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OUTLINE

1. T2K near detector upgrade (ND280) using resistive Micromegas for HA-TPC.
2. Modelling of charge spreading with resistive Micromegas.

3. Application of charge spreading model on X-ray data.

4. Summary of all analyzed ERAMSs.

5. Conclusion
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THE T2K EXPERIMENT: TOKAI TO KAMIOKA

Super Kamiokande

Mt. Naguchi-Goro
I 2 2824 m
t. lkeno-Yama

1360m watter equiv. 2 704

295 km

Neutrino cartoons by Yuki Akimoto
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T2K NEAR DETECTOR : ND280

UA1 Magnet Yoke

11/05/2023

ECAL

SMRD Module ND280 measures beam spectrum and flavor composition
before the oscillations

> Detector installed inside the UA1T/NOMAD magnet (0.2 T)
> A detector optimized to measure n° (POD)

> An electromagnetic calorimeter to distinguish tracks from
showers

> A tracker system composed of:

* 2 Fine Grained Detectors (target for v interactions).
* FGD1 is pure scintillator,
* FGD2 has water layers interleaved with scintillators

* 3 vertical Time Projection Chambers: reconstruct
momentum and charge of particles, PID based on
measurement of ionization
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ND280 UPGRADE: GENERAL IDEA

| ND280 upgrade I The HA-TPC should at least have the same performance as the

current vertical TPCs

CERN-SPSC-P357 > Average 700pm space resolution (and possibly even better)

> 7-8% energy loss resolution for MIP
> Stability and longevity (>10 years)

“4nt” detector

| Current ND280 I

SMRD Modﬂ
UA1 Magnet Yoke -
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HA-TPC : RESISTIVE MICROMEGAS DETECTORS

bulk MicroMegas resistive anode MicroMegas

Mesh @ GND

........... i i . Amplification gap: ~128pum ?L(é@ g ;2g:m) TE’

Amplification gap: ~128u|ﬁ T E
: Pad size: 1.1 * 1 cm?

pads
FR4 PCB

NN/

Resistive MicroMegas detectors achieved thanks to the addition of a resistive layer (DLC)

> Charge sharing between pads ==> More precise position reconstruction
> Better resolution with lower number of pads ——)> Cost-effective and compact technology
> Reduced risk of sparks =—> No need for protection circuit on readout electronics
> Allows to put mesh at ground for better E-field uniformity.
> DLC allows smaller RC ——)> Larger charge spreading (better spatial resolution)
RC -r2rc R = Surface resistivity
p(r,t) = me = C = Capacitance / unit area
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CHARGE DISPERSION PRINCIPLE

> Charge dispersion on anode achieved with a resistive foil glued on PCB.

> Continuous RC network, defined by material properties and geometry,
shares evenly the charge among several pads.

> ObeyS Telegraph equatlon resistive anode MicroMegas

Mesh @ GND

op 1 | 0'p 10p | essecaseeeat o ST
= + _—J .ﬁmpliftcatlnrl gap: ~1 ZBum D"E@'[: ;2";‘:""' o E

o wlar T,

R _rERC
= P(r,t)=—,p 41
2 €
> The anode charge density is time dependent and sampled by readout pads. Pad size: 1.1 * 1 cm?

Rankin, NIM A566. 281 (2006)
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Ypad

X-RAY DATA RESULTS

X-ray test bench
@ CERN
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Each pad(1152) of an ERAM placed inside an X-ray chamber is scanned using a
robot holding an %°Fe X-ray source.

%5Fe spectrum can be reconstructed using all events in one pad.

Gain is obtained for a pad by fitting its 5°Fe spectrum. Resolution of 10% is obtained.

Gain Map from **Fe spectrum fit | ERAM30
**Fe spectrum of 1 pad P P !

500 1000 1500 2000 2500 3000 3500
anc

Example of an %Fe spectrum Gain map of ERAM30
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ELECTRONICS RESPONSE FUNCTION

* Each channel of an Electronics card is injected with multiple pulses of different amplitudes. \Waveform: 14289 -
é Entries 510
Mean 288.8
* Resulting output signals(response of Electronic cards) are fitted with the Electronics 2000 it 2005 48
response function. a nssans 0001d
1500 A 1.47e+04 + 2.18e+02
ws 0.1953 + 0.0009

