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Review on the R&D Activities within the RD51 Collaboration

Kondo Gnanvo
on Behalf of the RD5 Collaboration
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Outline

A Introduction to the RD51 Collaboration
A Reviews of RD51 Working Groups & Activities
A Highlight & Achievements

A Future R&D & Flagship Technologies
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A Conclusion




. Brief History of Micro Pattern Gas Detectors (MPGDs)

7VIRGINIA &

the RD51 Collaboration

Start ~ 2010 with R&D white paper RD51
renewed for
1988 1996 1997 2000 2002 2009 2014 ‘ 2019 3rd term
MSGC GEM UPIC THGEM URWELL
Micromegas

Supported by a collaboration of people & Institutes

with the GERN GDD lab at its core
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MPGD Technologies in HEP, NP experiments and beyond:
x  GEMs ¢ COMPASS Trackers, CMS Muon Upgrade, ALICE TPC, KLOE2 CGEM, SBS GEMs (JLab), STAR FGT (BNL). ESSn-Det ecti on
x Micromegaseg COMPASS Trackers, ATLAS Muon Upgrade, CLAS12 MVT (JLab), T2FK
x THGEMs g COMPASS RICH upgrade, LBNO-DEMO, AT-TPC (NSCL)
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Gas Electron Multipliers (GEMSs)
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Diversity of MPGDs

Micro Mesh Gaseobfs Structure Micro Wire Chamber

o Drift gap
= 40 kv/em \Qum
l ‘
- 1- - -Micromesh- - - - = - - - f/- - - — Hv2 N
Amplification
Anode plane gap E;

HVA

7%'\

MicroWELL

Insulating support  (3004)

R.BellazziniNIMA 423 (1999) 125

I j Particle

Y.Giomataris NIMA 419 (1998) 239

So
Kapton layer ,hany oth

Metal 1 layer M | Cro Dot

Read-out strips CATHODE ANOINE DT

(Metal 2 layer)
FIFLD RING

Figure 26 Schematics of the microdot chamber A pattern of metallic anode dots
swrounded by field and cathode electrodes 13 mmplamented on an insulating substrate,
usng mecroelectronics techrology. Anodes are mterconnected for readout.

BiagiSF, Jones TJ. NIM A361:72 (1995)

Micro Gap Wire Chamber g

Figure 2.27 Scheme of a MGWC with
equipotential and field lines. The circle filled
with lines is the section of an anode wire
[CHRISTOPHEL1997].

NIMA 398 (1997) 195
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Equipotential and drift |
(with zero diffusion)

’ R.Bellazzinj NIMA 424 (1999) 444
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U ® RD51 objectives and achievements

7VIRGINIA

Advance the technological development and application of Micro Pattern Gas
Detectors (MPGDs) and contribute to the dissemination of these technologies.

=
&
A
S
Development Dissemination Tools and facilities g
2
R
High-Energy Physics Common infrastructures &
: s : ALICE, ATLAS, CMS, C , KLOE, BESIII, SBS, EIC (GDD lab, common test beam) =
Exploit existing technologies Setoctors ompass =
. . P
Large size single-mask GEMs i S
Resistive Micromegas Electronics S
Fundamental research beyond HEP (Scalable Readout System SRS, instrumentation) &
, LBNO-DEMO, active-target TPC =
Develop novel technologies activeriarget TH-s Simulation
P I, CRWELL, GRIDPIX .
¢ Beyond fundamental research (Garfield, Magboltz, Degrad, neBEM)

Muon radiography, n-detection, X-ray radiographies




Uf"\?ggsﬂ RD51 Working Groups

WG1: Technologies & New structures ¢ R&D

support for experiments and LHC upgrades Technplogital Aspects nd
Development of New Detector
Common Facilities : Test Beam and Laboratory
Structures 3
WG2: Characterization & Detector physics K ;
Tl [ 2

Production, quality
control, industrialization

e EUH

WG3: Training and dissemination

Common Characterization
and Physics Issues

WG4: Software & Simulation Tools

\ MPGD Related Electronics

WG5: Readout Electronics (RD51 SRS)

