / Ops Lab Activity : 4028.3 BTL - Barrel Tming Layer (15 B LT RS kS ( 15 )

F. Chlebana

& Risk Type : Threat (‘5] Probability Costimpact  Schedule impact P*impag
2 (Medium) RT-402-8-05-D  BTL - Change in interfaces of tray assembly components 20% 150 -- 250 -- 350 k$ 3 months 50
2 (Medium) RT-402-8-33-D  BTL - Difficulties procuring LYSO from international suppliers 10 % 200 -- 450 - 700 k$ 3 -- 6 -- 9 months 45
2 (Medium) RT-402-8-14-D  BTL - Problems with SiPM vendor 20% 32--96--12Bk$ 2 -- 6 -- 8 months 17
2 (Medium) RT-402-8-30-D  BTL - Concentrator Card requires significant design changes 10% 1--50--100 k§ 1 -- 3 -- 6 months 5
2 (Medium) RT-402-8-07-D  BTL - Concentrator Card delay in external component deliveries 20% Ok$ 1 -- 3 -- 6 months 0
1 (Low) RT-402-8-15-D  BTL - Batch shipment of SiPMs lost in transport 5% 224k$ 1 months 1
1 (Low) RT-402-8-35-D  BTL - Delays or damage of tray in transport to CERN 5% 220kS$ 1 months 1
1 (Low) RT-402-8-04-D  BTL - LYSO matrices not meeting specifications 10% 100 kS 1 -- 2 -- 3 months 10
1 (Low) RT-402-8-36-D  BTL - Interface to iCMS changes 20% 30k$ 1 -- 2 -- 3 months [:]
1 (Low) RT-402-8-34-D  BTL - Delay in delivery of components from iCMS 20% 10--20--30k$ 1--2-- 3 months 4
1 (Low) RT-402-8-08-D  BTL - Delay in cooling plate delivery 10% 10--20--30kS$ 1 -- 2 -- 3 months 2
1 (Low) RT-402-8-18-D  BTL - Concentrator card production & testing facility problem 20% 10k$ 0.5 -- 1 -- 2 months 2
1 (Low) RT-402-8-42-D  BTL - Problems with module assembly site 10% 10--20--30kS 1-- 2 -- 3 months 2
1 (Low) RT-402-8-16-D  BTL - Problems with SiPM QC test site 20% 2--5--10k$ 0.25 -- 0.5 -- 1 months 1
1 (Low) RT-402-8-44-D  BTL - Concentrator Card batch shipment lost/damaged/delayed 5% 0--3--9k$ 0 -- 0.5 -- 1 months 0
1=/ WBS / Ops Lab Activity : 402.8.4 ETL - Endcap Timing Layer (12) ETL R|S ks ( 1 1 ) + O p po r.tu N |ty ( 1 )

= Risk Type : Threat (1 1)

3 (High) RT-402-8-01-D  ETL - Additional FE ASIC prototype cycle is required 50 % 500 -- 600 -- 700 k$ 4 - 5 -- 6 months 300
2 (Medium) RT-402-8-03-D  ETL - FE ASIC does not meet specs - needs another pre-prod run 10 % 914 -- 970 -- 1026 k$ 6 -- 7.5 -- 9 months 97
2 (Medium) RT-402-8-02-D  ETL - Problems with ETL module assembly facility 50 % 30kS$ 1 months 15
2 (Medium) RT-402-8-10-D  ETL - Sensor quality problem during production 15 % 28 -- 52 -- 109 k$ 2 -- 3 -- 6 months 9
1 (Low) RT-402-8-53-D  ETL - Integration facility at CERN runs out of components 25% 21k$ 3 months 5
1 (Low) RT-402-8-48-D  ETL - Delay in delivery of parts from iCMS 20 % 10 -- 20 -- 30 k$ 1 months 4
1 (Low) RT-402-8-31-D  ETL - Storage-related degradation of LGADs 10% 18kS$ 3 months 2
1 (Low) RT-402-8-52-D  ETL - Module Radiation Tolerance 10% 15k$ 1 months 2
1 (Low) RT-402-8-49-D  ETL - Delays or damage in transport of ETL modules to CERN 5% 10k$ 1 months 1
1 (Low) RT-402-8-50-D  ETL - Module assembly yield is low 10% 0--5--15k$ 0--0-- 1 months 1
1 (Low) RT-402-8-51-D  ETL - Problem with AIN vendor 5% 0--15--30k$ 1--2 -- 3 months 1
= Risk Type : Opportunity ()
2 (Medium) RO-402-8-01-D ETL - Use AItiROC 10 % -760 k$ -8 months -76
. . ) .
PO5: Cost and Schedule Fermilab Director’s Review 19 March 2019

t (k)



Im ng I—ayer RlSkS CMS-doc-13480

RT-402-8-01-D ETL - Additional FE ASIC prototype cycle is required

Risk Rank: 3 (High) Scores: Probability : 4 (H) ; Cost: 2 (M) Schedule: 2 (M)) Risk Status: Open

Summary: This risk can have multiple causes.

