The ﬂeW TPCS 15th Pisa Meeting Eg g%\air;g,eigztgcéog |
for the Upgraded Near Detector ="
of the T2\ Experiment

f.

_..-'"'
)

‘a'S
\ //

UNIVERSITA PO . - X
DEGLI STUD ;

: ﬂ e
DI PAanovA AN NI \\\,,

C / i \\\\

G.Collazuol on behalf of the ND280 Upgrade collaboration
Department of Physics and Astronomy
University of Padova and INFN

\glld }X—\

Drift volume
+ field cage

> | . Overview

A ND280 Upgrade and HATPC

A Field Cages

A Resistive MicroMegas detectors
A FE & RO Electronics and DAQ
A Performances

MicroMegas
Resistive

Module Frame

(MF) Central cathode

J—
LPNHE

Politechnika
\Warszawska

INFN

PADOVA
IEA == ! BARINAPOL
T . t= LABORATORI Naz. |




T2K Experiment and ND280 Near Detector
Super-Kamiokand T Z/E \

1,700 m below sea level

Goal of ND280
Measure the flux &
Super-Kamiokande (S K) spectrum of neutrinos e
Measure v, contamination
22.5 kt 2 ~200 kt (Hyper-K) ND280

Goal of T2K-Il phase (2023-) data taking after main ring upgrade Is to
measure dCP at 3s thankstoadecr ease 1 n systemat¥c



ND280

Reconstructed momentum and angle for V-TPC spatial resolution

U pg rad e U selected @ present ND280 6.9x9.7 mm? pads
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ND280
Upgrade

ND280 upgrade TDR
arXiv:1901.03750v1
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Charged-Current event selection efficicency

0.8

0.6

0.4

0.2

-

==f== current, FGD 1
—4— upgrade, FGD 1

==f==- current, FGD 2
—}— upgrade, FGD 2

—j— upgrade, SuperFGD

Enhanced acceptance

at high angles and backwd __**—
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Super FGD

New detector concept
2x10° 1cm? cubes

each cube read by 3 WLS
Y 3D vi eWwGDSuU

Scintillator cube

WLS fibers




High Angle TPC

High Angle TPC design

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

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

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

Low material budget walls ~ 5% X,
(matching tracks from neutrino active target)

Given Bfield = 0.2T goals achieved with:

Atmospheric pressure TPC (T2K mix gas)

é few mbar overpressure to keep
contamination O, and H,O @ O(10ppm)

Drift length~1mY Cat h o dZ&kVat

Sampling length ~ 80 cm

Resistive MicroMegas w/ pad size ~ 1cm?
E field uniformity < 104 @1cm from walls

Drift volume
+ field cage

MicroMegas
Resistive

3
-"‘

Module Frame

MF with
8 micromegas

‘Parameters

. MF with

Central cathode

HATPC vs VTPC

Overall x x y x z (m)
Drift distance (cm)
Magnetic Field (T)

Electric field (V/cm)

Gas Ar-CF4-iC4Hqg (%)
Drift Velocity cm/us
Transverse diffusion (um//cm)
Micromegas gain
Micromegas dim. zxy (mm)
Pad z x y (mm)

N pads
el. noise (ENC)

S/N
Sampling frequency (MHz)
N time samples

20x08x18 | 085x22x1.8
100 90
0.2
275
95-3-2 ANT2Ko (ga:
7.8
265
1000
340x420 340x360
10 x 11 7x10
36864 124272
800
100
25
511




High Angle TPC

Atmospheric pressure TPC

Drift volume
+ field cage

_ Drift length 1m g;gigﬁ\'::egas
. Central Cathode @ -27kV
E field unif. < 103 @1cm from walls
Low material budget walls
Contamination at O(10 ppm) level
Re3|st|ve MicroMegas sensors Module Frame
~ Sampling length ~ 80 cm (MF) - | Central cathode