Academia-Industry Matching WG3:
Events, Training, Education /

"}S11q1SOAON dNIg ‘82-¥¢ Arenigad - 024 LSNI

WG6: MPGD Production & Industrialization

WG7: RD51 Lab and Test-Beam Infrastructure
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Expertise & people

-

CERN GDD team

Gas Detoctors BRD Lab,

Qe )

RD51 Working Groups & Its Environment

Tools & facilities

ﬂDD Lab

Test Beams

MPT Workshop Thin FiImQ

Electronics

Activities

ﬂ)etector
physics

Generic R&D

Meetings &
conferences




UpvERSITY RD51 Achievements and Highlights

Bacen
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C Consolidation of the Collaboration and MPGD community integration (90 Institutes, ~500 members); Conferences, Meetings, Workshops, AIMEs,
Schools, Lectures, Trainings

C  Major progress in the MPGD technologies development in particular large area GEM (single mask), MicroMegas (resistive), THGEM; some picked
up by experiments (including LHC upgrades);

x ALICE, TPC read-out, ~ 500 m2 of GEM foils

x ATLAS, small wheels, 1200 m2 to be instrumented

x CMS, GE1/1 forward detectors, 250 m2 of GEM foils

x COMPASS RICH, 4.5 m2 to be instrumented, single photon detection

C  Secured future of the MPGD technologies development through the EP-DT-MPT workshop upgrade and FP7 AIDA & AIDA2020 contribution;

C  Contacts with industry for large volume production, MPGD industrialization and first industrial runs;

C  Major improvement of the MPGD simulation software framework for small structures allowing first applications;

C  Development of common, scalable readout electronics (SRS) (many developers and > 50 user groups); Production (PRISMA company and
availability through CERN store); Industrialization (re-design of SRS in ATCA in EISYS); SRS Technology CERN spin-off, APV and VMM
interfacing.

C Infrastructure for common RD51 test beam and lab facilities (>20 user groups)

"}S11q1SOAON dNIg ‘82-¥¢ Arenigad - 024 LSNI




ﬁ‘ﬁ}m WGL1: Technologies & New Structures

RGINIA

Development of large area detectors driven by RD51 & LHC Experiments Upgrades

Large GEM e single masks; Large & spark-resistant Micromegas g Resistive; single photon Detector THGEM + Micromegas € Hybrid MPGDs;

CMS Muon system upgrade ALICE TPC upgrade ATLAS NSW upgrade COMPASS RICH upgrade
GEM Micromegas THGEM + Micromegas
M i -

RICH-1 at COMPASS experiment, CERN

3 The CMS GEM pro;ctt e

Motivation

Resolution studies
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Calorimetry with MPGD

Resistive Micromegas for Sampling Calorimetry

. Chefideville®, Y. Karyotakis (IN2P3/LAPP, Annecy), T. Geralis (Demakritos, Athens), M. Titov (IRFU, Saclay)

calonmetry at ruwre collider will be based on Particle Flow (PF)

- highly segmented calorimeters (small pads, many layers)

Micromegas meets most of the technical and performance requirements (m*size prototypes)...
...but sparking might result from dense shower ionisation (e.g. nuclear recoils, EM shower core)
- spark suppression by means of resistive coatings

pillars

What resistive coaling? Embedded resistor mesh BN B _ B B _m_m
Allows charge evacuation from top-to-bottom Repad .#‘

- no lateral charge dispersion Insulator

. maintain calorimeter imaging capabiey

RC-constant controlled with embedded R-pattern

m fi

B Star, 400k, 1=40ps |[ Minor,4MQ, 1= 0.4 ms || Snake, 40MQ, 1=4ms

i .
-1

§an |

i

Green dot = R-pad contact, blue dot = RO-pad contact

Resistive Material

Other MPGD development using
carbon sputtering

» Resistive u-PIC
New version using carbon sputtering
is being tested
» Resistive GEM
The resistive electrodes are made by
very thin (50 - 300nm) material
+ It will improve the signal gain
We have just made it, and it is being
tested now.
+ (Scienergy + Raytech)

Substrate
- 100um

A. Ochi, KUBEC Workshop ~ 2014/8/29

New Materials (Glass GEM)

