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Outline

A T hkcenference has a strong

A Micro Pattern Gas Detector (MPGD) technologies multidisciplinary bias and

encourages cross-fertilisation and

: 4 4 transfer of ideas between
A Strategies for Position Sensitive Detectors researchers working in many

Alstpart é General (and short) {epipdyo \
nd a

A2dparté Focused on the readout stage
gaseous detector

A Readout layouts and resistive elements (charge induced signals)
A Modelling & Simulation and new FE electronics
A Pixel (charge & photon) sensors
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Disclaimers

ABiased by my research activities and commun
A Focused on Micro Pattern Gas Detector ¢
Al mpossible to be exhaustive or compl eteé

A Main goal is to highlight what are the possibilities in the context of position sensitive
detectorseé

A Some of the shown concepts/ideas are/looks old.. but they are today revised thanks to
new technological devel opments i n manufactu

Al apologize with colleagues if their work w

@ 13/09/2021 E. Oliveri | MPGD technologies | PSD12 | 13 Sept. 21, University of Birmingham
o o =



Contributions linked to gas detector @ PSD12

Talks

1.

Micromegas sectors for the ATLAS Muon Upgrade, towards the installation of the New Small Wheel in 2021 ,
Luca Martinelli

2. High rate capability studies of triple-GEM detectors for the MEO upgrade of the CMS muon spectrometer , Luis
Felipe Ramirez Garcia

3. High-granularity optical and hybrid readout of gaseous detectors: developments and perspectives , Florian
Maximilian Brunbauer

4.  Studies on tetrafluoropropene-CO2 based gas mixtures for the Resistive Plate Chambers of the ALICE Muon
Identifier, Alessandro Ferretti

5. Detectors for Neutron Facilities , Richard Hall-Wilton

6. GridPix: the ultimate electron detector for TPCs, Harry Van Der Graaf

7. High Granularity Resistive Micromegas for high patrticle rates environment, Massimo Della Pietra

8. Towards the first observation of the Migdal effect in nuclear scattering I. Design and construction of the
MIGDAL experiment, Mohammad Nakhostin

9. Precise timing and recent advancements with segmented anode PICOSEC Micromegas prototypes, Dr
loannis Manthos

Posters

1. A programmable readout system for 3He/BF3 neutron detectors, Mr Yuri Venturini

2. The Hyperbolic drift chamber for ALERT, Gabriel Charles

3. Background in the CMS Dirift Tubes: measurements with LHC collision data and implications for detector
longevity at HL-LH, Lisa Borgonovi

4.  Precision Antihydrogen Annihilation Reconstructions using the ALPHA-g Apparatus, Ms Pooja Woosaree

5.  Timing techniques with picosecond-order accuracy for novel gaseous detectors, Aggelos Tsiamis

6. Upgrade of the ATLAS Muon Spectrometer with high-resolution Drift Tube Chambers (sMDT) for LHC Run-3,
Elena Voevodina

7. Precision tracking micro-pattern gaseous detectors at Budker INP, Timofei Maltsev

~,
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10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

Apologize if | missed someone

Small-Strip Thin Gap Chambers for the Muon Spectrometer Upgrade of the ATLAS Experiment , Xinfei
Huang

CMS Improved Resistive Plate Chamber Studies in Preparation for the High Luminosity Phase of the LHC,
Cecilia Uribe Estrada

Position reconstruction studies with GEM detectors and the charge-sensitive VMM3a ASIC, Lucian
Scharenberg

A slice-test demonstrator for the upgrade of the CMS Dirift Tubes at High-Luminosity LHC, Carlo Battilana

The Topmetal-CEE Prototype, a Direct Charge Sensor for the Beam Monitor of the CSR External-target
Experiment, Dr Chaosong Gao

A Novel Front-End Amplifier for Gain-less Charge Readout in High-Pressure Gas TPC, Dr Chaosong Gao

A congestion awareness and Fault-tolerance Readout Network ASIC for High-Density Electrode Array
Targeting Neutrinoless Double-Beta Decay Search in TPC, bihui you

Cylindrical GEM Inner Tracker for the BESIII experiment, Sara Morgante

Gas electron tracking detector for beta decay experiments, Dagmara Rozpedzik

Longevity Study on the CMS Resistive Plate Chambers for HL-LHCC, Reham Aly

Novel zigzag and diamond pattern for Micromegas and Gas-based detector, Maxence Revolle

The ATLAS Muon spectrometer upgrade for the High Luminosity LHC using a new generation of Resistive
Plate Chambers, Mauro lodice

MPGD, RPC, WIRES, ELECTRONICS,
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MPGD: Micro Pattern Gas Detector
technologies
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(Simplified) Historical flow

Single Wire Proportional Counter (SWPC)
[Rutherford, E. and Geiger, H. (1908)]
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Today we will focus

on detectors working
in proportional =
counting region [rr———

\ Charge cotectad-log scale

The first Micro Pattern Gas Detector

Micro Strip Gas Chamber (MSGC)
[A.Oed (1988)]

e | I
90’s
Novel photolithographic
techniques

200 ym,

Arosestip : | : ;

Photolithography: down in size from millimeters
to tens of microns.. reducing the gas volume
“used” by single events (improving resolution,

-

o
L6 0) /

multitrack separation, occupancy,..) and sockpiane 1 é‘mmmm

offering a faster evacuation of ions (reduced /

:‘s:pjace charge). R ,/ ,/ Two comments

H == (potentially useful or to keep in mind)

3o . | «f o | » High Fields at both electrodes
X B - ; N . ] (again compare with wire field)

&<l . B N oo | « Dielectric between electrodes and
o7 % N A\ ‘,/\ )i facing the active volume (just compare
o = . v ! 58— with wires/all metals).
" Fields in SWPC Fields in MSGC
g i i@ CN—
Impressive results t that time... (On Fields... interesting developments in RPC community.. RCC Resistive Cylindrical Chamber See pag. 14 of

https://indico.cern.ch/event/999799/contributions/4204006/attachments/2235619/3790575/Aielli ECFA 2021.pdf)

Multi Wire Proportional Counter(MWPC)
[Charpak, G. et al. (1968)]

0

Noble Prize in 1992

First time (If I'm not wrong, | can be biased)
signals (electronics) are recorded (statistics) in
HEP experiments opening the today scenario
(well presented by Petra yesterday)...

