I—Z—k\ Production of T2K High-Angle TPCs

Alain Delbart, CEA/IRFU - Univ. Paris-Saclay, for the ND280/HA-TPC group
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E THE DEVELOPMENT OF THE UPGRADED
TZ w- NEAR DETECTOR OF T2K

THE HA-TPC (2018-2024

2 new TPCs with better final state muons acceptance from new SFGD target and from downstream events

2009 TPCs (x3) + T2K Gas system by CERN (mixing, filtering, gas properties monitoring)

HA-TPC| v-TPC
= Parameter Value
= ' Overallx x y x z (m) 20x08x18] 085x22x1.8
‘f-lll”m” Drift distance (cm) 90
| .I mmW Magnetic Field (T) 0.2
Electric field (V/cm) 275
D Gas Ar-CF;-iC4Hio (%) 95-3-2
Drift Velocity cm/us 7.8
mmm J'.' Transverse diffusion (um/+/cm) 265
M é .
al | lo Micromegas gain 1000
5 \ ‘ Micromegas dim. zxy (mm) 340x420 340x360
RIan 3 - - r- Pad z x y (mm) 10 x 11 7x10
\ e % N pads 36864 124272
‘ 7 el. noise (ENC) 800
S/N 100
MF with Sampling frequency (MHz) 25
B volame 8 ERAM N time samples 511
+ field cage Channel density (nb. / cm?) 0.9 1.4

ERAM
modules

Central cathode

, ERAM for the T2K/HA-TPCs

ND280 upgrade TPCs achievements
First experiment to use ERAM detectors
Performances similar or better than v-TPCs
with ~1/3 less electronics channel density
New innovative field cage design for high
acceptance and dead volume reduction
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AL THE HA-TPC FIELD CAGE

INFN
C

ORIGINAL DESIGN

“field strips ”
See G.C. talk at  — E— |

L ]
Field Cage — layers s:rsuisinon s voocs

Cu Strips on Kapton foil (electrodes) Cu 17um / Kapton 50pum / Cu 17um
“Coverlay” (strip insulation / protection) Glue 20um / Kapton 25um

Ref: G. Collazuol (INFN/Padova)

“mirror strips "

Aramid Fiber Fabric (Twaron™") 2mm
Aramide HoneyComb panel 35mm
Aramid Fiber Fabric (Twaron™") 2mm

Kapton foil (insulation) 125um
Aluminum foil (external shield)
al ~4 cm/~ 2% radiation length

te: V-TPC ~ 12cm / ~ 3.4% radiation length

Electric field shapin

strip width 3mm pitch Smm.—Mirror sprips
_~Field strips

Field and Mirror strips staggered

Double layer of strips on Kapton foil
Dimensions = 5m (inner surface cage perimeter) x 1m (drift distance)

" First ERAM pad @ 15mm from the wall '
 where electric field uniformity better than 104

Simulation
I Electric Field

near walls

, ERAM for the T2K/HA-TPCs First DRD1 collaboration meeting, 29 january-2 february 2024
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RFAE"Y

T2/|(\ fAo B MECHANICAL DESIGN & ASSEMBLY

ref: G. Callazuol (INFN Padova)

Wallls and cathode flatness and parallelism to keep within ~0.2 mm and voltage divider resistors
within 0.1% rms to keep 2/, < 10~* confined at <1cm from FC walls

Peels/Foils to be wrapped —__

all around the mold =~ —  sguess®=

Structural bars

providing mechanical

- strength to the box
— -support for peels

- termination to HC

panels

Structural frame Flanges

providing mechanical

- stiffness to the box

- termination to HC panels
o= - flange purpose for

ExP|°ded View Of ha ¥ anode/cathode connection
around the metallic mold

A 10 weeks workflow to wrap layers step by step around the high precision mold,
assemble the external G10 structure and finally machin the endcap flanges.

