Pa3pa0dorka 1 co3aaHue pe3MCTUBHBIX
MUKPOCTPYKTYPHBIX Ia3opaspsiAHbIX 1E€TCKTOPOB
(R-MPGD) aJ1si 3KcniepruMeHTOB
B (pU3HUKe BBICOKUX JHEPIUH,
nposoauMbix B OUAN

JloxiaiuuK:
baeB Baaum I'ennaabeBu4

3as. Cekmopom HAYYHO-MEXHUUECKO20
compyOHUYecmaa

Hucmumym snepzemuxu
Hayuonanvnou akaoemuu nayxk benapycu



TPC of MPD experiment at Nuclotron-based lon Collider fAcility (NICA)

Scheduled Launch in 2025

Fixed target experiments Spin Physics
area (b.205) Detector (SPD) =

Extracted beams from = §’

Nuclotron

KRION-6T
and HiLac

(3,5 MeV/u) N

¢ oster (3-660 MeV/u) Multi-Purpose
SES god inside Synchrophasotron Detector (MPD)
o oke
(5 MeV/u) ¥

Multi-Purpose Detector (MPD)

Rout=1100

Drift volume
(Ar+CHL)

Central electrode

Readout Camber

Time Projection Chamber (TPC)



Read-Out Chamber of 1t Stage of NICA MPD Experiment

MultiWire Proportional Chamber (MWPC) with Gating Grid System

Outer containment vessel ~ Quter field cage vessel

. Al+Mylar strips

Gate wires

N Rguduut Chamber |

~—~ Inner field cage vessel
Inner containment vessel

Cathote wires

End pluIE'//' -

Parameter of 1 Stage

Length of the TPC 340cm
Outer radius of vessel 140cm
Inner radius of vessel 27 cm
At the 2d Stage of NICA MPD Experiment the
Luminosity will be increased. It means that Maximum beam-beam event 5 kHz
Event Rate of R/O Chambers should be also e
increased — Upgrade by use of
Luminosity 1-10%7 cm2s?t

Micro Pattern Gaseous Detectors (MPGDs)  Gas amplification factor 10,000



Micro Pattern Gaseous Detectors (MPGDs)

MPGDs is a new generation of radiation detector devices with promising performance not only
for the High Energy Physics experiments, but also for many other applications as medical,

imaging, dosimetry, muon tomography etc.

Resistive Well Electron MicroMegas detector

Multiplier (R-WEM)

/" Drift electrode

5mm

128 pum

V by Theo Alexopoulos

particles

\ drift electrode HV,
ionizing particles
0 0 saxhgdﬁ E Conversion gap E
. e ) 518
s . conversion  eeeeleeeiNe L ™
e £ at s
g Amplification gap E
A A A amplification

anode
readout I Readout strip ) »
Kashchuk, V. Akulich, K. Afanaciev, V. Bayev, S.A. Movchan JINST 2020 C09018 by David Attié




A Key Role of Discharge Robustness

The results of FLUKA simulation of NICA TPC estimate the fluence of highly ionizing particles

(ions, recoils) to be up to 108 per cm? per year

Degradation of wires after discharges

a) X="lcm, toward gas inlet

Wire diameter is 41.9 pm

O 38 um

Destruction of

resistive strips

(resistive paste) in

Micromegas

e chambers for the
JS PP ATLAS New Small

epconnections Wheel upgrade

https://cds.cern.ch/record/2712020/files/ATL-MUON-SLIDE-2020-062

Wire diameter is 42 pm

4,952 key 10,1 > < .1 5.172_ key
ch Sis= 147 ‘ets|  [Fs= 4K ch_ S5e7= 161 ets [ ]
RE 1. IN. 20/1/GP MEN13POS Cs REP 0,4 R WIRE, 15/0/

Wire diameter is 38.5 pum

Negative consequences of electrical discharges:

material degradation

damage to the amplification structure
reduction of gas gain due to local voltage
drop

irreversible changes in the detector
parameters (energy resolution, gas gain)
dead time due to local voltage drop
saturation of the readout electronics

T. Ferguson et al. NIMA 483 (2002) 698-712



DLC — Diamond-Like Carbon

Diamond

DLC

(Diamond-like carbon )

Graphite

Nanoindentation

3
Sp Diamond hardness

‘ 50 GPa

Widely used as a

. . 40 GPa
hardening ® o
coating, Wy chs

anti-reflective Polmerslike

optical coating, carbon
decorative no film
sz \Graphite \n_C;H H

by Naoto Ohtake Materials 2021, 14(2)

