DRD1

L LSATRIELS | B B HAE " HE N E S
LA HE SFHS,S HSE BH S 8808 o

CERN
November 27 - December 6, 2024

Micro PatternGaseoudetectors

Esther Ferrer Ribas

irfu
4 CEA/IRFU




Outline

Birth of Micro PatternGaseou®detectors (MPGD)
GasElectronMultipliers

Micromegas

Micro ResistiveWell

Applications



Birth of Micro PatternGaseous
Detectors

LY (GKS dnQa | ROFYyOSa AY YAONRSEt SO
flexible and standard PC8ubstrates favoredhe invention

Pitch size of a few hundred microns, an order of magnitude improvement ir
granularity over wirechambers

First Micro Pattern Gaseous Detector (MPGD): Mistop Gas Counter
(MSGCPed 1988



MSGC

Performance

Intrinsichightrate capability (>19Hz/mn?),
excellentspatial resolution (down to 1 m)>
multiparticle resolution(D500>m),
singlephoto-electrontime resolutionin the nsrange,
large sensitive area and dynannange.

o Do o o I

Limitations:
A Destructive sparks,

A time-dependentgain shifts (substrate polarization and
charging up,

A RSUSNAZ2NF 0A2Y RdzZNAYy3IEadeail |

SUBSTRATE 10 pm
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Credit Sauli «GaseoudRadiation Detectors



MWPC

Multi-Wire Proportional
Chamber
G. Charpak et al., 1968

MSGC
Micro-StripGasChamber

A.Oed 1988

MICROMEGAS
MICRGMEshGAseoustructure
|. Giomatariset al., 1996

TPC

Time ProjectiorChamber
D. RNygrenet al., 1974

GEM
GasElectron Multiplier
F.Saulj 1997
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GEM: A new concept for electron amplification in gas detectors

F. Sauli
CERN, CH-1211 Genéve, Switzerland

Received 6 November 1996

Abstract

We introduce the gas electrons multiplier (GEM), a composite grid consisting of two metal layers separated by a thin
insulator, etched with a regular matrix of open channels. A GEM grid with the electrodes kept at a suitable difference of
potential, inserted in a gas detector on the path of drifting electrons, allows to pre-amplify the charge drifting through the
channels. Coupled to other devices, multiwire or microstrip chambers, it permits to obtain higher gains, or to operate in less
critical conditions. The separation of sensitive and detection volumes offers other advantages: a built-in delay, a strong
suppression of photon feedback. Applications are foreseen in high rate tracking and Cherenkov Ring Imaging detectors.
Multiple GEM grids assembled in the same gas volume allow to obtain large effective amplification factors in a succession
of steps.




B_ |

- Ar-COz2 70-30
- AVcem = 500V

P P SR B | |

( E;=6kV/cm 1

R P I

LargenV between the two sides of the faleates a high field

Electrons released in the upper region, drift towards the holes acquiring enough energy to provoke ionisations
Large fraction of electrons are transferred into the lower section ,



Full decoupling of amplification stageiEM) andeadout stage (PCB, anode

Amplification and readout structures can be optimized independently
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https://cds.cern.ch/record/2155685/files/CERN-THESIS-2016-041.pdf

Manufacturingof GEM: singlenask

Large size detectors

Cu-clad Kapton

Single mask
Photoresist

« MPGDmanufacturing» byRui de
Oliveira on 3/12

Cu etching

Kapton etching _\ | W /i
Second Cu etching [=\ / \ | \ :

FromF. Sauli RD5chool2023



Manufacturingof GEM: doublemask

FromF. Sauli RD5chool2023 STANDARD

DoubleConical
Hourglass

50 pm

Kapton

5 pm Cu
Photoresist
coating, masking
and exposure to
UV light

Metal etching
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I
Kapton etching ) () () (N

5SS e

CYLINDRICAL

Metal etching
and cleaning

CONICAL

« MPGDmanufacturing> byRui de Oliveira i
on 3/12




Manufacturingof GEM: doublamask

A Shape of theholesinfluence

performance >TANDARD
: : : DoubleConical
A Trade off: high gaingthargingup effects Hourglass
A Standard: patch fodischarge
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Performance in single GEM

E. Sauli / Nuclear Instruments and Methods in Physics Research A 805 (2016) 2-24 5
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Fig. 9. Pulse height spectrum on 5.9 keV for a single GEM. The relative energy