1000

R(t)=A[eW5t+e7%t( ;g;]isin (w;"t 4—%)—cos (W;tﬂ“—%))} 50

> Parameterized by 2 main variables related to

3

b o b Lo Lo b Pen e Ly
260 270 280 290 300 310 320 330 340
bins

shape of a signal waveform: Q and w_ Fit parameter:Q Map
2 ||
> Variation in these fit parameters over all the pads g -
was studied to determine if they can be set as
constants.
: VQVS : 8?32? } fixed (412ns peaking time)

11/05/2023 PHENIICS fest 2023 9



CHARGE SPREADING MODEL

Qr

TRN_f1

Charge diffusion function:
Q Thigh — Tlow — T0 Yhigh — Yiow — Y0
Q d(f) === erf ( ) erf ( ) erf ( ) erf ( ) QTN H Q TN f1
= V20 (t) V20 (t) V2o (t) V2o(t) ; : ;
/ . / /
) [ /
o] . |
o(t) = E ’ f’ ] . l[
> Obtained from Telegraph equation for charge diffusion RC . j,’ ’ ~ - ’,’
> Integrating charge density function over area of 1 readout pad ot o]
> Parameterized by 5 variables:
Q_LN_f1 Q_Lead f1 Q_RN_f1
a : 40
* X Initial charge ° | | =]
« Y, [ position _ fl a \\ ,f
« t: Time of charge deposition in leading pad vl ‘ fl
e . N
* RC: Describes charge spreading i
« Q. : Total charge deposited in an event RC = 60 ns/mm?
Q_BLN_f1 Q_BN_f1 Q_BRN_f1
Q.om = 4 Units = — —
4 ]
————————————————————————— 1 l/ . I/
: Upper and lower bound of a pad in x-direction | ,’ o ‘Si [l
N ]
f Wy
! | el
] i

| X X0
Y,» ¥,: Upper and lower bound of a pad in y-direction
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@%% SIGNAL MODEL

> Convolution of charge diffusion function with derivative of electronics response function.

Top-Left neigh Top neigh. Top-Right neigh.
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time bins (40ns)
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RC = 60 ns/mm?
Q.orm = 4 Units
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APPLICATION OF SIGNAL MODEL ON X-RAY DATA

Leading pad Right neighbour Leading + Right - Bottom - Batom- Aight neigh. pad Leading pad Top neighbour
F £ 1800 180l
1200 1200 1600 é
‘DW: IDUDf NCIDE ‘SDE
m’u: £ |zuuf MU?
F Bl)ﬂ: muuf |2CI;
600 600 800 f 100f
4005 4005 GOUE 5";*
r C 400 60l
200 200 E E
E £ 20 a0f
of oF of 3
S TR TR R R T o e e B R I T
RC = (110.82 + 1.363) ns/mm?
Bottom neighbour Bottom-Right neighbour Right neighbour Leading + Right + Top neigh. pad XZ/Ndf =1.903
[ 1800
1a0f- 120 'I‘JHL 1600
L a 4 1400
1201~ 1001 i L"I
N ’] 1200
ma . i RC = (100.49 * 1.078) ns/mm? ooef-
i F J 800
BOE s ‘j bt XZ/Ndf =1.491 600F
60; ] 400
aof aor i
[ i u
f 201 {
390 400 410 420 430 440 450 460 390 400 410 420 430 440 450 460
4-waveform simultaneous fit of an X-ray event 3-waveform simultaneous fit of an X-ray event
> RC is obtained for a pad by simultaneous fit of waveforms in each event. | Simultaneous fit: Leading pad + Neighbouring pads |
| are fitted simultaneously |
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SIMULTANEOUS EXTRACTION OF RC AND GAIN

SSFe spectrum.

- 200
500/~ RCmean = 106.2 ns/mm32 180E-
C 1gor. Meanl = 1354.29 ADC
400 F Mean2 = 694.41 ADC
i g g “E Il
: RC distribution | " 120 i Q.om distribution |
————————— r 100~ S —
20 i 8 ;
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RC EXTRACTION FROM SIMULTANEOUS FIT

> Fitting process is carried out for all pads to obtain RC map.
> RC is more homogeneous in horizontal direction than in vertical direction.
> RC maps and Gain maps will be used in global event reconstruction algorithm.