. pads ~ 1lcm?
10k+10k channels / TPC @ Anodes

New Field Cage Y thin walls, lightweight & robust

Y Thin walls & low Z, made of solid dielectric composite materials

Y Rectangular shape to minimize dead space & maximize tracking volume

Y Electric field uniformity better than 104 @1cm from walls obtained by
- Mechanical accuracy Y inner surfaces planarity & parallelism ~ O(0.2mm/m)
- Suitable electrode design

New MicroMegas detectorsY fiEncapsul ated Resi sti v
Y Charge spread: high space resolution with low pads density (fewer FEE chs.)
Y intrinsic spark protection: simplified & compact FE electronics



Field Cage

HATPC made of 2 half rectangular Field Cages

A D|e|6CtriC, IOW-Z materials Mechanical to'erances
A Composite materials techniques A Cathode flatness and ERAM plane flatness better 0.2mm/m
A Field Cage walls flatness better tham 0.2mm/m

A Thin walls laminated on a mold A Cathode/Anode planes parallel to within 0.2mm/m

Peels/Folls to be wrapped —

all around the mold -___M— e

Structural bars
providing mechanical
5 < - strength to the box
' ~ -support for peels
- termination to HC
panels

Structural frame Flanges
s providing mechanical
| s - stiffness to the box
" - termination to HC panels
- flange purpose for

-

-

Exploded view of halfFIELD CAGE e
around the metallic mold
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Simulation
Electric Field
near walls

Field Cage i layers
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Field Cage 1 2 key points

1) Volume resistivity of each layer material > 1012 Y cm

A Layers surface is huge O(5m2)
AV A single Cu strip surface is large O(150cm?)
" I

YALowO

(c) Dielectric breakdown
Note: glues weekest materials

2) Long path for superficial charge and gas @ cathode flanges

Half Field
cage

Labirinth
groove

O-ring —*
grooves\. O-ring

Shield Flange
(Gnd) ~

Flange

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

Three deep grooves for enhancing

superficial charge and gas path to GND
Y voltage drop / path length < 3kV/cm

Tested ok against discharges w/ mockup

Flange

! tickness 5cm

resi stivity
(a) Leakage currents from inside to shield
(b) Extra-currents parallel to divider current

ayer s




Design and Process engineering validation

FC deSig N Val idation w/ prototype (1m drift length x 0.5m x 0.5m)

mechanics, material, high voltage, performance
Ysince |l ate 2019¢é 2020

Y 2 test beams in )2021

ERAM module

Field cage + cathode
i ezlgNFN‘):a + 4x ARCv1 cards (IRFU/CERN/LpnHe)

Module Frame
+ inner guard frame
(IFJ PAN)

' ERAM module

Supporting frame to mount in DESY/ILC-TPC magnet (operated @ 0.2 T)




FC dGSIgn Val|dat|0n Parts and materials

AMoldY | NFN

A Double layer strip foil Y CERN

A Structural parts = Flanges & Bars (G10)
Y ORVIM company (TV, Italy)

A Composite material & Production
Y NEXUS company (Barcelona)

Design and Process engineering validation

w/ prototype (1m drift distance)
w/ mockup for HV tests on final cathode flanges

Production of first half Field Cage (Winter 2021 delivery in Spring 2022)



Field Cage production (@ NEXUS)




Field Cage production (@ NEXUS)




Field Cage validation (INFN @ CERN)
= B g |

-l NPO7 HA-TPC working area at bdg. 182
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Field Cage validation (INFN @ CERN)




Field Cage validation (INFN @ CERN)

Under test / validation / characterization:
V MetrologyY i nner walls and fl ange
V GastightnessY we | | bel ow 0.1 mbar
V MechanicaltestsY wal |l s expansion agr
(25mm / mbar overpressure)
A degassing in owen @ 70°C
A High Voltage tests
A Half TPC instrumented anode (8 ERAM)
Y test beam CERN in Sept




ERAM detectors

/N I f Politechnika
Ca n r u \Varszawska A

Bulk MicroMegas : Encapsulated Re5|st|ve Anode
' Mesh @ ~-360V  MicroMegas :

s i Mesh @ GND
Amplification gap: ~128umw T

E A B B B O O OB B O O O O O O OO O O W W W

T.