, ERAM for the T2K/HA-TPCs First DRD1 collaboration meeting, 29 january-2 february 2024 4/24
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@ PRODUCTION OF THE FIELD CAGES
" (NEXUS COMPANY — BARCELONA, SPAIN)

\TAMIENTOS 1 g i
=< 5 % . ¢ B : I

'ILa inatié_ of first T\w@romr

) 4 -
E irfu , ERAM for the T2K/HA-TPCs
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THE HA-TPC FIELD CAGE

ORIGINAL DESIGN MODIFICATION

Ref. G. Collazuol et al. (INFN/Padova, Bari)
May 2022 : first scale 1 ' field cage #0 exhibits a non-linear I(V) behaviour

- Leakage current flow through the wall structure — Kapton has lower resistivity than expected
from datasheet and resistivity strongly changing with applied volatge

DW R=AGn_

()
= Av 'I%.JJ Tetan Modified design & procedures
'/ 5 T - Keep same raw materials
5/< ph | 0. 4k | - Avoid resin contamination (internal Twaron corruption next slide)
L 1o | 40 | £ - Add thick insulator below strip foil (O(10 TQ2) @ 10 kV) :
1= T""!“’/& 17 |1 | 48 - a 50 um kapton foil pressed on strip foil at MPGD workshop
e Givet D6 |25 | 2. - 3x125 mu Kapton foils wrapped at NEXUS
e . : 512y 45 “field strips "
HY {h’) “mirror strips "
T OT‘W“ &M// = E-----f;(;;:r;l-IZapton o —""“";
g""ﬂﬁ E ~50um Resin :':
Barirco | |
/ j\ Va/z;;izé New stack added | [izmken i
e |l _% - ! S (A<t to the original design S fesn
E_’i,“‘j_{jc;m- Wi “‘#—”:I { | 125um Kapton :5
i = i ~50um Resin |
ch)‘d{“]—y :'. Sum B E
Current finds alternative path ; 125um Kapton E

form strips trough Kapton and
CDV& n [7 across a low resistivity layer

underneath Kapton

, ERAM for the T2K/HA-TPCs First DRD1 collaboration meeting, 29 january-2 february 2024 6/24


mailto:Alain.delbart@cea.fr

QUALITY CONTROLS

|
« RESISTIVITY CONTROL » IS A KEY QC ...

Ref. G. Collazuol et al. (INFN/Padova, Bari)
... of strip-to-strip, Twaron, Resin, and Kapton ! And measuring I(t) on insulators at fixed HV
is quite difficult and takes long times with these large surfaces (charging up, polarization, relaxation,..

___f=R 2F't'/ b (277( . 13| »
Internal Twaron layer | e —— é') . Very gOOd Ps 10 TQ/Sq
o Gid =y & % 2 ity Sammie 10KV
312| //"’”_/177
?ﬁ .. g Corrupted on FC#0 ! ps~100 GQ/sq.
M 10 173 |
' R 10kV
» Resin sample Internal Twaron layer
Twaron = (Resoltech Epoxy] gL — PRI S S ~3h e ]
= 50% resin + 50% Aramid fiber 1 2 3 4 5’
Logint [sl]

"Vertical" Resistance seen by 1 strip (150 cm?)

3.0} Electrode

g 1 Surface Kapton 125 um x3 glued ~8TQ
% 12,5 2000m* 1OW/E5 ]
g ,
_, 4
120 I - 159 Kapton 125 um x2 ]
— g overlayed ~1 6 TQ
/m ~400 GQ
11.0 156 |
10.5/ 25 um kapton 2> 1 GQ @ 2kV (out of spec!)
Logiot[s] -
10.0 ‘ . ‘
1 2 3 4 5

, ERAM for the T2K/HA-TPCs First DRD1 collaboration meeting, 29 january-2 february 2024
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THE NEW MICROMEGAS MODULES FOR THE HA-TPC
12 THE ENCAPSULATED RESISTIVE ANODE MICROMEGAS

