ﬁ PRODUCTION & PERFORMANCES OF ERAM’
I DETECTORS FOR THE T2K/ND280/HA-TPCs

CEA - Saclay

DE LA RECHERCHE A L'INDUSTRIE "ERAM

Encaspulated Resistive
Anode Micromegas

\Varsaw University . | iy b o |
. “ A. Delbart, on behalf of the ND280/HA-TPC collaboration,

CEA-Saclay/DRF-IRFU, Univ. Paris — Saclay

SFGD

Bottom
P HA-TPC

T rankiaiglieie
28 WEIZMANN INSTITUTE OF SCIENCE y.

_7 4 5 \

The 7t International Conference on
Micro Pattern Gaseous December

Detectors 2022 11-16, 2022

Weizmann Institute of Science, Rehovot, Israel




C22 OUTLINE

I The T2K / ND280 near detector upgrade

I The new High-Angle TPCs readout by ERAM modules

I The ERAM production:
I Diamond-Like Carbon foil Quality Control (QC) and selection
I ERAM “mesh-pulsing” QC
" ERAM characterization with an automated X-ray test bench

I ERAM “RC maps” derived from X-ray test bench pad waveforms

I Some preliminary data analysis results of the test beam of a mockup
% HA-TPC at CERN/PS-T10 (september 2022)

¥ Conclusions & perspectives
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THE T2K EXPERIMENT

THE ND280 NEAR DETETECTOR

Super-Kamiokande

Mt. Noguchi-Goro
2,924 m

Mt. lkeno-Yama

1,360 m Vu

Goal of ND280 Barrel ECAL
Measure the flux &

Super-Kamiokande (SK) spectrum of neutrinos
Measure v, contamination
22.5 kt 2> ~200 kt (Hyper-K)

The goal of T2K-IlI phase (2022-) data taking after main ring upgrade is to measure §.p

at 30 thanks to a decrease in systematic errors in ND280 from 6% to 4%.
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~—— T2K/IND280/TPC PERFORMANCES
C@@ Mo NTe =¥\ RV 2Lel=F\p]d 72K v-TPC: NIMA637 (2011) p25-46 A

ND280 upgrade TDR : arXiv:1901.03750v1
ND280 upgrade to be installed in 2023

S

v-TPC1 v-TPC2 v-TPC:

Current ND280

— lower efficiency

+ 6 TOF planes surrounding the new tracker

V-TPC performance requirements ERAM-01
« metallic » anode bulk-micromegas DESY test beam 2021
ol _ omikdREMA HA-TPC| v-TPC
S.af = g Moof-e o g Parameter Value
g\ g 10, o : Overall x x y x z (m) 20x0.8x18] 085x22x1.8
s ¥ \ £ 1000 - . Drift distance (cm) 90
‘%0'8? ST 2 800 . ’ . Magnetic Field (T) 0.2
oo 5 60 R . Electric field (V/cm) 275
0.4? Requirement ;/é,‘ 400 | il . : : Gas Ar-CF4-iC4Hy9 (%) 95-3-2
020 /p < 10% @ 1GeV/c 2000 o = Drift Velocity cm/us 7.8
0012200300400500600700800 0 Transverse diffusion (um//cm) 265
_ Drift distance (mm) - o [deg] Micromegas gain 1000
g T destrens !m < B AR Micromegas dim. zxy (mm) 340x420 340x360
> . —plons 16 = L em 3 Pad z x y (mm) 10 x 11 7x10
< 14 2 o E s 3 N pads 36864 124272
S q ER . A el. noise (ENC) 800
S 1 I A _ o
5o S o || B i T Sampling frequency (MH2) 25
; P e S . 80 3 N time samples 511
os=Requirement dE/dx < 9% I SE | - | Channel density (nb. / cm?) 0.9 1.4
0™00 460 B00 860 1006 1200 1400 1600 {8op 3000 ° T i e 80 100
p (MeV/c) @ [deg]
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~ 5= RESISTIVE BULK-MICROMEGAS WITH DIAMOND-LIKE () 70
Cea L

CARBON RESISTIVE LAYER
Based on ILC/TPC prototype R&D: P. Colas et al.

