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APA key requirements

- Number of working channels > 99% (continuity, isolation, tension)

- Wire pitch (frame flatness, tension) £ 0.5 mm

+ Plane spacing (frame flatness, tension) + 0.5 mm

SP-FD-9 APA wire| 4.669mm for U,V;| Enables 100% efficient Simulation
spacing 4.790 mm for X,G MIP detection, 1.5cm
yz vertex resolution.
SP-FD-10 APA wire] £0.5mm Interplane electron ProtoDUNE and
position toler- transparency; dFE/dx, simulation
ance range, and MCS calibra-
tion.
SP-APA-5 Frame pla-] <5 mm APA transparency. En- ProtoDUNE-SP
narity  (twist sures wire plane spacing
limit) change of <0.5 mm.
SP-APA-6 Missing / <1%, with a goal of | Reconstruction effi- ProtoDUNE-SP
unreadable <0.5% ciency
from TDR

channels




Outline

Quality Assurance:

Detailed description of what we have learned from protoDUNE,
as this gives us confidence (QA) for DUNE

Quality Control:

Detailed description of the protocols for DUNE and what we are
planning to iImprove before production

Still trying to understand some tolerances in order to have strong
justifications to reject an APA



Quality Assurance

Long history of wire plane construction (MicroBooNE, 35t, protoDUNE,
SBND)

Two Production Sites (PSL and Daresbury) have extensive
experience with APA construction from protoDUNE (6+1 APAs)

Robust construction process developed and tested

Plans to construct 3 more APAs to test any modifications:
= [arger size frames
= New wire geometry boards

= Final tuning of wire-winding machines



Quality Assurance (protoDUNE)

- Extensive information and documentation avallable from protoDUNE
APA construction '
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- Results presented here are based on the 6 constructed APAs and on
the tests at CERN during integration
Number of disconnected channels

12

_ All well below 173

2 560 Below 0. 5%




APA Frame Flatness

ANODE PLANE ASSEMBLIE FRAME
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Frame Flatness (and wire plane spacing)

Wire plane spacing is very important to ensure transparency of the different
layers. A tolerance on the wire plane spacing of = 0.5mm is required.

Detailed mechanical studies of frame distortions have been performed for
different bending modes (tvv|st obow, fold)
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When considering a frame one only needs to look at one of the five
“cells” of the frame.

Each of these cells is separated from adjacent cells by combs that
maintain correct wire spacing - so the wire movement in one cell is
unaffected by movement in the others.

All cells are 2300mm across; the longest in the other direction is
1270mm.



Frame Flatness (and wire plane spacing)
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Actual plane spacing measurements (protoDUNE)

Plane spacing

APA 001 Wire Layer Spacing Analysis Results
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Actual plane spacing measurements (protoDUNE)

Plane spacing

APA 001 Wire Layer Spacing Analysis Results APA 002 Wire Layer Spacing Analysis Results

~Imm

—
O —_—0 —~—

O ~1mm

B2 B4 B5 A2 TOP B2 LOW B3LOW B4 LOW

=@==|\]in. =—@=Nax. =—@=—Meshto X XtoV =—@=\/toU =0=—UtoG il V[N, e MaX., =l Meshto X XtoV eaBam\/toU ===l toG

APA 003 Wire Layer Spacing Analysis Results APA 004 Wire Layer Spacing Analysis Results

B1 B2 B4 B5 B2 B4 B5

=@ Min. =@=—Max. =—=0=—NMeshto X XtoV =@=\/toU =0=UtoG =@==\in. =@=NMax. =O==Meshto X XtoV e=@=\/tolU =@=UtoG

All points outside tolerances are between mesh or G plane. Exact tolerance for rejection currently under study
(2D field simulations show that G-U tolerance may be relaxed a bit)

One exception (APA2 B2 low due to known issues with the combs pre-wiring. Solution has been implemented10
already to avoid it in the future.



Wire tension (protoDUNE)

Wire tension measured with laser-diode system

All wires were measured at Production Sites
(horizontal APA)

Requirement: 5 +/- 1 N

~10% of wires were measured for tension at
CERN before integration (vertical APA)

Frequency of wires before and after the cold-box tests
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Only few % difference in Hz for handful of wires'



Wire tension (protoDUNE)

Tension @ CERN [N]
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At production = Horizontal APA

At CERN = Vertical APA
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Lessons learned from wire tension at protoDUNE

Tension measurement is extremely time consuming and new
method need to be developed it all wires will be measured
(current plan with the laser method is only 10% of wires
measured at [TF)

A new winding head with a more precise control of the tension
during Production will be highly beneficial

Tension was increased from 5N to 6N to decrease the risk due
to tension relaxation

Tolerance of +1 N may be too tight. This is currently under
investigation with protoDUNE data

13



Quality Control procedures at Production Site

1. (bare) Frame flatness. Use precise survey measurements to assess
the flatness. Bolted frames allow for some adjustments (+ shims)

2. Wire boards are inspected, measured and tested (see Andrew’s talk)

3. Wire winding:
=New winding head will allow for better precision of tension

= After each layer, visual inspection, full wire tension measurement
of all wires and continuity/isolation tests (can re-tension at this stage)