TECHSPEC® DLC
Coated

G rmaniurp
indows™

'S5~ BN In High Energy Physics

\ is used as a resistive
coating for MPGDs




The use of Diamond-Like Carbone Coating as a

wenneRR R AR 35 R EERRRE

e Joint Institute for Nuclear Research
* Institute of Power Engineering of

National Academy of Sciences of Belarus

* Physical-Technical Institute of

National Academy of Sciences of Belarus

Development and research of Micro Pattern Gaseous
Detectors with resistive DLC anode for MPD and SPD

experiments of accelerator complex NICA

DLC coating is used in R&D of:

MicroMegas detector (Micromesh Gaseous Structure)
R-WEM detector (Resistive Well Electron Multyplier)

Straw-detector with cathode read-out

Resistive Anode in Micro Pattern Gaseous Detectors for
High Energy PhySiCS —

DLC coating (of thickness about 100 nm)
increase the robustness to discharges by
highly ionizing particles (ions, recoils).
Sheet resistance is varied from

500 kQ per square to 1 GQ per square
(Resistivity 0.1 Q-cm - 5 kQ-cm).
Uniformity is 85% at the area
20cmX20cm and 90% at the area
10cmX10cm.

Stable parameters of Micro Pattern
Gaseous Detectors after more than 10M
discharges at the area 10cmX10cm

The maximum area is 400 mm X 800 mm

Cooperation agreement N332 between Joint Institute for Nuclear Research and
Institute of Power Engineering of the National Academy of Sciences of Belarus



Prototype with active
area 30mm x 30mm

Prototype with active
area 80mm x 80mm

MicroMegas detector with the resistive DLC anode

(1) cathode

(2) stainless steel mesh with wire of
18 um in diameter and the pitch of
63 um

(3) support pillars

(4) resistive DLC layer anode

(5) multilayered printed circuit board
(PCB)

(6) readout copper strips

HV copper electrode ReadOut copper Resistive DLC coating (0.1 pm)

200 pm width electrodes
— (ﬂ 300 um width
s i B Buffer chromium coating (2 pm)

Top metallization (50 pm)
, HV copper electrode

— Polyimide A-4005RD (50 pm)

— Prepreg 2116 (120 pm)

— FR4 HighTg 170 core (100 um)

— Prepreg 2116 (120 pm)

-~ 75.0 mm

i : — Polyimide A-4005RD (50 pm)
p—/— 75.5mm ——+| o
Active area of the detector T —— == Bottom metamzat'o'! (50 pm)
\, Copper ReadOut strips

30x30 mm

V.G. Bayev et al., NIMA 1031 (2022) 166528



Intensity (arb.un.)

MicroMegas detector with the resistive DLC anode

D-peak = 1400 cm’™’
FWHM = 268 cm™
Iy =0.66

Top View

G-peak = 1573 cm™
FWHM = 141 cm™’
Is =0.34

Raman shift (cm™)

V.G. Bayev et al., NIMA 1031 (2022) 166528

DLC coating

Polyimide

Cr buffer coating

Cu HV electrode

Stack-up sketch

Raman spectrum of DLC layer
reveals that the content of
sp3-hybritized carbon bonds

closeto 34 %
G peak — sp3 — diamond-like
D peak — sp2 — graphite-like



Test of MicroMegas detector with the resistive DLC anode

Test Setup:

Fe%
Lead collimator *
I

Transparent window

-HV 1 Cathode
o>

7.8 mm

10.128 mm

»0O
Readout electrode

Sealed shielding case




Gain

Test of MicroMegas detector with the resistive DLC anode

40 T T T
50000 - Cathode voltage 750 V
Cathode voltage 750 V : ‘ PEET :
30000 | 35 m  Before 10” discharges
0006 || B Before 10* discharges ® After 10* discharges
® After 10* discharges
230+
10000 -
S
5000 § 25
5000 &’ Resolution = 22%
2000 2
The point corresponding
1000 to the Gain 10000 154 Ga‘iT =10000
500 520 540 560 580 600 620 640
520 540 560 580 600 620 Anode (V)
Anode (V)
The dependence of gas gain on The dependence of energy
anode voltage resolution on anode voltage
5.9 keV
500
. Cathode voltage 750 V
= Anode voltage 580 V 0,201
@400 ¥ Gain 8800
g - Resolution 21.5%
3 Argon 0151
300 =
5 escape g
= Peak B 0,10
=] '
2 200 5
5 2.7 keV 2
0]
>
W 100 0,05
0! 0,00 T T T T T T
0 500 1000 1500 2000 2500 3000 0 20 40 60 80 100 120
Amplitude (ADC channel) Time (ns)
_ o 20mV/fC
Amplitude spectrum of the signal rise time 5 ns

55Fe radioactive source signal formation time 10 ns



Discharge Robustness of the DLC Anode

Special MicroMegas chamber
with DLC anode. 4 active areas.

