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« The High Angle Time Projection Chambers (HATPC) \,, ,.
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The T2K experiment and the role of ND280
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The ND280 experiment: the upgrade

» Reduced angular acceptance v events, mostly reconstruct forward

going tracks entering the TPCs

» Low efficiency to reconstruct low momenta protons

— lower efficiency
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New detectors to extend acceptance for tracks at high angles
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ND280: the upgrade detectors

Scntillator cube

% New concept of detectors, 2x106 1cm3 = =*k New TPCs instrumented with
cubes Encapsulated Resistive Anode

% Each cube is read by 3 WLS — 3D view MicroMegas (ERAM)

6 TOF planes to reconstruct
track direction
Time resolution ~150 ps
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ND280: installations at J-PARC

Bottom TPC Super-FGD
installation (September 2023) installation (October 2023)

TOF installation (July 2023)
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N280: commissioning at JPARC with cosmics
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Detector
commissioning
with and without
magnetic field

Alignment runs

New software
deployment

New T2K gas
system
commissioning
for both vertical
and horizontal
TPCs
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N280: v technical runs in December 2023 and
+February 2024 physics run

Fun pumicer : 18070 | Subfun rumbar -2 | Evert number : GTNE | Spil | 67538 | Tima - Wed 20231220 221216 JST | Partiton : 61 |Trigger: Beam Spil

Foun rumber ; 18070 | Subfbon rumber 2 | Ewend numsber - 83080 | Spil - 5807 | T - Wed 20051330 2324 20 JST | Partiion ; 81 |Trigges: Basm Spil

L foamibas - V6070 | Bub@un ramber 11 | Event nomber : 253310 | Epl : 5421 | Time - Thi 20231221 0010 JET | Panison - 61 [Trgger: Beam Spll

Fun number © 16070 | SubRun rnumbar -7 | Evant numbsar @ 167539 | Spil : 2124 | Time : Thu 2023-

Run rapmber : 16120 | SubRun rumber 10 | Evenl mamber | 12772 | Spil - 12345 | Time : Sun 2023-12-24 17:20:50 J5T | Fantion : 1 [Trigger: Boom Spil

Faan numibaer : 18070 | SubRun mumiser -7 | Event samber ; 168035 | Spil: 2272 | Tiea : Thu J023-12-21 (2:30:36 J3T | Paritios : 1 [Trigger: Beas Spll
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ND280: upgrade completed! Top-HATPC installed in the end of April 2024

Upgrade Detectors before Side TOF |
(North)
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ND280: upgrade completed! Top-HATPC installed in the end of April 2024

'

Upgrade Detectors before Side TOF Installation

Installation of the AN g i - -t |
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The T2K run schedule: beam upgrade

v beam @ J-PARC: dedicated upgrade of the MR facility to reach the 1.3 MW beam power

T2K Projected POT (Protons-On-Target)
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Steady improvements to reach 1.3 MW by 2027 with an increase T2K statistics ~ a factor of 3 by 2027 Year
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The ND280 experiment: High Angle TPC highlights

* Field Cage (FC)
» Assembly
* Production
» Characterization and Quality Assessment
* Mechanical
» Electrical

« Encapsulated Resistive Anode Micromegas (ERAMS)
* Production of 50 sensors
« Characterization
« Detector response, signal and impact on reconstruction

« Impact on HATPC performance
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The ND280 experiment: physics requirements

Momentum resolution Gp/p < 9% at 1GeV/c
(neutrino energy)

Energy resolution o, < 10%
(PID muons and electrons)

Space resolution O(500 um)
(3D tracking & pattern recognition)

Low material budget walls ~ 3% X,

(matching tracks from neutrino active target)