Fig. 8. Single GEM effective gain as a function of voltage in Ar-CO, mixtures at ;
resolution is ~17% FWHM.

atmospheric pressure.
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Multi-GEM
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RELATIVE GAIN
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GEM spatialresolution
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Fig. 46. GEM-TPC longitudinal resolution as a function of dnft length and
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F.Sauli, NIMA 805 (2016) 24
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GEMfamily

THICKGEM/LEM

Cathode

S.Bressler et al. ProgressParticleand Nuclear Physics
130 (2023) 104029

GLASSGEM

Thickness ; 680 ym

Y.Mitsuyaet al., NIM A 795 (2015) 1569

GEMPixa triple GEM structure
read by 50 micron pixels

-

. F.Murtas, JINST (20
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Micromegas

. Nuclear Instruments and Methods in Physics Research A 376 (1996) 29-15 e
NH, y NUCLEAR

INSTRUMENTS
A & METHODS
IN PHYSICS
RESEARCH

FLSEVIER %

MICROMEGAS: a high-granularity position-sensitive gaseous
detector for high particle-flux environments

Y. Giomataris“*, Ph. Rebourgeard®, J.P. Robert”, G. Charpak”

CEAMNSMIDAPNIAISED-CF -Saclay, 21131 Giff Veene, France
"Ecole Superieure de Physique et Chimie Industrielle de la ville de Paris. ESPECI, Paris, ESPCI, Paris. France
and CERNIAT, Geneva, Switzerland

Received 24 January 1996

Abstract

We describe a novel structure for a gaseous detector that is under development at Saclay. It consists of & two-stage
parallel-plate avalanche chamber of small amplification gap (100 wm) combined with a conversion-dnift space. It follows a
fast removal of positive ions produced during the avalanche development. Fast signals (=1 ns) are obtained during the
collection of the electron avalanche on the anode microstrip plane. The positive ion signal has a duration of 100 ns. The fast
evacuation of positive ions combined with the high granularity of the detector provide a high rate capability. Gas gains of up
to 10" have been achieved.
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Micromegas

A Multiplication takes place in high E field (~ 40 kV/cm)
between the anode and the mesh

A High gain (up to 10or more)
A Single stage of amplification
A Fast signals (< 1 ns)
A Fast & natural ion collection
A Low ion backflow to the drift region
A Short recovery time (~150 ns)
A Highrate capability (>MHz)

C Signal is induced by both electron & ion movement
towards the anode / micromesh

A Thin amplification gap (5050um) A
A Small imperfection#y, no gain variations

Mesh signal
Pixels/ strips
signals
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A. Cools PhD animation

Incidentparticle

<+— Cathode

Pillars

Readoutpads




A. Cools PhD animation

Incidentparticle




A. Cools PhD animation
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Base Materlal
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Gain
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Spatial resclubian . [uim]

Figure 5.5: Spatial resolution ., using the Carleton TPC: [left] at 0.5 T in T2K gas mixture with two Micromegas
o I o] Lo}
gain 2500 and 4700 ; [right] at 5 T in Ar:Isobutane/95:5 and T2K gas mixtures
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Currentincreaseaith the flux
All curvesparallel
Gainindependentof the rate
No saturationsobserved

0,14

I (nA) |

0,01+

G. Charpalet al. NIMA 1998 412 4%0

0.001 vvvv;'lvvvv ’y ' — —
0 50 100 150 200 250 300

10 MeV protons o

Particle fluxesrom 4x10? up to 2x10’particles mm ¢!
Ar + 5%isobutane
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Pitch 100 pm,
Holes30 um
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A Resistive coating:
A Charge dispersion

A Spark protection

ResistiveMicromegas

A.Belleriveet al.,eConfC05031§2005)0829

Raght pad

R 4000 g
Le® pad 1 Midde pod I
- e oo |
i
- w oo §
I
het hl-!
Jom 7000 |
I
120 ' 15004
(1] 1 1o §
B L w
- S — Jr}:‘——\.—
Bl -l L.} ] [ ] - e &1 m
Thre bt Tivei i Time bin

Figure 1.11: [Top| Resistive Micromegas principle. [Bottom| Pad signals recorded by an electronics after shaping.