£ ® @ .

g 0/ g8 00
0 ¥

pparTe oL

Contacts to apply HV and measure
Resistivity

Alpha source to induce electrical
discharges
(Pu-238 and Pu-239)



Discharge Robustness of the DLC Anode

150 220
135 220

120 200 . . ——
o 105 o 180
160
S %0 140
75 120
~ 60 ~ 100
e 45 & g

» Irradiated 60 Control
40
15 20
0 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Time, h
Resistivity Dependence of DLC layer

)
=

>
w

Total number of discharges 9E8
during 2300 hours

No significant signs of
degradation are observed

2024

Time, h
on time of irradiation by alpha source

o E
35001~ S 4000
sssss o F

3000

w
&
8
s

il

2500/

2000—

1500~
1000—

500—

ok I

1 08 1
Amplitude, V Amplitude, V

Control energy spectra of X-ray source Fe-55

[.B. lenoBuy "LleHTpanbHbli Tpekep Ans akcnepumMeHTta SPD Ha ocHoBe

AeTekTopoB Micromegas”
BTOPHUWK 28 Mas 20241, 11:00 — 13:00 Europe/Moscow




[lepBbIK NPOTOTUN LUNNHAPUYECKON
Kamepol

MM module (anode PCB + mesh) MM module bended on assembling
table before cathode gluing

before bending

Signal electrodes shaped as 9 pad to check gain (& gap) uniformity after bending

2024

[.B. lepoBuy "LleHTpanbHbIil Tpekep Ana akcnepumMmeHTa SPD Ha ocHoBe 40

petekTopos Micromegas”

BTOPHUK 28 Maa 20241, 11:.00 — 13:00 Europe/Moscow




Resistive Well Electron Multiplier (R-WEM) with DLC anode

The R-WEM detector is composed of

two parts.

1. 500 um thick FR4 board metallized
on one side with drilled holes of 200
um in diameter and 500 pum in pitch.

2. FR4 board contains copper HV-grid
metallization and DLC layer on top
side and readout electrodes at the
bottom side

Two boards were combined
together into a single multilayer
board in such a way that the
grid conductors are located
between the holes of the
perforated board and the DLC
coating inside the grid cell is
below the holes.

V4
Read-Out Strips



Resistive Well Electron Multiplier (R-WEM) with DLC anode

6.0 5 10 15 20 0.0 5 10 15 20

20 20

15

DLC deposition 10

0 0

Anode FR4 board with HV grid electrode and DLC coating

. /

* The anode HV-grid is used to improve avalanche electron evacuation from
DLC (ultra high rate capability)

* The resistive DLC layer with a sheet resistance of
30 MOhm/square is supposed to limit the electrical current of discharges
produced by highly ionizing particles




Resistive Well Electron Multiplier (R-WEM) with DLC anode

Perforated FR4

Lead collimato* Fe*

Safety
W Transparent windc )
-Hv Cathqde Rim
10 um
1MO Signal 1
— S
= Signal 2 -
$ Signal, 3 1200 um

Anode board
with

HV-grid and Cu HV electrode
DLC Coating FR4 anode board

Cr buffer coating




Amplitude (V)

Resistive Well Electron Multiplier (R-WEM) with DLC anode

T T T

0,00 ﬂPMwUMMﬂﬂﬂ

-0,02 —
0.000 WMW

-0,04 —
-0,005 -

-0,06 -
0,010 4

-0,08 ~ 0,015 T

05 00 0.5 10 15
-0,10 T T T
-0,5 0,0 0,5 1,0
Time, us

20mV/fC

signal rise time 5 ns
signal formation time 10 ns

Electron component 20 ns
lon component 1 us
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=
©
O 5000+

350
Energy resolution 27 %
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H 250 -
& 200
O
£
3 150-
c
2 1001
L
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0O 200 400 600 800 1000 1200
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20000 A /
10000

4000 +
3000 -

2000
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Effect of Multiple Discharges on Accumulated Damage in R-WEM with DLC Anode