Ref: P. Colas/D. Attié ILC/TPC R&D (M.S. Dixit et al. NIM A518, p. 721, 2004

——

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/IN /

Standard bulk-mm Resistive-bulk-mm % e

mesh 5 M —

1 ~128um Amplification gap /rEe,: B 1 ¢ =~ i E
mesh T + N
B1 'Ampliﬁcation gap: “100um  1E ins.ltor: 150 pm Id :;:)’
s W/

jiliAlL.All.Lll;l.All.Allll;.lll.lllljllq
M. S.Dixit et al. NIM A566, (2006), 281-285. d0i:10.1016/j.nima.2006.06.050 4500 5000 5500 6000 6500 7000 7500 8000 8500

_ ; . ) ) ] Til]’lf.: [ns]
2-D RC network (telegraph equations) Gaussian spreading as a function of time with :
p(r,t) = I}_tc exp[— —r;-’tRC] e t =~ shaping time (fewR100 ns)

@ 0, = R RC[ns/mmZ] =103 €0 & d[MQ/l]
[um]
R- surface resistivity
C- capacitance/unit area & [APICAL]~3,3 and ¢, [glue] ~4.8

For ~11x10 mm? pads, DLC R is chosen ~0.5 M()/m and the glue thickness ~150 pm, RCesign~100 ns/mm?
ILC/TPC R&D : 7x3 mm? / DLC R~2.5 Mohm for an RC~750 ns/mm? ¢,.<2 mm

, ERAM for the T2K/HA-TPCs
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http://https/doi.org/10.1016/j.nima.2006.06.050

THE HA-TPC ERAM MODULE

A COMPACT TPC READOUT SYSTEM

ERAM FEE : 2 x 576 ch. FECs (8xAFTER ASICs) T2K/ERAM detector (CERN MPGD workshop
+ 1 digital FEM (~500 cm? cards) . o

, ERAM for the T2K/HA-TPCs
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INTEGRATION OF ERAM DETECTORS

IN CLEAN ROOM (~ISO 7-8)

ref: D. Henaff (CEAVIRFU) ] June 30, 2023
Coordination @ CERN bdg. 182

Field cage
ready!

, ERAM for the T2K/HA-TPCs First DRD1 collaboration meeting, 29 january-2 february 2024 10/24
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« BOTTOM » HA-TPC

FROM CERN TO JPARC (JAPAN)

Final validation with cosmics at CERN  after 10 TPC vol. exchange

-l' » | 400 8 » «“0

» s

oy 5 5 =

10 10 - 4= 150 150
Gas _ Bl —— Z i T = -

r k: Tr‘ r: o . E| r nl r k: 0 5 1015 .‘\JXIS 2 3 © 5 1015 20 25 30 3 © S 10 15 20 26 30 3% 0 S % 1522 B

Control flow and Readout of the two 27.5kV and 350V DAQ, ERAM &
monitor gas scintillator panels on ERAMs electronic power 10 ppm 02/ ~300 ppm HZO
quality (1m?) supplies
(GMC+sensors)

Integration in ND280 « basket » at JPARC (8 sept 2023) [ rer. 7. Luxarae) |

August 20 2023

, ERAM for the T2K/HA-TPCs First DRD1 collaboration meeting, 29 january-2 february 2024 11/24
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ERAM detector production

ERN/EP-DT/EF MPGD workshop

ERAM MODULE PRODUCTION WORKFLOW

Halog. Free FR4 ===

Thickness selection == Riocuction

[ DLC foils ] QCo DLC foil resistivity tuning
900 +/- 150 kQ Annealing @ 220°C for 2h
A 4
[DLC foils (be-sput Cie) [ DLC foil pressing
Resistivity map

Pyralux PC1025 Bulk micromegas Mesh integration ]
ralux

Pyralux Dvpt., cleaning & drying ]

Sevral times untill Q/C is OK
Vlsual Q/C

Final Polymerization and baking ]

Mesh procuremenf ]

Connectors wave soldering (216°C)

