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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

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 

Biographical Sketch
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Schedule Development
Costs
Critical path
Milestones
Float
Risks

Outline
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MTD Work Breakdown Structure

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 
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Schedule Development
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

BTL - SiPM
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BTL – Concentrator Card

BTL - Concentrator Card
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BTL – Module Production

BTL - Module Production

10/23/19 F. Chlebana            HL-LHC CMS CD-1 Review            MTD - Cost and Schedule Overview 8



BTL – I&C

BTL - I&C
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ETL - ETROC

ETL - ETROC
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ETL - Module R&D and Prototyping 

ETL – Module R&D 
and Prototyping
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ETL – Preproduction and Production

ETL – Preproduction 
and  Production
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ETL – I&C

ETL – I&C
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Basis of Estimate (BoE)
Example of documentation for the 
BTL Concentrator Cards saved in 
DocDB

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
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Vendor Quotes

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

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)
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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

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

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

ETL Labor 
23%

Management 
M&S 10% *

BTL M&S 26%

ETL M&S 26%

BTL Labor 
15%

* Management includes:
2.8%   Travel
7.2%   Common infrastructure (LYSO,                    

Cooling, Engineering support) 
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BTL Critical Path and Schedule Contingency

2019 2020 2021 2022 2023 2024 2025 2026 2027
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BTL Critical Path

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

Module production starts 
when 10% FE is available

CC and SiPM production 
are not on the critical path 
for BTL module production

Tray installation 
into TST

2022 202520242023
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BTL Critical Activities
Critical activities identified 
by fixing the date of the last 
milestone in the sequence

BLT module assembly 
starts: 10% FE available

CC assembly completed 
before assembly started

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

SiPM

CC

Module preproduction

Module production
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ETL Critical Path and Schedule Contingency
2019 2020 2021 2022 2023 2024 2025 2026 2027
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ETL Critical Path

ETROC2 fabrication

Preproduction ETROC3 fabrication

Preproduction module 
development

Production ETROC3 fabrication

Module production (UNL)

Module production (FNAL)Bump bonding – Batch 1

Module 
assembly on 

DEEs
Cold testing DEEs

Module assembly on DEEs will 
be done in parallel

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

CD-1

Long Shutdown 3

Mar 2023: BTL threshold KPP complete

CD-2/3

11.0 months of float to CMS need by date

Project milestone
External constraint
(e.g. CMS need by date)

Schedule contingency

CD-4

Feb 2024: CMS need by date 
for BTL threshold KPP

Jun 2025: BTL + ETL O-KPP

Jun 2023: BTL objective KPP complete

Ready for CD-2

Production CC completed

SiPM activities completed

2019 2020 2021 2022 2023 2024 2025 2026 2027
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ETL Key Milestones and Schedule Contingency

CD-1

Long Shutdown 3

Apr 2024: ETL threshold KPP complete

CD-2/3

14.2 months of float to CMS need by date

Project milestone
External constraint
(e.g. CMS need by date)

Schedule contingency

CD-4

Jun 2025: ETL objective KPP complete

Jun 2025: CMS need by date for ETL threshold KPP

Ready for CD-2

Production ETROC3 ready for submission

Preproduction ETROC3 ready for submission

ETROC production completed

2019 2020 2021 2022 2023 2024 2025 2026 2027
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Main M&S Cost Drivers (>500k$)
Material Obligation 

Date
Direct Cost 

(k$)
Direct+Esc

(k$)
Relevant Review

LYSO production June 2020 500 523 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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Timing Layer 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, I&C

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

* BAC = Budget at Completion (=direct + indirect + escalation)

*
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MTD Risks

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

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

General Risks (2)
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BTL Risks

BTL Risks (14)
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ETL Risks

ETL Risks (10)
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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

MTD Risk Cost Impact

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) 
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Main risk changes in 
past 12 months are
 Reviewed and updated 

full spectrum of risks
 New: detailed risk 

analyses of BTL & ETL
 Re-aligned with the 

evolving iCMS plans
 Held external risk 

reviews
 Escalation, overheads, 

and exchange rate risks 
decreased (we have 
advanced by one year)

Project Cost Risks

Project Risk-based contingency ≈ $10.07M (8.1% of BAC)

Top 25 
project 

cost risks
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 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

BTL Schedule Contingency
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 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
 T-KPP will finish 

before the need by 
date at 97% 
confidence level
Will revisit schedule 

risk when new LHC 
schedule is known

ETL Schedule Contingency

10/23/19 F. Chlebana            HL-LHC CMS CD-1 Review            MTD - Cost and Schedule Overview 34



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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