The discharge events initiated by an Am?2#! alpha source.
The circular alpha source 3 mm in diameter, activity of 33 Bq

?::;tcii‘:::::e Active Area Capacitance Energy of | Number of
with the frame | discharges | discharges
10 x 10 mm? 34 pF 29 W 1,000,000
. .. 60 x 60 mm? 360 pF 0.3mJ 100,000
To simulate a large area R-WEM we used an Additional -
100 x 100 mm? 1nF 0.9 m) 100,000

Capacitance, in parallel with R-WEM anode and top
electrode

2500

/ 2000

| / 1500)

1000

N counts
I

ht

Std Dav

s 28.
Constant 2452 + 14.0

&
cighE

7
Sigma 10184 1.0

4000 500
3000 - / | | | |
2000 © Before discharges 500 1000 16002000 3600 3000

OU
7 o After 1 million 7
accumulated discharges
1000 = . .. No damage is observed after 1,000,000
1280 1300 1320 1340 1360 1380 discharges for active area 10 x 10 mm?

Anode HV (V)



Effect of Multiple Discharges on Accumulated Damage in R-WEM with DLC Anode

The discharge events initiated by an Am2*! alpha source.
The circular alpha source 3 mm in diameter, activity of 33 Bqg

Active Area Capacitance Energy of | Number of
with the frame | discharges | discharges

Signal 10 x 10 mm? 34 pF 29 W 1,000,000
~ sealedshieldingcase
60 x 60 mm? 360 pF 0.3 mJ) 100,000

To simulate a large area R-WEM we used an Additional

Capacitance, in parallel with R-WEM anode and top 100 x 100 mm*  1nF 0.9 m) 100,000
electrode
30000 / Bz P
20000 ///A/!
10000 -
c / 2000
© .
O 5000-
4000 _ :
3000 ; Before discharges i 0500 1000 1500 2000 '%sgu 5000
With 330 pF AD hannels
2000 9/ A/ A After 100k discharges |
/ with 330 pF ‘
1000 L *

1280 I 1300 I 13|20 I 13|40 l 13|60 I 13|80 I 14|00 After 100,000 discharges for active area
2 . . .
Anode HV (V) 60 x 60 mm?a slight visible damage was observed



Effect of Multiple Discharges on Accumulated Damage in R-WEM with DLC Anode

Damaged The discharge events initiated by an Am?24! alpha source.
HV-grid The circular alpha source 3 mm in diameter, activity of 33 Bq
Raman confirm with the frame | discharges | discharges
the presence of 10 x 10 mm? 34 pF 29 1,000,000
DLC layer with 60 x 60 mm? 360 pF 0.3mJ 100,000
lower thickness 100 x 100 mm? 1 nF 0.9 mJ 100,000

Before 100,000 discharges

After 100,000 discharges
3500 1with energy 0.3 mJ 12000 I g

with energy 0.3 mJ

3000
10000 +

22500 -

5 S 8000 4

0 0

520001 5

= G-peak = 1583 cm™’ > 6000

& 1500+ FWHM = 95 cm’! ® -

w cm [42] = 1
i G-peak = 1587 cm

S -peak = 1361 cm™ /, =0.26 5 1 b 4

E 1000 FWHM = 346 ¢! £ 00 Dopeak 1364 cm | TYLIM 258 o

FWHM = 332cm™ /e =0.28

2000 - Ip = 0.72
0

1000 1500 2000

500

1000 1500 2000
Raman shift (cm™)

Raman shift (cm™)

The further increase of the discharge energy by adding a capacitance up to C = 1 nF (active area 100 x 100 mm?)
resulted in a significant damage to the DLC layer and the perforated FR4 board after 100,000 discharges.
Both plates of the detector were significantly damaged



Effect of Multiple Discharges on Accumulated Damage in R-WEM with DLC Anode

Mm
700 40
650
600§ 35
. N o ,
500 =20
450 -
400
350 M -,
300
250 {15
200
150 t {10
100
50 S5
0
. l . 0
-400 -200 0 200 Mm

Discharge channel through the gas gap

* The HV-grid has a thickness of 35 um and this results in a gap between the Perforated FR4 board and
the Anode board.

* The electric field strength in this gap has a local maximum relative to the center of the multiplication
hole.

* When the discharge occurs, the discharge channel does not terminate on the resistive layer directly
under the multiplication hole but instead goes above the resistive layer through the gas in the gap
and terminates into the metal of the charge evacuation grid.

