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The T2K experiment and the role of ND280
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High intensity ~0.6 GeV 𝜈μ beam produced at J-PARC

(Tokai)→ 𝜈 or 𝜈̅ mode by changing the horn polarity

Neutrinos detected at the Near Detector (ND280) and at the 

Far Detector (Super-Kamiokande)

• 𝜈e and 𝜈̅e appearance → determine θ13 and δCP

• Precise measurement of 𝜈μ disappearance → θ23

and |Δm232|

Near Detector complex at

280 meters from the target

Several detectors installed to monitor the beam, reduce systematic

uncertainties in oscillation analyses, and measure 𝜈 and 𝜈̅ cross-

sections

ND to measure un-oscillated beam flux and n cross sections



The ND280 experiment: the upgrade  
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• Reduced angular acceptance 𝜈 events,  mostly reconstruct forward 

going tracks entering the TPCs

• Low efficiency to reconstruct low momenta protons

New detectors to extend acceptance for tracks at  high angles

Detector installed inside

UA1/NOMAD magnet (0.2 T)



ND280: the upgrade detectors 
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ND280: installations at J-PARC 
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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



N280: n technical runs in December 2023 and 
February 2024 physics run
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ND280: upgrade completed! Top-HATPC installed  in the end of April 2024
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ND280: upgrade completed! Top-HATPC installed  in the end of April 2024
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Installation of the 

Detectors of the ND280 

upgrade 

successfully  

completed in May 

2024!



The T2K run schedule: beam upgrade
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n beam @ J-PARC:  dedicated upgrade of the MR facility to reach the  1.3 MW beam power

Steady improvements to reach 1.3 MW by 2027 with an increase T2K statistics ~ a factor of 3 by 2027

December 2023 → Beam

power increased from 500 to

760 kW stable mode

800 kW reached in 2024 for the

first run with the fully upgraded

ND280

Expect to select 20k 𝜈μ CC0pi interactions in the super-

FGD for 0.2e21 POT (1 month)



The ND280 experiment: High Angle TPC highlights

1217.07.2023 CERN EP Detector Seminar | 19 July 2024 | S. Levorato 

• 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 



The ND280 experiment: physics requirements
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Momentum resolution s
p
/p < 9% at 1GeV/c

(neutrino energy)

Energy resolution s
dE/dx

< 10% 

(PID muons and electrons)

Space resolution O(500 mm)

(3D tracking & pattern recognition)

Low material budget walls ~ 3% X0

(matching tracks from neutrino active target) 

High Angle TPC

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. < 10-3 @1cm from walls

⚫ Low material budget, thin walls

⚫ Active volume ~ O(3m3)

Resistive MicroMegas sensors (ERAMs)

⚫ Overall anode active surface ~ O(3m2) 

⚫ Sampling length ~ 80-160 cm

⚫ pads ~ 1x1cm2

⚫ 10k+10k channels / TPC @ End Plates (Anodes)



HATPC: features, challenges, constrains and solutions 
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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 10-3 @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 foil

• 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



HATPC: features, challenges, constrains and solutions 
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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(40ºC)

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



The ND280 experiment: High Angle TPC highlights
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• 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 



Mechanical HATPC Field Cage assembly

1717.07.2023 CERN EP Detector Seminar | 19 July 2024 | S. Levorato 

• HATPC in two half FCs

• Central cathode

• Special cathode flanges w/ HV ft

• Two End Plates (Al) supporting

• 8 Readout Modules each

~ 2 m  

~1.8 m

~  0.8 m



Field Cage: walls stack up layout
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Field Cage: walls stack up layout

1917.07.2023 CERN EP Detector Seminar | 19 July 2024 | S. Levorato 

W
a
ll 

c
ro

s
s
-s

e
c
ti
o
n

outer surface

Wall thickness

~ 40 mm

~ 2% radiation length

Alu (shielding)

Inner surface



Field cage mechanical details
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Field cage mechanical details: charge path to gnd
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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

→ voltage drop / path length < 3kV/cm



The ND280 experiment: High Angle TPC highlights
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• 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 



Field Cage building, assembling and characterization 
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Production at NEXUS company (Barcelona) ~ 10 weeks

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

(INFN)

Mold features

• 1cm thick Alu walls

• Anodyzd. Surfaces

• Waviness compl.

iso1302 N8

• Surfaces ┴ and ║

better than 80mm/m

• Mount / unmount

geom. reproducibility 

with high precision    



Field Cage building, assembling & characterization at NEXUS
Kapton Layer 
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Production at NEXUS company (Barcelona) ~ 10 weeks

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

• Mold preparation

• Inner Vacuum bag

• Strip Foil positioning • Thick corners w/ Kapton tape

• Electrical tests on surfaces

• Resin samples electrical Tests

• Kapton lamination

• Curing at 40C (fast)

• Electrical tests on surfaces and 

resin samples after curing

5 m perimeter x 1m height (drift length) 

Strip foil (by CERN) alignment  and

lamination of 3 Kapton layers



Field Cage building, assembling & characterization at NEXUS
Kapton Layer and inner Twaron 
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• First Twaron layer lamination

• Curing at 40C (fast) in autoclave

Inner Twaron peel lamination 

Electrical tests

- Resin sample

- Inner Twaron layer  



Field Cage building, assembling & characterization at NEXUS
Kapton Layer + inner Twaron + G10 Skeleton
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Gluing G10 structural skeleton and casting 

resin on flanges for ensuring gas tightness  

• G10 skeleton gluing

• Curing 40C in clean room

• Casting low viscosity resin  on top flange

→sealing flange to laminated layers  

• Autoclave  curing at 40C

Flanges & Bars  

by ORVIM company 

(TV, Italy) 



Field Cage building, assembling & characterization at NEXUS
Kapton Layer + inner Twaron + G10 Skeleton + HC + Ext Twaron 

2717.07.2023 CERN EP Detector Seminar | 19 July 2024 | S. Levorato 

• Flipping the box top-bottom

• Resin casting on second flange 

• Curing at 40C in autoclave

• Second Twaron peel lamination

• Curing at 40C in autoclave

• Gluing Nomex Honeycomb

• Curing at 40C in oven

Post-curing at 40C in oven (lasting as long as possible)

Outer Twaron peel lamination



Field Cage machining and final QC at Nexus
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Precision 

machining

of cathode 

and anode  

flanges and 

surfaces 

finishing

Back to NEXUS company for

• Mould removal 

• Very fine polishing of flanges

• Correction of defects (eg bubbles) 

Shipment to CERN

Vallmoll – Spain 



The ND280 experiment: High Angle TPC highlights
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• 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 



Field Cage assembling, characterization at CERN 
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Mantle Resistance > 2TΩ ~ 2000 x voltage divider R

Due to 

resistor 

selection, 

resistance 

values show 

rms 

better than 

10-4

relative 

Two voltage

dividers In

parallel

~400 5.1MΩ

resistors

each:

Overall R ~

1GΩ



Field Cage assembling, characterization at CERN 
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Vertical assembly of 

two Field Cages into HATPC 