=

4 Choice of the Resistive foil technology for the HA-TPC micromegas readout
- Charge spreading which should enable keeping the ~600 um spatial resolution with larger pads
and improves it at short drift distance - less electronic channels, cost reduction
- ASIC spark protection no longer needed > more compact FEE, maximize HA-TPC acceptance
\_- Encapsulated mesh @ GND + insulating layer - potentially lower track distorsions & better S/N /

3500

Standard bulk-mm Resistive-bulk-mm

Charge [ADC]

N
—
=
~

IlI
=
S

B1 Amplification gap: ~100um

-v

M. S.Dixit et al. NIM A566, (2006), 281-285. doi:10.1016/j.nima.2006.06.050

2-D RC network (telegraph equations)

AL LA Ll A A
4500 5000 5500 6000 6500 7000 7500 8000 8500

N

Time [ns]

Gaussian spreading as a function of time with :

2 t =~ shaping time (few 100 ns
p(r,t) = exp[ —14510 2t ping time (f WR )
_ 3 [MQ/m]

::> RC RCns/mm2) = 10°gg €

R- surface resistivity ¢, [APICAL]~3,3 and ¢, [glue] ~4,8

C- capacitance/unit area

For pads of ~11x10 mm?, the DLC resistivity is chosen around 0.5 MQ/m and the glue

thickness ~150 um (RC,,~100 ns/mm?) as a trade-off for charge spreading & spark protection
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HA-TPC field cage PRODUCTION STATUS ﬁ 70
7

+ Gas system XX PRODUCED/YY NEEDED/ZZ SPARE

+ 4 Gas Monitoring Chambers

Back-End

Drift volume Electronics

+ field cage

ERAM | L -
modules r Hep il o : ] v |"‘ | %10
: L FEMT40732/8)

_ -
S o B
&

™

o

Module Frame
MF (5/4/1)

ERAM module
Detector + FEE + water cooling mechanicals

“’ ‘ " o e v - = - ) v B 3 y ‘_,X:“ '
| — s f i W | 11 7 . P — .
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D. Attié et al. NIM A984, (2020), 163286. D. Atti¢ et al. NIM A1025, (2022), 1661109.

doi:10.1016/j.nima.2019.163286

2018

doi:10.1016/j.nima.2019.166109

2019

SUMMARY OF ERAM DEVELOPMENT

Nov. 121 Pre-series

3

PRR | To series production

2020

A

¥ (2021

CERN/T9 test beam DESY test beam

ERAM-01 @ DESY 2021
2 TPC @ CERN/T10 sept. 2022

2018 MMO-DLC#

2019 MM1-DLC1 & 2

2020 ERAM-P1 & P2

Production ERAM-xx
(ERAM-01-28)

Readout PCB Original T2K-TPC HA-TPC V1 + ARC FEE HA-TPC V2 + final FEE V1 HA-TPC V2 + final FEE V2
Size 34 x 36 cm? 34 x 42 cm? 34 x 42 cm? 34 x 42 cm?

Pads 48 x 36 cm? 32 x 36 cm? 32 x 36 cm? 32 x 36 cm?

Pad size 6,85 x 9,65 mm? 10,09 x 11,18 mm? 10,09 x 11,18 mm? 10,09 x 11,18 mm?
Number of pads 1728 1152 1152 1152

DLC resistivity (MQ/sq.)

~2,5 (original foil)
Not meas.on detector

0,32-0,44 (batch#P1 foils)
0,2-0,27 (meas. on detector)

0,28-0,40 (batch#P1 foils)
0,15-0,22 (meas. on detector)

~1 (foils) / ~0.28-0,4 (det.)
Top TPC: 1-1.5 (foils)
After baking : ~0,4-0,55

RCesign [Ns/mm?]
RC 4ats [NS/MM?]

~400

60<RC<80
X-ray scan to process

24<RC<35

55<RC<78
102<RC<145 (this talk)

Insulation layer

200 pm glue + 50 ym

75 um glue + 50 ym APICAL

200 um glue + 50 um

150 um glue + 50 ym

APICAL APICAL APICAL
c (mm)

For 200 ns peaking t ~1,6 ~3,8 ~5,8 ~3,9

For 412 ns peaking t ~2.,3 ~5,4 ~8,3 ~5,6
dE/dX (measured 1 det.) 910 9.5% (e- & p) 9t0 9.5 % (e-) with 0.2T Energy resolution @5.9 keV 8.5t0 10 % (e-) with 0.2T
Extrapol. to 2 detectors <7% <7% ~20% FWHM <7%
Spatial resolution (um) MM1-DLC1 @ DESY 07/ 21
Beam (Horizontal tracks) 300 (0T) 200 (0 or 0.2T, 200/400 ns t,) 200-800 pm (ERAM-01) /

cosmics

700 (MM1-DLC2, @370V)

