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DUNE-ND-LAr TPC design Overview
Module components:

Pixel sensors
Light collection
Cryogenics
High voltage FT
Resistive sheet field cage

SLAC’s involvements:
1. ND module design (Skarpaas)
2. Field cage design
3. High voltage delivery
4. Small-scale prototypes
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Module 1 Field Shell Design
Field shell design:

Cathode: copper-clad FR4 panel with Kapton XC
(cheaper, lower resistivity: Rs ≃ 1MΩ ·□)
Shell: copper-clad FR4 panel with Kapton DR8

▶ 100 % Kapton coverage
▶ Most conductive side down on metal

Cathode and field shell panels bolted together with G10
brackets metalized with copper tape

Basic assembly concept (shell panels):
FR4
PE sheet
Copper
Tape

DR8
Epoxy
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Module-1 Field-Cage Timeline
Small tweaks w.r.t. Module 0 laminations

Measure DR8 sheet resistance with probe prior to lamination, number sheets/sides
Increase amount of epoxy, roll both ways

Spare panel lamination phase (using Module-0 spare panels)

Mon 08/09: bottom panel
Wed 08/11: top panel
Fri 08/13: cathode face 1

Mon 08/16: side panel 1
Mon 08/23: cathode face 2

New panel lamination (received new batch on 09/29)
Tue 10/06: side panel 2
Deal with export control, contract insurance (at the time, target was 11/15)

Shipped on 10/25 (Monday), arrived 10/27 in Zurich, currently at customs
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Module-1 Field-Cage Laminations
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Module-1 Field-Cage Laminations

François Drielsma (SLAC) Module 1 Field Cage Production October 28, 2021 5 / 11



Module-1 Field-Cage Laminated Panels
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Module-1 Field-Cage Laminated Panels

Complete album: https://photos.app.goo.gl/sH21UkTRptXpQ2Q46
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Module-1 Field-Cage Test-fit
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Module-1 Field-Cage Test-fit

Complete album: https://photos.app.goo.gl/zcjzoRWpQc57s6bn6
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Module-1 Field-Cage Electrical tests
Measured the current going through each panel
(both sides) at 50 V with picoammeter

Panel Side Current [nA] Rs [GΩ/□]

Bottom 1 185 0.60
2 186 0.59

Top 3 221 0.50
4 210 0.53

Side 1 5 391 0.55
6 327 0.66

Side 2 7 282 0.76
8 303 0.71

Full A 1014 0.64
B 1109 0.59

A: (1,4,6,7), B: (2,3,5,8), new DR8: (6,7,8)
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Module-0 Field-Cage Electrical tests
Measured the current going through each panel
(both sides) at 50 V with picoammeter

Panel Side Current [nA] Rs [GΩ/□]

Bottom Left 193 0.57
Right 230 0.56

Top Left 230 0.48
Right 250 0.44

Side 1 Left 373 0.58
Right 430 0.50

Side 2 Left 310 0.69
Right 350 0.61

Full A 1277 0.51
B 1170 0.56

→ RMod0/RMod1 ≃ 0.87
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Moving Forward Delivery, Module 2/3
Module 1 shipped out, should arrive soon:

Packing list: >LINK<
▶ Documents imperfections
▶ All panels, bracketry (provided by CSU), hardware

shipped by SLAC
▶ Teflon bumpers + associated hardware shipped

separately by CSU
Assembly instructions: >LINK<

▶ Check for new/undocumented bubbles in the
laminates

▶ Check for bulk resistance
▶ Perforate top/bottom panels

Module 2/3 production plan:
All necessary panels + material on hand
Mod2 to ship out by end of CY2021, Mod3 in Jan.
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Other activities Brief summary
SLACube system (E-field uniformity measurements)

First successful LAr fill last Thursday
Small setback, damage to FE board under repair

Carbon-loaded epoxy field cage
Streamlined coating process, identified target concentration
Long-term uniformity and Cu contact still under study
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