[
[ Mesh stretching
[
[

HYROSE connec‘rors]—'/l
[ FR4 1mm thick cover }—o

final cutting

PCB Electrical Q/C
Automated test bench

18 No defects 3
([ )
PCB Thickness & flatness Q/C
+ optical inspection
Mechanical metrology
s 24 +/-01mm )

Resistivity in 4 measurement zones
360 +/-80 kQ on final detector

J

Global Current Q/C in « dry » air @850V

All pads grounded, I < 20 nA

Detector metrology
Stack thickness : PCB cut in 2 zones
Glue thickness : 150 +/- 5 um
Detector : 340 x 420 mm +0/-0,2 mm
Detector bending < 2 mm

\

4

Delivery of ERAM detector

ERAM module

e\

j

Total thickness
Mechanical metrology (with 1 mm cover)
17,6 +/- 0,05 mm
Gas tightness Q/C

QC2 ERAM detector + FEE pedestal map + « mesh pulsing »
8_ % Stiffener Stiffener glueing J
c o - Mechanical Q/C
ol 3 B 340 x 420 -0/+0,1 mm n\
S w a Thickness: 14 +/- 0,05 mm ERAM detector FR4 cover removal
_g 8 =z & mounting in test chamber (Laminar flux)
o 5 Z
o N % Final ERAM module Calibration in T2K gas (330-370V) R
= O Warsaw test bench
55Fe pad scanning, with Automated x-y stage and final FEE
Batch of 8 ERAM module caracterization with cosmics
Delivery of On half HA-TPC @ CERN bdg. 182 p
ERAM Module
ERAM module packaging l

, ERAM for the T2K/HA-TPCs

p
Cartography of defects
Pedestal runs
< 4 dead channels (<2 side by side)
\(
v~ 2\

.

Final Calibration Data
pad per pad and global calibration
Gain, pad response, cross-talk
55Fe spectrum, spatial resolution

First DRD1 collaboration meeting, 29 january-2 february 2024
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Resistivity with CERN probe [MQ/[J]

Y2 RC prototype

QCO: DLC RESISTIVITY : FOIL SELECTION

production (batch 1,2,4)

Production

21 ERAM
prototype

Top. TPC production

Restart of production for Top TPC

6 DLC batch 3 i DLC batch 4 i DLC batch 5 i DLC batch 7 i DLC batch 8
—— 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
16 16 16 161 Batch9 before baking 16
X=1,2m A batch = 7 DLC foils (0,6x1,2 m? sakaid it
=1, atch = oils (0,6x1,2 m?) ,

< »

< » 1
14 14 I 14 14 ! 14

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

12 1.2 1.2 1.2 1.2

o
®

Before baking

Resistivity with CERN probe [MQ/C1)

Nominal

Resistivity with CERN probe [MQ/[1)

g R (MQ/sq.)

Resistivity with CERN probe [MQ/[])

0.8

Resistivity with CERN probe [MQ/[])

0.8

0.6 06 06 061} 1 1 06
for production :'/H—H"w
! 1 %
0.4 0.4 0.4 044 1 L 04
3h/240°C baking 3h/240°C baking
After 2h/220°C baking X position

2R, 2RC
- ERAM-18

nominal R, RC

, ERAM for the T2K/HA-TPCs

%2 R, V2 glue thick.
Nominal RC

gradient & spreading issues

- 11 last ERAMs done with batch 9
First DRD1 collaboration meeting, 29 january-2 february 2024

(25, 27, 33,34, 36, 37) : gain

R~0.5 MQ/sq.
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QC2 : ELECTRONIC MESH PULSING

DETECTING DEFECTS BEFORE GLUING THE ALUMINUM STIFFENER
EXAMPLE OF A DEFECT ON ERAM-20

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

v A 1kHz, 300 mV square signal is pulsing the ERAM mesh
through a 50 Q adapted cable