The damage of DLC layer itself is small, because the discharge current pass through the gas gap



R-WEM with DLC Anode and isolated HV-grid

The Insulation of HV-grid avoid discharges from top electrode to HV-grid and
allows to make R-WEM detectors with large active areas

a. Sketch of the WEM
detector consisting
of two boards

b. Enlarged sketch of
the insulating
microstructure on
the resistive DLC
anode with a high
voltage grid alone

- FR4 boards c. Combined with
I - Copper electrod perforated FR4
B - HV-grid coated board

with DLC

B - DLC coating
I - Insulating

microstructure




R-WEM with DLC Anode and isolated HV-grid

The Insulation of HV-grid avoid discharges from top electrode to HV-grid and
allows to make R-WEM detectors with large active areas

A photographic image of

| (a) the anode FR4 board
with high voltage grid

(b, d) the anode FR4 board

with high voltage grid
coated with DLC

(c, d) insulating structure.




R-WEM with DLC Anode and isolated HV-grid

To isolate HV-grid electrode we used liquid photoresistive solder mask

Anode FR4 board with HV-grid

screen-printing

Anode FR4 board with isolated
HV-grid and DLC coating

Covering with solder mask
and DLC coating layer (50 um thickness) using

~N

Insolated solder mask at

\—___Anodehoard



R-WEM with DLC Anode and isolated HV-grid

10

Copper HV-g
covered with
DLC

Copper HV-grid
Isolator

DLC

FR4 substrate




Resistive Well Electron Multiplier (R-WEM) with DLC anode

500 um thick FR4 board metallized on one side with drilled holes of 200 um
in diameter and 500 um in pitch
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Structured DLC anode for MicroMegas

mesh
pillars

Kapton with
resistive strips

PCB with
readout strips

Readout strips under polyimide

N\

20N

TR

oy
N
o ey

\%
§f

Structured DLC anode (photo-lithography assisted PVD deposition of carbon) — thin
coating (100 nm) deposited in National Academy of Sciences of Belarus
for Micromegas R&D for TPC MPD NICA



Structured DLC anode for MicroMegas

anode (screen-

ATLAS

Structured DLC anode made in Japan
(OCHI Atsuhiko KOBE university)
https://agenda.infn.it/event/7618/cont

ributions/69161/attachments/50258/5
9384/DeOliveira.pdf

Structured resistive

printing of resistive
paste) in Micromegas
chambers for the

New Small Wheel

NS
Ride N

222

VA

N
¥ \?.i

X
i d.
Npel

NN

Structured DLC anode for MicroMegas R&D for
muon imaging (CEA - Irfu, University Paris-Saclay)
https://indico.cern.ch/event/676702/contributions/28

12723/attachments/1575460/2487710/Micromegas_
RD_for_muon_imaging_activities_at_Saclay.pdf



Current Activity

Improving of arc-PVD method for DLC deposition (sheet resistivity, large area,
composite structure)

Bulk MicroMegas detector with resistive DLC anode for R/O Chambers of TPC @
NICA MPD experiment (Phase Il)

Cylindrical MicroMegas detector with resistive DLC anode for Vertex Detector @
NICA SPD experiment (Phase 1)

R-WEM detector with DLC anode and isolated HV-grid for R/O Chambers of TPC @
NICA MPD experiment

Hybrid R-WEM & MicroMegas (Double MM) detector with extra low lon Back Flow
Ultra Thin MicroMegas detector for diagnostics of the secondary beam at the
ACCULINNA-2 fragment separator for the Dubna SuperHeavy Element Factory
Meta-structures for MPGDs adaptation to R/O Chambers of TPC for MPD
experiment

v’ Principe of Large Pads with Capacitive Sharing: Charge-to-Digital-Converter
(QDC)

v' Composite anode-readout pad plane structures with patterned resistive layer
for Charge Dispersion method of signal readout: Time-to-Digital-Converter
(TDC)

v' QDC-TDC Hybrid Meta-Structures
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< Drift electroddlc

Micromesh

by Theo Alexopoulos

\ drift electrode HY,

Conversion gap

100V/icm

Micromesh

HWV2

Amplification gap

50 kV/iem

I Readout strip

by David Attié

mesh

pillars l
kapton with

resistive strips
prepreg l

PCB with
readout strips

(1) — karox, (2) — MeTaIMYECKast CETKa,

(3) — mogmepskuBaroOIKe CTOMOMKH (MTUJLIAPHI),

(4) — pe3ucTHBHBIC MOJOCHI 3 H3HOCOCTOHKOTO
yriaepoa,

(5) — cmoit monmuuMuAa,

(6) — cioit mpemnpera,

(7) — cuuThIBarOIIME AIICKTPOJIBI HA TIeYaTHOM Tu1aTe (8)