In the 80’s...

o De gauche a droite, Georges Charpak, Fabio Sauli
et Jean-Claude Satiard en train de travailler surune | - Limited multi-track separation: mechanical instabilites due
chamber multfils en 1970. (Image : CERN) to electrostatic repulsion - critical length of about 25¢cm for

10um wires and 1mm spacing]

Fast position-sensitive detectors (1968)

Fast gain drop at high fluxes: field-distorting space charge

accumulation due to the long time taken by the ions produced

in the avalanches to clear the region of multiplication.

Continuously active,

Efficient at particle fluxes up to several MHz/cm2
Aging: permanent damage of the structures after long-term
exposure to radiation due to the formation of solid deposits
on electrodes.

Sub-mm position accuracy

= MICROMEGAS
Micro Patterns Y

CAT ()
i .

Micro Gap Chambers Micro Gap Wire Chamber T

0 . : i ’ MicroDot

E. Christophel et al, Nucl. Instr.

e Y. Giomataris et al, Nucl.
Instr. and Meth
A376(1996)29

AngeliniF, et al. Nucl. Instrum. and Meth vol 398 (1997) 195 .
ethods A33560(1905) RIS gy onesrs S, M e GEM
Nucl. Instrum. Methods :
) A361:72 (1995) ot
MicroWELL A ‘
MicroGroove l 5 PIC Micro Wire Chamber m
| £ u g L i

) D

R. Bellazziniet al ..- D :‘.Zy - e perm————

Nucl. Instr. and Meth Fiogs, =

A423(1999)125 Egg'ﬁk etal, B.Adeva et al., Nucl. Instr. And F. Sauli, Nucl. Instr

uel. Sci 1 Meth. Ad35 (1999) 402 and Metn.

R. Bellazzini et al Symposium seattle L : A386(1997)531
Nucl. Instr. and Meth. 1999 Ochi et al
A424(1999)444 NIMA471(2001)264 + surely several missing ones...
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Today

Micromegas Bulk Micro bulk InGrid A High Rate Capability A Up to MHz/mm? (MIP)
’ o w  S— Standard micromegas \
g /f = A High Gain A Upto10°-10°
R M,é.ﬂ..g??.‘é,_mwz [ A High Space Resolution A <100mm
Anode plane gap i 2 ] . . . .
! [race A Good Time Resolution A In general few ns , sub-ns in specific configuration
A Good Energy Resolution A 10-20% FWHM @ soft X-Ray (6KeV)
GEM A Excellent Radiation Hardness
R8s 8 A Good aging Properties
0 | A saA A lon Backflow Reduction A % level sort of easy, below % in particular configuration
e - A Photon Feedback Reduction
MHSP THCOBRA MRWELL
. B : o A Large size A m2
X-ray Cathode Plane .
IR A Low material budget
\ ey : A Low cost
A 6
e MPGD CONFERETICES [Crete, Kobe, Zaragoza, Trieste, TeChnOIOgy Share'p0|nt RD51 (Devel Opment of

Philadelphia, La Rochelle, next ones: Welzmann, USTC )

_— R — /R_'wm Micro-Pattern Gas Detectors Technologies)
RD28 GEM
L PIC N
A s : L RD51 Collaboration %
g g gla) 8 8 g 58 &
TERM 3" TERM
RD51
|ATLAS NSW project (MM) TDR
]CMS forward tracking upgrade (GEM) TDR
]CDMPASS RICH upgrade (hybrid MPGD) approve, i .
[ALICE TPC upgrade (GEM) TDR https://rd51-public.web.cern.ch/
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https://cds.cern.ch/record/2152254/fi

les/arXiv:1605.02896.pdf

anches

Holes (GEM)

http://www-flc.desy.de/tpc/projects/GEM_simulation/

. » Down to tens/hundreds of microns scale
| N (good from PSD perspective)

Blind holes (WELL)

Dots (PIC)

Top copper layer
T

kapton™"

Resistive foil (p)
—f

Pre-preg — &

rj”'"“"ﬂ',"" It \

NOT IN SCALE

Pads — « _'" E

https://cds.cern.ch/record/2238861/fil
es/10.1088_1748-

13/09/2021

0221_10_02_P02008.pdf Development and tests of nPIC Resistive

Cathode, A. Ochi
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http://www-flc.desy.de/tpc/projects/GEM_simulation/

MPGD for LHC (LS2 Upgrades) / Important
milestone in the context of instrumenting Iarge area

ATLAS NSW Muon System

EXPERIMENT mlcromegas

systems

https://indico.cern.ch/event/1038992/contributions/43
63702/attachments/2256312/3829107/LHCC_146th_

ALICE_Status_Mesut_Arslandok_comp.pdf

TPC GEM

ALICE

Muon System C /\/\S

(GE1/1) _
i

https://indico.cern.ch/event/1038992/contributions GEM -
/4363710/attachments/2256387/3828801/LHCC _ ~ !
ATLAS_OpenSession_June2nd.pdf — :

| @PSD12 Micromegas sectors for the ATLAS Muon | @PSD12 High rate capability studies of triple-GEM detectors

" Upgrade, towards the installation of the New Small Wheel for the MEO upgrade of the CMS muon spectrometer , Luis

in 2021 , Luca Martinelli Felipe Ramirez Garcia
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Possibilities and Strategies for
MPGD based PSD
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Followed approach: How to improve position resolution

Each stage plays a role in the achievable position

resolution.
= 0 arge (p 0 0 allo
Most of the time, stages are decoupled and nas o 3 converte
optimization of each stage can be done
independently from the others. Driftcathode | j
-". DRIFT

. ) ; . . GEM 1 o W ..
Despite the fact that probably the first one is the | Amplification and Transfer stages (gas [0 rranster
one t hat can be mor e | and m|Cr0 pattern Structures) #I'r  EEEyEEEEEE .