RC =112 ns/mm?

mean

RC Map(ns/mm?) | ERAM30

- hRC
B L Entries 1152
5, R Mean 112
5 r Std Dev 7.264
@ 120—
o |-
£ C
b | e
z 100—
80—
60—
aof
20F
Y Y S [ %0 80 90 100 110 120 130 140 150 160
10 15 20 25 & AN |
RC map of ERAM30 RC distribution of ERAM30
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UNDERSTANDING RC MAP FEATURES : COMPARE WITH EXPECTED VALUES

ERAM-01: RC map from fit ERAM-01: R Measurements

ERAMEY - fasile DLE H'2 partis dreite

- 2?3 re-cut a 220°C avec 190um de colle. 233
RC Map(ns/mm?) | ERAMO1 ol 2aoE ) E 300 -

» RC map structure seems to be correlated to R measurements
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GAIN EXTRACTION FROM SIMULTANEOUS FIT

® Charge density:
Qprimry G 1 e_ .Er’_l'm
271 J(t)

Poolr.t)=

e Charge on a pad:

_Q imi G
Qu(t)= ’”4”’ erf

f

IyH_Yu _ IJ”L_YU
o(0) \--'E) erf( n(r)\-'i)

xu—X, )—erfl X Xo |l of
o(t)V2 ( oft)V2

® Electronics response: (upto ADC) Dirac impulse response

vt Q-1 . [wet |

F.f % ( —w, T st | ]. W_‘I | 1
ADC e (0) 3130 6 FLJ with F (t)=e "'+e (nm 2 V4T ﬂ“‘“&))

” Implementing the correspondence- 120 fC «> 4096 counts.

> Dirac current pulse carrying 120 fC ——® ADC(t) impulse response with a maximum
amplitude of 4096 counts.
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COMPARISON OF GAIN FROM TWO METHODS

Gain Map from simultaneous waveform fit | ERAM30 Gain Map from **Fe spectrum fit | ERAM30

Ypad
Ypad

Ratio of Gain(of each pad)
obtained from 2 different methods

h1
Entries 1152
149 Mean 1.037

Std Dev 0.0111
%2 / ndf 23.66/21
Constant 139.3+5.2
Mean 1.037 +0.000
Sigma 0.01062 + 0.00024

12

=]

10

S

TTT [T T[T T T[T I T[T I [TrI[rrIr]

Gain map from Gain map from 80
simultaneous fit waveform sum "
method method

40

20

> Very high similarity in Gain maps obtained from 2 different methods.

Gain ratio

Ratio =1.037

mean

> Gain results serve as validation for Electronics Response function,
and robustness of entire model.

11/05/2023 PHENIICS fest 2023 17



ENVIRONMENTAL EFFECTS ON GAIN
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cCed RC MAPS OF ERAMS USED IN CERN 2022 TEST BEAM




cCed GAIN MAPS OF ERAMS USED IN CERN 2022 TEST BEAM




SUMMARY OF ALL ANALYZED ERAMS

C | w—
= 2000—
(IB C
1900
1300;— & ERAMO1 W|ERAMIZ | [ cpamar
1?002_ - ERAMD2 2 ERAM14 & ERAMZ3
L @ ERAMO3 | |88 ERAMI1S
- == ERAM24
1600 — @ ERAMO7 | | ERAM1E
E = ERAM26
1500 & ERAMOS | |38 ERAMIT
E @ eRaMi0 | @ eramig | [THERAMZS
1400 —
o E & ERAM11 B cRAM1g | " ERAM29
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1200
1100 :_ i H : H : :
:I 1 l | J 111 1 l Ll 11 J 111 1 | | J L1 1 | l L1 1 1 J L1 1 |
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> No apparent correlation between mean RC and mean Gain of ERAMSs.
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SELECTION OF ERAMS FOR EACH HALF-TPC

RC information of 23 ERAMs
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> These plots were used to choose the combination of 8 ERAMS to equip the first field cage.
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23

Resolution information of 23 ERAMSs

Gain information of 23 ERAMSs
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CONCLUSION

11/05/2023

ND280 upgrade will employ resistive Micromegas for the read-out of HA-TPC, which works on the
principle of charge spreading.

> 23132 produced and fully validated.

Resistive Micromegas will enable- better position reconstruction, reduction in sparks rate and
improvement in E-field homogeneity.

Charge spreading model is obtained from convolution of charge diffusion function and derivative of
electronics response function.

The model is able to successfully fit waveforms from X-ray data.
> RC and Gain can be simultaneously extracted from X-ray data.
> RC and Gain information will be a useful ingredient in the HA-TPC simulation and reconstruction.

These results were used to select the ERAMSs to equip the first field cage.
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