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 Preliminary design
 Resolve remaining technical questions
 Definitive scope
 High-quality, reliable cost and schedule estimate for 

performance baseline
 Resource-loaded schedule suitable to measure Earned Value

 Implementation of Earned Value Monitoring System 
(EVMS)
 Measure performance against fixed baseline
 Formal change control
 Analyze cost and schedule variance
 Produce metrics for DOE’s project reporting system (PARS-II)

Prerequisites for Baseline

Oct 23, 2019J. Mans | CE Path to CD-2, CD-3a -- DOE CD-1 Review p 2



402.4 Maturity

 Design maturity calculated based on a rubric which includes 
multiple aspects classified as “management” and “technical”
 Includes a target level of technical design work completion, but this is only a 

portion of the overall maturity.  
 Technical design work completion is estimated by managers in consultation 

with engineers and represents a combination of outstanding design 
questions and remaining “drafting/implementation” phase of design
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Charge #2



 Frame contract signed between CERN and HPK (August 2019)
 Unit costs fixed in JPY
 Delivery schedule understood and agreed

 Some details remain under discussion with the vendor
 Procedures for sensor backside-protection

 Affects details of sensor testing and could result in a small additional 
service charge from vendor for applying a protection layer at the vendor

 Sensor design close to final
 Improvements for streamlined QC implemented into final full-sensor 

designs (small details)
 Multi-shape odd-sized wafer under advanced design

 QC center setup moving to completion
 Will be ready to receive pre-series sensors in 2020

 CE will be ready for CD-3a (target: March 2020)

Detailed Design – Sensors

Oct 23, 2019J. Mans | CE Path to CD-2, CD-3a -- DOE CD-1 Review p 4



Module assembly and design are well-understood from 
the initial testing cycles
 High volume (55+) 6” module construction for testbeam
 Low volume 8” module construction carried out so far

Work remains to extend to odd-sized modules and to 
make the QC plans more-complete
 Will be carried out as part of the ongoing major system 

prototype 1 cycle
 Quotes for volume production also will be obtained as part of 

this cycle

 Ready for CD-2 in May 2020

Preliminary Design -- Modules
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 Cooling plate design interface constraints (cooling pipe 
locations, support structure, shapes) established by CERN 
EDMS (Engineering Document Management System) 
documents
 Design for cooling plate understood well from mockup campaign, 

prototype 1 design also complete
Motherboard system is conceptually well-understood, but 

preliminary design is less-advanced
 Division of functions (power distribution, DC/DC, data transfer, 

concentration) now well-understood, but a full design of a 
wagon/engine system has not been completed yet

 A primary focus of major system prototype 1
 Cassette assembly procedure is advanced, but depends on 

motherboards for some details
 Module-level assembly validated by mockup campaign

 Ready for CD-2 in August 2020

Preliminary Design -- Cassettes
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 Conceptual design strongly-influenced by successful CALICE 
efforts, CMS modifications are limited
 New SiPM+package – SiPM structure is validated by tests with 

commercial devices, custom package for high thermal conductivity 
and radiation tolerance will be validated in first half of 2020 (on 
order)

 Differences in geometry – wrapping and assembly of tiles of various 
sizes.  Assembly has been demonstrated at FNAL, wrapping 
optimizations underway at DESY and NIU.  These are minor design 
optimizations.

 Electronics strategy and QC procedures will be validated by 
the major system prototype 1 which is underway
 Tileboard-1 PCBs have been received at DESY, cables boards are at 

Minnesota, and wing-board work is underway at FSU
 Ready for CD-2 in May 2020

 P6 milestone is early as it does not account for some delays to the 
tileboards

Preliminary Design -- Scintillator
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 Preliminary design requires 30% of design completion
 ECON is currently considered at 20% of design completion

 Inputs specified, receiver and alignment block complete, fast-control 
and slow-control initial implementations complete, algorithms at an 
advanced preliminary level

 Path to surpassing 30% is clear: systematic plan to complete 
necessary blocks of ECON design
 Expect to achieve at least 90% design completion by May 2020 for 

submission of ECON prototype
 Power supply preliminary system design is also advancing to be 

ready for CD-2 approval

 Expect to be ready for CD-2 in May 2020

Preliminary Design -- Electronics
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Scope, Cost and Schedule
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Charge #3,7

 Scope defined in KPPs

 Estimates of Resources and Durations
 Fundamental structure of sequenced activities is established
 Major System Prototype 1 will validate these estimates
 Vendor inquiries and MSP1 efforts will confirm costs and 

procurement processes



 Project divided into 21 estimate 
documents
 Maintain similarity in topics while parsing 

into finite number of digestible chunks

 Follows Project Office guidance via Key 
Assumptions Document
 Standard BOE format
 Scope
 Narrative for cost basis