DavidAttie, HDR, October 2022

28



Mesh support pillar

Resistive Strip

0.5-5 MQ/cm

Resistivestrips Micromegas

Embedded resistor
15-45 MQ Smm long
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ResistiveMicromegas

FromR. DeOliveira
All Resistive MM structures RD51 MPGEchool0z23

Medium-rate detectors 100kHz/cm?2 High-rate detectors 10Mhz/cm2
Side evacuation of the charges Charge evacuation inside active area

EXEEEERTETS | 2013 FE — E—% 2015

Screen printed resistive strips (ATLAS NSW) 2 layers with screen printed pads
or or
|| 2015 = — o | 2020
1 full DLC layer
2 DLC layers without patterns

M. Alviggiet al., eprint:2411.1702
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https://indico.cern.ch/event/1239595/overview

J. Feng et al 2021 NIM A 989 (2021) 16958

ThermalBondedMicromegas

(a) Stretching of thanesh

(b) Presetting thespacern the anode
(c) Setting thebordersfor the meshfixation
(d) Stackinghe mesh

(e) Thermalbondingusinga hot roller

() Completeview after full assembly
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Hot Roller
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Readout PCB
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iron-55 spectrum @ —400(600)V Ar94%iC4H ,

400 = entries 1024
[ T | L L T T LI B LI L B B N B B | ] ﬁ‘45 r L T r T T ™1 T T T T T -] E mean 502:}
| argon: isobutane ] . argon: isobutane 350 £ N8 00,
| e 96:4 | 0.40 964 E prob  0.5443 .
- 055 ; =oss | w0 R e
q =+ 94:6 g 035 | = 94:6 - E o op2 30.83:0.58
107 B = 93:7 - = : ¥ 93:7 4 250 £ p3 47.44%11.51
i LB - 1 T pd 5852482
£ [ - 92:8 13 030 | -+ 92:8 £ E P 93t
gﬂ - ==01:9 : E ’ N ===01:9 ] 200 p6 0.005409+0.001736 13.7%(FWHM)@5.9 keV X-ray
" - 0 E - = G(): . - p7 4.672+0.99
g [ = 90:10 i ?‘:ﬁ 0.25 |- il E 150
L 4 = - ] o
= -
100
10° 2020 - - kbeta/kalpha:1.109146
i g 1 o015 | 4 OF
i 1 - ] £ o pes | |
Lo o by e 1 MR B AR SRS SRR A | ﬂ]u' ol 2ol N
: ; p 0 200 400 600 800 1000
300 320 340 360 380 400 420 440 460 480 500 10 10
HV1/V gas gain
J. Feng et al 2021 NIM A 989 (2021) 16958 52



Mesh
Readout
plane

Type of
mesh

Advantages

TWO mechanical

entities
Any 30 um
type Stainlessteel

Robust
Demontability
Industrial
Large Surface manufacturing
procesgyPCB)

XYMicrobulk (2012)

M | crome g ana m | Iy Piggybac20213)

Standard Bulk Ingrid Microbulk ThermalBonded
1996 2003 2005 2006 2011

INTEGRATED:
ONE singlentity

1pum S um 30 um
Aluminium Copper Stainlessteel
Excellenenergy In'I[:rllns_lg?IIy Easy mass
resolution exibie production
without the need
Singleelectron SIS for etching
efficiency High gains

Radiopure




L-Rwell

]inst PURLISHED RY IOP PURLISHING FOR S1SSA MEDIALAR

Rucesven: Ocioder 2, 2004
ACCEFTED, Janwary X, 2013
PUNLISHED: February 1N, 2015

The micro-Resistive WELL detector: a compact
spark-protected single amplification-stage MPGD

G. Bencivenni,”' R. De Oliveira,” G. Morello® and M. Poli Lener’

“Laborators Nazionals di Frascan dell'INFN,
Frascan, Raly

*CERN.
Meyrir, Switzerland

E-mail: giovanni .bencivenni®lnf . infn.it

Top copper layer
——

kapton™™

Resistive foil (p)
“

Pre-preg —
Padie g .u‘l'f.l.fa,(.l‘\ru‘ .