1) If the necessary performance (precision vs power consumption) is not achieved during the last prototype cycle, an additional prototype cycle may
be necessary causing a delay and incurring a cost increase.
2) ASIC specification has changed due to external reasons, such as IpGBT clock distribtution does not meet specifications.

Risk Type: Threat Owner: Tiehui Liu
WBS: 402.8.4 ETL - Endcap Timing Layer Risk Area: Technical Risk / Reliability or Performance
Probability (P): 50% Technical Impact: 0 (N) - negligible technical impact
Cost Impact: PDF = 3-point - triangular Schedule Impact: PDF = 3-point - triangular
Minimum =500 k$ Minimum = 4 months
Most likely =600 k$ Most likely = 5 months
Maximum =700 k$ Maximum = 6 months
Mean =600 k$ Mean = 5 months
P * <Impact> =300k$ P * <Impact> = 2.5 months

Basis of Estimate: The cost for a MPW run is 400k, and we include 100-300k for additional engineering.

Cause or Trigger: Prototype 2 does not meetrequirements and we cannot include changes  Impacted Activities:  Risk could delay completion of ASIC
in the preproduction submission. prototyping

Start date: 1/Mar/2020 End date: 1/Jan/2022

Risk Mitigations: = We have increased the effort for the design simulation and verification.

Risk Responses: We include an additional prototype cycle.

More details:

F. Chlebana PO5: Cost and Schedule Fermilab Director’s Review 19 March 2019 p. 24



‘Timing Layer risks

= TL risk contingency = $1.27M

= $1.43M threats -
$0.16M opportunities

Risk Contingency (kS)

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

Ranked risk
threats and
opportunities

-200 -100 0 100 200 300 400
Risk Contingency (kS)

500

RT-402-8-01-D
RT-402-8-03-D
RT-402-8-05-D
RT-402-8-33-D

ETL - Additional FE ASIC prototype cycle is required

ETL - FE ASIC does not meet specs - needs another pre-prod run
BTL - Change in interfaces of tray assembly components

BTL - Difficulties procuring LYSO from international suppliers

RT-402-8-91-D TL - Shortfall in Timing Layer scientific labor
RT-402-8-90-D TL - Key Timing Layer personnel need to be replaced

RT-402-8-14-D
RT-402-8-02-D
RT-402-8-35-D
RT-402-8-15-D
RT-402-8-04-D
RT-402-8-10-D
RT-402-8-36-D
RT-402-8-53-D
RT-402-8-30-D
RT-402-8-48-D
RT-402-8-34-D

BTL - Problems with SiPM vendor

ETL - Problems with ETL module assembly facility

BTL - Delazs or damage of tray in transport to CERN

BTL - Batch shipment of SiPMs lost in transport

BTL - LYSO matrices not meeting specifications

ETL - Sensor quality problem during production

BTL - Interface to iCMS changes

ETL - Integration facility at CERN runs out of components
BTL - Concentrator Card requires significant design changes
ETL - Delay in delivery of parts from iCMS

BTL - Delay in delivery of components from iCMS

RT-402-8-43-D TL - System Testing - components late for system test

RT-402-8-52-D
RT-402-8-42-D
RT-402-8-31-D
RT-402-8-18-D
RT-402-8-08-D
RT-402-8-51-D
RT-402-8-50-D
RT-402-8-49-D
RT-402-8-16-D
RT-402-8-44-D
RT-402-8-07-D

ETL - Module Radiation Tolerance

BTL - Problems with module assembly site

ETL - Storage-related degradation of LGADs

BTL - Concentrator card production & testing facility problem
BTL - Delay in cooling plate delivery

ETL - Problem with AIN vendor

ETL - Module assembly yield is low

ETL - Delays or damage in transport of ETL modules to CERN
BTL - Problems with SiPM QC test site

BTL - Concentrator Card batch shipment lost/damaged/delayed
BTL - Concentrator Card delay in external component deliveries

RO-402-8-01-D ETL - Use AltiROC

F. Chlebana PO5: Cost and Schedule

Fermilab Director’s Review

19 March 2019 p. 25
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Threshold KPPs — Schedule contingency

BTL T-KPP BTL T-KPP
Complete: Complete:
EARLY WITH RISK CMS BTL CMS BTL
FINISH AT 90% CL requestby:  need by:
2019 2020 2021 2022 20 2024 20
1|Q2[(Q3|Q4|Q1|Q2|(Q3[(Q4|Q1|Q2|Q3 |Q4|Ql1|Q2 Q2 | Q3 | Q4 Q2(Q3 ()4 | Q1| Q2

FLOAT — T-KPP TLﬂ1B BARREL TIMING LAYER CONSTRUCTION COMF’LETE -TO— CMSNEED BY |

T KPP-TL-1B: BARREL TIMING LAYER CONSTRUCT]ON COMPLETE, , 20- Apr 2023

Risk result 90% C L. for I-KPP-TL-1B complete 16-Oct20237,

E5-ICMS -BTL- |CMS ID-here - CMS need by - Final BT L tray ready for installaion (EARLY TO LATE RANGE), , 16-Jan-2024