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

QC2: mesh pulsing before & after « repair » QC3: X-ray scan gain
Amplitude mean i i ;
o P o Amplitude me:n Pedestal (stddev) ADC . Gain from Gauss fit (Fe peak)
HV B 1 r
54 5 6 2500)
10 4 180C 10 - " 2000
n " k- 5
g a 160C '5 151 ; 1500y
> > > 1000)
20 1 201 =
140C 500
25 A 25 4 = - 3 0
| | n
i T 0 1 20 3
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 Jeaxia . . 0 5 10 15 20 25 30 35
X-axis X-axis X-axis
Amplitude mean Amplitude mean after 250 equallzatlon Histogram of gain values
’ : Pedestal (mean) ADC
175 0 -i ‘E._- e :.'- |.;; - 252 155
150 | " .q" " -: a 150 - >
125 " 10 ‘-r‘. e -I! i'--.= = I-;:_m:’ i 251 125 - ‘
100 5 T I‘.' o 250 100 (
7 > 20 A E{g: ”h..:: !.!'-= H'-FH .- 75 4
n
- ] 1 =" 249
50 | ‘. qh l.. i. .I. l“‘ o 50 { "‘
2 30 em " ol 25 | I —‘
- 0 10 20 30 . ( B
1360 1440 1520 1600 1680 1760 1840 1920 : 0 500 1000 1500 2000 2500 3000
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Tzﬁa QC3: FINAL VALIDATION OF A MODULE

THE ERAM °°FE X-RAY TEST BENCH @ CERN

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

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

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

v" 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)

v' Gas flow is 141/h, the scan starts when RH<0.4% and stable, full scan duration 64h (3 mn/pad)

v Monitoring of “environmental conditions” : Gas composition (supplier certificate), T,mp, Paim,
APchamben Tgas,» Relative Humidity RHgs out

v" HV scan (330 - 360 V) on pad x20/Y17 (gain tuning)

Gain correlation with T/P

v Remote shifting with local hardware support {7 ERAM26 A -
P, o . o o A EFstt &
. D TS TPRSPTIK § 2 A N
oy iy e, PRI S S
Source spot (gain scan) = s A f%ﬁf,g :
Bl & g & N X ety . e S i
';,"»;". 2y ;3 ﬁ"!.' Ping !':_-,:.\v LR -
Wl

| 6-14% gain drop for 1-3% RH increase X

o End of X-ray scan —p - ,"”

o '
i — sss, sen,  Ses, 885, SRS, 5SS, ER,  sSm,  smm.

, ERAM for the T2K/HA-TPCs First DRD1 collaboration meeting, 29 january-2 february 2024 15/24
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AN EXAMPLE OF A °°FE X-RAY SCAN

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

OF A “TYPICAL” ERAM

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

Gain from Gauss fit (Fe peak)

0 ]
| | C | n |
s L il 1 .
|| n =
1049 - = 1200
X I
15 o 1100
20 4 . lr 1000
25 P 900
8 =
30 -
T T T T T
5 0 15 20 25 30 35
X-axis
Average from all amplitudes [ADC]
0 - =
||
| .h. =
5 e I
0 ot 1500
4 O
| |
LL: 1400
15 -
- -‘ . 1300
| - |
20 - 5 1200
*1 1100
30 -

Y-axis

Y-axis

, ERAM for the T2K/HA-TPCs

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

Resolutlon % from Gauss fit (Fe peak)

25

20

Sigma from all amplitudes

600

500

400

300

200

0 5 10 15 20 25 30 35
X-axis

Y-axis

Histogram of mean amplitude

T T T T T
1100 1200 1300 1400 1500

Counts

First DRD1 collaboration meeting, 29 january-2 february 2024
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AN EXAMPLE OF A °°FE X-RAY SCAN

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
Scanned: 1152/1152, total time: 65.29 h