Introduction - Glass GEM

m @Buan
Radiation Gas ‘ambflﬂnnln_

Electron & Ot socn

High field
inside each hole

+ Photosensitive Etching Glass
(PEG3, HOYA Corporation)
[1]Rigid, Self-supporting

[2]No outgas

[3]Robust against spark

good uniformity and fine pitch

The Latest Results of Crystalized Glass GEM,
Y. Mitsuia, RD51 miniweek (GDD/RD51 lab)

Fast Timing
MicroMegas based:

(initial tests March/April 2015)
Ne-Ethane(10%)-200 micron drift+50micron Micro Bulk

€ asopne

avalanche

Saclay | . 1 B P
Chamber / N

otocalinde

WGL1: Technologies & New Structures

New Large Area Thin Detectors

The p-RWELL performance (I)

The prototypes have been tested with Ar/C(, =70/30 & Ar/i-C,H;, =90/10 gas mixtures
and characterized by measuring the gas gain, rate capability and discharge in current
mode.

The devices has been irradiated with a collimated flux of e

5.9 keV X-rays generated by a PW2217/20Philips Tube. T T
The gain has been measured vs potential applied between .. \_: E—
the top of the electrode of the amplification stage and the [y |_’
resistive layer.
Ari-CH,, =9010
E
3
10t

GAIN UP TO 10+ «
pla
104

o RVELL 80 MO Arcitl,
o R-NELL 100 BT A4S0,

G150 100 180200 480" 00" 450 {0t dsg.
AV, (V)

1

M. Poli Lener p-RWELL DETECTOR 10

JreT

Neutrons Detection

In the Lab L e e

241AmBe source

neutron moderated with PE
Over 10x10cm?:

-n < 100Hz

- Y/X >> 100kHz

% .50pum thick Cu strips

stop the a/7Li i
Resolution evaluated
from the sharpe edge

k uTPC

. ) il
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%N&‘!T;EE"ESHY WG2: Common characterization & Detector Physics
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Effect of extreme operating conditions ; ; :
on the GEM detector components lon density effects in multiGEM ALICE TPC IBE

lon charges instantaneously modify the electric fields

A

Transfer field modification: o

Measurement

UgiUon, =095
0—U,,,=235V ]

Uy, 255V ]
o— U, =285 V

o
55
5
as
o
35

3

average affecive gain

ectic fiekd (k¥iom)

13|

d C : 1 10 ) )
increase of the effective gain tux (et
L N T i S

Computation
lon distribution at the hole entrance:
reduction of the amplification field

- - N H ' i R
-
- i i | i
L | ' oon 00 05 10 15 20 25 30
ohty ohdn o
ﬂi 0 100 1000 10000

fux (eHzmm’)

computed avarage effeciive gain

Gating GEM

lon back-flow at equal fields

lon back-flow reaches maximum

"}S11q1SOAON dNIg ‘82-¥¢ Arenigad - 024 LSNI

100 T T T T T T T 20
at approx. same voltage as for T EEoven

Top (detail) Bottom (detail) electron transparency i a0 vien iz
= - § LJ 'em - =0
\ / Higher voltages than for electrons  S.| 23
_ 5 8
to fully close gate 5 e
- : §or 1% €
Very preliminary data with large = 0s 5

error bars (not shown)! 20 04

) ) Hoz2

IBF normalized to AV, =20V ol it tiraiill IR

-40 -30 -20 -10 0 10 20 30 40
Top Cross-section (detail) GEM Voltage (V)
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ﬁigm WG3: Training & dissemination

RGINIA

CULTURAL NET-WORK, DISSEMINATION & TRAINING CULTURAL NET-WORK: special events

RD51 schools

RD51 MPGD Lectures:

MPGD students lectures (1 week)
at the International Workshop on

MPGD assembly - 2009

Advance Detectors & RD51 CM in
) Kolkata - 2014
MPGD Simulation - 2011

| EKEE

MPGD Electronics - 2014

Danube School on Instrumentation -2014
in Elementary Particle & Nuclear Physics (Novi Sad Serbia)

Next conferences:
MPGD2021, Weizmann_Israel
MPGD2023, USTC, China

PreVIOUS conferences:
| MPGD2009, Crete, Greece
MPGD2011, Kobe, Japan
MPGD2013, Zaragoza, Spain
MPGD2015, Trieste, Italy
MPGD2017, Philadelphia, USA