Resistive Well Electron
Multiplier (R-WEM)

ionizing particles
Q Q cathode
_ conversion
€ é
A A A amplification
anode
readout

Kashchuk, V. Akulich, K. Afanaciev, V. Bayev, S.A. Movchan JINST 2020 C09018




Pad 5mm X 12 mm Pad 0.625mm X 1.5mm

For Pads
625um X 1.5mm

(spatial resolution ~200um)

Number of
i o
X 64
L
T
IIIIIIII For Pads 300pum X 750um
Number of Channels Number of channels X 256

in TPC of MPD — 95,232



Charge Dispersion Signal in Resistive Anode

Madhu Dixit Carleton University & TRIUMF, Canada

Run 103, Event 2874
T T T T

M.S. Dixit et al. Position sensing from charge dispersion in
micro-pattern gaseous detectors with a resistive anode.
NIMA 518 (2004) 721
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Charge Dispersion Signal in Resistive Anode

o Cear Detecors
The approach of charge dispersion | sE
will be used for the upgrade of the ‘o YRR b _

Near Detector (ND280) in

295 km

neutrino T2K experiment (Tokai to Kamioka), Japan |

Resistive Micromegas detectors for the upgrade of the
T2K Near Detector Time Projection Chambers.

Spatial resolution up to 200 um for 0.97x0.69 cm? pads

bulk MicroMegas resistive anode MicroMegas
g
i
i Mesh @ GND
I B BN BN N N I I I I I I I O O O O W W = W
Mesh @ ~ -360V T =
OB O N O N W Om OEm -I- - OE OE OE O Em m m o Ampllflcatlon gap: "'128" DLC @ ~ 360VTE
Amplification gap: ~128pr TE insulator ~ 50 {IfM

glue ~ 75-200_uma

FR4 PCB FR4 PCB

David Attie et al. NIMA 1025 (2022) 166109



Capacitive Sharing Large Pad Readout

The idea was proposed in 2020 by Kondo Gnanvo,
University of Virginia, Charlottesville, VA, USA

Jrgﬁ;?son Lab

Photo from The 6th
International Conference on

Micro Pattern Gaseous
Detectors, MPGD19

Capacitive Sharing Large Pad Readout is

supposed to be implemented in:

* CLAS12 experiment - Upgrade for High Luminosity Operations,
CEBAF Large Acceptance Spectrometer,
Jefferson Laboratory, Newport News, Virginia, United States

* The Electron-lon Collider that will be build on the base of
Brookhaven’s Relativistic Heavy lon Collider (RHIC),
Upton, New York, United States



Capacitive Sharing Large Pad Readout

DLC layer to evacuate the a . ) . ) ) o
Initial electron clouds size from triple GEM amplification will hit one pad of

charges to the ground
£ £ ~ .6125 cm (average cluster size = 3 for a standard COMPASS XY R/O)

~u

DLC layer Q
([ [ Y O T Y Y Y [ Y T 0 MO G2

GND Dielectric: Kapton foil a/fz2 Q/2
1 ] | | | |’ ] | | | | ] oboo i
Dielectric: Kapton foil a/z2 Qf2
1 | | e Mransfer pad 25 mm |
Dielectric: Kapton foil Qf2 Q/2
Transfer pad 5 mm
Dielectric: Kapton foil a/a 3xQ/a

> >

2 large pads (1 cm?) share the initial charges: position is the weighted average of the pads = expected similar performances in spatial
resolution as a COMPASS X/Y strip readout but with only 100 pads to read out instead of 512 for a COMPASS XY readout

. RD51 Collaboration, 06/26/2020
First Results:

