DUNE FD2 PDS Cold Box #1 as built
Grounding, Shielding, and Cabling

Introduction

This document is the as built description for the DUNE Far Detector 2 (FD2) Photon Detector System
(PDS) Cold Box #1 prototype. This document also defines the plans and methods for implementing
grounding and shielding to ensure that the safety requirements are met, and to ensure that the noise
performance of the detector and instrumentation meet experimental goals. The broad strategy is to
optically isolate the cathode, have all conductive paths between components insulated and shielded,
and for there to be no conductive components left floating without a reference voltage.

Here are the definitions of key terms in this document:

1. Groundis a general term that refers to a reference conductor that serves as a common potential
for a specific circuit, subsystem, or facility. As there can be different kinds of grounds or ground
references in an experiment, this document aims to be verbose when describing a reference.

2. Shielding refers to the application of metallic surfaces that interrupt the flow of electromagnetic
energy, either radiated or conducted, to isolate sensitive circuits or conductors from the effects
of interference. Generally, shields do not carry any signal current, although they may in certain
circumstances.

3. Common is a term that is used to describe the local electrical reference node or net or plane for
a circuit or set of circuits. It is often called “ground” or “ground plane” in a schematic or
electronics design, although there may or may not be a direct connection to ground or Earth in
the system. It is also often taken to be the “0 Volt Reference” for a circuit or system. When
multiple power supplies are used in a circuit or system, often the power returns of the supplies
are connected to this common node or plane.

4. Safety Ground refers to the system of conductors and equipment ground connections that
provide a connection to the Earth Ground or the Grounding Electrode for the purpose of
ensuring that hazardous electrical energy has a shunt path to Earth and away from personnel in
the case of a fault.

5. Detector Ground refers to the system of conductors and connections that provide a reference or
common for the sensitive instrumentation of the experiment. There are often certain noise
requirements for this network that require special treatment. It is often distinguished from
Safety Ground in HEP detector instrumentation systems, although the NEC places requirements
on how this is connected and configured. In DUNE, warm detector components, including racks
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and crates, are generally referenced to Detector Ground. The cryostat itself is also Detector
Ground.

Cathode Mesh Reference refers to the connection to a conductive portion of the cathode mesh.
In cathode cells where the FD2 PDS modules are installed, the mesh covering the top and
bottom of the cathode FRP structure is anticipated to be conductive (i.e., not resistive) for the
74cm x 65cm region of a cathode cell. A cage is formed between the top and bottom
conductive mesh coverings and the M4 conductive screws securing the mesh around the
perimeter of each cell. When the cathode HV is active, the cathode mesh charges up to -30kV at
the Cold Box tests and -300kV at DUNE relative to the Cryostat Reference.

Field Cage Rib Reference refers to the connection to a rib of the field cage. The field cage is
constructed of ribs, which are large conductive rings, isolated from each other and stacked
between the anode and cathode and then again to the other anode. Each rib steps the cathode
voltage in a controlled gradient up to the anode voltage (e.g., steps of 15kV).
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FD2 PDS System Diagram

The diagram below shows the system level view of the connection types and references in the FD2 PDS.
All copper cables are shielded with the shield connected to the landing location on one or both sides.
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FD2 PDS Cold Box Cathode Module
The installation plan for a cathode-style module electronics cell and detector cell for the FD2 PDS at Cold
Box 1 is shown in the capture below. There are two cathode module instances installed for Cold Box 1.

ELECTRONICS CELL
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DETECTOR
(ONE OF FOUR)
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The electronics cell is comprised of an aluminum plate installed in the cathode by interfacing mounting
blocks made of G10. The aluminum plate is isolated from the mesh by G10 ribs supporting the mesh.
The layout of the Cold Box Test 1 FD2 PDS electronics plate is shown in the capture below:

A2 5.6V
2 PoF Rx
1 PoF Rx spare

A1 5.6V
2 PoF Rx
1 PoF Rx spare,

Bias
35.6V
3 PoF Rx

In the above capture, the four power-over-fiber modules are shown with their destination copper leads.
Three class 4 fiber arrive at each power-over-fiber module to deliver the optical power for conversion.