NOT IN SCALE

A The HRWELIis composedof a (\RWELL PCB + Cathode

A pPRWELL PCB : amplification stampipledto the readout PCBhrough aresistivelayer

A Resistivdayer: Diamond-LikeCarbonwith aresistivity 20-100 MOhm/square
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U-RwellLowrate: Singleresistivelayer

A Basedon GEM fabrication techniquedMicromegaslike

Singleresistivelayer (20141017) A

Top Cu

vias

Readout

Pre-preg A

G.Bencivennet al, 2019JINST 4 P05014

Metalized e A

amplification and signal formation

2D current evacuationbasedon a singlaesistivelayer
Groundingaroundthe active area

For large areaproblemthe path of the current
dependson position=> detectornhomogeneity

Limited ratecapability< 100 kHz/cm
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Doubleresistivelayer
Silvergrid

1st matrix vias (v1)
Top Cu

Top Cu
DLC

2nd matrix vias (v2)
Read-out :

SG2
Dead Area

A Verygood performance
A Complexmanufacturing

due to the double matrix 1260.39 pm
of vias A Good performance

A 2Devacuationschemeby a
conductivegrid (screenprinted or
etched)

A Alignmentof the conductivegrid
pattern with the ampilification
pattern difficult

L-Rwellhigh rate

M. PoliLener MPGD 2022

PERPatterningEtchingPlating)

To o

Single DLC layer
DLCgroundingfrom top
by kapton etchingand
plating

No alignmentproblems
Scalablgo largesizes:s



u_ Rwe I I h I q r ate clség?eggivennbt al, NIM A 1069 (2024)
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Efficiency

L-Rwellhigh rate
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g MPGD Applications



Experiment /
Timescale

COMPASS
TRACKING

> 2002

TOTEM
TRACKING:

> 2009

LHCb MUON
DETECTOR
>2010

COMPASS RICH
UPGRADE
> 2016

ATLAS MUON
UPGRADE

CERN LS2

CMS MUON
UPGRADE

CERN LS2
ALICE TPC
UPGRADE

CERN LS2

Application
Domain

Fixed Target
Experiment
(Tracking)

Hadron Collider /
Forward Physics
(5.3<|n| =6.5)

Hadron Collider /
B-physics
(triggering)

Fixed Target
Experiment
(RICH - detection of
single VUV photons)
Hadron Collider
(Tracking/Triggering)

Hadron Collider
(Tracking/Triggering)

Heavy-lon Physics
(Tracking + dE/dx)

MPGD
Technology

3-GEM

Micromegas w/
GEM preampl.

3-GEM
(semicircular
shape)

3-GEM

Hybrid
(THGEM + Csl
and MM)

Resistive
Micromegas

4-GEM / TPC

Total detector
size / Single
module size

Total area: 2.6 m?
Single unit detect:
0.31x0.31 m?
Total area: ~2 m?
Single unit detect:
0.4x0.4 m?

Total area: ~4 m?

Single unit detect:
up to 0.03m?

Total area: ~ 0.6 m*

Single unit detect:
20-24 cm?

Total area: ~ 1.4 m?

Single unit detect:
~06x06m?

Total area: 1200 m?

Single unit detect:
(2.2x1.4m2 ) ~2-3 m?

Total area: ~ 143 m?

Single unit detect:
0.3-0.4m?

Total area: ~ 32 m?

Single unit detect:
up to 0.3m?

Operation
Characteristics /
Performance
Max.rate: ~100kHz/mm?*
Spatial res.: ~70-100pm
(strip), ~120pum (pixel)
Time res.: ~8ns

Rad. Hard.: 2500 mC/cm?

Max.rate:20 kHz/cm?
Spatial res.: ~120um
Time res.: ~ 12 ns
Rad. Hard.: ~ mC/cm?

Max.rate:500 kHz/cm?
Spatial res.: ~cm
Time res.: ~ 3 ns
Rad. Hard.: ~ C/cm?

Max.rate:100 Hz/em?
Spatial res.: <~ 2.5 mm
Time res.: ~ 10 ns

Max. rate: 15 kHz/cm?
Spatial res.: <100pm
Time res.: ~ 10 ns

Rad. Hard.: ~ 0.5C/cm?

Max. rate: 10 kHz/cm?
Spatial res.: ~100pm
Time res.: ~ 5-7 ns
Rad. Hard.: ~ 0.5 C/cm?
Max.rate: 100 kHz/cm?
Spatial res.: ~300um
Time res.: ~ 100 ns
dE/dx: 11 %

Special
Requirements /
Remarks

Required beam
tracking (pixelized
central / beam area)

Operation in pp, pA
and AA collisions.