MPGD 2

LA ROCHELLE

Academia-Industry Matching Events requirements,

Ne&utron Detection 15t - 2013 ™=

MPGD Applications Beyond Fundamental Scienc!
and the 78" RD57 Collaboration Meeting, Aveiro, |-

ATCHING EVENT
gh-Energy Physics:

k# 13 May 2019,09:00 — 14 May 2019, 18:00 Europe/Rome
Q Aula Multimediale (INFN Bari)

& Piet Omer J Verwilligen (84

Bari (Italy), 13-14 may 2019

tadk, Ger

ity

20.21 October 2016
GS1 Helmholtzzentrum fiir s:hmm:ncnvnr.aum
Darms
£

% WM pyp M [Eav h, naom
S .

TUESDAY, 21 FEBRUARY

l

Precise Timing Workshop
CERN, 21-22 February 2017

13:00 Precise timing workshop

09:00| Welcome

This workshe op is Inlended 10) addvess the needs of a apldly deveonlng Interest goupln RDS1 for fa

"}S11q1SOAON dNIg ‘82-¥¢ Arenigad - 024 LSNI




qjmé"f';"}m WG4: Modelling of Physics Processes and Software Tools

RGINIA

mml‘l AGH UNIVERSITY OF SCIENCE

Mesh transparency . agn AND TECHNOLOGY

Gas detector simulation: new areas High-precision data from AGH

» Electron tracking requires improvement. . o
. .. P Current reference is taken at the ionisation level.
» Discharges and Resistive layers.

100% 1 S— » Main source of error: ~5 %.
e 'y . . : : i : : . e a
o E 0% - oot 111 W LT L e e e
» Jon diffusion. b M, . / L o]
w 60% 1 2R g . - 3 E
g 2 -.'0 ¢ / F ] r
" » . [ 1000 — 1 000
£ 40% P T [~ 3 E
. . . . ] . e Fe 3 lf‘ F
» Refinement of ionisation esp. at low energy. 3 X! § Pl e
1 S 3 O - 3 E
i 60-18 (Sim) ~---45-18 (Sim) s S \ ] ‘.-"( i
00% 4——6018, 0.01% 02 (Exp) * 45-18, 0.08% 02 (Exp) 18— S
: 0 00 000  E_Drift [V/ & Tonisation without gai [ ] J/ i
» Integration of boundary element methods. ' : ‘ i < > Tonisation withou gin L
Fig. 5. Fraction of measurable signal electrons dependence on the drift field for two B N P e S0 0 s tmo tew com se a0
mesh geometries, experimental data (normalized signal strength) and simulation Applied HV V] Applied valtage [¥]

prediction (non-lost electrons after drift and mesh transition).

. [Fabian Kuger et al. 10.1016/j.nima.2015.11.011] .
Charging-up of a GEM J 4diPN

Single-electron spectra"-f )
b Gain Changes as a reSUlt 120 blue: Pélya signal + Gaussian noise fit; i
. red: Monte Carlo (Magboltz), not fits !
of the charge deposits. 11} o Ar95% iCH, 5 %, E=zzi12 KVfem, “F
lon distribution at the hole entrance: Ne 95 % iC/H,, 5 %, E=26.25 kV/em,

1h He 95 % iCH,, 5 %, E=26.25 kV/cm,

reduction of the amplification field

» Electron tracking to be
refined. 08 = Exp. Mythra, RD51 2012
o —4—Simulation, dynamic method
0.7
0.6
0'50 0.2 0.4 , 0.6

Charge x hole™ '[nC]
P [Pedro Correia et al.
10.1088/1748-0221/9/07/P07025]

€Y €3 Y ¢y

PR W —
5000 10000 15000 20000 25000
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o
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U %TQEESITY WG5: Electronics - Scalable Readout System (SRS)

7VIRGINIA

A multi-purpose Scalable Readout
System with different front-end
chips is developed and maintained

in the RD51 collaboration.