Histogram of mean amplitude

Gain from Gauss fit (Fe peak) Resolution % from Gauss fit (Fe peak)
0= ] [ [ [ i ;. []
l ._ ] [
1300 5 —
10 - - . 1200 10
|
2 u R4
% 154 - o - 1100 % 15 Ampl Histogram, ampl_thr = 50, counts 507, bin width: 32
- 1000
Ol | e = . 20 |, 5.9keV
m n 1
s P-- 0
=
| | || ||
30 - - 1 30 1
T T T T T T T
0 5 10 15 20 25 30 35 ( 1 (o)
] .
i . [ 1 18.5% FWHM PR v
Average from all amplitudes [ADC] Sigma from all amplitudes
[V - ] 0
| | - | |
Nt o :
o 900
0 - 1500 0
u . - 800
1400
2 | 2
s " | 1300 8 - . . , 700
> | u T_q > 500 1000 1500 2000 2500 3000 3500
20 - 8 . 1200 20 600
-I l n 1100
25 u 25 500
- |
04 0 30
o [

15 20 25 30 35 0 5 10 15 20 25 30 35
X-axis X-axis X-axis

o
w4
=
o
[
w
N
o
N
w
w
o
w
[}
o
w
=
o
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ref: D. Attié et al, Nucl.Instrum.Meth.A 1056 (nov 2023)

Doi: 168534
ERAM-07 ERAM-01 ERAM-02
§ 150 g
N AN
-
=
~~
%)
c
A —
@)
nd
Seen fFom Electronlcs gldé"“’ < Beam direction
01 116.9 1944 . .
Detailed model of pad signals 02 1286 173 RC is quite
Pri lect diffusion i 03 116.4 we7  well correlated
- (rj|mary|'?- ect-ron.s i ‘u5|on in gas o i 10 {0 the measured
and amplification in micromegas 10 1209 1697 e
o 0 1454 s DLC resistivity
- Charge amplifier response e o1 Lo2s
. ) ERAM-01 R (kQ) finished '
- Charge dispersion on the DLC 16 1204 1705
. . 18 68.98 1217 ~1/2 RC as expected
resistive anode Vs RC - . - - — —
29 102 1318 ~ RC as expected

, ERAM for the T2K/HA-TPCs First DRD1 collaboration meeting, 29 january-2 february 2024 18/24
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RC (ns/imm?)

Gain

Resolution (%)

STATUS OF ERAM PRODUCTION (06/23)

TO BE COMPLETED WITH THE LAST ERAM SCANS

ref: D. Attié et al, Nucl.Instrum.Meth.A 1056 (nov 2023)

Gain v/s DLC voltage

Doi: 168534
= = ERAMO7
& == ERAMO1
D |..|-e-ERAMZ23
—| °

= ERAM16
=e~ ERAM15
~e~ ERAM10
* ERAM12
e ERAM18

103 ._.‘ AAAAAAAAAAAAAAAAAAA ........... / .................. .,., ......

._.é ............................................................................................................................................
i O NS DAY SIS e,
~330 335 340 345 350 355 360

DLC voltage (V)

All ERAM with : 0.38 < R, .. < 0.56 MQ)/sq.
C fixed by 150 um glue thickness

- ERAM18 : ~1/2 R (1/2 RC)
- ERAM29 : ~1/2 R, 2 glue thickness
- ~same RC

Except :

Legend :
Box boundaries = mean +/- 25% (50% of values)

, ERAM for the T2K/HA-TPCs

Bars boundaries = mean +/- 49% (98% of values)
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LAST STATUS OF X-RAY DATA ANALYSIS

ref: S. Joshi (IRFU)