Redundant
triggering

Production of large
area THGEM of
sufficient quality

Redundant tracking
and triggering;
Challenging constr.
in mechanical
precision
Redundant tracking
and triggering

- 50 kHz Pb-Pb rate;

- Continues TPC
readout

- Low IBF and good
energy resolution

MPGD @CERNeXperiments

M. Titov
Gaseousletector lecture

at the ICFAschool2023

(Not upto-date)
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MPGD @nhuclearphysics

MPGD Vol Operati
e | o, | R [ || s

Counting rate < 1074
ACTAR (6ANIL) u-megas 8000 em? 0.01-3 nuclei but higher if some  Under Construction
beam masks are used
FADC electronics
2*256 channles

MAIKe (RNCP) p-PIC 2750 em?3 0.4-1 Test

Continuous-wave
PANDA (FAIR) p-megas/GEM 22500 em? 1 operation: Under Construction
10! interaction/s

FADC electronics R D5 1 M PG D

CAT (CNS) GEM 2000 em? 0.2-1 400 channels Test
3 H-megas 3 ) GET electronics : SChOOBOZB
pAT-ATP (NSCL) (+THGEM) 2000 em 0.01-1 956 channels Operational M C t :
) y-megas : i GET electronics : . ories]
AT-TPC (NSCL) (+THGEMs) 8000 cm 0.01-1 »10'000 channels Operational
TACTIC (CNS) GEM 8000 cm3 0.25-1 '-°""(f’;ih";$:}s)" gy Test
MINOS (CNS) H-megas 6000 em? 1 # of Channel= 600 Operational
High dynamic range Under Construction
SuperFRS (FAIR) GEM Few m? 1 Particle detection from p Run: 2018-2022
to Uranium
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Experiment / Application MPGD Total detector Operation Special

Timescale Domain Technology | size / Single Characteristics / Requirements /
module size Performance Remarks
T2K @ Japan Neutrino physics TPC w/ Total area: ~ 9 m? Spatial res.: 0.6 mm The first large TPC
(Tracking) Micromegas dE/dx: 7.8% (MIP) using MPGD

Single unit detect: Rad. Hard.: no

Start: 2009 - now 2
0.36x0.34m*~0.1m Moment. res.:9% at 1 GeV

SHiP @ CERN Tau Neutrino Physics Micromegas, Total area: ~ 26 m? Max. rate: < low Provide time stamp
Start: 2025-2035 (Tracking) GEM, mRWELL Single 12mit dgtect: Spatial res.: < 150 um of the neutrino
2x1m?~2m Rad. Hard: no interaction in brick”
LBNO-DEMO Neutrino physics LArTPCw/  Total area: WA105 3x1x1 and 6x6x6:  Detector is above )
(WA105 @ CERN): (Tracking+ THGEM double 3 m2 (WA105-3x1x1) . ground (max. rate is M. Titov
Calorimetry) phase readout 36 m? (WA105-6x6x6) Max. S determmec_l oy o
S Single unit detect,  SPatialres: 1mm flux for calibration)  Gaseousletector lecture
PE Time res.: ~ 10 ns
2
Codoneantine Lo e o at the ICFAschool2023
DUNE Dual Phase
: Max. rate: 4107 Hz/m? Detectori
Ear Detactor LArTPCw/  Total area: 720 m? ) elector 15 ) _
Start: > 20232 THGEM double  Single unit detect. AR underground (rate is (N otu pto d ate)
art: ? Rad. Hard.: no neutrino flux)

phase readout  (0.5x0.5 m2) ~ 0.25 m?

Hidden Sector
decay volume

<. Parcle ID

e muon shield

42



https://indico.tifr.res.in/indico/sessionDisplay.py?sessionId=5&confId=8491#20230214
https://indico.tifr.res.in/indico/sessionDisplay.py?sessionId=5&confId=8491#20230214

Experiment /
Timescale

Application
Domain

Total detector

size / Single
module size

Operation
Characteristics /
Performance

Special
Requirements /
Remarks

DARWIN (multi-ton Dark Matter Detection THGEM-based

dual-phase LXe TPC)
Start: >2020s

PANDAXIII @ China
Start: > 2017

NEWAGE®@ Kamioka
Run: 2004-now

CAST @ CERN:

Run: 2002-now

IAXO

Start: > 2023 ?