Today | will focus mostly on the last one.. yﬁ R
A N

It refers to aspects that are of interest of other
technologies as well and it is therefore more in
the spirit of the conference of encouraging cross-
fertilisation and transfer of ideas between
researchers working in many different fields

Readout stage (coupled to
charge/photons sensitive electronics) J/

Amplifier L

In the readout part we do have in fact several i technology
driven - new options/strategies that can be explored to push

7

performances to the | iIimit é
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Primary charge (primary

ionization in gas or via
converters)

Primary charge

—_ ‘ .
E7s P .
s n
5 ®
2 ; ‘
s i |
g’ 1 electrons 1]
|
g adolinium
8 g e . ,
> \....- -',
6.5 V
Triple-GEM
Read-out n M startiof track
® 50 55 55 70
 =lrip [0.4 mm]

0.5 1
X coordinate (mm)

Detectors and electronics for neutron
detection in the NMX instrument of

F.M. Brunbauer et al European Spallation Source, M.
2018 JINST 13 T02006 Lupberger

X-ray polarimetry: a new window
in the high energy sky

Ronaldo Bellazzini
INFN - Pisa

| @PSD12 Detectors for Neutron Facilities , Richard Hall-Wilton
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NGuess i fugired hferF&aunli @ PSD5

EUROPEAN LABORATORY FOR PARTICLE PHYSICS

CERM-EP/99-147
11 October 19949

MICRO-PATTERN GAS DETECTORS

Fabio Sauli
CERM, CH-1211 Geneva, Switzerland

ABSTRACT

Micro-strip gas chambers, with their excellent localization propertics, high rate
capability and good granularity, have been adopted by many experiments in
particle physics. Two recurrent problems however have been reported: a slow
degradation under sustained irradiation {or aging), and the rare but devastating
occurrence of discharges. New breeds of delectors aim at improving on these
crucial points; the micro-dot, CAT, micromeszas, the gas electron multiplier are
examples. Very performing, they are moreover robust and reliable. Two-stage
devices, making use of a gas electron multiplier as first element, permit larger
gains in presence of high rates and heavily ionizing tracks. Possible promising
future developments in the field are outlined.

6. GUESSING THE FUTURE

The low density of gaseous media sets basic limitations to the
performances of detectors. Statistical fluctuations in the energy loss result in a
wide, asymmetric spectra, and, in the thin layers required for fast response, in
poor efficiency and position accuracy, quickly degrading with the incidence
angle. Operation at pressures higher than atmospheric is possible, but implies
the use of containment vessels adding unacceptable amount of material to the
experiment. A very interesting possibility is to exploit secondary electron
emission from cathodes, a process well known in vacuum, hindered however
by back-scattering in presence of gas molecules. Good secondary emitters are
low density layers of KCl, KBr, LiF, Csl [38]; for a review of secondary emission
in gaseous detectors see for example Ref. [39].

In a gas counter having the cathode coated with a columnar CslI layer,
around 200 pm thick , the authors of ref. [40] have demonstrated a substantial
enhancement of the detected charge signal. In a more tantalizing device,
realized with wires embedded in a thick low-density emitter and operating in
vacuum, large secondary emission followed by multiplication has been
observed [38]. Despite the marginal efficiency obtained so far, exploiting the
secondary emission process with its intrinsic independence on the incidence
angle and sub-nanosecond timing remains a very challenging possibility for
future detection systems.

Primary charge (primary

ionization in gas or via
converters)

observed [38]. Despite the marginal efficiency obtained so far, (exploiting thEP

| secondary emission process| with its intrinsic independence on the incidence
angle and sub-nanosecond timing remains a very challenging possibility for
future detection systems.

Inwited review talk at the
Sth Conference on Position Sensitive Detectors
University College London, September 13-17, 1999

Corresponding author: fabio sauli@cern.ch
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Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A

journal homepage: www.elsevier.com/locate/nima

Timing performance of a multi-pad PICOSEC-Micromegas detector prototype

From ns to tens of ps

Particle
Cherankow .
Radiator A
Photocathode &30 nm H Cathode
Drift 100-300 ym r E-Fi eld{ - .
Amplification @050 pm y E-Fisick Hl::'r f-l.rlr;l:jfjx:rnnmg:mj

L Preamplifier + DAQ

| @PsD12:

Precise timing and recent advancements with segmented anode
PICOSEC Micromegas prototypes, loannis Manthos

Timing techniques with picosecond-order accuracy for novel gaseous
detectors, Aggelos Tsiamis

Primary charge (primary
ionization in gas or via
converters)

. @PSD ¢é
& T1 mi ng

Fig. 3. (left) Photograph of the multi-pad chamber during assembly in the clean room.

b€ hexagonal pad structure of the readout is visible in the centre. (right) A schematic
diagram of the anode segmentation. Notice that there is a gap between adjacent pad edges

represented by the thick black lines. The pads No. 4, 7, 8 and 11 are fully instrumented
and their signals are digitized by the oscilloscope channels as indicated. The red axes, fbelled as X, and ¥, represent the local coordinate frame, while the blue axes, labelled
as X, and Yj, represent the global tracking coordinate frame (or else beam-frame). Phe green axes, labelled as X and Yy, represent the symmetry frame, which is used in the
alignment procedure as described in the text.

a & |
5 Sy
&
éz{lﬂ z@zlll
<35ps for signal =
shared between 3 ol
pads from first |
prototype N
Ly T Y e e Sy S E e 0 I 3
Estimated MIP Arrival Time (ns) Pull

Fig. 19. (left) Distribution of the arrival time of MIPs, passing within 2 mm of a common pad comer (pads No. 4, 7 and 8), estimated by Eq. (9) combining the individual
single-pad measurements and their expected errors. The solid line represents a fit to the data points by a sum of two Gaussian functions corresponding to an RMS of 32.2 + 0.5

ps. (right) Pull distribution of estimated arrival times by Eq. (9). The solid line represents a Gaussian fit to the data points, consistent with mean and ¢ values equal to 0 and 1
respectively.

