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Outline
• Prototype schedule

- Frames, mesh panels & boards

- New winding head

- Board for electrical wire tension method

• Pre-production APAs for integration test and as “module 0” for 

protoDUNE phase II

• APA production time and labor resources

• APA production plan

• Cost for APA production
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Prototype Activities in 2019
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US
UK
US/UK



Pre-production APAs

• In US, 1 APA built at PSL in the Fall 2019, to be shipped to 

CERN for integration test with PD and CE

- Integration test to be completed by first half of 2020

• In UK, the plan is to build two (possibly four) APAs starting 

summer of 2020 that will then be shipped via the new custom 

shipping container to CERN

- UK APA production planned to start July 2020

• In US, presently 1 additional APA built at Yale or Chicago to be 

shipped to CERN late 2020

• 3  pre-production APAs to be used as “module 0” in protoDUNE

phase II (~Spring 2021)
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2019 Engineering resources
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US

Alan Grant                         0.5FTE

Design Engineer               0.7FTE

Technician Engineer        0.7FTE

UK

Effort available at Daresbury 
from now until the end of 

September for pre-construction 
work, after which it will 

transition to DUNE construction 
project



APA Assembly shift summary
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APA Production Resources

• Using an improved wiring machine and two process carts 

to parallelize pre- and post-wiring processing the wall clock 

time required is 40 shifts/APA

• Resources per winding station:  

- 0.5 FTE research physicist/senior postdoc (Production manager)

- 0.5 FTE postdoc (responsible for QA/QC, at least for a 6 month 

period)

- 1 student (Assembler/operator, 6 months periods)

- 1 FTE engineer (winder maintenance: mechanical, electrical, 

controls)

- 2.5 professional technicians (at least one professional solder, one 

with crane operation certification, material handling)
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APA Production sites layout
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Daresbury Lab., UK

PSL 
U. Wisconsin-Madison, 

US

U. Chicago, US

Yale U., US



APA Production Plan
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▪ UK starts APA production July 2020, site preparation well 

underway

▪ In US
• Planning of APA production sites in 2019

• Winders production in 2020 (2 @ Yale, 2 @ Chicago with help 

from PSL)

• Start APA production Jan 2021

▪ Hold individual APA Production Site Design Reviews in 

summer 2019 to assess space layout, crane equipment, 

safety procedures, staffing plan (APA Consortium internal 

reviews )

▪ Hold individual Production Readiness Reviews for each APA 

production Site (external reviews)



APA Production 
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Production of APAs for Detector #1
▪ US-APA production (76 APAs): Jan 4, 2021 – Dec 7, 2023
▪ UK-APA production (76 APAs): Jul 6, 2020 – Nov 6, 2023

Production 

Site

2020 2021 2022 2023

Daresbury 6 24 26 20

Yale 10 13 7

Chicago 10 13 7

PSL 3 7 6

TOT 6 47 59 40

APA Production/year

Production of APAs for Detector #2
▪ US-APA production (76 APAs): Jul 5 2023 - Jun 26, 2026
▪ UK-APA production (76 APAs): Aug 14, 2023 - Nov 16, 2026



APA Production Cost

• Production Setup, fabrication of all tooling necessary for APA 
assembly

- Fabrication of 8 additional winders and 18 additional process carts

- Fabrication of jigs & tooling for each winder

• APA Components Production, it includes procurement, 
fabrication and inspection of all APA components (for 152 APAs 
for each 10 kt detectors & spare boards)

• Frames and mesh panels

• X, V, U, G boards, CR boards, adapter boards, G-bias boards, SHV boards 
and cable harness

• Combs, wire, solder & epoxy, electron diverters, CE brackets and tees, 
yokes, 2-APA linkages

• Fabrication of  shipping boxes (2 APAs/box) 

• APA Assembly, it includes setting production sites, manpower 
resources for the assembly of APAs, and shipping costs to 
SURF
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APA cost summary (production of 1 detector)
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APA Components cost (production of 1 detector)
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