FLOAT — T-KPP-TL-1E: ENDCAF‘ TIMING LAYER CONSTRUCTION COMPLETE — TD -CMS NEEDBY [

T-KPP-TL- 1E ENDCAP TMING LAYE R CONSTRUCTION COMPI_ETE, , 0-Nov-2023 @

Risk result 90% C.L. br T-KPP-TL-1E complete, §

1-Jul-2024*, @

ES- JCMS ETL-EAT- Mod.tleassemb}y 100% oom;iete(EARLY TOLATE RANGE}), , 16-Sep-224 &

We have sufficient float in our schedule to accommodate the impact of our risks
(at 90% CL)




CMS
E é Summary

The US scope is well defined and we now have a detailed schedule in P6 that has
well motivated cost and labor estimates that are documented in the BOEs

HL-LHC

The detailed resource loaded schedule has been reviewed by OPSS in Jan/Feb 2019
and we have addressed most of the feedback

We are working closely with international MTD to ensure planning is synchronized
and have sufficient milestones in the P6 schedule to monitor progress

Risks have been identified and reviewed and are now linked in the schedule
allowing us to better estimate the schedule impact

Some adjustments to the schedule will be implemented prior to the IPR review, we
do not expect they will have a significant impact on the cost and schedule

We have made significant progress with the MTD schedule allowing us to: develop
an accurate cost estimate using recent vendor quotes and institution specific labor
rates which includes cost escalation, determine the critical path, full MC risk
analysis, and we are syncronizing with international MTD planning
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Work Breakdown Structure

CD1-v2-DR-402.8

Layer

402.8 TL - Timing

E

[

CD1-v2-DR-402.8.1

TL - Milestones and

Risk

=]

I

CD1-v2-DR-402.8.2

TL - Management

CD1-v2-DR-402.8.1.1

TL - Calendar

Constraint Milestones

CD1-v2-DR-402.8.1.2

TL - Accelerator
Constraint Milestones

CD1-v2-DR-402.8.1.3

TL - CMS Constraint

Milestones

a_'i'__‘I-VZ-DR-402.8.1 A

TL - DOE Constraint

Milestones

EVZ-DR-402.8.1 5

TL - Subproject
Milestones

EVZ-DRAOZ.SJ .6

TL - Risk Analysis

=]

1

CD1-v2-DR-402.8.3

BTL - Barrel Timing
Layer

CD1-v2-DR-402.8.2.1

TL - Management
Labor

CD1-v2-DR-402.8.2.2

TL - Management
Travel

EVZ-DR-402.8.2.3

TL - Common

Infrastructure

=]

1

CD1-v2-DR-402.8.4

ETL - Endcap Timing

Layer

CD1-v2-DR-402.8.3.1

BTL - LYSO Scintillator

EI—VZ-DR-402.8.3.2

BTL - SiPMs

EVZ-DR-402.8.3.3

BTL - Concentrator
Cards

EV2-DR-402.8.3.4

BTL - Assembly

EI—VZ-DR-402.8.3.5

BTL - System Testing

EVZ-DR-402.8.3.6

BTL - Integration and
Commissioning

=]

CD1-v2-DR-402.8.4.1

ETL - LGAD Sensors

&‘LVZ-DRAOZ.SA.Z

ETL - Frontend ASICs

EVZ-DR-402.8.4.3

ETL - Assembly

EVZ-D R-402.8.4.4

ETL - System Testing

&‘LVZ-DRAOZ.SA.S

ETL - Integration and
Commissioning

+]




HL-LHC

Barrel Timing Layer

Threshold and Objective KPPs

CMS-doc-13237

WBS |Threshold KPP Objective KPP
402.8 T-KPP-TL-1: BARREL TIMING LAYER CONSTRUCTION |O-KPP-TL-1: BARREL TIMING LAYER INSTALLATION
) COMPLETE AND COMMISSIONING COMPLETE
Timing The project will construct and qualify concentrator cards The project will construct and qualify concentrator cards
L (CCs) and trays of modules+readout units (RUs) for the (CCs) and trays of modules+readout units (RUs) for the
ayer |gr . BTL.

CC and module+RU performance will match the
specification of production prototypes, whose sensor
components and associated front-end readout electronics
have been demonstrated in cosmic ray, source, and/or test
beam exposures to be capable of measuring the arrival time
of minimume-ionizing particles with a resolution of < 40ps at
the start of the HL-LHC run. The specification further states
that the time resolution will be < 60ps even after
withstanding the radiation damage from fluences
corresponding to an integrated 4000/fb of HL-LHC
luminosity, as borne out in prototype testing of irradiated
components.

The project shall deliver to CERN 100% of the CCs (476
which includes 10% spares) and approximately 60% of the
total trays needed for the BTL.