MF with
8 micromegas

High Angle TPC

Drift volume
+ field cage

MicroMegas
Resistive

Module Frame
MF with

.8 micromegas

Central cathode

INFN Jg/ﬁ\ 17.07.2023

CERN EP De

Atmospheric pressure TPC
« Gas: T2K mixture (Ar-CF4-isoC4H10 = 95-3-2)
. Gas contaminants better than O(10 ppm) level
Drift length 1m
Central Cathode @ -27kV
E field unif. < 103 @1cm from walls
Low material budget, thin walls
« Active volume ~ O(3m3)
Resistive MicroMegas sensors (ERAMs)
« Overall anode active surface ~ O(3m?)
« Sampling length ~ 80-160 cm
« pads ~ 1x1cm?
« 10k+10k channels / TPC @ End Plates (Anodes)
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HATPC: features, challenges, constrains and solutions

Mechanics and Electric Field uniformity
* Min dead space & max active volume in the dipole magnet
—~>Rectangular shape & thinnest walls & field shaping electrodes incorporated
into the walls
« Electric field uniformity better than 103 @1cm from walls
- Mechanical accuracy: inner surfaces planarity & parallelism ~ O(0.2mm/m)
- Shaping Electrode design: Field and Mirror copper strip layers on two sides |
of a Kapton foll
« Low material budget walls
—> lightweight & lowest Z & robust (self supporting)

Electrical insulation Constrains
* HV insulation mantle R > 1TOhm and volume resistivity, HV
—>geometry: several cm paths for charge from -HV strips to GND
shielding (cathode flanges)
—>insulating materials: very high resistivity & dielectric strength
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HATPC: features, challenges, constrains and solutions

Building process: hand lay-up of composite materials on a Mould &
polymerization in autoclave at high Pressure
« Autoclave dimensions
- Field Cage comprising two halves (symmetrical flanges at central
cathode position)
« Hand layup & large dimensions
—> several hours per process step -> very long pot life for epoxy resin
« Mechanical accuracy of geometry - resin curing at low T < O(40°C)

Materials of choice
« lamination materials: Aramid polymers for peels (Twaron) and for
honeycomb (Nomex paper)
» epoxy resin limited choice: Resoltech 1054 combined with quality control
against contaminants (moisture, ...)
* high insulation layers: Kapton
» box skeleton material: high quality laminated G10
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The ND280 experiment: High Angle TPC highlights

* Field Cage (FC)
« Assembly and layout -
* Production
» Characterization and Quality Assessment
* Mechanical
» Electrical

« Encapsulated Resistive Anode Micromegas (ERAMS)
* Production of 50 sensors
« Characterization
» Detector response, signal and impact on reconstruction

« Impact on HATPC performance
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Mechanical HATPC Field Cage assembly

HATPC in two half FCs

Central cathode

Special cathode flanges w/ HV ft
Two End Plates (Al) supporting
8 Readout Modules each

~1.8 m

A
v

INFN ;I'_%ﬁ(\ 17.07.2023 CERN EP Detector Seminar | 19 July 2024 | S. Levorato 17



Field Cage: walls stack up layout

“field strips ”
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Field Cage: walls stack up layout

“field strips ”
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Field cage mechanical detalls
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Field cage mechanical details: charge path to gnd

Flange thickness (5cm) too small for
degrading -30kV to GND over a flat surface

Three deep grooves
for extending the path from HV to GND
for charge moving on surface and with gas =
flanges

~ 7cm thick labirinth

~14 cm path lenght

— Vvoltage drop / path length < 3kV/cm
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The ND280 experiment: High Angle TPC highlights

* Field Cage (FC)
» Assembly and layout
* Production
» Characterization and Quality Assessment
* Mechanical
» Electrical

« Encapsulated Resistive Anode Micromegas (ERAMS)
* Production of 50 sensors
« Characterization
» Detector response, signal and impact on reconstruction

« Impact on HATPC performance
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Field Cage building, assembling and characterization

Production at NEXUS company (Barcelona) ~ 10 weeks

Validation, QC, electrical and mechanical assembly at CERN ~ 4 weeks (| N FN)

