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2.  Are the specifications and drawings for standard and custom 
components substantially complete and available in EDMS? Are they of 
sufficient maturity to proceed to final design?

3.  Have interfaces with other detector components been addressed and 
documented? Do risks of design changes in other systems have 
appropriate mitigation strategies?
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Charge:

But, first, some terminology…
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APA Stainless Steel Frame

Pads are welded to the ends 
of the tubes.  These pads are 
joined with machine screws.

Head 
end

Foot 
end

High slot 
side

Low
slot side
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(Mesh frames in place but 
mesh omitted for clarity.)

Factory Complete 
APA

Yoke
Power to 
CE boxes

Electronics is 
mounted on head 

end of APA
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Vent 
holes

PD insertion slot

PD rails

Tie down points 
for PD cables

Edge boards
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Bottom APA

Top APA

Photon Detector Cabling

Top APA

Bottom APA
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Cable bundle along side tube

Cable bundle along side tube with window frame in place

PD Cables Along Side Tubes

Image compliments of Dave Warner
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Note: The PD cables run up the outside of the long tubes as 
just shown.  The cables between the lower APA cold electronics 
and the top of the cryostat run inside the side tubes.

Photon Detector Cables vs. Cold Electronics Cables
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Upper Yoke This part connects the 
upper APA to the detector 
support structure.

It supports the weight of both 
the upper and lower APAs.

It will be installed on the APA 
underground - before the APA is 
rotated to a vertical position.
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Head of 
upper APA

Foot-to-foot 
connection

Head of 
lower APA

APA Pair

Upper field 
cage latch

Lower field 
cage latch
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Changes from ProtoDUNE to DUNE

The biggest change between 
ProtoDUNE and DUNE is the 
chang from a 3 inch thick frame 
to a 4 inch thick frame.

• More room for running 
cables inside the side 
tubes

• Greater out-of-plane 
stiffness
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Changes from ProtoDUNE to DUNE

The link is new to DUNE because there was no 
lower APA in ProtoDUNE.  The link fits along the 
inner surface inside the side tube.  The screws 
screw in to heavy plates welded to the outside of 
the side tube.

The link has been planned in G10 – and 
calculations show good safety margin.  
However, we are considering stainless steel 
for increased strength, with G10 linings to 
insulate it from the frame.

Plate



Added round conduit tube inside APA side tubes

There is now a 2.5” OD x 0.065” wall round SS tube for 
running the lower CE cables up through the sides of the APAs.  
It has cutouts to allow attachment of the M20 bolts used for 
lifting.

Changed 
shape of 
opening

ProtoDUNE
DUNE
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Changes from ProtoDUNE to DUNE

Plate at head end is 
welded to conduit 

tube. Plate is screwed 
to head tube.

Plate at foot end is 
not welded to 
conduit tube.



ProtoDUNE V layer with PD slot

DUNE V layer with PD slot

Changes
• Board is wider to 

match thicker 
frame

• Larger PD slot
• Larger round hole 

around M20 access 
and rivnuts
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Changes from ProtoDUNE to DUNE



Inside of half of 
a side tube

Rib 
endSide 

board

If the side tube is not 
exactly flush with the 
rib, as shown here…

…it will push up the end of 
the comb base and comb, 
causing a height mismatch 
with the side board…

…unless the end of the 
comb base is undercut 
as shown here:

“Combs” glue to the ribs, across the 
APA, to maintain wire location and 
spacing in the mid section of the APA

Epoxy

Rib extends 
this direction 
to APA center.
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Changes from ProtoDUNE to DUNE



2.  Are the specifications and drawings for standard and custom 
components substantially complete and available in EDMS? Are they of 
sufficient maturity to proceed to final design?

3.  Have interfaces with other detector components been addressed and 
documented? Do risks of design changes in other systems have 
appropriate mitigation strategies?
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Drawings



8760-185
APA pair

8760-175 
Integrated lower APA 

assembly

APA Assembly Levels – Frame to Integrated APA Pair

8760-170 
Lower factory APA

8760-055
Upper APA w/ PD rails and 

cables

8760-060 
Upper APA w/ comb base 

and mesh

8760-065 
Upper APA w/ four wire 

layers

8760-070 
Upper factory APA

8760-075 
Integrated upper APA 

assembly

8760-155
Lower APA w/ PD rails and 

cables

8760-160 
Lower APA w/ comb 

base and mesh

8760-165 
Lower APA w/ four wire 

layers

8760-050
APA Frame assembly

The bare steel frame

Boards and 
other combs

Yoke, CE 
hardware and 
cover boards

CE boxes, PDs, and cable conduit

PD rails and PD cables added

Comb base and 
mesh added
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Link direct to SP APA Consortium. 
• https://edms.cern.ch/project/CERN-0000193827

Slide compliments of Kevin Koehler
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Drawings

https://edms.cern.ch/project/CERN-0000193827


SP APA Consortium→Part Drawings→APA Detector takes you to the assembly drawings

Opening one of the assembly documents takes you to the assembly drawing 
itself as well as all the parts listed on the BOM in that assembly.
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Drawings



These parts are included with 
the assembly drawing.