300-350 (ERAM-Px @370V)

horizontal — 45° tracks (412ns)
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DE LA RECHERCHE A L'INDUSTRIE

Cea ERAM PRODUCTION QA/QC

r \ s N
Halog. Free FR4 [ : PCB Electrical Q/C
o Thickness selecfionJ AT PRl Automated test bench
- No defects
(@) e ~ N J/
< DLC foils DLC foil resistivity tuning p N
S X . 900 +/-*150 kQ Annealing @ 220°C for 2h PCB Thickness & flatness Q/C
= o . + optical inspection
g S DLC foils (be-sput Cie) [ DLC foil pressing Mechanical metrology
-8 8 Resistivity map X Q 24 +/-01mm )
ol o - Bulk micromegas Mesh integration - 2
“ = Pyralux PC1025 / Resistivity in 4 measurement zones
b= ) , ) ) 360 +/-80 kQ on final detector
8 L ( ) Pyralux Dvpt., cleaning & drying
5 g Mea}_‘SStTle‘/:g'"g Sevral times untill Q/C is OK
Isua \ V,
© - =
0 - .
= o . I ~ Final Polymerization and baking
< i Mesh procurement \ a
o = 1 : ) Detector metrology
L < r Connectors wave soldering (216°C) Stack thickness : PCB cut in 2 zones
EJ kHYROSE connec‘rors]-/'\ Glue thickness : 150 +/- 5 um
Y ( : : Detector : 340 x 420 mm +0/-0,2 mm
[ FR4 1mm thick cover }——o final cutting L Detector bending < 2 mm B
Delivery of ERAM detector J
N
- , : Cartography of defects
o T Stiffener — Stiffener glueing J Pedestal runs
S o & = Mechanical Q/C - < 4 dead channels (<2 side by side)
'8 o 3 I~ 340 x 420 -0/+0,1 mm
= G Ty 8 Thickness: 14 +/- 0,05 mm ERAM detector FR4 cover removal
s _g 8 zZ v & mounting in test chamber (Laminar flux) é Total thickness )
é O E E Mechanical metrology (with 1 mm cover)
L] Q. N W Final ERAM module Calibration in T2K gas (330-370V) 6175(3;/}\-?2053 STC
= O Warsaw test bench 9 as tightne Py
55Fe pad scanning, with Automated x-y stage and final FEE
Batch of 8 ERAM module caracterization with cosmics 4 ; ; : )
Delivery of On half HA-TPC @ CERN bdg. 182 Final Calibration Data
pad per pad and global calibration
ERAM Module :
Gain, pad response, cross-talk
[ ERAM module packaging ] % 55Fe spectrum, spatial resolution J
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C22 HA-TPC PRODUCTION AND QA/QC @ CERN ﬁﬂ,

NPO7 HA-TPC working area at bdg. 182 HA-TPC ERAM QA/QC working area

& Mesh
il pulsing »

NG,
y

First /2 TPC field cage Full scale 2 TPC mock-up (8 FEE+mechanics)
rai'—————'

......

P . —
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= QCO0: DLC RESISTIVITY : FOIL SELECTION 7Y 70/4

Cea Bot. TPC production (batch 1,2,4) Ton. TP | c(\_/
21 ERAM op. TPC production

Y2 RC prototype Production prototype Restart of production for Top TPC

DLC batch 3 DLC batch 4 DLC batch 5 DLC batch 7 DLC batch 8
1.8 18 18 187 18
- Before baking (min-mean-max) - Before baking (min-mean-max) - Before baking (min-mean-max) - Before baking (min-mean-max) - Before baking (min-mean-max)
After baking 220 (min-mean-max) After baking 220 (min-mean-max) After baking 220 (min-mean-max) After baking 220 (min-mean-max) After baking 220 {min-mean-max)
—— After baking 240 (min-mean-max) (sheet 3-4-6-7) — After baking 240 (min-mean-max) only sheet 5
1.6 4 1.6 1 16 1.6+ 1.6 1
— L] 2
— =
X=1,2m A batch = 7 DLC foils (0,6x1,2 m?)
1.4+ 1.4 4 I 1.4 4 144 1.4 1