This simplifies detector R&D and

can be scaled from small

prototypes to operational

A Dedicated community built around

)sJ1qISOAON dNIg ‘82-17¢ Memqa!— 0Zd1SNI

FE Hybrids: APV25,
VMM3, VFAT, SAMPA

€ A Fully supported by RD51 collaboration

experiments.

detector electronics

H. Mller, Development of multi-channel readout system optimized for gaseous detectors
https://indico.desy.de/indico/event/7435/material/1/4.pdf



https://indico.desy.de/indico/event/7435/material/1/4.pdf

N )

UMIVERSITY WG5: Wide deployment of the SRS

7VIRGINIA

SRS & APV25 (PRad JLab) SRS for R&D on Detectors

PRad e-p scattering experiment in

Summer 2016 @ JLab (HallB)

A PRad GEMs with APV25-SRS
(9k strip read out)

A Large scale SRS to run in an
experiment g > 9k e- Ch,

A @ atrigger rate = 4 kHz N

Eurocrate 4 or 8 FECs

SRS for experiments (ATCA

LHC experiments: from detector to counting room
DETECTOR DETECTOR- FRAME Cavern Counting room Online
r<lm r<5m r < 100m r < 200m r > 200m

A Untold success story of SRS

SRS crate / SRU combo | &

SRS+Timepix {IPCK
Bonn/Desy

cksaa | | POisy & harsh ] Low radiation
ow magnetic field < 5 Gauss || networks)

SRS —ATCA*

"}S11q1SOAON dN&-8Z-¢ Alenigad - 024 LSNI
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U ﬂ'—?'Esm WGS5: Lab Equipment developed by The RD51 community

a scalable HV power supply

GAVD board and E-fuse bogrd AP'_C QUAD MPGD signal system with SoC control and
- c:i p?|4a net-)fused sectors per G-AVD Unit ‘ Aqalogue Pickup box amplifier 2 GHz, 25dB real-time, high resolution
1 Carrier for 18 e-fuses (* SRS compliant) tﬂ&%pwﬂ |,V monitoring

18 HV wires to GEM sectors/board

2..3 stacked E-fuse boards PIC Trigge dual polarity 100 ns shaper
TRIC. ket Variable gain max . 900mV

,,,,,,, Calibration 10 kMz 50 IC

* GAVD Unit=
1GAVD + 1 E-fuse stack

1% board by 27/03

8 INEN-Trieste
[CERN]

a Radio-Controlled

Floating Multichannel MoCoS: Monitoring and control High-Voltage Insulated
Pico Ammeter system Picoammeter

[CERN]
= ===

INFN-Trieste
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(Optical data transmission)

* I-
[Zagreb Univ.] (* SRS compliant)
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U]Néggsﬁy WG6: Production - MPT Workshop

C State-of-the-art facility pioneering MPGD technologies through advanced

: . *SBS tracker GEM 600mm x 500mm
man UfaCtu Il ng teCh n Iq ues *ALICE TPC upgrade GEM 600mm x 400mm
*CMS muon GEM 1.2m x 450mm
. . . . *ATLAS NSW muon Micromegas 2m x 1m
C Contributing to generic R&D and large volume production for upgrades of “KIMPASSotiel Mimoiéens. GRS Wirianiges S0Nniin » 00uin
. . mm x 400mm
LHC experiments *KLOE GEM 700mm x 400mm
*SOLID GEM 1.1m x 400mm
*CLAS 12 Micromegas 500mm x 500mm
- - *LSBB (geoscience) Micromegas 1m x 500mm
I *Prad GEM 1.5 55
‘ . Q UV exposure unit limited to 2m x 0.6m -C:M GEM ImT :50::‘
N 2>22mx14m e *ASACUSA Micromegas

Resist developer limited to O 6émwidth = 1.2m
Resist stripper
Copper etcher
oy Dryer

‘ I GEM electro etch limited to Im = 2m

A _

- GEM polyimide etch limited to Im = 2m

"}S11q1SOAON dNIg ‘82-¥¢ Arenigad - 024 LSNI

CERN Building 107

Basis of Design

Rui De Oliveira et al., Micro-Pattern Technologies

https://ep-dep-dt.web.cern.ch/micro-pattern-technologies

€Y €3 Y ¢y
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Technology Industrialization = transfer “know-how” from CERN workshop to industrial partners