Recovering time resolution when signal is shared between several
electrodes open the door to optimization studies focused on position
resolution.
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Amplification and Transfer stages

DI ff u S I O n an d d i Sto rtl O n S (gas and micro pattern structures)

Diffusion

F.Sauli, Principles of operation of Distortion / Space Charge (|BF) DiStortion / F|9|d “neS

L L | multiwire proportional and drift
« /8D /2 .
~/&/E 1 chambers, CERN, 1977 ® A Rubin et al 2013 JINST 8 P08001
\ (https://cds.cern.ch/record/117989) Space-charge distortion correctionsic:
10— —
s N ] ALICE STAR PANDA
E L | Readout system GEM MWPC GEM
i . . Maximum distortions ~10-20cm ~lcm ~lcm
S - 4 M t F I d d T P C Required precision of corrections 2x107* 2x 102 2x 102
E‘ — ag n e I C I e an space-charge fluctuation handling Yes No No
L - e T Equilibrium of space charge in time No Yes Yes
5y Symmetry of space charge (¢) No Yes Yes . X . . X X o
et timit . . . space-charge description Map Parametrization  Splines Figure 2. Examples of non-collimated 5.9 keV x-ray induced single-cvent avalanches recorded in different
" oot S, The Tlm.e -Projection Chamber . Linear proportionality with density No Yes Yes detector configurations of the setup shown in figure 1. a) Single-THGEM with a reversed drift field of
10— - - A new 4n detector for charged particles Electrostatic forces between the ions Yes No No 0.3kV/cm and gain ~ 10*; b) Single-THGEM (Egyin 0.5kV/em, gain ~ 10*); ¢) Double-THGEM with 8
C £20.C0; | David R. Nyeren Laser calibration QA purposes No Yes mm transfer gap (Egin 0.5kV/em, Eygns 0.5kV/em, gain ~ 5 x 10%); d) Triple-THGEM with 8 mm and
= , ) L - - Ny Usage of external detectors for calibration Essential No Foreseen 10mm transfer gaps (Egrin 0.5 kV/em, Eyans 0.5 kV/em, gain ~ |07)A The images are unprocessed, but the
oo 500 1000 2000 o act has z 5
E(Vsem. of 1otm) Lawrence Berkeley Laboratory 0 contrast has been adjusted to improve visibility. THGEM type 1 (table 1); gas: Ne/CFy4 (95/5).

Berkeley, California 97420 .
ounts

Fig. 35 Computed and experimental dependence of - . @ 2 1120
the standard deviation of electron dif- 4 GEM Setup WIth S and LP f0I|S ALICE I“"’
fusion from the electric field for 1 em
drift, in several gases at normal condi- . . . . i
tionsis) & Abstract + IBF and Resolution studies for baseline solution | L

— Different foil configurations, Vg, transfer field E; i

A new approach to the problems of track recognition and momentum « IBF optimized setting = high Eq; & Er;, and low Eq;,

tive to beam [mm]

Position relative to beam [mm]
& & o

i Veemi~Veemz~Veem <<V, g
measurement of high energy charged particles is described, and a GEM1 "VGEM2 TGEMI " VGEMA L o in s eco.n, (0105 i it b T
. — 0.6-0.8% IBF at 22 .
-detector particularly suitable for PEP energies is discussed. o(5.9keV)~12% T gl

{mm},
{mm},

140um pitch

The central idea is the utilization of a large methane-filled 'r §1i §
14+ o o
s 8 °
drift chamber placed in a strong magnetic field, with the drift field 2l 2 2
P S ® ®
oriented parallel to the magnetic field. In this configuration trans- J— : — or - 5 H
P : =™ 8f é 2 &
verse diffusion of the ionization electrons can be very substantially T E = T [ Y S B T -2, p i T e
| — E. — 2 men L " i i Position relative to beam [mm] Position relative to beam [mm]
- : P PR Pacpiors [ 0.0 0.5 10 15 20 25 3.0
suppressed by the magnetic field. This in turn leads to the possibility Srong vac 1BF (%) Figure 10. Reconstruction of the points of interaction, from the center-of-gravity of the light emitted from
several holes, when irradiating a THGEM type 1, configuration g (table 3) at the center of a hole and in-
asur accuracies o he order of 100 microns after one meter T . . . between holes. a) and b) are experimental results (with 8 keV x-rays) at gain 10%; ¢) and d) are simulation
of measurement accurac nt https://indico.cern.ch/event/219436/contributions/1523143/att el (603 oV etk St o o T f e B e, sk s 2 05 e o 6
. - . the experiment and simulation.
of drift. achments/355808/495528/guniji_alice_upgrade_v2_3.pdf
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Amplification and Transfer stages
(gas and micro pattern structures)

ffusi oné Negative I|I=ormrs

D i

Nuclear Instruments and Methods in Physics ~ |*

I

A TPC which drifts negative ions (in this paper, CS, ) rather than electrons, was