For each X, 2 measures (Y=0 & 0,6 m) for each foll

1.2 4 1.2 4 1.2 4 1.2 4 1.2 1
: ? : : /| WL%
z = = = =
‘gl‘O- 310- glO< 21‘0< [ 210-
& & S g g
z z z . z z
g & B O < g
: Before baklng £ e g g
& & E & &
Nominal 0s]
}\H“k for production 14 - %
0.4 1 0.4 4 \ ‘ 0.4 4 W 0.4 4 0.4
3h/240°C baking 3h/240°C baking
0.2 4 0.2 4 0.2 4 0.2 4 0.2 4
After 2h/220°C baking X position
0.0 *—r T - - T 0.0 +— T ~ - T 0.0 +— + - T T 0.0 *— - - T v 0.0+ T T - -
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
X position X position X position X position X position

1, R. % RC nominal R, RC Y2 R, 72 glue thick. ~Nominal R, RC
’ ERAM-17,19,20,21 Nominal RC ~8 ERAMS for Top TPC

-> ERAM-18
23,24,26,28,30 - ERAM-29 Order of 2 new DLC batches
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E LA RECHERCHE A L'INDUSTRIE

QC2: mesh pulsing before & after « repair »

QC2 : ELECTRONIC MESH PULSING
CLZA DETECTING DEFECTS BEFORE GLUING STIFFENER
— EXAMPLE OF A DEFECT ON ERAM-20

v' The “mesh-pulsing” is a QC used before & after gluing of
the mechanical stiffener to detect major defects

v A 1kHz, 300 mV square signal is pulsing the ERAM mesh

through a 50 Q2 adapted cable

v" The readout electronics DAQ is triggered with a NIM
signal synchronized with the mesh pulsing (~5 mn run).

QC3: X-ray scan gain

Amplitude mean

0 5 10 15 20 25 30 35

175

150

125

100

75

50

25

X-axis
Amplitude mean

180C 10 -

160C

140¢

1360 1440 1520 1600 1680 1760 1840 1920

axis

Y-

Amplitude mean

0

5 4

15 4

20 A

25 A

30 A

HV

100

80

60

40

20

10 15 20 25 30

X-axis

Amplitude mean

1800

1700

1620 1650 1680 1710 1740 1770 1800 1830 1860 1890

Y-axis

Y-axis

Pedestal (stddev) ADC

X-axis

after 250 equalization

Pedestal (mean)

X-axis

ADC

252

251

250

249

175 A

150 A

125 A

100 4

75 4

50 A

25 4

0

Gain from Gauss fit (Fe peak)

250

200

150

100

500

0

500 1000 1500 2000 2500 3000
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QC3 : >°FE X-RAY SCAN

ERAM FINAL QUALIFICATION/CALIBRATION

Each ERAM is paired with 2 Front-End cards and “calibrated” for the use in the experiment

Effective gain (ERAM * FE) and energy resolution @ 5.9 keV measurement on each pad with
ERAM DLC layer at 350 V (nominal HV)

The 280 MBq °°Fe X-ray source is collimated in a ®7 mm spot in the center of each pad

The source is moved by an X-Y robot with respect to a reference pad which is “cross-scanned”
with the source to locate its center (20 points every 1 mm in X&Y)

Gas flow is 14l/h, the scan starts when RH<0.4% and stable, full scan duration 64h (3 mn/pad)

Monitoring of “environmental conditions™ : Gas composition (supplier certificate), T, ..., Paim:
APchamber 1 gas» R€lIAtive Humidity RHg ¢ o

HV scan (330 - 360 V) on pad x20/Y17 (gain tuning) Gain correlation with T/P
Remote shifting with local hardware support ... - - - - =7
-+ ERAM-26 TP .
“ : ,h' A ORI S I b v g "5 28 <lose
:’;‘-" e "J’Efr&;ﬂ.}){‘. e ‘._.-‘f‘.c.\:%k o
I T T ('!:. x) ];f:.. ..:‘," S | 0.92
W ;:'a.,".g\-‘é s ';,"{J Yo ‘t‘;t:".r .
w1t 2 R BT $ ,¢~ R 0.9
2 ﬁ: . ‘.;)'..‘;‘1' "“:! -Wa. .-. .t 069
W »
| Ry ERAM-26 1. |
3 ”-'i;#. o M £ 14 *fﬁm / 2 ﬁ

&
0.8 15 &
.
0.96
.
0.54 - - 1
052 .
a
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DE LA RECHERCHE A L'INDUSTRIE