CC and module+RU performance will match the
specification of production prototypes, whose sensor
components and associated front-end readout electronics
have been demonstrated in cosmic ray, source, and/or test
beam exposures to be capable of measuring the arrival time
of minimume-ionizing particles with a resolution of < 40ps at
the start of the HL-LHC run. The specification further states
that the time resolution will be < 60ps even after
withstanding the radiation damage from fluences
corresponding to an integrated 4000/fb of HL-LHC
luminosity, as borne out in prototype testing of irradiated
components.

The project shall deliver to CERN 100% of the CCs (476
which includes 10% spares) and approximately 60% of the
total trays needed for the BTL.

The project shall participate in the integration of the BTL
trays into the MTD detector at CERN. The project shall
additionally participate in the installation, testing and
calibration of the detector.
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CMS,

Endcap Timing Layer

Threshold and Objective KPPs

CMS-doc-13237

WBS |Threshold KPP Objective KPP
402.8 T-KPP-TL-2: ENDCAP TIMING LAYER CONSTRUCTION [O-KPP-TL-2: ENDCAP TIMING LAYER INSTALLATION
- COMPLETE AND COMMISSIONING COMPLETE
Timing The project shall provide and qualify the front-end ASIC The project shall provide and qualify the front-end ASIC
L design for the ETL. The project shall construct and qualify |design for the ETL. The project shall construct and qualify
ayer modules for the ETL. modules for the ETL.

The project shall deliver to CERN at least 50% of the ETL
modules.

ASIC and module performance will match the specification
of production prototypes, whose sensor components and
associated front-end readout electronics have been
demonstrated in cosmic ray, source, and/or test beam
exposures to be capable of measuring the arrival time of
minimum-ionizing particles with a resolution of < 40ps per
track, for most tracks, at the start of the HL-LHC run. The
specification further states that the time resolution will
remain < 60ps even after withstanding the radiation damage
from fluences corresponding to an integrated 4000/fb of HL-
LHC luminosity, as borne out in prototype testing of
irradiated components.

The project shall deliver to CERN at least 50% of the ETL
modules.

ASIC and module performance will match the specification
of production prototypes, whose sensor components and
associated front-end readout electronics have been
demonstrated in cosmic ray, source, and/or test beam
exposures to be capable of measuring the arrival time of
minimum-ionizing particles with a resolution of < 40ps per
track, for most tracks, at the start of the HL-LHC run. The
specification further states that the time resolution will
remain < 60ps even after withstanding the radiation damage
from fluences corresponding to an integrated 4000/fb of HL-
LHC luminosity, as borne out in prototype testing of
irradiated components.

The project shall participate in the integration of the ETL
modules into the MTD detector at CERN. The project shall
additionally participate in the installation, testing and
calibration of the detector.
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Costs at Level 3/ 4

CMS-doc-13215

WBS

CD1-v2-DR-402.8 402.8 TL - Timing Layer

CD1-v2-DR-402.8.2 TL - Management

CD1-v2-DR-402.8.2.1
CD1-v2-DR-402.8.2.2
CD1-v2-DR-402.8.2.3

TL - Management Labor
TL - Management Travel

TL - Common Infrastructure

CD1-v2-DR-402.8.3 BTL - Barrel Timing Layer

CD1-v2-DR-402.8.3.1
CD1-v2-DR-402.8.3.2
CD1-v2-DR-402.8.3.3
CD1-v2-DR-402.8.3.4
CD1-v2-DR-402.8.3.5
CD1-v2-DR-402.8.3.6

BTL - LYSO Scintillator
BTL - SiPMs

BTL - Concentrator Cards
BTL - Assembly

BTL - System Testing

BTL - Integration and Commissionin

CD1-v2-DR-402.8.4 ETL - Endcap Timing Layer

CD1-v2-DR-402.8.4.1
CD1-v2-DR-402.8.4.2
CD1-v2-DR-402.8.4.3
CD1-v2-DR-402.8.4.4
CD1-v2-DR-402.8.4.5

ETL - LGAD Sensors
ETL - Frontend ASICs
ETL - Assembly

ETL - System Testing

ETL - Integration and Commissionin

Direct M&S ($)

6,561,457
433,000

0

233,000
200,000
3,352,236
1,178,868
1,135,400
492,896
343,120
78,952
123,000
2,776,221
0
1,922,500
680,860
79,561
93,300

Labor (Hours)

161764
26520
26520

0

0
49800
2946
5384
5147
19353
6322
10648
85444
3872
22588
30088
6322
22574

FTE| Direct + Indirect +

91.50
15.00
15.00
0.00
0.00
28.17
1.67
3.05
2.9
10.95
3.58
6.02
48.33
2.19
12.78
17.02
3.58
12.77

Esc. (%)
11,364,763
568,714
0
349,488
219,226
5,410,860
1,301,006
1,740,686
925,645
989,999
110,41
343,123
5,385,188
0
3,874,081
1,145,013
103,418
262,676