The optical fibers for power and output signal result in the PDS cathode installation being completely
isolated from Detector ground. The cathode-style modules are instead referenced to the cathode mesh.
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To assess any potential for noise contamination in the warm racks, a spectral analysis was conducted of
the custom power-over-fiber laser transmitter unit for Cold Box 1. Shown below is the custom unit:

B1,2,3,4,5,6
L—-R

Back L - R
8,10,12,14

SiPM power 1,2,3
cables B1,B2,B3
Yol | |

FrontL—- R
7.9,11,13

Sl

™

SiPM power 4,5,6
cables B4,B5,B6

Shown below is the measurement taken at 1 foot with the unit on. A Keysight MXR404A Mixed Signal
Oscilloscope was used for this measurement.
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The noise from the custom power-over-fiber laser transmitter unit for Cold Box 1 is primarily observed
to be the 100kHz switching noise. The custom box consists of two power supplies, five lasers, and
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supporting hardware. The switching power supplies in the unit generate harmonics at that switching

frequency. The results match expectations.

The schematic below shows the plan to tie the return leads to the aluminum plate reference through a 1
megaohm resistor to prevent the power-over-fiber module copper leads from floating:
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The aluminum plate is connected to the Cathode Mesh Reference at one location as shown in the

capture below:
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The +35V bias power-over-fiber module will fanout the bias to the mini-ARAPUCAs and, potentially,
XARAPUCA through the Interface PCB as shown in the capture below:

+35V bias

The schematics for the ARGON2 analog readout and the Interface PCB are attached at the end of this
document.
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PLATE C PLATE B

“ CryoSub [UK contribution]

A grounding and shielding block diagram for one cathode readout channel is given in the image below:

Power-over-Fiber Aggregator
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- _Ej __________ -Ej -------- ¥ _ - — — 4 =Cryostat
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J
/ -
AC coupled diff det. sig | m / ~ Aluminum
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/ ‘)/ 'R15[ i { SCPES
PoF +35V o
p i / Shlelded ooppet Shtelded copper| _
— cable wishield  cable wishieid <CND braid
Aluminum GND braid lied lOb2S tied 1o bias to mesh
electronics to mesh retum on both  ratum on
plate isolated sides detector side Cathode
from cathode only Conductive mesh on

top-side at cold box 1

FD2 PDS Cold Box Membrane Module

The installation plan for a membrane-style module electronics cell and detector cell for the FD2 PDS at
Cold Box 1 is shown in the capture below. There is one membrane module instances planned for Cold
Box 1.
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The membrane-style module has the same components as the cathode-style module except for power is
delivered over copper, rather than fiber.
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Below is a grounding and shielding block diagram representing the membrane Cold Box 1 installation:
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100nF Crate
Supply ground .
M : — Detector
/;7 100nF " ground "
____[ 1 __________ -Ej --------- T = = = = & =Cryostat
1108 Fiber feedthru —— Cold Detector
Copper feedthru ground
Copper +6V
LV and Shielded copper cable
+35V bias wishield tied to supply| o <=im 0
retum on readout side
~ /
- . AC coupled G det. sig | Al detector
I / plate
detector
p lelded copper  Shielded copper
A cable wishield  caple wishield
t:>ore|den.u:t'rv$s oﬂ:neected to :-:d 1o bias ol
urm on return on
membrane ar.\d Isolated detector-side detactor side Membrane
from electronics only Referenced to Detector
1 Ground

FD2 PDS Additional Components

A passive LED flasher system was installed from ProtoDUNE-SP run 1:
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The Cryosub vacuum housing mounts on top of the cryostat to a dedicated flange, which is on detector
ground and a vacuum pump is required to be connected to the flange for steady-state operation. If the
Cryosub pump connection is conductive then care should be taken to plug it into detector ground, to
avoid creating an inadvertent path to detector ground. For example, if the vacuum pump power is
referenced to building/safety ground, then a conductive path is created to detector ground through
conductive vacuum connector; in this case, the nonconductive connector should be installed. The
cathode fiber disconnects will occur at FC couplers at the power-over-fiber coupler box and at a
secondary plate on the membrane installation.

Below is the Cryosub vacuum housing assembly diagram. The Burst disc is a critical safety feature for

overpressure events. Please contact the Croysub technical leads before modifying the Cryosub vacuum
assembly.

