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 Basis of estimate
 Schedule development 
 Responses to the OPSS review
 Costs
Milestones
 Synchronization with the international MTD schedule
 Risk
 Critical Path
 Float

Outline
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Basis of Estimate (BoE)

para

Example of documentation for the 
BTL Concentrator Cards saved in 
DocDB

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
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Vendor Quotes

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

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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Cost and schedule were reviewed during the Office of Project 
Support Service’s (OPSS) Cost, Schedule, and Risk (CSR) review in 
Jan 2019

 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)

OPSS Review

We have implemented updates to the schedule and have provided responses to 
most of the feedback
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OPSS Review Feedback and Responses
CMS-doc-13777
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OPSS Review Follow Up
We will continue to improve the schedule between now and the CD-1 review
 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

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)

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

CMS-doc-13777
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Costs at Level 3
CMS-doc-13215

ETL Labor 
19%

Management 
M&S 5%

BTL M&S 34%

ETL M&S 28%

BTL Labor 
14%
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Main M&S Cost Drivers (>500k$)
Material Obligation 

Date
Direct Cost 

(k$)
Total Cost 

(k$)
Approval Date

SiPM production 8/1/2020 950 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.
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Timing Layer Labor

Contributed labor is mainly in the LYSO, LGAD, 
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 

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

The main labor cost is for the ASIC 
development 
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Leading Cost Drivers (M&S + Labor)
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BTL Key Milestones
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ETL Key Milestones
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Milestones to Monitor Progress (Tier 5)
We have additional milestones throughout the MTD project to monitor technical 
progress, Tier 5 milestones are monitored by subproject manager

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

BTL T5 Milestones ETL T5 Milestones
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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
lpGBT, 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
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BTL Critical Path and Schedule Contingency

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

Jan 2024: CMS request-by 
date

Has 8.7 months of float to:

Long Shutdown 3
April 2022: FE boards 

10% complete

202320222021 2024 20252020 2026
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BTL Installation and Commissioning

Objective KPP:  O-KPP-TL-1B
April 2024: Barrel Timing 
Layer Integration and 
Commissioning Complete

Long Shutdown 3

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

2023 2024 2025 2026



F. Chlebana            P05: Cost and Schedule                    Fermilab Director’s Review                  19 March 2019 p. 19

ETL Critical Path and Schedule Contingency

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

Sep 2024: CMS request-by 
date

Has 9.8 months of float to:

Long Shutdown 3

Jan 2022: Pre-production 
ASIC ready for submission

July 2022:  Production 
ASIC ready for submission

Nov 2022: Start module production

2022 2023 202420212020 2025 20262019
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ETL Installation and Commissioning

Objective KPP:  O-KPP-TL-1E
Dec 2025: Endcap Timing 
Layer Installation and 
Commissioning Complete

Long Shutdown 3

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

Note: For visual clarity, where 
parallel tasks involve labor from 
Fermilab, UCSB, and UNL, then 
only the UNL task is shown

2024 20252023 2026 2027
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 We are following a staged approach for the schedule development: 
1. US activities entered into P6 to produce our technically driven schedule. 

DONE and frozen for this review
2. International schedule formalized for the LHCC/UCG Step 2 approval. 

Being done now
3. Complete set of international project / external tie points entered into P6. 

Many already implemented
4. 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
 Implement 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

P6 Schedule Adjustments for IPR
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Risks

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 register 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)
Probability Cost impact Schedule impact P*impact (k$)
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BTL and ETL Risks
BLT Risks (15)

ETL Risks (11) + Opportunity (1)

Probability Cost impact Schedule impact P*impact (k$)
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Timing Layer Risks CMS-doc-13480
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 TL risk contingency ≈ $1.27M

Timing Layer risks

Ranked risk 
threats and 

opportunities

= $1.43M threats −
$0.16M opportunities
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Threshold KPPs – Schedule contingency
BTL T-KPP
Complete:

EARLY 
FINISH

BTL T-KPP
Complete:
WITH RISK 
AT 90% CL

CMS BTL 
request by:

CMS BTL 
need by:

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

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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Backup Slides
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Work Breakdown Structure
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Barrel Timing Layer

Threshold and Objective KPPs
CMS-doc-13237
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Endcap Timing Layer

Threshold and Objective KPPs
CMS-doc-13237



F. Chlebana            P05: Cost and Schedule                    Fermilab Director’s Review                  19 March 2019 p. 32

Costs at Level 3 / 4
CMS-doc-13215
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Costs:  Barrel Timing Layer
CMS-doc-13215



F. Chlebana            P05: Cost and Schedule                    Fermilab Director’s Review                  19 March 2019 p. 34

Costs: Endcap Timing Layer
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M&S and Labor Estimate Uncertainty
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Contributed Labor

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

Management 15 15 100

BTL – LYSO 1.67 1.67 100

BTL – SiPM 0 3.05 0

BTL – CC 0 2.91 0

BTL – System Testing 3.47 3.58 97

BTL - Assembly 4.83 10.95 44

BLT - I&C 5.02 6.02 83

ETL – LGAD 2.19 2.19 100

ETL – ASIC 1.43 12.78 11

ETL – System Testing 3.58 3.58 100

ETL - Assembly 13.88 17.02 82

ETL- I&C 11.96 12.77 94

Total 63.03 91.52 69
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High and medium-rank Timing Layer risks

Risk Register CMS-doc-13480
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 BTL risk contingency ≈ $0.35

Barrel Timing Layer risks

Ranked risk 
threats and 

opportunities
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 ETL risk contingency ≈ $0.76M

Endcap Timing Layer risks

Ranked risk 
threats and 

opportunities

= $0.92M threats −
$0.16M opportunities
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Risk cost contingency by L2 area
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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
 Include correlations as needed (e.g. burn rate cost and risk 

delay)

Threshold KPP finish date at 90% C.L.

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.)

Early finish
(no risks)

90% C.L. 
(with risks)
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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
 Include correlations as needed (e.g. burn rate cost and risk 

delay)

Threshold KPP finish date at 90% C.L.

ETL Construction complete
Schedule has 9.8 months of float
to the CMS need-by date

Risks will delay T-KPP by 
< 8.3 months (at 90%C.L.)

Early finish
(no risks)

90% C.L. 
(with risks)
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7

7

US-MTD Schedule in P6
FY26FY25FY24FY23FY22FY21FY20FY19

Prototype Pre-production Production 

Production 

Prototype Production 

Prototype

LYSO

CC

Assembly

I & C

PrototypeSystem Testing

BTL

ETL 
PrototypeLGAD

PrototypeASIC

PrototypeAssembly

I & C

Using prototype components System Testing

Prototype Pre-production Production 

Pre-production Production 

Pre-production 

Using pre-production components

Production 

Production components 

oKKP: I&C 
contrib

8.7 mos

Pre-production 

Pre-
production 

Pre-prod 
components

Production 

Production 

Production 9.8 mos

Production 
components 

oKPP: I&C contributions

SiPMs

iMTD
DOE

CMS
request-by

CMS
need-by 

tKPP
complete

CMS
request-by

CMS
need-by 

tKPP
complete

CMS
need-by 

FE boards available

CD-2/3

MTD TDR
submitted BTL EDR

CMS
need-by 

ASICs available

ETL EDR 
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