Estimate
Uncertainty ($)

3,026,706
144,562

0

34,949
109,613
1,318,476
191,882
296,166
306,932
383,042
49,734
90,719
1,563,669
0
1,039,579
397,283
38,340
88,467

Total Cost ($)

14,391,469
713,276

0

384,436
328,840
6,729,336
1,492,888
2,036,852
1,232,577
1,373,042
160,135
433,842
6,948,857
0
4,913,660
1,542,296
141,759
351,143




Costs: Barrel Timing Layer

HL-LHC

CMS-doc-13215

[wBs Direct M&S ($)| Labor (Hours) FTE| Direct + Indirect + Estimate Totd Cost($)
Esc. ($) Uncertainty ($)

CD1-v2-DR-402.8 402.8 TL - Timing Layer 6,561,457 161764 91.50 11,364,763 3,026,706 14,391,469
CD1-v2-DR-402.8.2 TL - Management 433,000 26520 15.00 568,714 144,562 713,276
CD1-v2-DR-402.8.3 BTL - Barrel Timing Layer 3,352,236 49800 28.17 5,410,860 1,318,476 6,729,336

CD1-v2-DR-402.8.3.1 BTL - LYSO Scintillator 1,178,868 2946 1.67 1,301,006 191,882 1,492,888
CD1-v2-DR-402.8.3.1.1 BTL -LYSO Scintillator - Technical participation 1,136,668 2946 1.67 1,235,626 185,344 1,420,970
CD1-v2-DR-402.8.3.1.2 BTL -LYSO Scintillator - Travel and COLA 42,200 0 0.00 65,380 6,538 71,918

CD1-v2-DR-402.8.3.2 BTL - SiPMs 1,135,400 5384 3.05 1,740,686 296,166 2,036,852
CD1-v2-DR-402.8.3.2.1 BTL -SiPMs - Prototyping 10,000 880 0.50 111,376 22,224 133,600
CD1-v2-DR-402.8.3.22 BTL -SiPMs - Preproduction 132,500 2020 1.14 335,945 73,827 409,773
CD1-v2-DR-402.8.3.2.3 BTL -SiPMs - Production 954,500 2484 1.40 1,241,126 194,891 1,436,017
CD1-v2-DR-402.8.3.2.4 BTL -SiPMs - Travel and COLA 38,400 0 0.00 52,238 5,224 57,462

CD1-v2-DR-402.8.3.3 BTL - Concentrator Cards 492,896 5147 2.9 925,645 306,932 1,232,577
CD1-v2-DR-402.8.3.3.1 BTL - Concentrator Cards - Prototyping 27,172 1132 0.64 136,735 37,510 174,245
CD1-v2-DR-402.8.3.3.2 BTL - Concentrator Cards - Pre-Production 21,800 1141 0.65 127,466 60,841 188,307
CD1-v2-DR-402.8.3.3.3 BTL - Concentrator Cards - Production 443,924 2874 1.63 661,444 208,582 870,026

CD1-v2-DR-402.8.3.4 BTL - Assembly 343,120 19353 10.95 989,999 383,042 1,373,042
CD1-v2-DR-402.8.3.4.1 BTL - Assembly - Prototyping 242,920 4641 2.63 502,835 172,192 675,027
CD1-v2-DR-402.8.3.4.2 BTL - Assembly - Preproduction 0 888 0.50 30,958 15,479 46,437
CD1-v2-DR-402.8.3.4.3 BTL -Assembly - Production 100,200 13824 7.82 456,206 195,371 651,577

CD1-v2-DR-402.8.3.5 BTL - System Testing 78,952 6322 3.58 110,401 49,734 160,135
CD1-v2-DR-402.8.3.5.1 BTL - System Testing - Establish Infrastructure 60,103 1898 1.07 70,898 33,667 104,565
CD1-v2-DR-402.8.3.5.2 BTL -System Testing - Preproduction 9,448 1878 1.06 17,247 6,804 24,051
CD1-v2-DR-402.8.3.5.3 BTL -System Testing - Production 9,401 2546 1.44 22,256 9,264 31,520

CD1-v2-DR-402.8.3.6 BTL - Integration and Commissioning 123,000 10648 6.02 343,123 90,719 433,842
CD1-v2-DR-402.8.3.6.1 BTL -Integration and Commissioning - TST plus 0 4440 2.51 69,697 34,849 104,546
CD1-v2-DR-402.8.3.6.2 BTL -Integration and Commissioning - TST minus 0 4440 2.5 71,319 35,660 106,979
CD1-v2-DR-402.8.3.6.3 BTL - Integration and Commissioning - General 123,000 1768 1.00 202,107 20,211 222,317

CD1-v2-DR-402.8.4 ETL - Endcap Timing Layer 2,776,221 85444 48.33 5,385,188 1,563,669 6,948,857