Research Section A: Accelerators, Spectrometers,

Detectors and Associated Equipment
Volume 555, Issues 1-2, 15 December 2005, Pages 55-58

invented to reduce diffusion in three dimensions to its thermal (lower) limit
without applying a magnetic field [1], [2], [3]. This provides the highest 3D space-
point resolution attainable for long drifts, without the power requirements and

Negative ion drift and diffusion in a TPC near 1

bar

expense of a magnet. https://doi.org/10.1016/j.nima.2005.08.103

C.J. Martoff* & &, R. Ayad %, M. Katz-Hyman *, G. Bonvicini &, A. Schreiner ©

. ) NI Optical TPC
GridPix NI TPC readout | £ . .
e Ultra-tast imaging sensors <=k
_ _ =N High-speed CMOS sensors can deliver up to 1 million frames per second at limited " w
1.6ns time resolution of _— - resolution. Can be used for rapid imaging (integrated imaging limited by incident radiation 1° @

Timepixa for precise drift flux) and beam monitaring with active feedback.

; Phantom v2512
time measuremsnts

Rapid radiation imaging or beam monitoring already feasible (kHz at megapixel resolution).
* 1 megapixel CMOS sensor

] .
L 3D track reconstruction (NI?) requires lower read noise sensors and increased resolution at 25 kips at 1280 x 800
o . * 1 Mfps at 128x32
g 17 e x maximum frame rates. _
v | i - 150 Torr CF,, 0 ~ 450 um * Higher read noise
':"'; | || ! J— 10 CUP imaginge
TR | II 10
:T 3 | | | ; II m .,:\:‘.:r.‘:‘ k Sequence of images displaying alpha track segments in gaseous
= | | [ | TPC recorded at 700 kHz
wof- || (| i || \ w123 CHOS At = AZ
! FolL 1 g-Di
B “ ) = r “"‘" o s T - . — gapixel CMOS : : : >
Bl SR e 0. Ops 1 4p5 2.8us 4.2yus 5.6pus
C. Ligtenberg et al_, https:{findico.nikhef nlfevent/ 10
; N P L _ P
2372/contributions/5576/s ubcontributions/225/ ‘ :
) 2020

attachments/2601/3036MITPC_paper_v0e12,nf

150 Torr CF, + 5.9 Torr CS,, o ~ 150 um
D. Loomba, UNM

1860 1880

Image adapted from: B. Pogue, Nature 516 (2014) 46-47

Optical readout, novel readout electrodes, hybrids with ASICs, F.M.Brunbauer (CERN GDD), April 29, 2021 - ECFA Detector R&D Roadmap Symposium - TF1 Gaseous Detectors
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Readout stage (coupled to

charge/photons sensitive
electronics)

Readout stage

Focusing on current trends with potentially strong impact
(personal comment) on position sensors (and resolution)

A Readout layouts and resistive elements (charge induced
signals)

A Modelling & Simulation and new FE electronics

A High granularity Pixel readout (charge and photon)
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Readout stage (coupled to

charge/photons sensitive
electronics)

Readout stage (I) / Layout

Focusing on current trends with potentially strong impact
(personal comment) on position sensors (and resolution)

A Readout layouts and resistive elements (charge induced
signals)
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Readout stage (coupled to

charge/photons sensitive

Readout Layout / Manufacturing capabilities s

Several coordinates (ambiguities)

TOTEM T2 forwards tracking and triggering telescope:
tracking with high eta (radial) coarse phi resolution and

% Y‘Zr)
L\
7’%{
.
‘é, ’d
e
<
P & o
ST,
G o
X &
- § g
5
\xe% e
Tatam /¥
F e ¥§

]:ig_ 4. Microscopc photograph of the novel micropad readout. Fig. 4. Double photon event recorded with the hexaboard

The micropads are alternately connected to three different
el sus. Bachmannet al. High rate X-ray imaging using multi-GEM detectors with a novel
W}wammmlmum HH“W readout design, NIMA 478, 2002, https://doi.org/10.1016/S0168-9002(01)01719-3.

it |
T Encoding
|
|

Genetic multiplexing and first results with a 50 x 50 cm? Micromegas

S. Procureur **, R. Dupré *”, S. Aune ©

IR Y | I BRI
PCB

|
|
|
|
|
https://doi.org/10.101

6/1.nima.2013.08.071 Fig. 4. Principle of the genetic multiplexing. A particle (array) leaves a signal on
two neighbouring strips which are connected to two given channels. These

"~ Florian Haas- TU Miinchen Physik Department 16| PixelGEM Desctors for High-Rate Beam Tracking Figure 2: Sketch of large pixelized Micromegas detector (right). Zoom of the pixel area (left)

https://wwwcompass.cern.ch/compass/publications/talks/t2007/ channels are connected to other, non-neighbouring strips in the detector. The

haas_vienna07.pdf https://cds.cern.ch/record/1399058/files/arXiv:1111.3337.pdf recorded signals on these two channels therefore localize without ambiguities the
particle in the only place where strips are consecutive.
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Readout stage (coupled to

charge/photons sensitive

Charge sharing (geometrical) L

Design Studies for a TPC Readout Plane Using
Z1gzag Patterns with Multistage GEM Detectors