4. Survey APA flatness and measure wire plane spacing after the
completion of the wiring

5. Fully functional (>99% channels) APA shipped with “traveller
document”

14



Note on Frame Flatness QC (and wire plane spacing)

We have concrete tolerance values for each of the possible
deformation (twist, bow, fold) to keep the wire plane spacing within

0.5mm
* 6mm overall out-of-flatness in the frame due to twist

* 11 mm out-of-flatness due to bow

* 1.2 mm out-of-flatness due to a “fold” down the center

Exact tolerance on multiple frame distortions is harder to quantify, but
we know that they are not directly additive

We also can measure directly the plane spacing post-construction

If there are small deviation outside the tolerance, we still have a
mitigation strategy to use higher bias voltage to ensure transparency.
This will be studied in detall with dedicated protoDUNE data soon

15



Quality Control procedures at Integration location

1. Unpack the APA and visual inspection
2. Survey APA flatness and measure wire plane spacing

3. Measure wire tension and wire continuity/isolation to ensure > 99%
channels

= Current plan with laser method: 10% of wires have tension
measurement

= Alternative plan with electrical method: 100% of wires are
measured (preferred and currently under investigation)

4. After integration with cold electronics and photon detectors, the
APA Is inserted in a cold box

16



Quality Control procedures post-integration

Once the cold electronics and cables have been installed, we
cannot really assess the quality of the wires alone anymore (e.g.
cannot measure tension with the electrical method)

Cold tests of the electronics inform the state of wires

Noise measurement in cold could inform on wire tension.
Studies are currently undergoing about using cold electronics
output to correlate to tension. Nothing concrete yet, but since
iIntegration happens underground, re-measuring wire tension is
less critical and may not be relevant.

17



Wire tension measurement methods

Default: Laser method

= Extremely tedious and time consuming (same
as whole wiring time)

= Schedule allows only ~10% of wires to be
measured at |TF

Alternative:; Electrical method

= (Could significantly reduce measuring time
(exact time under investigation)

= \Would allow for 100% of the wires to be
measured at all sites

= Potentially provide continuity and isolation
tests for free (under investigation)

18



Details on the electrical method (proof of principle)

Use DC + AC voltages on adjacent wires to E_
: : : : : [
iInduce motion in sensed wire (Motion | !
- T =4ul’f; '
frequency « tension) = alL ] o
|
|
N |
- Principle demonstrated by Manchester on AC@)+DC 0 AC(@)-DC
3mm wire pitch
Voltages required for Smm seemed high
E 0.2: 5
- 5 0.195 ;— .".0“
a‘J *” Nuclear Instruments and Methods in Physics Research ’_-_m,:‘.:_,.. & oo .“.c’
: J " _ Section A: Accelerators, Spectrometers, Detectors and 2; %mssé_ ?h : ..0‘0.
ELSEVIER Associated Equipment == 'c%" E
Volume 915, 21 January 2019, Pages 75-81 ’ 85 /|
0175 ..l
A novel electrical method to measure wire tensions for time 3'_75_ .,.“' *
projection chambers = ..o""
Diego Garcia-Gamez & =, Vincent Basque, Thomas G. Brooks ', Justin J. Evans, Michael Perry, Stefan Séldner- : 165:— . oy s e e T T T T
32 3 34 35 36 37 38

Rembold, Fabio Spagliardi 2, Andrzej M. Szelc
AC Frecuency [Hz]

https://doi.org/10.1016/].nima.2018.09.031
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Plans and progress towards the electrical method
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optimizing the method for DUNE

Using test bench, results from
Manchester were reproduced with 5mm
pitch with DC of 200V and 400V
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Plans and progress towards the electrical method
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Plans and progress towards the electrical method

- |dea is to use an analog board mounted on FPGA to input known
wave form and allowing to read out the same frequencies, to reduce
the noise and speed up the frequency scan. Still under development.
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-+ Mitigation: New wire board design allows for higher voltages (~400 V)
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Summary

Quality assurance

+ QA has been developed over extensive experience with APA falbrication,
especially during protoDUNE construction (7 APAS)

- Robust demonstration of the construction method

- Continued protoDUNE data analysis to ensure that APAs are fully functional and
investigate any potential correlation to wires (e.g tension)

- 3 more APAs will be constructed before production starts to address any
modifications or update from protoDUNE construction

Quality Control

+ Detailed QC protocols are in place

- ProtoDUNE data analysis will inform the exact tension tolerance (currently =1N)
- Electrical tension method under development to increase our QC scope

- Mitigation strategies are also under investigation to allow robust decisions on
APA acceptance 28



Backups
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Plane spacing measurement

Laser Line
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—lectrical method

E > ~ Nuclear Instruments and Methods in Physics Research ‘...--_“...-.:_,.
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I a(oa Volume 915, 21 January 2019, Pages 75-81
: A novel electrical method to measure wire tensions for time
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https://doi.org/10.1016/j.nima.2018.09.031
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—lectrical Method
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—lectrical Method
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—lectrical method automatisation

Passive LP filters
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Non-conformance documentation

Non-Conformance log
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Frame Flatness (and wire pitch)

Wire spacing is controlled by the wire
boards where they are soldered and
support combs

i

Mechanical studies on slide 6
iIncorporate the wire spacing
requirements
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