HL-LHC

Costs: Endcap Timing Layer

WBS

CD1-v2-DR-402.8 402.8 TL - Timing Layer

CD1-v2-DR-402.8.2 TL - Management

CD1-v2-DR-402.8.3 BTL - Barrel Timing Layer

CD1-v2-DR-402.8.4 ETL - Endcap Timing Layer

CD1-v2-DR-402.8.4.1 ETL - LGAD Sensors
CD1-v2-DR-402.8.4.1.1 ETL -LGAD Sensars - R&D and Prototypes
CD1v2-DR-402.8.4.1.2 ETL -LGAD Sensars - PreProduction and Production

CD1-v2-DR-402.8.4.2 ETL - Frontend ASICs
CD1-v2-DR-402.8.4.2.3 ETL - Frontend ASICs v2 development
CD1-v2-DR-402.8.4.2.4 ETL -Frontend ASICs v3 development

CD1-v2-DR-402.8.4.3 ETL - Assembly
CD1-v2-DR-402.8.4 3.1 ETL -Assembly R&D and Prototypes
CD1-v2-DR-402.8.4 3.2 ETL -Modue Assembly Pre-production
CD1-v2-DR-402.8.4.3.3 ETL - Module Assembly Production

CD1-v2-DR-402.8.4.4 ETL - System Testing
CD1v2-DR-402.8.4 4.1 ETL - System Testing - Prototyping
CD1-v2-DR-4028.4 42 ETL -System Testing - Preproduction
CD1-v2-DR-402.8.4.4.3 ETL - System Testing - Production

CD1-v2-DR-402.8.4.5 ETL - Integration and Commissioning
CD1-v2-DR-402.8.4.5.1 ETL -1&C - Assembly Setup
CD1-v2-DR-402.8.4.5.2 ETL -1&C - Assembly
CD1-v2-DR-402.8.4.5.3 ETL -1&C - Cold Testing
CD1-v2-DR-402.8.4.5.4 ETL-1&C - MountETL on EC
CD1-v2-DR-402.8.4.5.5 ETL -1&C - Commissioning

Direct M&S ($)

6,561,457
433,000
3,352,236
2,776,221
0

0

0
1,922,500
256,000
1,666,500
680,860
268,660
62,000
350,200
79,561
60,448
9,584
9,529
93,300

0

93,300

0

0

0

Labor (Hours)

161764
26520
49800
85444

3872
2400
1472
22588
14634
7954
30088
19164
626
10298
6322
1898
1878
2546
22574
1768
14434
1888
948
3536

FTE| Direct + Indirect +

91.50
15.00
28.17
48.33
219
1.36
0.83
12.78
8.28
4.50
17.02
10.84
0.35
5.82
3.58
1.07
1.06
1.44
12.77
1.00
8.16
1.07
0.54
2.00

Esc. (%)
11,364,763
568,714
5,410,860
5,385,188
0
0
0
3,874,081
1,474,236
2,399,845
1,145,013
488,722
91,721
564,569
103,418
79,459
12,004
11,955
262,676
0
164,318
20,355
78,003
0

Estimate
Uncertainty ($)

3,026,706
144,562
1,318,476
1,563,669
0

0

0
1,039,579
556,360
483,219
397,283
152,824
25,958
218,501
38,340
30,061
4,154
4,125
88,467

0

39,288
10,178
39,001

0

Totd Cost($)

14,391,469
713,276
6,729,336
6,948,857
0

0

0
4,913,660
2,030,596
2,883,064
1,542,296
641,546
117,679
783,070
141,759
109,520
16,158
16,080
351,143

0

203,606
30,533
117,004

0




Estimate Uncertainty

402.8-TL-Estimate Uncertainty Breakdown-M&S (DOE) 402.8-TL-Estimate Uncertainty Breakdown-Labor (DOE)
BAC (M&S)=57.61M (AYS) BAC (Labor Budget)=53.76M (AYS)

1“;“; M2
N 15%

| 402.8-TL Costed Labor by Labor Discipine |

E 8 é_ L:'::I'n:r(ﬂ.i FTEyears)
7 [[__] sclentist (7.3 FTEyears)
- I stucent (o.1 FTEyears)
6 - [ recnnician (5. FTEyears)
55
ac
3
2F
1=
q -6 18 20 22 24 26 28 30

Fiscal Year

F. Chlebana PO5: Cost and Schedule Fermilab Director’s Review 19 March 2019



WBS Area Contributed FTE Total FTE | Contributed / Total
(%)

Management

BTL - LYSO

BTL —SiPM

BTL—-CC

BTL — System Testing
BTL - Assembly

BLT - I&C

ETL - LGAD
ETL—ASIC

ETL — System Testing
ETL - Assembly

ETL- I&C

Total

1.67

3.47
4.83
5.02
2.19
1.43
3.58
13.88
11.96
63.03

1.67
3.05
2.91
3.58
10.95
6.02
2.19
12.78
3.58
17.02
12.77
91.52

100

97
44
83
100
11
100
82
94
69

F. Chlebana

PO5: Cost and Schedule

Fermilab Director’s Review

19 March 2019
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Risk Register

" High and medium-rank Timing Layer risks

CMS-doc-13480

Risk Rank

RI-ID

= Risk Rank : 3 (High) (1)