B. Azmoun, P. Garg, T.K. Hemmick, M. Hohlmann, A. Kiselev, M.L. Purschke, C. Woody, A. Zhang

Geometrical sharing

E:‘ qixi Hit position of

Centroid: X =

s Full Pad width 7"" charge cloud
Driftcathode [ . 4 Gain ' | Nooverlap
DRIFT S \ | Zigzag overlap
GEM| mumpmes .’ ~20 B";;‘:‘ch
TRANSFER 1 I,m B. Azmoun et al., "Design Studies for a
GEM? mmad q“»- D ~20 TPC Readqut Plaqe Using Zigzag
07 | [—— T Patterns With Multistage GEM
.  — ) 7N - 13 5 !'mf Pluh . .
. ! < . ' ~20 ' V4 By A DAL iz Detectors," in IEEE Transactions on
GEM3 m w LT ; (For non-single pad hits) {For single pad hits) Nuclear Science, vol. 65, no. 7, pp. 1416-
‘f‘"” CToN I""‘” Fig. 1 The sketch on the left shows the 4 basic parameters of the 1423, July 2018, doi:
Readout PCB s ! ~8000 zigzag pattern, including the pitch, zigzag period, gap width, and  10.1109/TNS.2018.2846403.
\L\Am S00m
trace width, denoted by p, d, g, and s respectively. (€, s°, and g’ are
Amplifier resultant parameters representing the characteristic angle, the
o ] ) trace width, and gap width at the zigzag apex.) The sketches on the
Pr()f|t|ng from diffusion right demonstrate charge sharing and centroid calculations for a

zigzag and rectangular pad readout. 6 channels are shown for each
pattern with a pitch of 2mm. (The drawings on the right are to
scale.)

| @PSD12 Novel zigzag and diamond pattern for Micromegas
and Gas-based detector, Maxence Revolle
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Readout stage (coupled to

charge/photons sensitive
electronics)

Readout Layout / Resistive elements (I)

Re-introduced by ATLAS NSW micromegas for stabilityé

It i s playing a key role in the field of MPGD and po

SCREAM (embedded

ATLAS NSW resistors i introducing Small-Pad Resistive
Resistive strips vertical evacuation) Micromegas T2K pad micromegas
~ *lr oG (resistive spreading)
*\e - Enauj _________ «—— MESH (bulk technique)
i orersiolL i Sag) . » \\n & R-pad - = = = ooy — i =~ Pilars 4&, 128 um gap bulk-micromegas with SD45/18 woven stainless steel mesh @ GND
: o i Insulator Toplayer /
128 ym” Amplificaion G R I ) - Embedded-R =
3 . <1 um DLC 0,5 MQ/square resistive layer on 50 um APICAL
pLc2 / g 75 um glue

Internal layer One connection 1o ground through vias 4 mm
from t0p and nternal DLC layers 34x42 cm? PCB with 32x36 pads (10,09 x 11,18 mm2) 2.4 mm
9|é M. lodice et al 2020 JINST [ f— ocwe-sov Y
15 C09043

Signal spread

https://lappweb.in2p3.fr/~chefdevi/Wor | @PSD12 High Granularity Resistive Micromegas for high
k_LAPP/Scream/Scream_paper.pdf " particle rates environment, Massimo Della Pietra

Vertical charge evacuation = high rate/high multiplicities
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Readout stage (coupled to

charge/photons sensitive
electronics)

Readout Layout / Resistive elements (ll)

Re-introduced by ATLAS NSW micromegas for stabilityé

|t offers the possibility of recover and develop new
URWELL detectors _ _

Top Cuopper  Single Resistive Layout (SRL)
Grounding

Current design “Drift Foil” (kapton foil, 50 um)
' D=19cm

Metalized
vias
Su

Kapton layer

Vwell

Charge collection pads

(Metal 2) Metal 1 layer

“URWELL, DLC & Readout foil composite” 3D-printed Frames
(mocked up by kapton foil, 250 pum)

EIC Yellow Report Meeting March 19-21, 2020

Read-out strips
(Metal 2 layer)

Insulating support (300p)

Y Gl [} = \ 1
C'NEN i TEMPLE & vale University Uity ~FLORIDA TECH QN ISjtslrzrf:T&ok | BROOKARVEN

Fig. 1. Schematic diagram of a WELL detector.

R. Bellazzini et al.,The WELL
q Nucl. | Meth A ] ) ) o | @PSD12 Precision tracking micro-pattern gaseous
etector,Nucl. Instrum. Meth. G. Bencivenni et al., The micro-Resistive WELL " detectors at Budker INP, Timofei Maltsev

423(1999) 125. detector: a compact spark-protected single
amplification-stage MPGD, 2015 JINST 10 P02008
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Readout stage (coupled to
charge/photons sensitive

electronics)

Resistiveelements (I | | ) @ Bi r m

Spherical Proportional Counter A resistive ACHINOS multi-anode structure with DLC coating
for spherical proportional counters

I. Giomataris', M. Gros', I. Katsioulas?, P. Knightsw'z, J.-P. Mols’, T. Neepz, K. Nikolopoulosz, G. Sawidis?,
I. Sawidis* L. Shang® + Show full author list
Published 12 November 2020 + © 2020 The Author(s)

NEWS-G: Light DM with Spherical Proportional Counters

® Search for DM candidates in 0.05 - 10 GeV range
> Also, Coherent Elastic neutrino-nucleus Scattering (CEVS)

® Spherical Proportional Counter with light gases
P Better projectile - target kinematic match
# Low energy threshold

B Breakthrough: multi-anode sensor ACHINOS N s
# Decoupling Gain and Drift

Vewa, Journal of Instrumentation, Volume 15, November 2020
Citation |. Giomataris et al 2020 JINST 15 P11023

/ Grounded Cathode

Field uniformity & spark quenching

~Grounded Rod

Vora
E~ —
. .,.2
m, =1 GeV C =~ 4mer
10% | a0 " N |
'® Large volume : DLC-Coated
NEWS-G ol

! » Small number of read-out channels | i Central Electrode',
:® Low Energy Threshold : )
: » Low capacitance and high gas gain
@ Lowest surface to volume ratio
'@ Fiducial volume selection

o

_Anode

1
)

Event Rate [1000 kg keVy]~"
o

10 # Through pulse shape analysis . b \ J
‘ : @ Flexible operation 5 : J
0 05 ] 15 i & Choice of gas mixture/pressure choice: y ‘/ﬁr"“"ded Rod .
Recoil Energy [keV] NS GRS & i Simple-sealodenodiooporation: . .4 /