March 27, 2019 Lee Greenler - UW Physical Sciences Lab20

Drawings
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Assembly Drawing – 8760-055 Upper APA with PD rails and cables 



March 27, 2019 Lee Greenler - UW Physical Sciences Lab22

Assembly Drawing – 8760-060 Upper APA with Comb Base and Mesh
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Page 1/7

Page 2/7
Includes BOM

Assembly Drawing – 8760-065  Upper APA with Four Wire Layers
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Assembly Drawing – 8760-070  Lower Factory APA (As built at factory) 
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Assembly Drawing – 8760-075  Integrated Upper APA Assembly
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Assembly Drawings – 8760-185 APA Pair



2.  Are the specifications and drawings for standard and custom 
components substantially complete and available in EDMS? Are they of 
sufficient maturity to proceed to final design?

3.  Have interfaces with other detector components been addressed and 
documented? Do risks of design changes in other systems have 
appropriate mitigation strategies?
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Interface: Adapter Board and CE Box Drawing 8760-302 from Kyle Zeug
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Interface: Adapter Board and CE Box 
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Drawing 8760-300 from Kyle ZeugInterface: Upper APA Yoke to DSS
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Interface: Upper APA Yoke to DSS
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Drawing 8760-300 from Kyle Zeug
Interface: Photon Detector to APA Frame
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Model from Kyle Zeug
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Interface:  Photon Detector Cable 
Connection at Foot Tubes

Drawing 8760-303 from Kyle Zeug
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Drawing compliments of Dave Warner

Interface:  Photon Detector Cable 
Connection at Foot Tubes
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Interfaces: Field Cages to APAs

These excerpts from 
drawing 8760-185 (The 
assembled APA pair) 
show the locations of the 
field cage latches.
Additional detail to be 
added.



2.  Are the specifications and drawings for standard and custom 
components substantially complete and available in EDMS? Are they of 
sufficient maturity to proceed to final design?

3.  Have interfaces with other detector components been addressed and 
documented? Do risks of design changes in other systems have 
appropriate mitigation strategies?

March 27, 2019 Lee Greenler - UW Physical Sciences Lab37



Making design changes during development requires care and flexibility 
from all involved.  It’s impossible to predict ahead of time what changes are 
going to arise but there are steps we take to minimize negative impact:
• Interfaces have been established early.  They are modified as needed 

based on discussions between the groups on both sides of the interface.
• Regular weekly meetings so the people within a group, and those from 

other affected groups, have a place to propose and discuss desired 
changes.

• Presentations at collaboration meetings help inform other groups of the 
overall direction of each group.

• Individual conversations between people working on connected systems 
keep each group in touch with the directions of other groups.
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Interfaces and Communication
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Summary

• DUNE APA design is based on several earlier 
prototypes.

• The design is nearly complete and drawings are 
available on EDMS.  Some refinement of design is 
still underway.

• The interfaces between the APA and other systems is 
well defined.
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Backup 
Slides



History
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The “40%”.  The first 
prototype APA.  ~40% 
linear dimensions

Long and short “35T” APA.  Installed in 
cryostat and used at Fermi.



6 meters

2.3 
meters

History
Reasons for APA dimensions
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• 6 meters is ~20 feet – the standard, easy-to-buy length for 
hollow steel tubing.

• 2.3 meters is slightly under 8 feet.  This was driven by the 
desire to keep transportation simple.



> 0.5mm > 1.0mm
U-G layers

> 0.5mm > 1.0mm
V-U layers

> 0.5mm > 1.0mm
X-V layers

Shown here are the 3 spaces between 
wire planes on the A side of the APA.  
The white areas in the left hand view 
are the areas in that plane predicted 
to be more than 0.5mm over or under 
the target.  The right hand view shows 
areas predicted to be more than 1 
mm out.

Changes from ProtoDUNE to DUNE     Comb End to Edge Board Height Mismatch
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