 May cite supplementary material in same or 
connected DocDB container

 Summary Tables
 M&S and Labor
 Connected to costbook via“BoeRef”

Cost – Basis of Estimate
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Example BOE Information Flow
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Supporting 
Documentation

Cost Book

BoE



 Fully Resource-Loaded Schedule captures the CE project
 Follows best practices of FNAL Office of Project Support 

Services
 Vetted by other O413.3B projects: Mu2e, g-2, Phase 1, LBNF/DUNE, et 

al
 Uses Industry-standard scheduling (Primavera, aka “P6”) and 

cost processing tools (Cobra)
 Currently costs are calculated in P6 which facilitates development 

cycles and is accurate to better than 1%
 Site-specific overhead, escalation computed by tools

 M&S budgeted in direct dollars, resources which capture overheads at 
FNAL and Institutes

 FNAL labor and Institute labor budgeted in hours, site-specific labor 
rates

Resource-Loaded Schedule (RLS)
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 Production flow scheduled into batches for each key 
input to the cassettes (full-size modules, odd-sized, 
scintillator), flowing down from key inputs (e.g. sensors)
 Pipelined structure, allows study of and response to delays on 

any particular input branch
 Some balance between granularity and maintainability – do not 

represent every variety of component in P6, will use appropriate daily 
tracking tools during production

Production Schedule
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Key milestones and schedule contingency
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CD-1

Long Shutdown 3

Jan 2024: Threshold KPP complete

CD-3A

7.2 months of float to CMS need by date

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

Schedule contingency

Apr 2026: Objective KPP complete

CD-4

Objective KPP decisions 

Aug 2024: CMS need by date for threshold KPP

Ready for CD-2
CD-2/3

Ready for CD-3A



402.4 Critical Path and Float
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Charge #3

CE Threshold KPP:  

Jan 2024: Construction complete 
(7.2 months of float before CMS 
need by date)

Long Shutdown 3

CE Objective KPP:
Apr 2026: CE construction 
and integration complete

Critical path activity
Schedule contingency
External milestone
(e.g. CMS need by date)



 Risk MC aggregates 
delays stochastically in 
the full P6 schedule
 Risks will delay finish 

by < 10.4 months at 
90% confidence level
 Plan has 6.9 months

of float before the 
CMS need by date
 T-KPP will finish before 

the need by date at 
73% confidence level
Will revisit schedule 

risk when new LHC 
schedule is known

16

Schedule Contingency
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 RLS fully factorized into Earned Value Monitoring Units
 Control Accounts are the lowest level quantum for agency 

monitoring

Responsibility Assignment Matrix
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What is it?
 Monthly collection of Work Performed

 Objective measure based on pre-declared measurement technique 
(Performance Measurement Technique, “PMT”)

 Monthly collection of Actual Cost
 From FNAL fiscal system

When does it start?
 Required to demonstrate >3 months of EVMS reporting before CD-2

 Endcap Calorimeter carried out a practice statusing exercise 
between October 2018 and February 2019
 Experience with the process while the schedule can still be modified
 Project team gets familiar with the demanding EVMS cycle
 Added benefit: Can relinquish contingency on completed activities
 Project office resources were not sufficient to sustain monthly 

statusing while developing CD-1 documentation for all subprojects
 Plan is to resume monthly statusing following this review

Statusing
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 Design Maturity
 Preliminary design well-advanced, clear plan to be ready for CD-2
 Design updates on track to be ready for CD-3a (long lead time 

procurements)
 Further prototype cycles to validate detailed design

 Cost and Schedule
 Structure is suitable for the deliverables of the project
 BOE documentation is well-developed
 Validate cost and schedule based on prototyping and vendor surveys

 Resource Loaded Schedule
 Developed beyond requirements for CD-1
 Suitable to support EVMS
 Already conducted first statusing exercises

Will be ready for targeted CD-2 review in November 2020

Summary
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Cartoon Schedule
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CD-3a

Oct 23, 2019

Mockups

Slice Test 
(MSP) V2

Mockup Series: evaluating design concepts  and 
thermal/mechanical aspects without FE ASICs

Slice Test
(MSP) V1

CERN Integration

Testbeams

Production

Global Float/ 
Extended Test

Low
ering

Major system prototypes provide full end-to-end 
slice tests to validate all design and production/QC 
aspects before production

TestbeamsInitial testbeams validated detector 
performance w/o final components

Later testbeams provide 
preparation for operations

Elec

ConcentratorP Final
HGCROC [France]V1 V2 V3 Final

Se
ns

or
s

Prototype PrePd Production and QC

Fabrication Operation Sensor QC sites
Sensors



 This chart, which 
is part of the 
project QA/QC 
documentation 
outlines the flow 
of the project 
through the 
construction 
phase and can be 
mapped directly 
onto the WBS 
structure

Workflow for the Project
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