K. Gnanvo, N. Liyanage, B. Mehl, Rui de Oliveira NIMA 1047 (2023) 167782
K. Gnanvo et al. NIMA 1066 (2024) 169654

XYU-GEM: 2D hit position in X-U plane

Strip multiplicity per cluster for x-strips Strip multiplicity per cluster for y=strips — 80 500
2% ! o2 nat i 20 i i HET E F
L H 72/9 | H e 73.! 1" -
5 HEL 72,72 9E € i 3,55/ € sob 450
] Constant 551.9 £ 19.6 | Q i | Constant  544.9 + 20.1 ~ F
O 500 b o + o 400
Mean  4.042+0,032 | Mean  4.038 + 0.030 R Te|
i sigma  1.174 = 0.082 | i| Sigma 1028+ 0.026 E 50
o 300
U 250
20 - . 200
_40; o 150
o 100
; -0 -
b, . D i E 50
R 2 ] 5 B 10 7 [ ] 0 1 -8%0 _4'_0 _2'0 EIJ 2'0 4'0 5
Number of strips in x-clusters Number of strips in y-clusters X ( )
mm

For two transfer layers of pads with pitch of 400 and 800 um spatial resolution is 56.2 + 0.9 um



Capacitive Sharing Large Pad Readout

th _ th 3 S
STCHEEE Oct.14™ - Oct.18"" 2024 USTC-Hefei, China

IM‘DEID The 8'" International Conference on Micro-Pattern Gaseous Detectors Medium/l_ow_rqte VerSion — Capaciﬁve Shqring

Rosichve High Granularity Concept from R. De Oliveira and K. Gnanvo et al., NIMA 1047 (2023) 167782)

Micromegas for Future

* First implementation of the capacitive sharing principle in
Detectors. Status and

a single layer DLC resistive Micromegas

1.25mm
““""""] Perspectives * Charge shared in large readout pads through the 2.5mm
i """"Hh ALVIGGI2, M. BIGLIETT, M.T. CAMERLINGOS, capacitive coupling between stack of layers of pads. 5mm

CHMIEL?#, M. DELLA PIETRA™Z, C. DI DONATO*?, * Good spatial resolution and reduction of the readout
R. DI NARDO®, P IENGO', M. IODICE® HaRFek
R. ORLANDINFP#, S. PERNAY?, F. PETRUCCI*,
G.SEKHNIAIDZE', M. SESSA® * Suitable for low- medium- rate applications

L,_ 10 mm

! INFN Napoli,

2 Univ. di Napoli Federico Il

2 INFN Roma Tre

4 Univ. Roma Tre

$ INFN Tor Vergata

4 INFN Bari, ”Univ. di Napoli Parthenope

* Pad size of “top-layer” (signal induction):
1.25x1.25 mm2

* Side-L: Four layers capacitive sharing: 1.25x1.25
mm? 2 2.5x2.5 mm?2 > 5x5 mm2 2> 10x10 mm?

APV
Slave

* Side-S: three layers capacitive sharing: 1.25x1.25
mm? 2 2.5x2.5 mm?2 > 5x5 mm?

Side-L Side-S

Capacitive Sharing

Tosi-Bear Resilis Spatial Resolution and Efficiency

i — = Efficiencies Ar-CO2-Iso
ook Py
300} ArCO,iCH, (6352) B ? F
Resolution: half-width of the 20 vsiov @ o ni g 098 PR T B
200 w  osma.omm £ E
distribution retaining 68% of the i I T o6 i :
events 100) ok
50| F
5 -4 -3 -2 -1 0 1 2 ’w::’“;[mm% 0.:-4;
Resolution with coverage ar 68% Ar-CO2-Iso °-9;—
E .o = Paddy-CS-S x ;
s F " + Paddy-CS-Sy 050 ) gzggzzgg:gz
° 12 . - i = 84—
8T FagdCe-Lx i - «  Paddy-CS-L x
£ + Paddy-CS-Ly 0.82[ el 4 Paddy-CS-Ly
[ H 450 460 470 480 490 500 510 520 530
C Vars V]
08
C A 3
08y . REACH ~380 pum with 10x10 mm? pads
: - ! - 4 A
04 : . [ A - A factor 1/26 of the pad size
o2 y . 4
T T . ~220 pm with 5x5 mm2 pads (1/23 of the pad size)

Hymo V]
M. lodice — MPGD2024 — USTC — HEFEI, October 17, 2024 28



Read-Out Chamber of 1t Stage of NICA MPD Experiment

MultiWire Proportional Chamber (MWPC) with Gating Grid System

Outer containment vessel ~ Quter field cage vessel

. Al+Mylar strips

Gate wires

N Rguduut Chamber |

~—~ Inner field cage vessel
Inner containment vessel

Cathote wires

End pluIE'//' -

Parameter of 1 Stage

Length of the TPC 340cm
Outer radius of vessel 140cm
Inner radius of vessel 27 cm
At the 2d Stage of NICA MPD Experiment the
Luminosity will be increased. It means that Maximum beam-beam event 5 kHz
Event Rate of R/O Chambers should be also e
increased — Upgrade by use of
Luminosity 1-10%7 cm2s?t