UNIVERSITYO!
K. Nikolopoulos / 7 January 2021 / Dark Matter BIRMINGHAM 19

https://indico.ph.liv.ac.uk/event/222/contributions/1471
/attachments/710/912/20210107_kn_DarkMatter.pdf

! @PSD12: ACHINOS: A multi-anode read-out for position
reconstruction and tracking with spherical proportional reconstruction of the ionisation tracks.
counters, Dr Patrick Ryan Knights

Additionally, it is possible to read out each anode individually, allowing the three-dimensional
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Charge sharing (resistive division)

Muckear instruments aral Metbods o Plysics Beseazch 4 292 11997) 244 248

Iﬁmm‘
N PHYSICS
g RESEARCH

ELSEYIER
An interpolating 2D pixel readout structure for synchrotron X-ray
diffraction in protein crystallography

I1.]. Besch, M. Junk*, W. Meiliner, A. Sarvestani, R. Stiehler, A.H, Walenta

ZEES Center for Semear Suneemy, University of Stegen, Adolf-Reichwein-Spasee 2, 37068 Seaon, Geempuy

Absiract

The high rates available now at syncheotron benm lines ask for detectors allowing online measiwrements with good
spartial resolution and a precise intensity measurement. For this purpose gaseows detectors aperating in the single photon
counting mode are well suited. An interpolzuing 20 pixel readout structure will be presented. 10 has been tested as
hackplane of 0 M&GC or a CAT-detector (recently developed by the group of M. Lemonmer at LUREL and it oparates
on the principle of resistive chargs partition, aliowing asynchronous readouc. A resolution of 200 pm s reached. Under
similer conditions the eneray resolution from the signals of the readoot structure presented is neardy the same as that of
standind readont. Tn combination with a CAT an energy resalition of 204 is reached. A prototype of G2 channels with
@ sensilive area of 14 mm = 14 min was tested at the syachrotron at LURLE (Oresay), THfraction patters from a col-
lagenase protein crystal were messunzd and rocking curves wers obtained with an anpular resolution of 18 1075,

p-strip structure or C.A.T.

Fig. 1. 2D resistive charge division — schematic.

Fig. 2. Improved resistive cell, readout nodes for currents
https://www-sciencedirect- 1. Eq. 1)y is caloulated analog.
com.ezproxy.cern.ch/science/articicrpi ouLvovuucy rvus 1 ggrpunLNUD—9ad 7 789

61fbe6ab613a4d424c24358ab&pid=1-s2.0-S0168900297002799-main.pdf

13/09/2021

Readout stage (coupled to

charge/photons sensitive
electronics)

On image reconstruction with the
two-dimensional interpolating resistive
readout structure of the Virtual-Pixel

detector *

H. Wagner®*, A. Orthen®, H.J. Besch®, S. Martoiu®,

R.IT. Menk®, A.IT. Walenta®, U. Werthenbach® httpS.//arXIV.Org/p

df/physics/03101
37.pdf

M Unwversital Siegen, Fachberesch Phymk, Emmy-Nocther-Campus, Walter- Fles-Str,
8, 57068 Sieqen, Germany

b Sincrotrone Trieste, 8.8. 14, km 163.5, Busovizza, 34012 Trieste, Italy

1.75mm cell,
200um
resolution

Fig, 1. Schematic of the twodimensional interpolating, resistive resdout anode
printed on o ceramice substrate. The gas pain structure (e, CEM or MicroCAT) s
mounted above the anode. The structure 18 subdivided into 9 % 9 cells, whereby the
inner T ¥ T cells, corresponding to a sensitive area of 56 ¥ 56 mm?®, can be read out.
A detaled magnification of one single eell of the interpolating readout structure
om a coramic substrate iz illustrated on the Aght hand side, The charge, penerated
by i phioton, is collected by readont nodes situated ot the cell corners (represented
by the black eireles). The robust readoul structore isell s absolulely insensilive
aganst sparking or uncontrolled discharges.
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Readout stage (coupled to

charge/photons sensitive
electronics)

Charge sharing (resistive spread)

RESISTIVE ANODE
SURFACE RESISTIVITY ~ I
L . . P ~25M0]
Position Sensing from Charge Dispersion in DRIFT PLANE . - 2 K/N D28O
Micro-Pattern Gas Detectors with a Resistive T AAr =24 me Een 50 um THICK MYLAR
- Anode ' '
= GEM1 r 1

Standard bulk-mm Resistive-bulk-mm

£
i
:
[
T
i -

1S Dixit ad* k Tartin® s hs
M. 8. Dixit*4* J. Dubeau®, J.-P. Martin® and K. Sachs® MOUCHONGAP e iimm B
*Depariment of Physics, Carleton University, 1 Ia
1125 Colomel By D 16 READOUT 1
PDETE v, QC, Canada SEE DETAIL A z 1
¢ Universiy of Montreal, Montreal, QC, Canada mm”" £ £
STRIUMF, Vancouver, BC Canada a
: READOUT
PCB DETAIL A =
=
Abstract =5
T P - . . . — &
Micro-pattern gns n Mul i ol the Mi- Fig. 1. Schematics of the resistive anode double-GEM detector used for charge
! dispersion studies. . /

". inary . " «char ..'m(: a)p,‘-".,u Induced & late charge dispersion pulses on strip +1 g 2-D RC network . . . X . .
GEM deoctor with .1 : Wl M Gaussian spreading as a function of time with :

o
Key words: Gascous Detectors, Position-Sensitive Detectors, Micro-Pattern Gas S WY
Detectors, Gas Flectron Multiplier, Micromegas b))y
PACS: 29.40.Cs, 20.40.Gx

p(r,t) = BE exp[=RC ~ shaping time (few 100 ns)