DLC @ ~ 360V

Charge spreading over Resistive Layer
Y space r es o300nniwithtargdr padso w
Y less FEE channels (lower cost)

Y improved resolution at small drift distance

Gaussian Charge Spread in time

dp &p 1op
telegraph equation = =h|z5+ _E]

Resistive layer prevents charge build-up, ie sparks o7, 1) = RC _r2rcian  solution
Y enabl es ohmgkergaini on at 2f B curhesominiity

C- capacitance/unit area
Y no need protection circuits Y ¢ o mpgFantBnd cards pacitance/unit

(¢ ~ shaping time (few 100 ns)
2t 180 Ry /m
Mesh at ground and shielding of Resistive layer at +HV or = |26\ RClns/mm?| = dmm]wﬂ! 1
Y i mprfield®dogeneityY reduced tr ac k /175

Good charge spreading (sr ~ 3 mm) for pads of ~11x10 mm?
with DLC foil resistivity around 0.4 MY/ and glue thickness ~75 pm



ERAM detectors for HATPC

« L » 128 um gap bulk-micromegas with SD45/18 woven stainless steel mesh @ GND

<1 um DLC 0.4 MY/ resistive layer on 50 um APICAL
75 mm glue

— e

4 mm

34x42 cm? PCB with 32x36 pads (10,09 x 11,18 mm?) 2.21mm

Mechanical

DLCHV @ ~ 400V stiffener

ERAM detector ERAM module

ERANM doleictor + stiffener on min-TPC




ERAM production

DLC production in Japan (Be-Sputter, Kyoto)
DLC foils production still \  ERAM detector
out of the specification d

Y selection of DLC foil regions w/ uniformity better than 10% 42x34 cm?

Other production steps at CERN
Y completely under control

[ Delivery of ERAM detector J -
ERAM detector + FEE pedestal map + « mesh pulsing » ].\( \
: 3 % . . Cartography of defects
© 2 = Stiffener Stiffener glueing Pedestal runs
o - (= Mechanical Q/C < 4 dead channels (<2 side by side)
8BSl 2 5 340 x 420 -0/+0,1 mm 9 ,
€0 Ll.l a Thickness: 14 +/- 0,05 mm ERAM detector FR4 cover removal .
s .8 8 P & mounting in test chamber (Laminar flux) 4 Total thickness ) :
< O E % Mechanical metrology (with 1 mm cover)
e 2 < W Final ERAM module Calibration in T2K gas (330-370V) 17,6 +/- 0,05 mm
= O Warsaw test bench S Gas tightness Q/C 4
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 Final Calibration Data
ERAM Module pad per pad and global calibration
Gain, pad response, cross-talk
\/ [ ERAM module packaging ] 3 55Fe spectrum, spatial resolution

/

- NPO7 working area is fully operational at CERN bdg. 182.

- Two 'Quality Control tests are performed here:
- Mesh pulsing: spot low gain region before gluing stiffener on PCB
- X-ray test bench: Complete characterization of ERAM response, individual pad response (gain,
resolution) and gain scan as function of voltage.
- Calibration of electronic cards and association with a detector before X-ray scan



ERAM production control T Mesh Pulsing

ERAM-16 ERAM-21

Amplitude mean Amplitude mean

1800

1600

Y-axis

1400

o 5 10 15 20 25 30 35 0 S 10 15 20 25 30 35
X-axis X-axis
- Mesh pulsing is performed before and after gluing stiffener.
- The first one allows to spot low gain region: blue will have a 2 times lower gain with X-ray
- Criteria to accept a detector is: uniformity of 15%

» Calibration of electronic cards and association with a detector before X-ray scan
- Second scan allows us to check if the gluing process change the response.



cluster_charge

Entries 12913

Mean 9530 + 21.25

v 2414 + 16.03

ERAM production control - X-rays

55Fe x-ray source

S 88888888 8

¢
g
:
:

Example of early ERAM characterization

Gain from Gauss fit (Fe peak)

Observed larger gain and : e N

energy resolution where i - -~ '=

Aluminum stiffener was glued ™ !_.-;. - ¥a
. =1 'il_-z -l.