Astroparticle phvsics

Neutrinoless double beta

poiebre i)

Dark Matter
Detection

AstroParticle Physics:

Matter, Chameleons
detection

AstroParticle Physics:
Axions, Dark Energv/

Matter, Chameleons
detection

GPMT

TPC w/
Micromegas
pbulk
TPC w/
GEM+PIC

pbulk and
InGrid
(coupled to X-
ray focusing
device)

Micromegas
ubulk, CCD,
InGrid (+ X-
ray focusing
device)

Total area: ~30m?

Single unit detect.
~20 x20 cm?
Total area: 1.5 m?

Single unit det.
~ 30x30x41(cm?)

Total area: 3 MM
ubulks of 7x 7cm?

Total area: 1
InGrid of 2cm?

Total area:
8 ubulks of
7 x 7cm2

Max.rate: 100 Hz/cm?
Spatial res.: ~ lcm

Time res.: ~ few ns

Rad. Hard.: no

Energy Res.: ~ 1-3% @ 2 MeV
Spatial res.: ~ 1 mm

Angular resolution: 40° @
50keV

Spatial res.: ~100um
Energy Res:
14% (FWHM) @ 6keV

Low bkg. levels (2-7 keV):
uMM: 10-6 cts s-1keV-1cm-2
InGrid: 10-5 cts s-1keV-1cm-2

Energv Res:
12% (FWHM) @ 6keV

Low bkg. Levels (1-7 keV):
ubulk: 10-7cts s-1keV-1cm-2

Operation at ~180K,
radiopure materials,
dark count rate ~1
Hz/cm?

High-pressure (10b
Xe)

good separation of
tracklike bkg. from
X-rays

High radiopurity,
good separation of
tracklike bkg. from

X-rays

M. Titov
Gaseousletector lecture

at the ICFAschool2023

(Not upto-date)
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& Two chosenapplications



Frontend and
backend
electronics

Opticalreadout

Charge anaptical readout

=
N
o

80

60

40

20

QE (%), Emission (a.u.), Transmission (%)

QE of the ORCA Quest camera
Scintillation spectrum of Argon/CF4 (90 %/10 %)
150 nm thick ITO layer optical transmission

]

200 300 400

500 600 700 800
Wavelength (nm)

Opticalreadoutof MicroPatternGaseousletectors

duringelectronavalanche multiplication

High spatiafesolutioncanbe obtained

(MPGD3 relies orrecordingscintillation lightemitted

Scintillationspectrumof gasmixtureswith CF; iswell
suitedfor readoutwith CCD or CMQ#hagingsensors
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Frontend and
backend
electronics

Opticalreadout

Charge anaptical readout

=
N
o

=
o
o

(0]
o

=y
o

N
o

QE (%), Emission (a.u.), Transmission (%)
o)
o

o

QE of the ORCA Quest camera
Scintillation spectrum of Argon/CF4 (90 %/10 %)
150 nm thick ITO layer optical transmission

200 300 400 500

AUse of cameradrge numberof pixels use oflensfor

largefield of view)

AEasyhandling of the data(lightintensity matrix)

light integration approach

600 700 800

Wavelength (nm)

AOnlineimagingthanksto verylow dataprocessingind
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X-ray fluorescencewith optically read-out
GEM

20 keV X-rays y Qoiect A Materialsare excitedby Xrays
Eﬂme Characteristic A Characteristicray emissonis
Xrays | Pinhole produced
A8\ A Xray fluorescenc& identification
Triple GEM [ oo ZZJ of dlﬁerenj[ materlals”_] an Image
A Recordedight proportionalto the
CCD camera . energyof the incidentparticle

F.M. Brunbauer eal 2018 JINST 13 T02006
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X-ray fluorecencewith optically
read-out GEM

Entrance window

Cathode
Tﬂple GEM PEREEIONE0eIRIE NN IRIRIOIOIesePIRIeIeRIOIeIeIeIenIOIe

F.M. Brunbauer e&l. 2018 JINST 13 T02006

Viewport

CCD camera .
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Context oncologicalesearch
Drugslabelledwith tritium 3H
Drugefficiency\C measuremenbf 3Hactivity

) L
. e ___Inter-tumour
N« P ':‘l.‘ |\ { ) heterogeneity
NS \ W
1 - | | | e
' I\\:\ 3 S \’\W ' :r'..
bl | J:‘ &A\ (ID// R
(| ¥ AW |y N )
) '\] g ¢
/( | |
‘: |-‘ 1 ,'»‘ .‘"._| I /
.['[\ / 4 1" "l -‘ 1' \
PAL\N 1/ | )
(i /A F
\ A\ ,‘ v | ’ ] A
{ Y / >
N | J‘ |
s D |;‘ I
A
[ If
ALEN
/@~
4 ¥
Dominance of clone 1 Dominance of clone 2

