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The T2K experiment and the role of ND280
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Highintensity,0.6 ï2.2GeV’ɛbeamproducedatJ-PARC

(Tokai)Ÿ’or’Ӷmodebychangingthehornpolarity

NeutrinosdetectedattheNear Detector (ND280)and at the 

Far Detector (Super-Kamiokande)

Å ’eand’ӶeappearanceŸdetermineɗ13andŭCP

Å Precisemeasurementof’ɛdisappearanceŸɗ23
and|ȹm232|

Near Detector complex at

280 meters from the target

Severaldetectorsinstalledtomonitorthebeamreducesystematic

uncertaintiesinoscillationanalyses,andmeasure’and’Ӷcross-

sections

ND to measure un-oscillated beam flux and ncross sections



The ND280 experiment: the upgrade  
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ÅReduced angular acceptance ’events,  mostly reconstruct forward 
going tracks entering the TPCs

ÅLow e ciency 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: 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 ND280 experiment: High Angle TPC highlights
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Å The HATPC detector

Å A short introduction

Å Encapsulated Resistive Anode Micromegas (ERAMs) 

Å The realization of the 50 ERAM sensors

Å The ERAM characterization

ÅDetector response, signal  

Å HATPC performance 



The ND280 experiment: HATPC 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, an overview on the main elements
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Å HATPC in two half FCs 

Å Central cathode

Å Special cathode flanges w/ HV ft

Å Two End Plates (Al)

Å 8 Readout Modules each    

1    2   3    4

5    6   7    8

Two voltage

dividers In

parallel ~400

5.1MÝ

resistors each:

Overall R ~

1GÝ

Produced at CERN EP-DT LAB



HATPC,  Electric Field studies, work in progress
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The HATPC geometry has been integrated in COMSOL ïMultiphysics

Detailed Electric Field maps have been computed

Ą fed to the reconstruction routines of ND280 software package

Electric Field deviations from the

ideal condition are present along

the cathode and anode edges

Ą Introduce distortions in the

reconstruction of the track

Electric Field Biasing Effect



The ND280 experiment: High Angle TPC highlights
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ÅThe HATPC detector

ÅA short introduction

ÅEncapsulated Resistive Anode Micromegas (ERAMs) 

ÅThe realization of the 50 ERAM sensors

ÅThe ERAM characterization

ÅDetector response, signal  

Å HATPC performance 



ERAM:  MicroMegas with DLC resistive foil 
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Resistive layer enables charge spreading

Ÿ space resolution below 500mm with larger pads 

Ÿ less FEE channels (lower cost) 

Ÿ improved resolution at small drift distance

(where transverse diffusion cannot help)

Resistive layer prevents charge build-up and quench sparks

Ÿ enables operation at higher gain

Ÿ no need for spark protection circuits for ASICs

Ÿ compact FEE Ÿ max active volume

Resistive layer encapsulated and properly insulated from GND

Ÿ Meshat ground and Resistive layer at +HV   

Ÿ improvedfield homogeneity Ÿ reduced track distortions

Ÿ better shielding from mesh and DLCŸ potentially better S/N



ERAM Module breakout
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ă Very compact Electronics 

parallel to the detector

8 + 8 ERAMs per HATPC



Charge spread on low resistivity foil
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Charge Spreading 2D telegraph eqn. solution

time scale is driven by RC

Gaussian spread

Final ERAM layout choice for series production:

Considering pads of 11x10 mm2 parameters 

- 400 kÝ/ǏDLC resistivity ïlow resistivity

- 150 mm thickness glue ïCdlc-pad/gnd ~ O(20pF)

Ą RC ~ O(100ns/mm2) 

Trade-off optimal charge spread VS spark protection

Gain not affected by resistivity 

(transparency to induced signals is guaranteed)



ERAM production ~ 50 detectors
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Crucial steps in production 

(CERN EP-DT MPGD workshop)

1)Selecting DLC foil resistivity

-Large variations from DLC provider

-Value stable after annealing

2)Gluing steps by Pressing

-DLC to PCB

-Stiffener to DLC-PCB



DLC layer: foil selection, QC  
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ERAM Series production experience: X-ray scan
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X-rays Test Bench at CERN

fundamental to

1) Qualify,  characterize and calibrate

all prototypes and series ERAMs

2) Support the development of 

detailed ERAM response model 

A) Mesh Pulsing: before and after stiffener 

gluing 

Aim: detector geom defects (i.e. pillar detach),

stiffener gluing issues, electronic noise 

X-ray scan

Mesh pulsing

B) X-ray scan of finalized detectors with final electronic

modules. Remote controlled station for scanning with mm step

fine steps

Aim: QC and fine calibration in terms of gain, resolution and RC



ERAM Series production experience: X-ray scan

1920.02.2025 XVII VCI 2025 | Feb.17th - Feb.21th 2025 Wien  Vienna, Austria | S. Levorato 

Production steps: tough! 