Gain increase up to 20% ”‘-&! o 313 -

corresponding to gap =

decrease by 1-2 nm 0 'F‘*-‘ &"

0

Y i ssue snewgluiagdprobtesture
(uniform pressure all over the PCB)

x-axis

2200

2000

First time Resistive MM detectors
studied such very detall
(needed for series production)

1800

1600

1400

1200

1000

Series production for HATPC
started in early 2022



A 8+8 ERAM modules per HATPC
ERAM Module A Reduced thicknessY mi ni mi zed 6o¢c

36x32=1152 pads : 2 x 576 ch. FEC + 1 FEM2 + 1 PDC
8 vertical FX23 Hirose floating connectors

MM-DLC PCB | | , ﬂ 1x FEM-II
IRFU / CERN Z 4 + backend TDCM
> /, m | 1 IRFU

DAQ
software
IFAE

16x Test benches

AFTER :
IREU Warsaw univ.
FEM-II cooling plate
IRFU
2x FEC-IIl cards
MM Stiffener ; :
IEJ PAN With cooling plates 1x PDC card
| tpover IRFU




HATPC FE and RO Electronics olitechnik e

\Warszawska

36.864 detector pads

" |
i I
I |
ASIC || ASIC || ASIC || || ASIC || ASIC [--| ASIC Ll Asic || Asic |--| AsIC ~|[Aasic || Asic || Asic i 512 AFTER (72 channels)
Front-End Card Front-End Card ! Front-End Card Front-End Card |1 64 FECs (8 ASICs each)
[ | . | 1 |
Front-End I Front-End i
FPGA Mezzanine : FPGA Mezzanine (1 32 FEMSs (1 drives 2 FECs)
Card ! Card |
e |
nsdemegnet b Oaacormadis """ Opical ber
QOutside magnet
FPGA + Trigger & Data . 2 TDCMs (1controls 16
Processor | Concentrator Module FEMs, i.e. 1 TPC)
IRJ-45 cable I (Private) Ethernet I
Slave Clock Optional PC for HTPC Control & DAQ 1 PC (controls 2 TDCMs)
Module or direct Ethernet connection
Indzgg network D.Calvet (CEA-DRF-IRFU)
Global Event Builder IEEE Real Time (2018)
Run Control, Condition Dat:abasa, arXiv 1806.07618

Event Display, Mass Storage IEEE TNS 55 3 (2008)

Main Components

A AFTER chip designed for T2K (511 bucket SCA sampling@25 MHz, 120fC-600 fC, 100ns-2us peaking time)
A New FEC with 8 AFTER chips which digitizes pad signal with an 8 ch. ADC (minimum dead time of 3.3 ms)
A FEM provides control (&trigger), synchronization, data aggregation, data buffering & data zero suppression
A TDCM is a generic clock and trigger distributor and data aggregator (FPGA+2 xilinx CPU+1 GB DDR3)
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HATPC FE and RO Electronics

...........

......................

Front-End Card - FEC

Front-End Mezzanine Card - FEM

A FE and RO Electronics boards production completed
A FW and SW DAQ system completed & tested on
mockup Module Frame (Anode support frame)

Trigger & Data Concentrator
Module - TDCM



Production Status (x produced /y needed / z spares)

MF with ERAM Front-End Electronics
. 8 ERAM , . | , . Back-End
: ©o 4d  Electronics

Drift volume
+ field cage

ERAM
modules

FEMT40/32/8)

1 Field Cages .
. (1/411)

TDCM
" @1211)

Module Frame

MF (5/4/1) Central cathode

ERAM module

ERAM detector (18/32/4, 12 fully qualified) Detector + FEE + water cooling mechanicals
Produced by CERN PCB workshop o

ERAM detector

42x34 cm?