2t
1 Fast charge pulse ~ central strip (strip.0) “ ) ] @ Ur - - RC . = 180 R[Mﬂl.]
V" i‘ R- surface resistivity RC [ns/mm?]

diyum)
MWMM C- capacitance/unit area /175
S

arXiv:physics/0307152v2 [physics.ins-det] 31 Oct

1 Introduction )i

A new class of high-resolution multi-channel gas avalanche micro-detectors has Y
heen developed during
Electron Multiplier (C

past decade for charged particl wking. The Gas \ i P ad S 1 C m 1 C m
} [1] and the Micromegas [2] are iples of some of i X

Induced & late charge dispersion pulses on strip -1

* Corresponding anthor. Tel.: +1-613-520-2600, ext. T535; fax: +1-613-520-7546.
Fmail address: msd@physics . carleton.ca (M. 8. Dixit)

Pront st o Bherier Seeuce i Octr 218 https://indico.cern.ch/event/716539/contribution
s/3245960/attachments/1798809/2933398/Delb

art_VCI2019_T2K_HA-TPC.pdf

https://arxiv.org/pdf/physics/0307152.pdf

https://indico.cern.ch/event/872501/contributio
ns/3734984/attachments/1985334/3307899/Mi
niweekRD51_Lehuraux.pptx
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Readout stage (coupled to

charge/photons sensitive

Charge sharing (Capacitive) cleconioy

Similar concept (capacitive network in the pcb) in

: capacitive division for MCP
Readout: Space resolution / readout channels 82 Universiy o

o Leicester
INTRODUCTION: Capacitive division

CA PAC IT I VE S HAR I N G Capacitive division experimentally demonstrated before. Gott(1970); 2-D square

array via wires to an separate capacitor network . Smith(1988); array of 1-D strip
electrodes to charge share. Drawbacks; discrete capacitors, parasitic capacitance,
bulky, engineering complexity. |

Al

R r

Preliminary Results of Spatial Resolution Performances of Capacitive Sharing

1o N
TO POSITION READOUT

Large Pad Readout in Test Beam

Kondo Gnanvo, University of Virginia, Charlottesville, US
Development of a capacitive division readout:

Initial electron clouds size from triple-GEM Q Caacitive Division |mae Readout C-D'R
will hit on average 2 to 3 pads of 6125 mm
ajz | ajfz DILC layer %o evacuate charges to the grousd 2-D array of isolated electrodes which divide the signal via / = =
l--!-----------'__L_'----------------Imm‘rrp-d 06125 mm ] their mutual capacitance to four measurement nodes at rgor hosrndon st o A ann
GND  Dielectric: Kapton foil a/f2 afz four corners of the readout.
.+ {1 | [ 1 | I/ N N N D N D T ansfer pad 123 mm(l
Dhelectric: Kapton foil af2 af2
- - ] - | I N N I Tran:fer pad 2.4 mm
Dielectrie: Kapton foil ajfz afz
EEEEEE T T I N v v pat S s
ielectric: K i a/a 3=qf4 A
e S A | ! : pescout pod 20 menl http://ndip.in2p3.fr/tours14/
Lr - L«b—— L}— DAY/Presentation riday/AM/ID34315_Leach.pdf
https://indico.cern.ch/event/889369/contributions/4042739/attachments/2119963/3567713/2020100 S.Leach@PSD12 wi t h Aff howeeTmaskierusing Cherenkov
9 KG_RD51_ Coll_Meeting.pdf Detectiond

Noise and cross talk under investigation for EIC.. encouraging preliminary results reported
Pro: easy to realize the coupling that you need (easier than with resistive layers),f ast si gnal s é
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Readout stage (coupled to

charge/photons sensitive

Readout stage (Il) / M&S-FE cletroricy)

Focusing on current trends with potentially strong impact
(personal comment) on position sensors (and resolution)

A Modelling & Simulation and new FE electronics
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Readout stage (coupled to

M O d el I I n g & SI m u | atl O n charge/photons sensitive

electronics)

D. Janssens, An update on the modelling of signal formation in detectors with
resistive elements, June 17th, 2021, RD51 Collaboration Meeting

. . . . . . . .
Signal formation in a MicroCAT detector Components of the dynamical weighting potential
i HV
|
The same can be done for a Townsend avalanche. o Smbisk] chstorion in one co The nent of your signal encodes the . _——
. . . i responds of the resistive material to the field lines of this v
Here a single electron has been placed in a uniform electric AEEERFRNUNN a2l charge carrier. R qe Resistive layer "
field, starting on the top of the induction gap. BEEEEEERENEEERE b i x
'ESI""'i:."“" € Insulating layer
e cument cn ot i o Tmmsend svsinche E TTT TTL Let us take a simple geometry to get an intuition: PR P T
I T T o LB IR =
woumf 3 14 & - L " =50 um i
ome 1.2/ .E 4 g u Strip centered at x = 0 - Strip centered at x = w - Strip centered at x = 2«w
oo =z T it * b=5um 06 — Promptsignal | _ 0.6 Promptsignal | 0.6 " Prompt signa
S [ J T S S S G A S g Delayed signal O Delayeasignal O Delayed signal
’ . ? N N A G S M + w=200pum £ 04 g 04 £ 04
gn = + T=gi=04ns 5 02 E 02 E 0.2
2oa A BB R B B B 1 3 oo L e O B - J Y P WSS ——
02 o Ir. g 02 2 R=10k0a § oz 302
- b2 T %
Lo omn e o x-coordinate [mm] =t <+ R=100 /1 504 w04
0 1 2 3 4 5 0 1 2 3 4 5 0 1t 2 3 4 8§
Time [t/T] Time [UT] Time [UT]
- @) ‘:‘i" VeRsIen .

LGAD

https://indico.cern.ch/event/1040996/contributions/4396429/attachments/2265907/3847202/RD51_DjunesJanssens_June2021.pdf
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