2000 fed . . . & C
> = Gain & RC dispersion E a0 -
Q1900 over 30 ERAMs 2 C i
™ - ; : : : o 200¢ P
1800: v o - © i
® Tt 2 Last ERAMs 180 _ el 5 5 Y
£ 1700 - g i With-DLC batch9 C - : E © o
© - 5 % 160 : e e | [ il L
© 1600F T - |——| [ [ R
% - g o 140 2 = i b I. 2 I.
@ 1500F { o C _— I_I — il ° : H =0
| ERAM18 a % 1201 whe b T o]
= r @ ERAMOT | HRERAMI3 | |d ERAM21 | |9 ERAM39 100 — —-—: I_'_l. T —
1300 F e g SR ez | menmine || ERAVED | |gg e L :
E : @cravos | [meravis | (4 ERAMES L
LIJ - . + @ ERAMO7 | [MRERAMIG | [d ERAM26 :E:ﬁ::z 80 ~ o~ - 0 © o P P - o - - o
1200 - SEPL URNIUFTTRERPRT. L A + ssicessssssisssssssssssss R oz || s | 49 Erees S o - L) = ] 3 ) by g Q S E
- * 0-ERAM10 | [#ERAMIE | [« ERAM29 9 ERAM44 = = = = = = = e = = = = =
- = = %= %= % % % % 3 % % 2 3%
1100 :_ SRS SO . - i S—— ’::x:; ':::: +E::x§g w w w w w w w w w w w w w
: 1 1 1 1 1 1 l 1 1 1 F 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1
80 100 120 140 160 180
— 1
2 T -
c E —_ :
.g B - 5 DT e -
C i = 14 : H :
2200 - é -
Eoo - 2 C JR I S
2000~ ‘;" 12 o T i
C ) : : : T B —_— _
= i o - i ;
1600 C m |-0_| - — |T| - T _._ 10 . H é . :
= - i H — i : : : Plel .
1400} T e o _LITI_IBIT 8 : I : .I.l.
: 110l A /R SRR Ay
1200 - ) G S I : —_ : : -
C : - 6 . - o e
1000 — = [
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THE HA-TPC READOUT PLANE
IN ND280 BASKET @ JPARC (SEPT 8)
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THE UPGRADED ND280 DETECTOR
(READY FOR MAGNET CLOSURE (NOV 15, 2023)
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Nov-DEcC 2023 T2K RUN
ND280 EVENT DISPLAYS

ress-en/202401171405/

Run number : 16070 | SubRun number :8 | Event number : 191051 | Spill : 4515 | Time : Thu 2023-12-21 03:21:27 JST | Partition : 61 |Trigger: Beam Spill

Run number : 16070 | SubRun number :11 | Event number : 263517 | Spill : 9852 | Time : Thu 2023-12-21 06:09:57 JST | Partition : 61 |Trigger: Beam Spill

Iinincmoore}1 67201 SThRIInImborg O] [E¥entintimosrel6S7zAllSn EISi ol IimelST202 521 22 A7, 050 S Rarstonkl6 fTnog erdBeamISll Run number : 16070 | SubRun number 9 | Event number : 207121 | Spil : 6159 | Time : Thu 2023-12-21 03:58:43 JST | Partition : 61 [Trigger: Beam Spill
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1I#J Ay CONCLUSION AND PERSPECTIVES

B The T2K/HA-TPC ERAM detector module was designed to be a compact
34 x 42 x 4 cm? unit suitable to pave large readout endcaps of TPCs.

B The production is finished with a total of 36 detectors qualified for use in
the two HA-TPCs. A lot was learnt from this 2 years production and
difficulties were overcome for an overall very good quality of the detectors :
less than 1/1000 “dead” pads and no major issues to operate the detectors.

I The detector response modelization is consolidated and the performances
of the detectors, driven by the RC constant of the charge spreading DLC
stack, are within the specifications for the readout of the ND280/HA-TPCs.

I Field cage #0 leakage current issue from the original design was
understood and solved for the four HA-TPC 7% field cages.

B The bottom HA-TPC was successfully operated during the Nov-Dec 2023
T2K technical run. Data analysis is on-going. The TOP HA-TPC will be
equipped with its 16 ERAMSs in February 2024 for an installation of the TOP
TPC in the basket of ND280 in April, finalizing the upgrade of the Near
detector of T2K for the 2024 T2K physics run (June 2024 ).
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A « HAPPY » HIGH-ANGLE TPC
JUST BEFORE CHRISTMAS !!

Run number : 16070 | SubRun number :7 | Event number : 172136 | Spill : 2587 | Time : Thu 2023-12-21 02:37:45 JST | Partition : 61 |Trigger: Beam Spill
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