1152 pads

A ERAM production to be completed by end 2022
A 2x HATPC to be completed, shipped to JPARC and installed by mid 2023



New Gas System for HA-TPC and V-TPC s

Production completed

Commissioning @ CERN OK EA"

First inspection @ J-PARC and preparation for installation in June 2022
Installation @ J-PARC Nov 2022 or Jan 2023




HATPC Performances w/ Prototype (1m drift length)

Test Beam @ DESY (July 2021)
Y electron5®Ge®)am (0.

Y superconducting

Test Beam @ CERN (November 2021)
Y muon beam (SPS H6 A=
Y Silicon Strip Trac y




DESY Test Beam 2021 - Prototype (1m drift length)

Huge amount of data collected — 13 days full beam time (no issues due to preparation at LNL)
— various B field intensity (0—1T) & electron momenta (0.5-5GeV/c)
— reconstruction studies with inclined tracks in theta and phy angles

— sistematic studies of E and B fields distortions

Il clear ExB effect from B radial components...

. protoype too long for DESY magnet :)

Pad number y
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A Very stable Voltage Divider and Cathode High Voltage
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}
30}

| = simulation
Horizontal track .|

Tilted due to
ExB effect

}
10}
L

Pad numbery

S OB BIOPRBNEEY
Pad number x
Last 4 hours

30.2 prrerperrrprreesereer

—ar 3 e T R OSE Forremrarerrrae o UV 2T DY ermrsereierie
381 | g 908F Patm 0585 | & N L e T
:a(:s £ ® 9708 z .»u.) Gas Flow P22 i |
al - 0.6 - 54 S 27.02»
7954 £ {
“;‘ § ome : [‘.:.”. : 27.026 +
37.85 | E o002l & 2 2024 1
378 - s ~ A 5
| il : ) z on
3775 g - liced . ... Voltage divider
4 9698 - . 0.
. "‘ > . X o9

5 5 ,,’, current (cathode)

rrrrrrrrr

‘‘‘‘‘‘‘‘‘‘‘‘‘

s -HV total current

5 gas ot [mbarl
o
8
o
c
-
?
o
o
=
-

........

......

P - , ks DLC‘current

.7
233 5 <r105 | O o1
Hr SN RO dew point . Beamoit
:‘:;? 3 ‘! ‘\ » i ] A > No
:3’65. g arms - i beam V'I;LC

& 7 - VDA 3 P s
’, Dlﬁerentla] P 2 4_:‘ =} : . o "N
2 P 47.745

120

P diff gas out [mbar]

g
20 3
o
ol A5 : ; O aneamon
g Loy {
: ...... o “Re82R% .’:,(SP“!S)-“Omo- ~~~~
E5558 88853 as i s sise SRz zassensg

S8 N A 8 6§ 888 & s

nnnnnnnnnnnnnnnnnnnnn



Track reconstruction from waveforms

F 2r
g | Secondary Pad =%
& = Delayed signal induced 3
- . £ 2
wf- Py Qdiffusedon DLC 2 5
C S 25
L |"I-'I 22
- 19
B 18
T | ol L L 1 [ IR e 1 17
EGD 2 4 B B 10 12 T1ir:9|s| }2
14
13
12
§ r1200f 11{;
o [\ Primary Pad ]
c Il where Q collected on DLC l
: + jons induction signal 4
C 2
4001} 1
o 0
- -1
:-_‘DEI: 1012 3456 7 E Ei 10111213 14151617 181920 212223 24 25 26 27 28 29 30 3132 33 3435 36 37
ot | Pad number x
_Qm:
P EFEPEE EMEPE E BRI PP PP B 5 1
i 2 4 [ [ 10 12 T]ir:;e|5| ———
L . RC :
- Highighted waveform regions - Ll e
3 r Secondary Pad sensitive to'Q diffusion over DLC " 30
- Defo da>|/ nal Ciced Y waveform fit wit :
B . ./ 90
N N © aygﬁ > gda Dllj_((::e including RC parameter O B
wf oDy Qdiffused on DLC . and FEE response function ERLE.
N ) 80
< allows to measure DLC resistivity 10
- 70
L -._ , 5 -
o2 Note: RC map measured
- w/ X-rays and w/ tracks 5 10 15 20 25 30
_EGt...|...|...|...|...|...|...|.xm" ad x
2 ! B B 10 12 S p