Intra-tumour

heterogeneity
De® |
%
A\ )

Mixed dominance

Marusyk, Nature Reviews Cancer 12(5) (2012) 323-34
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Betaimagingwith GlassMicromegas

A. Cools PhD 2024 Université P&i#lay \ '-'" Camera

Cathode
3H glucose ; ; : : ] —
6 mm
Mesh
Glass | Sampleholder

Camera
@

A SHconcentrationT Sample activity§q)

A Assess the@ii A GA G & YSIFadzZNBYSy U aSyaaiiidRgilBgahdyléBgRe vy I Yé\OC) NJ
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100 4

300

400 :

100 200

Light intensity profile over time
5 s exposure time frames for 1h acquisition
Gain ~ 16

Mean activity (Bq)

10

Ll

1 Ll

L L Ll

I .
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(::) (i) tiJ

Y 4 _\I 4 _\‘
' Ny p—y

Y Y Y
( |
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0.1 Bgq
" N N 1 Bq

Ny I‘\._/" \_/'

10 Bq

| Reference
| Micromegas (integration mode)

T T T LU N R B B R |

T T LU B B B B I |

10

Scintillation counting (Bq)

A. Cools et al NIMA (2023)1048 167910
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Summary

MPGDsGEM andMicromegas are mature technologies

Thinamplification region (~108m), well separated from conversion / drift region

A Fast collection of positive ions (~1086)
A Fastsignals (~ ns)
A High gain (30°)

A Highspatial resolution (~36m)

A Highrate capability (~MHz/m#)

A Low ion backflow (~%)

A More robust thanwires

A Better ageing / radiatiomardness
A Large area scalability

A Fabrication simplicity / lower cost
A Versatility (tracking, TPC, imaging)
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Summary

AMPGDgoday. GEMMicromegasand [RWell

AVersatile, adaptabl€ wide range of applications

HighEnergyPhysics
NuclearPhysics
Rareeventdetection
Neutrinophysics
Polarimetry

Applicationdbeyondfundamentalresearch MuontommographyMedicalPhysics,
Neutrondetection

Talksby P. lengo, M. Cortesi, Bortfeld
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Perspectives

AChallengindR&D
A Opticalreadout RD51 MPGBchook023 E. Oliveri

AHigh ratesAgeing
AlLarge areas

AR&D for futurecolliders FutureCicularcollider (FCCEicularelectron
positroncollider(CEPC), Electron IQollidero 9 L / 0 X

ATrackers
AMuon detectors Talk DGonzalez
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Further reading

F. Sauli and A. Sharma, «Migratern GaseousDetectors» Ann.Rev.Nucl.Part.54P (1999)341-388

;(Sgaiomatari,sd 5S @St ardyr&syedts of the new gaseous detediticromegags > blLa ! nwMd
F Saulig ¢ & electron multiplier (GEM): Operating principles and applicatiagns bLa ! 41 p 0

S BresslergTheThick Gas Electron Multiflier and its derivatives: Physics, technologiegpphcations,
Progress Particle and Nuclear Physics 130 (2023) 104029

~ V4 ~ ~ Ve

D. Attié et al., «Current Status and Future Developmentdvbéromegass SUSOU 2 NR T2 NJ t Ke &
Appl.Science$l (2021) 125362

GaseoufRRadiation Detectord;undamentabnd Applications, Fabio Sauli, Cambritmographson Particle
PhysicsNuclearPhysics an€osmologyCambridgeJniversityPress

Micro-PatternGaseous Detectors: Principles of Operation and Applications, Fabio Sauli, World Scientific
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Spare



A High RateCapabilityC MHz/mmn? (MIP- Minimum lonizing Particles, 2MeV érg)
A HighGainC Upto 10P-10°

A High Spac&esolutiorC <100mm

A Good TimeResolutionC In general few ns , subs in specific configuratior
A Good EnergyresolutiorC 10-20% FWHM @ softKay 6 KeV)

A Excellent RadiationHardness

A Good AgeindProperties — > :
A lon BackflowReduction C ~% level,below % in particulaconfigurations Lq«y % _J*'g-é# ‘n-rté’ -‘w