CZa QC3 : >°FE X-RAY SCAN OF ERAM-30

Y-axis

Y-axis

Tester name: Sara, ERAM |ID: ERAM30, Date: 2022-07-22 08:47:59

Source: Fe55, Comments: full scan with coordinates from cross-scan 412ns shaping time and 180s run time

Gain from Gauss fit (Fe peak)

0 |
| | - |
Ny -
£ A
10 18 [ “=
“1
|
15 - = - . u
= " = of
20 - i -
u 8 m
| | |
25 - P m
||
| ||
30 A 1
0 5 10 15 20 25 30 35
X-axis
Average from all amplitudes [ADC]
0 1 o
[
| |
[ , ||
;- il
104 o
15 -
20 - "
1
|
|
30 m

0 5 10 15 20 25 30 35
X-axis

1300

1200

1100

1000

900

1500

1400

1300

1200

1100

Y-axis

Y-axis

Ampl peak_thr: 50, Ampl. calc with neighbours: True
Scanned: 1152/1152, total time: 65.29 h

Resolution % from Gauss fit (Fe peak)
0 .

10

20
20

25

30

|
n
[ |
|
0

5 10 15 20 25 30 35
X-axis

Sigma from all amplitudes

600

500

400

300

200

0 5 10 15 20 25 30 35
X-axis

Y-axis

Histogram of gain values

60 -

50 A

40 -

30 A

20 A

10 A

1100

1200 1300 1400

1500

1600

900
800
700
600

500

New PCB design V1.3 from ERAM-23 - no more non-uniformities at stiffener ribs location (see next slides)
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DE LA RECHERCHE A L'INDUSTRIE

C2a QC3:

Gain from Gauss fit (Fe peak)

0-
| :I-ﬂr""l'“
10 -
[ |
n I
ﬁ 15 i T g | u
S
4 F =g
20 A I_ -
i . _
25 A
|
30 4 | Ll :IiIII: l
6 é 10 15 20 25 5 5
X-axis

Average from all amplitudes [ADC]

o4 |
| O - |
| O
5 =" H .
B O
10 - =
| |
|
2
ﬁ 15 -
ol
|
20 A
1 'FI
- |
30 - [
0 5 10 15 5

x—aXIS

FE X-RAY SCAN OF ERAM-30

Tester name: Sara, ERAM ID: ERAM30, Date: 2022-07-22 08:47:59
Source: Fe55, Comments: full scan with coordinates from cross-scan 412ns shaping time and 180s run time
Ampl peak_thr: 50, Ampl. calc with neighbours: True
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Scanned: 1152/1152, total time: 65.29 h

Histogram of gain values

Resolution % from Gauss fit (Fe peak)

Ampl Histogram, ampl_thr = 50, counts 507, bin width: 32
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15 20 25 3
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New PCB design V1.3 from ERAM-23 - no more non-uniformities at stiffener ribs location (see next slides)
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GAIN MAPS OF THE 8 ERAMSs

used on the 2 mockup TPC @ CERN/T10

Ref: S. Joshi (Irfu/PhD)

ERAM-07 ERAM-01 ERAM-23 (New PCB)

Seen from electronics side™
ERAM-15

l;l " . --IH =
i
Ii-,l‘hl =

b B

Comments & to better understand

v PCB backside modification
« solved » the observed gain
pattern (ERAM S/N < 23)

v' But a ~20% mean gain
drop is still to understand

v" On-going: correction for

R e . environmental parameters &
TR T '3%0&,}38%; FEE calibration
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All ERAMs PCB but 23, >26 New PCB for ERAM>26

B | A

~35 um plain copper
+ ~50 um soldermask




RC MAP DERIVED FROM X-RAY SCANS

ERAM-01 ERAM-23 ERAM-02

15 20 25 30

Beam direction

Seen from Electronics S|déf"d
' ERAM-16 ERAM-15 ERAM-10

=

28 an LY
AN - feulle DLE N'2 partie droite

. 1
- 273E "e-cuit a 220°C avec 190um de celle E 283
280 300

R e e L )

RC is derived from the fit of the

01 116.9 1944 : :
pad signal waveforms datas - 07 | El B "y e RCisquite
leading and neighbours) with s e Well correlated
( g ghbours 07 118 s to the measured
the complete modelization of the m 10 12089 6 DLC resistivity
detector response - 1454 1635
15 135.1 1629
ERAM-01 R (kQ?) finished 16 1204 1705
Still to understand : - - . [ 18 68.98 1277 ~1/2 RC as expected |
this RC is ~2 times higher than = o —
— [ 20 102 1318 ~ RC as expected |
the RCdesign . g;gE e Eggg . 30 114.3 1161
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MOCKUP 2 HA-TPC TEST BEAM 2022
CERN/PS/T10