(needed long tuning)

1) Selecting DLC foil resistivity

- Large variations from DLC provider

- Stable values only after annealing

2) Gluing steps by Pressing

- DLC to PCB

- Stiffener to DLC-PCB

RC map of ERAMS on bottom HATPC EP1

ns/mm2

ERAM with DLC-PCB gluing issue Gain map of ERAM OK

1mm mesh-DLC gap variation => 10% variation in gain   

up 20% RC variation

over same ERAM 
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ERAM Series production experience: X-ray scan
the importance of the (fast) QA

Gain maps of eight ERAMs tested together in a field 

cage prototype

A map of gain non-uniformity within a pad.  

relative shift of the mean amplitude reconstructed in the top, 

bottom, left or right region of  each pad under study w.r.t 

mean amplitude of the pad

DLC pressing on the PCB during detector assembly 

resulting in the non-uniformities observed on the 2D gain 

and energy resolution maps

Ą The solder mask is removed and replaced by the 

copper mesh.



ERAM Series production: a summary table 
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Energy resolution RC distribution 

Gain distribution @350V



ERAM Assembly and Operation experience
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Low resistivity DLC O(~400kÝ/) [after annealing] features 

Å Optimal charge spread Ÿ uniform response across pad

(combined with C ~ O(20pF/cm2)

Å Fast Q removal and Effective Protection against sparks

included at moderate rates ~ O(1kHz) tracks crossing pads

Å Leakage currents at level of few nA in normal conditions 

(no beam) 

Challenging installation  

conditions

Ÿ high sensitivity to dust

Ÿ low H2O level (100ppm) before HV on

0.8 õ2 sparks/day 

Ÿ Confirmed by the detector operation at T2K



Noise: stability of the installed detector 
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Noise in module 0 has been stable between September 23 and 

June 24

All the Erams are quasi-identical but one, Eram 27, due its higher 

capacitance

Ą the excellent uniformity of the electronics and of the 

mechanical definition of the glue layer driving the detector 

capacitance



ERAM detector response ïNoise model

Previous conclusions supported by the noise detailed model included in the MC for Simulation of 

charge deposition in events 



The ND280 experiment: High Angle TPC highlights
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Å The HATPC detector

Å A short introduction

Å Encapsulated Resistive Anode Micromegas (ERAMs) 

Å The realization of the 50 ERAM sensors

Å The ERAM characterization

ÅDetector response, signal  

Å HATPC performance 



The ND280 experiment: High Angle TPC highlights
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How does the signal look ? Point deposition for example

ADC signal : max 4096 counts

Time window of 511 time bins

Time bin (typ.): 40 ns (25 MHz sampling)

Peaking time (typ.) : 412 ns

Leading pad: highest and earliest signal 

ᵼcurrent induced on pads from by avalanche, ie ionssignal (as electronsô signal is too fast)

Adjacent pads: lower and later signals 

ᵼcurrent induced by potential field adjustments after electrons are collected by on DLC

(current induction by ñcharge spread on resistive layerò)



Reconstruction of charge deposition 1/2

2720.02.2025 XVII VCI 2025 | Feb.17th -Feb.21th 2025 Wien  Vienna, Austria | S. Levorato 

Within our electronics shaping time scale 

in primary pads, the signal of ions is diluted by the signal of charge spreading

=> Need to combine information of all pads (primary and secondary) 

Recovering information about deposited Q is not trivial  
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Reconstruction of charge deposition 2/2

Charge on DLC spreads along any direction 

including track direction 

«longitudinal correlation» across primary 

pads within our electronics shaping time scale 

requires a dedicated signal formation model



ERAM response ïSignal formation model 
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Main ingredients 

Avalanche signal

measured

with fast electronics 

on bulk micromegas
Electron signal

(too fast for our 

shaping times)

Ions signal (slow)

FEE Response Function 

In the time scale of our shaping time O(100ns)

Charge spread is properly described by

Electrical model of the sensor

2

1

3

4

Note: Of course, gas transport properties

(L, T diffusion) have to be accounted for 

Solutions of 2D diffusion eqn.  