DESY Test Beam 2021 - measurements

The following measurements were per-

In order to ensure that setup satisfies the formed (»— back up slides):
ND280 upgrade requirements the test beam - Drift distance (for both horizontal
tended to: and inclined tracks and different drift
velocities)

@ test the setup stability (various scans
were performed) - ¢ scan (angle wrt ERAM plane )

: : - @ scan (angle wrt vertical axis
@ characterize the charge spreading and (angle wrt verti xis)

study resistive foil uniformity. - Sampling time

: . - B field scan
@ measure spatial and energy resolution;

. . . - Vertical (Y axis) scan
Data is compared to Simulation

- Momentum scan
Cluster definition: signal ~— short in
amplitude and long in time »— charge

spread in transverse direction ~— grouped
pads in perpendicular direction of the beam. Horizontal tracks: Inclined tracks:

- Gain (DLC voltage) scan

Charge [ADC]

Time [ns]



dE/dx and spatial resolution (definition)

Spatial resolution

dE /dx resolution

® dE/dx measurements: @ The Pad Response Function (PRF) method is
Truncated mean method used for track position reconstruction.
(= a=0.7)
PRF(Xtrack — xpad) — Qpad/Qc!uster ‘
- N i
dE _ Zia © G . » .
dx —  a-Ng @ Prior position estimated

O
=]
=
“— 0.8
b=

@ Charge cluster definition: by center of massumethod
WFsum 1 @ profile 2D histoY PRF

2 @ Track position per cluster
Xirack €Stimated by minimiz.

cluster WF at maximum

Evant 26, Horizamal tracks: WFs of 28 cluster

f
o ——

E : _f_é% | Xz — Zpads QﬂﬁﬂXQEfL;ter_PRF[K:rack_xpad]
oo | = ; Qpadf Qeluster
:m_ s Where gapadfaduster — \/Qpad/@c!uster
: . WY _

S e a0t

: @ lteratelY 2 Y 3 é to improve
@ o of residuals (x¢ack — Xg ) in each cluster is
spatial resolution (SR)

E 3 @ Track fit: — "parabola” — x,




DESY TB2021 - horizontal tracks T dE/dx & s,

dE/dx resolution Spatial resolution
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- DESY analysis 2021:

o dE/dx resolution stays between 8% and 8.5 % and does not vary wrt
peaking time. Note: 2 ERAMs (80 cm sampling length) dE/dx resol Y 6%

o Spatial resolution stays between 170pm and 400 pm and slightly vary
wrt peaking time, degrades with drift distance (due to the diffusion).



DESY TB2021 1 Bulk vs Resistive Micromegas
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DESY TB2021 T phi angle dependence - dE/dX & S,

@ Fit: columns ¢[0,20]; diagonal ¢[30,60]; rows ¢[70,90]; . nary
@ Cuts: mean multiplicity; number of clusters P(e\\m\n

@ Length correction applied for diagonal clustering
Spatial resolution
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- DESY analysis 2021:

o dE/dx resolution stays between 7.5% and 9.5 %: almost independent on drift
distance.

@ Spatial resolution stays between 200um and 800 pm. The dependence on
drift distance is observed for horizontal clustering.



DESY Test Beam 2021 1T comparison with MC
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Conclusions

Drift volume
+ field cage

Two new HATPC for the ND280 Upgrade Sk
In production phase
Field Cage
- Unique features: large volume, rectangular, il Erarme
thin insulating walls w/ electrodes on surface (MF) Central cathode

- Building process & materials validated
w/ prototypes and mockups

- Production started

- First %2 FC under test and validation

New Gas system
- Production and commissioning @ CERN
- Ready to be shipped to Japan

ERAM detectors
- Resistive Anode Embedded studied FE & RO Electronics

In very detail for the first time - Produced and ready for installation
- Production started

Tracking and PID Performances (on Prototype)
- In agreement with expectations

Installation and Commissioning @ JPARC of 2 two HA-TPC
- Planned before Summer 2023