T2K gas system
(incl. GMC). FEE water .
¥ chiller

DAQ & ERAM HV PS

v Full system setup of a full size ¥2 HA-TPC field cage (FC) equipped with 8 ERAMs readout
by their paired water cooled electronics cards within final DAQ & slow-control frameworks

v" The 2 mockup FC has the same dimensions & endcaps design as the final ¥2 HA-TPC except :
v" Thick G10 walls Vs 4 cm thick / ~2% radiation length composite walls
v" 1 cm pitch etched copper strips Vs 2.5 mm pitch strips (mirror design / 3 mm strips / 5 mm pitch)
v+ The 1m drift protoype FC used at DESY 2021 is equipped with ERAM-18 (1/2 nominal RC)
Trigger with 4 scintillators & a Cherenkov detector to select 0.5 — 1.5 GeV/c e+, pu+, I+, p

v 8 full days runs with horizontal tracks with combinations of 5 drift Z distances, 3 Y positions,
3 ERAM DLC HV, 200&412 ns peaking times, with selected e+, u+, I1+, p at 4 different momentas

Production & performances of T2K/ND280/HA-TPC ERAM detectors, MPGD 2022 conference, december 11th — 16t 2022| alain.delbart@cea.fr 17/20
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SOME PRELIMINARY RESULTS OF THE TEST BEAM <) p
Z .

DATAS : 247 Vicm DRIFT FIELD / FEE @ 412 ns PEAKING TIME

Ref: S. Hassani, J-F Laporte et al. (Irfu)

dE/dx (Y=10) for e+, u+, n+, p @ 0.5 — 1.5 GeV/c Prototype FC

ERAM-07 ERAM-01 ERAM-23 ERAM-02 ER§¥-18

~ 1000, - ' ~ 1000 - 1000 -
gk : g "™ : gk : F : g
I o : - ; I o H I o H E
< goof- + < gpof- } < goof- + L e SRS SR . S S 200f-
s F PR ) i PEB SRS S s F i s F O . e 7 g
£ ook o — 0 H I . 2 - i 2 - TN F
S SRR RS . SAPPE SR 8OO 800f— S BOD v S e 800
5 F 3 ¥ F - 5 F : - : h E
5 700F- o e : 200E- : N 8 700f- 4 5 700f- i 700
F i - E F e 8 'Y ‘ 0 F : F
- | s . - - SR I L e ol
E E — - F F : ~ee E : F
500f— b g 500f— 500f T - 500f- . 500]-
s i F E % E : F
400F 400F— 400F~ e | A 400
300F- : 300 : : L : anof- ; so0f- . .
- e+ i e+ i - e+ H -5 e+ H
200 e H H 200 - | SR S - 200! 3 i 200 200!
—B- mu+ : ~E- mu+ H 8- mu+ i 5 mu+ :
100] ~E pit h : 100] & pit : 100] ~E- pit : : 100] ~E pit 100]
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Particle ID is well following the simulations
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Spatial resolution @ 415 mm drift is 285-290 um for all modules, ... including ERAM-18
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SOME PRELIMINARY RESULTS OF THE TEST BEAM
DATAS : 247 Vicm DRIFT FIELD / FEE @ 412 ns PEAKING TIME
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C2A CONCLUSION & PERSPECTIVES e

I After 3 years of development, the ERAM response modelization is now sufficiently
consolidated by the the good agreement with the tests of prototypes and series
detectors with different design parameters. This was particularly necessary to cope
with the difficulties to control the mean resistivity and the uniformity of the DLC layer.

' The RC time constant of the ERAM was fixed to ensure the spatial and energy
resolutions required for the High-angle TPCs and a safe & reliable operation in the
experiment (~400 kC3/sq. and ~1500 gain).

' The ERAM technology is complex and delicate to produce as are all the resistive
MPGDs. The expertise and excellent partnership with the CERN/PCB workshop
enabled a high yield (~*80%) of high quality production of 21 ERAMSs up to now.

I The installations of the bottom and top high-angle TPCs in the T2K/ND280 near
detector are planned for june and october 2023 respectively. By then, 16 ERAMSs are to
be produced and qualified for the Top TPC and the final tuning of the software tools in
the ND280 event reconstruction framework using ERAM X-ray calibration datas is to be
completed.
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