Micro Pattern Gaseous Detectors (MPGDs)  Gas amplification factor 10,000



MPGD adaptation to R/O Chambers of TPC of MPD experiment

MPD TPC PAD PLANE
‘.S%,;ma” pads 5x12 mm

Capacitive Sharing readout PCB

/

i 53 36:2 |

P 52 30+ f

P 51 462 |

P50 50 444 |

Pad 49 42+ |f

PRG 48 44e2 )

Pad 47 4ot |

Pad 46 4602 [f

Padl 45 46+

PR 44 4844 [

Pad 43 50:2 |y

Pad 42 5044 |

Pai 41 5244 [}

Pl 40 5402 |

Pad 39 54+4 F;‘

Pad 38 56+4 -

Pad 37 5644 |
Pad 36 584 |
/

Pad 35 604 |

P 32 6ie2 |

2.5x6 mm?

MicroMegas
R-WEM
R-WEM + MicroMegas

Insulator Layer (Kapton / FR4 prepreg)
| [ [ [ [ [ [ I [ I |

Insulator Layer (Kapton / FR4 prepreg)

Insulator Layer (Kapton / FR4 prepreg)
] 11 11 11

Insulator Layer (Kapton / FR4 prepreg)

MPD TPC PAD PLANE

\. J




How the Principe of Large Pads with Capacitive Sharing Works




How the Principe of Large Pads with Capacitive Sharing Works

Capacitive Sharing with 2 pads at next Layer



How the Principe of Large Pads with Capacitive Sharing Works

Charge
Q/2

Charge
Q/2

Each pad at 2d Layer with charge Q/2



How the Principe of Large Pads with Capacitive Sharing Works

2.5%x6 mm?

Charge

One pad at 3d Layer will be charged with (Q/2)/2
The second as Q/2+ (Q/2)/2



How the Principe of Large Pads with Capacitive Sharing Works

2.5%x6 mm?

Charge
©a/4

—~~.__Charge
3Q/4




How the Principe of Large Pads with Capacitive Sharing Works

Charge
Q/4

Charge
3Q/4

1) First pad at MPD TPC PAD PLANE wiill
be charged with (Q/4) + (3Q/4)/2
2) The second as (3Q/4)/2



How the Principe of Large Pads with Capacitive Sharing Works

Charge
5Q/8

Charge
3Q/8




How the Principe of Large Pads with Capacitive Sharing Works

Charge 50/8 [0.62¢1.5 mm

Charge 3Q/8 Charge Q



MPGD adaptation to R/O Chambers of TPC of MPD experiment

MPD TPC PAD PLANE
‘.S%,;ma” pads 5x12 mm

Capacitive Sharing readout PCB

/

i 53 36:2 |

P 52 30+ f

P 51 462 |

P50 50 444 |

Pad 49 42+ |f

PRG 48 44e2 )

Pad 47 4ot |

Pad 46 4602 [f

Padl 45 46+

PR 44 4844 [

Pad 43 50:2 |y

Pad 42 5044 |

Pai 41 5244 [}

Pl 40 5402 |

Pad 39 54+4 F;‘

Pad 38 56+4 -

Pad 37 5644 |
Pad 36 584 |
/

Pad 35 604 |

P 32 6ie2 |

2.5x6 mm?

MicroMegas
R-WEM
R-WEM + MicroMegas

Insulator Layer (Kapton / FR4 prepreg)
| [ [ [ [ [ [ I [ I |

Insulator Layer (Kapton / FR4 prepreg)

Insulator Layer (Kapton / FR4 prepreg)
] 11 11 11

Insulator Layer (Kapton / FR4 prepreg)

MPD TPC PAD PLANE

\. J




Prototypes of MicroMegas detector with Capacitive Sharing Pad
Readout for TPC @ MPD experiment at NICA

ot [SmiS66lmnZ]
\[\ [ #77%/

,‘\IllllI‘lIIIIIIIII*T"II}III‘II}_III‘IIIIII_II". )

Pad 50 404 [}
Pad 49 4244 |}
Pad 48 442 |y

PAG 47 bdots |
Pad 46 4642 )

Pai 38 5644 /,/j"
Pad 37 5844 |
Pad 36 5844 |

Active area
137mm X 152mm
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