A Large size
A Low material budget

A Low cost
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Micromegasproperties

A High gain (>19

A Good energy (11% @k&V) and time resolution (< 1 ns)

-u—’-‘"-’-‘

A Low material budget

'

CCIC IO LK KN X ;’-_
A Good spatial resolution (~100 pm) S o P LR R L S PR
i »:,:-;:.:«-.s.* ......... = ...'
_ an LI
A Reduced ion feedback < 1% ".'_.‘ii.:'.:.‘:i" f=i:‘-* .!'::1:7:
» n'sn's
A Radiation hardness (p/cm?) SEBEE
MmeEuuE,
A Fastion collectiond, operation at highflux “Sne'sm's
A | | L OO
Good Ageing Properties - ': ’=§=‘_’=ﬂ:’:‘ ;:':-.. .'. N,
. AESEEEE BN WK I
A Largesize i_,li-iiil.lil, ll,l.li _i!' .‘.'l 'n
BRSNS ENEEE WO N

.
L ‘.
N

A Lowcost

A Copewith sparks resistivecoating
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M. Chefdevilleet al.,Nucl Instr. Meth. PhysRes A 556, 490 (2006)
H. van der Graafjucl Instr. Meth. PhysRes A 580, 1023 (2007)

A Meshisdirectlybuilt on thesiliconpixelreadoutchip

A High gain angmallpixel sizeallow singleelectrondetection

A Highresitivesiliconoxidelayer protectionagainstdischarges
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Hybrid Implementation: GEM #Micromegas

Contents lists available at ScienceDirect.

Performance of large pixelised Micromegas detectors
in the COMPASS environment

Nuclear Inst. and Methods in Physics Research, A

I VI SEVIER journal www.elsevier.

The hybrid MPGD-based photon detectors of COMPASS RICH-1

J. Agarwala®, M. Alexeev®, C.D.R. Azevedo®, F. Bradamante ?, A. Bressan ¢, M. Biichele®,
C. Chatterjee, M. Chiosso®, A. Cicuttin *, P. Ciliberti ¢, M.L. Crespo®, S. Dalla Torre?,

S. Dasgupta®, O. Denisov’, M. Finger®, M. Finger Jr.%, H. Fischer, M. Gregori, G. Hamar®, F. Thibaud,' P. Abbon, V. Andrieux, M. Anfreville, Y. Bedfer, E. Burtin, L. Capozza,
F. Herrmann®, S. Levorato?, A. Martin 9, G. Menon?, D. Panzieri", G. Sbrizzai, S. Schopferer®, .

M. Stunecka®, M. Sulc', F. Tessarotto®, J.F.C.A. Veloso®, Y. Zhao® C. Coquelet, Q. Curiel, N. d’'Hose, D. Desforge, K. Dupraz, R. Durand, A. Ferrero,
X, o T ety of Tk, o, Dy

S Pk Dt Uniely o Aoy At Pt A. Giganon, D. Jourde, F. Kunne, A. Magnon, N. Makke, C. Marchand, D. Neyret,
© Universitiit Freiburg, Physikalisches Institut, Freiburg, Germany
{INFN, Sezione di Torino, Torino, laly

e T e i, i, i B. Paul, S. Platchkov, M. Usseglio and M. Vandenbroucke
® INFN, Sezione di Torino and University of Fast Piemante, Alessandria, Ttaly
i T, 0157 ey
LT b CEA Saclay DSM Irfu,
e QU198 Gif sur Yvette Cedex, France
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Fig. 2. Sketch of the hybrid single photon detector: two THGEM layers are coupled to a -3 *** _'.
MM. Drift and protection wire planes are shown. Image is not to scale. ; | r— . g ‘0'6 .* MM+GEM
=4 b NEn | - -':!h - ".- _ B .E ‘*
| ; ’ T el a 7
w
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(a) Hybrid detector: insertion of a GEM foml above the
micromesh.

Fig. 3. Two Micromegas mounted side by side in a PD. The pillars that preserve the
distance between the micromesh and the THGEM above it are also visible.
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HBD for PHENIX BONUS RADIAL TPC




Micromegasimplementations

CLAS12 T2K CAST NTOF

ATLASNSW

ACTARTPC ATLASNSW MINOS ND280 upgrade Higlngle TPCs
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