= Risk Type : Threat (1)

3 (High)

= Risk Rank : 2 (Medium) (12)

= Risk Type : Opportunity (1)

2 (Medium)

RT-402-8-01-D

RO-402-8-01-D

= Risk Type : Threat (11)

2 (Medium)
2 (Medium)
2 (Medium)
2 (Medium)
2 (Medium)
2 (Medium)
2 (Medium)
2 (Medium)
2 (Medium)
2 (Medium)
2 (Medium)

RT-402-8-03-D
RT-402-8-05-D
RT-402-8-33-D
RT-402-8-91-D
RT-402-8-90-D
RT-402-8-14-D
RT-402-8-02-D
RT-402-8-10-D
RT-402-8-30-D
RT-402-8-43-D
RT-402-8-07-D

# Risk Rank : 1 (Low) (17)

Title

ETL - Additional FE ASIC prototype cycle is required

ETL - Use AltiROC

ETL - FE ASIC does not meet specs - needs another pre-prod run
BTL - Change in interfaces of tray assembly components

BTL - Difficulties procuring LYSO from international suppliers

TL - Shortfall in Timing Layer scientific labor

TL - Key Timing Layer personnel need to be replaced

BTL - Problems with SiPM vendor

ETL - Problems with ETL module assembly facility

ETL - Sensor quality problem during production

BTL - Concentrator Card requires significant design changes

TL - System Testing - components late for system test

BTL - Concentrator Card delay in external component deliveries

Probability

50 %

10 %

10 %
20 %
10 %
30 %
25 %
20%
50 %
15 %
10 %
30%
20 %

Schedule Impact

4 -- 5 -- 6 months

-8 months

6 -- 7.5 -- 9 months
3 months

3 -- 6 -- 9 months
0 months

0 -- 0 -- 3 months
2 -- 6 -- 8 months

1 months

2 -- 3 -- 6 months
1-- 3 -- 6 months
4 months

1 --3 -- 6 months

Cost Impact

500 -- 600 -- 700 k$

-760 k$

914 -- 970 -- 1026 k$
150 -- 250 -- 350 k$
200 -- 450 -- 700 k$
0--0--421k$

45 -- 135 -- 261 k$
32 --96 -- 128 k$
30 k$

28 -- 52 -- 109 k$
1--50--100 k$
0--10-- 20 k$

0 k$

P * Impact (k$)

300

50
45
42
37

15

o W O W
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Barrel Timing Layer risks

= BTL risk contingency = $0.35

0 20

Risk Contingency (k$)

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

Ranked risk
threats and
opportunities

40 60 80
Risk Contingency (kS)

100

120

RT-402-8-05-D
RT-402-8-33-D
RT-402-8-14-D
RT-402-8-35-D
RT-402-8-15-D
RT-402-8-04-D
RT-402-8-36-D
RT-402-8-30-D
RT-402-8-34-D

BTL - Change in interfaces of tray assembly components

BTL - Difficulties procuring LYSO from international suppliers
BTL - Problems with SiPM vendor

BTL - Delays or damage of tray in transport to CERN

BTL - Batch shipment of SiPMs lost in transport

BTL - LYSO matrices not meeting specifications

BTL - Interface to iCMS changes

BTL - Concentrator Card requires significant design changes

BTL - Delay in delivery of components from iCMS

RT-402-8-43-D TL - System Testing - components late for system test

RT-402-8-42-D
RT-402-8-18-D
RT-402-8-08-D
RT-402-8-16-D
RT-402-8-44-D
RT-402-8-07-D

BTL - Problems with module assembly site

BTL - Concentrator card production & testing facility problem
BTL - Delay in cooling plate delivery

BTL - Problems with SiPM QC test site

BTL - Concentrator Card batch shipment lost/damaged/delayed

BTL - Concentrator Card delay in external component deliveries



‘Endcap Timing Layer risks

$0.16M opportunities

" ETL risk contingency = $0.76M = $0.921 threats - ‘

Risk Contingency (kS)

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

RT-402-8-01-D ETL - Additional FE ASIC prototype cycle is required
RT-402-8-03-D ETL - FE ASIC does not meet specs - needs another pre-prod run
RT-402-8-02-D ETL - Problems with ETL module assembly facility
RT-402-8-10-D ETL - Sensor quality problem during production

RT-402-8-53-D ETL - Integration facility at CERN runs out of components
RT-402-8-48-D ETL - Delay in delivery of parts from iCMS

RT-402-8-43-D TL - System Testing - components late for system test

Ranked risk

th reats an d RT-402-8-31-D ETL - Storage-related degradation of LGADs

RT-402-8-52-D ETL - Module Radiation Tolerance

o p po rtun ities RT-402-8-51-D ETL - Problem with AIN vendor
RT-402-8-50-D ETL - Module assembly yield is low