Vacuum Assembly Diagram

ot
|
=, W
—T &
m i
[ [
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The power-over-fiber coupler box and FC-FC optical fiber coupler are shown below:

https://www.fs.com/products/17537.html

The copper power cable arrives through the Analog flange copper feedthrough. Analog flange relative
position to the membrane-style module can be seen in the capture below.

Side view towards PD flanges Vonnn = u<mi
: b oLl Q8 L
T A ’:Cryosubjif S nalog T Mgt . e e
1 flange flange i flange ‘-mf'; ISESen - - =
- =
| 4 Il
L
\ v . R e R L R T pe——————— ’ T R e — =
-:l* . e — =

The analog flange is shown below with copper feedthrough’s elevated chimney and two fiber
feedthrough positions:
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The optical feedthrough is shown in the image below — it is a %” feedthrough with either 8 signal fibers
or 14 power-over-fiber fibers:

The copper cable used is the FD1 PDS Superior-Essex custom CAT-6 cable shown below. This cable is
shielded with a drain wire, which will be connected at both ends to form a faraday cage penetration.
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Red/ Yellow/
White White

9,10 10,12

Dark Blue/ Dark Orange/
Light Blue Light Orange
1,4 7,8 —— 5olid Annealed Copper Conductor 23 AWG

FEP insulation
13
Tin-Coated Drain Wire

=== Aluminum Foil Tape Shield

= 26 AWG Stranded Bare Copper (7x34AWG)

34 56— FEP Jacket
Dark Brown/ Dark Green/
Light Brown Light Green

For the cold box installation, we will use the four 23 AWG pairs only as this simple passive feedthrough
does not connect the internal 26 AWG pairs. The feedthrough is a passive pass through of the 8 outer
conductors and the drain wire. We will have two feedthroughs on the flange for a total of 8 pairs and
drain wire as shown in the image below.

Three separate low-voltage supplies of 100mA @ 5.5V will be over Dark Blue/Light Blue (1,2), Dark
Brown/Light Brown (3,4), and Dark Green/Light Green (5,6) of the first feedthrough. Two bias supplies of
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100nA @ 35V will be over Dark Blue/Light Blue (1,2) and Dark Brown/Light Brown (3,4) of the second

feedthrough.

This simple passive test feedthrough was already used at CERN for test of ARAPUCAs with xenon at

Horizontal Drift ProtoDUNE1.

The copper cable will have a male cable end plug as shown below:

2

Digi-Key Part i

Number HR1674-ND

Manufacturer Hirose Electric Co Ltd

Manufacturer Part

Number HR10A-10P-12PC(73)

Description CONN PLUG HSG MALE 12POS INLINE
Manufacturer

Standard Lead 12 Weeks

Time

Detailed 12 Position Circular Connector Plug Housing Free
Description Hanging (In-Line) Backshell, Cable Clamp, Strain Relief

The flange has a female PCB mount receptacle as shown below:

HR10A-10R-12SB(71)

Digi-Key Part Number

Manufacturer

Manufacturer Part
Number

Description

Manufacturer Standard
Lead Time

Detailed Description

Here is the male crimp pin for Hirose connectors:

HR1647-ND

Hirose Electric Co Ltd
HR10A-10R-12S8B(71)
CONN RCPT FMALE 12POS SOLDER

12 Weeks

12 Position Circular Connector Receptacle,
Female Sockets Solder

Datasheet &

Datasheet &
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HR10-PC-112

Digi-Key Part Number
Manufacturer
Manufacturer Part Number

Description

Manufacturer Standard Lead
Time

Detailed Description

Here is the female crimp pin for Hirose connectors:

N

HR12-SC-112

Digi-Key Part Number
Manufacturer
Manufacturer Part Number

Description

Manufacturer Standard Lead

Time

Detailed Description

Datasheet &

HR451-ND
Hirose Electric Co Ltd
HR10-PC-112

CONTACT PIN 26-30AWG CRIMP SLVR

12 Weeks

Pin Contact 26-30 AWG Size 1.0mm Crimp
Silver

Datasheet &

HR453-ND
Hirose Electric Co Ltd
HR12-SC-112

CONTACT SOCKET 26-30AWG CRIMP

12 Weeks

Socket Contact 26-30 AWG Size 1.0mm
Crimp Silver

The schematics for the ARGON2 analog readout and the Interface PCB are attached at the end of this

document.
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