Mold features

* 1cm thick Alu walls
« Anodyzd. Surfaces
« Waviness compl.
is01302 N8

- Surfaces L and ||
better than 80um/m

*  Mount / unmount
geom. reproducibility
with high precision

T e o

m 18

Mould building

=
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Field Cage building, assembling & characterization at NEXUS

er
Production at NEXUS company (Barcelona) ~ 10 weeks

Validation, QC, electrical and mechanical assembly at CERN ~ 4 weeks

Strip foil (by CERN) alignment and
lamination of 3 Kapton layers

5 m perimete
Mold preparation

Inner Vacuum bag
Strip Foil positioning

Thick corners w/ Kapton tape Kapton lamination

Electrical tests on surfaces . Curing at 40C (fast)

Resin samples electrical Tests Electrical tests on surfaces and

° ° —y i 2 r; ", = / ‘ ¢ ' / ; ! -- = : .::j
resin samples after curing = N 2 y | R .’.:., >
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Field Cage building, assembling & characterization at NEXUS

Quality controls — Resistivity of early Layers

1) Resistance between mold and 40x45cm2 electrode
-> volume resistivity of layers

2) Surface resistivity
of last layer Twaron

3) Resistance between two 6x80cm2 electrodes
-> mix of surface and volume resistivity

First Twaron layer lamination
Curing at 40C (fast) in autoclave

=13}
x
Electrical tests : Resin Sample 10ev
512 177
- I 11} \
Resin Sample : ‘i" 1) various methods and electrode
- Inner Twaron Iayer 173 X types (optimizing contact)
10} T —— 1 L X — consistent measurements
FC#0 Internal Twaron layer
9 — A.] — 2 — :.3 ..........
INFN lg/ﬁ\ 17.07.20

— 2) Resin sample pg ~ 10 TQ/[]
" — very good
Logyot [s] “Seminar | 19 July 2! Rresin sample

(Resoltech Epoxy)



Field Cage building, assembling & characterization at NEXUS
Kapton Laver + inner Twaron + G10 Skeleton

Gluing G10 “skeleton” Gluing G10 structural skeleton and casting
by resin on flanges for ensuring gas tightness

Flanges & Bars
by ORVIM company
(TV, Italy)

j . Casting low viscosity resin on top flange
. G10 skeleton gluing —>sealing flange to laminated layers
Curing 40C in clean room . Autoclave curing at 40C
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Field Cage building, assembling & characterization at NEXUS
apton Layer + inner Twaron + 0 Skeleton + HC + Ext Twaror

Gluing Nomex Honeycomb . .
Curing at 40C in oven Outer Twaron peel lamination

. Flipping the box top-bottom

. Resin casting on second flange
Curing at 40C in autoclave

. Second Twaron peel lamination
Curing at 40C in autoclave

Post-curing at 40C in oven (lasting as long as possible)
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Field Cage machining and final QC at Nexus

Back to NEXUS company for

* Mould removal

« Very fine polishing of flanges

» Correction of defects (eg bubbles)

- Vallmall —[Spain

w.| BN
%Ei il

¥

Shipment to CERN

Precision
machining
of cathode
and anode
flanges and
surfaces
finishing
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The ND280 experiment: High Angle TPC highlights

* Field Cage (FC)
» Assembly and layout
* Production
» Characterization and Quality Assessment -
* Mechanical
» Electrical

« Encapsulated Resistive Anode Micromegas (ERAMS)
* Production of 50 sensors
« Characterization
» Detector response, signal and impact on reconstruction

« Impact on HATPC performance
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Field Cage assembling, characterization at CERN

Inner cage surfaces polishing Looking for defects on strips Soldering voltage
and strip-strip short-circuits divider resistors
and repairing them :
“field strips " | Two voltage
. | dividers In
; “mirror strips " para”e|
==t ~400 5.1MQ
et resistors
Checking grooves for each:
o-ring and for charge Overall R ~
labyrinth on cathode flanges 1GQ
[ Due to Measuring single resistors
-l resistor
' selection,
w |- resistance
' values show
wf rms
: better than
w |- 104
relative
Measuring strip-strip and strip-shield J
insulation at high voltage alsisec il LY N
30

Mantle Resistance > 2TQ ~ 2000 x voltage d|V|der R



Field Cage assembling, characterization at CERN

Vertical assembly of
two Field Cages into HATPC
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