RT-402-8-49-D ETL - Delays or damage in transport of ETL modules to CERN

RO-402-8-01-D ETL - Use AltiROC

-200 -100 0 100 200 300 400 500 600 700
Risk Contingency (kS)

F. Chlebana PO5: Cost and Schedule Fermilab Director’s Review 19 March 2019 p. 39
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Base cost

Risk contingency (90% CL)

(MS) (MS) (% of base)
402.1 Project Management 18.13 5.65 31.2%
402.2 Outer Tracker 42.03 1.06 2.5%
402.4 Calorimeter Endcap 39.90 1.93 4.8%
402.6 Trigger and DAQ 8.92 0.74 8.3%
402.8 Timing Layer 11.36 1.27 11.2%
Total 120.34 10.64 8.8%

Risk cost contingency by L2 area

OT fraction ~6% for threats only
(i.e. if without opportunities)
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!Egﬂwbg

Threshold KPP finish date at 90% C.L.

* MC models the stochastic schedule impacts of all risks
» Project-wide risks and L2-specific technical risks (H/M/L

rank)

= Risk events are inserted into the P6 logic where they could

OoCcur

Early finish

90% C.L.

» Include correlations as hegded (e.gburn rate cost and risk

delay)

BTL Construction complete

Schedule has 8.7 months of float
to the CMS need-by date

Risks will delay T-KPP by
< 5.8 months (at 90%C.L.)

MC iterations

T-

2000

1500 -

1000

500

;PF’-TL-1B: BARREL ‘({DHING LAYER CONSTRUCﬂQP{I&gPﬂFdfﬁI][E

/

...

14-Oct-2023
Finish date

01-May-2024

90% 13-Oct-2023

- 85% 26-Sep-2023
- B80% 07-Sep-2023
F 75% 22-Aug-2023
- 70% 09-Aug-2023
- 65% 27-Jul-2023
- 60% 20-Jul-2023
- 55% 12-Jul-2023

50% 03-Jul-2023

- 45% 23-Jun-2023
- 40% 16-Jun-2023
- 35% 09-Jun-2023
F 30% 07-Jun-2023
- 25% 25-May-2023
- 20% 16-May-2023
- 15% 19-Apr-2023
- 10% 19-Apr-2023
F 5% 19-Apr-2023

0% 19-Apr-2023

-2024
- 95% 14-Nov-2023

¥

Cumulative Frequenc

Analysis

lterations: 10000
Statistics

Minimum: 19-Apr-2023
Maximum: 20-May-2024
Mean: 12-Jul-2023
Bar Width: month
Highlighters

50% 03-Jul-2023
90% 13-Oct-2023



HL-LHC

@ Threshold KPP finish date at 90% C.L.

* MC models the stochastic schedule impacts of all risks

= Project-wide risks and L2-specific technical risks (H/M/L
rank)

= Risk events are inserted into the P6 logic where they could
occur

Early finish 90% C.L.

= Include correlations as heéded %%gkf)burn rate cost and risk
T-KPP-TL-1E: ENDCAP TIMING LAYER CONSTRUCTION &E'MP&'IEM 2025 Analysis
d e I ay) / L 95% 29-Oct-2024 Iterations: 10000
2000 1 M 90% 31-Jul-2024
F 85% 05-Jul-2024 Statistics
ETL Construction complete [ T somayanzs | MmmUm: 17Nov-2023
1500 - L 70% 13-May-2024 :ax'mum' z;";m'z::;
| 5% 06-May- = ean: -Apr-;
Schedule has 9.8 months of float . -~ [ or sommse & |Barwidth:  month
to the CMS need-by date 2 [ 59% 22Apr202e £
8 ool | — ::"f ;:':P":g:: ¢ |Highlighters
- 45% 08-Apr- i .
Risks will delay T-KPP by 2 / - o osaraoze 3 |5 16-8er2024
< 8.3 months (at 90%C.L.) || i [ 0% Aottt
500 - 25% 08-Jan-2024
F 20% 06-Dec-2023
- 15% 20-Nov-2023
1 [T HH —‘ L 10% 17-Nov-2023
AR AR 30l ST ppiamagi
01-May-2024 06-Jan-2025
Finish date




MTD Schedule in P6

FY19 FY20 FY21 FY22 FY23 FY24 FY25

DOE @ o
iMTD )Mo O e @ e
BTL

FE boards available complete request-by neei-by
7

Assembly — @ occion | NERE

oKKP: 1&C
contrib

1&C

FY26

ETL

LGAD Prototype Pre-production
Pre- .
ASIC SRR KPP cms cms
ASICs available complete request-by need-by
Assembly Prototype

System Te Prototype ing pre-production component: Production components cms
need-by

‘ Production 9.8 mos ‘ 7
1 . Pre-prod Production
System Testing Using prototype components omponents components

1&C

oKPP: I&C contributions

cMmSs
need-by

F. Chlebana PO5: Cost and Schedule Fermilab Director’s Review 19 March 2019
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