GEM Technology (contacts)

*  Mecharonix (Korea, Seoul) '
+  Tech-ETCH (USA, Boston) *
*  Scienergy (Japan, Tokyo) *
+  TECHTRA (Poland, Wroclaw *

THGEM Technology (contacts):
«  ELTOSS.p.A. (Italy),
*  PRINT ELECTRONICS

GEM Industrialization Status (today):
TECH-ETCH

* Single Mask process fully understood. Many 10cm x 10cm produced and

characterized.
* 40cm x 40cm GEM successfully produced
* CMS GE1/1 size of 1m x 0.5m started

- WGB6: Industrialization

GEM Licenses signed by:

MicroMegas Technology(contacts):

Mecharonics, 21/05/2013 «  ELTOS S.p.A. (Italy)
TECH-Etch, 06/03/2013 *  TRIANGLE LABS(USA, Nevada)
China IAE, 10/01/2012 +  SOMACIS (Italy, Castelfidarco)
SciEnergy, 06/04/2009 »  ELVIA (France, CHOLET)

Techtra, 09/02/2009
CDT, 25/08/2008
PGE, 09/07/2007

MICROMEGAS industrialization status (today):
ELVIA

*  Bulk MM detectors are routinely produced
with size up to 50x50cm?

* production for ATLAS NSW started

ELTOS
TECHTRA Regularly producing | « Several small-zize Bulk MM detectors produced
';"’l‘]’l““‘“” ““"; 0‘1‘:’)“"‘““”:'['} for CERN store + production for ATLAS NSW started
- dable pr[}cess or cm X cm

* Single Mask process completely understood — 10ecm x 10cm produced

*30cm x30cm Single Mask Produced

MECARO
* 10cm x 10cm double mask produced and tested
* 30cm x 30cm double mask under evaluation @ CERN

THGEM industrialization status (today):
ELTOS

*CMS GE1/1 size of 1m x 0.5m

Capability to
produce CMS
GE1/1 foils

*  THGEM for COMPASS RICH upgrade
(final polishing in house)
. LEMs for LBNO-DEMO
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Ufnéléfgs@ WG7: Common Facilities - GDD Lab

Hosting groups from RD51 and providing access to facilities

C MPGD Detectors
Gas system and services
Readout electronics (std and custom RD51 SRS&APV)

"}S11q1SOAON dNIg ‘82-¥¢ Arenigad - 024 LSNI

C
C
C Radioactive Sources & X-ray tubes
C Cosmic stand

C Interface with CERN services (RP, gas,

Acting as interface to Thin Film Lab & MPT workshop at CERN




U %Tﬁigsm WG7: Common Facilities - Test beam Facilities

Examples of the test beam user teams

= s

GOLIATH

JVIRGINIA
M. Alfonsi (CERN) RDS1-WG7 2009-V1 2810412009 Slow Control System (HV/LV)
- Control Room | e T —
fl
E ’ F&@ =]
% 5 76719 oy n — E w
ﬁq'-aﬂ,(;_m _— ;; EA H §
B i
Fleld mapreal“z:d during NAS7 experiment, H riz e g L
o ¥ group = -%ﬁ CD -g
Power: about 2MW o > -
Maximum field: 1.4T e = e =
Gap volume: around 8 m? \rea — e i 8 (4)
L | Rd51 trackers I;\u)
| | | I I I I I I I‘_‘b‘—t@_)_..j_l——l———] Triple GEM Tracker * Resistive pmegas tracker C.>
A i J —| * XY strips readout, 400um pitch * XY stripsreadout, 250um pitch T
A Test beam periods at EHN1-H4 - 0520’ 905 c? o
North Area = .-J :_} \ z | ermgrTrT— + :g’z\égFFéTséslAw‘TURBO/VFAT' « DAQ&FE: SRS/APV g
A shared between RD51 groups ~ — 1 Experimental Area (H4) | E,
A Typically 3 periods of 2 weeks / e @L E=E - 5
per year | g
N LY | | | z
Z
o
<
o
(%]
=
o
)

e . ). A f — <
~ 30 groups in total with several running in parallel

CMS (GEM) WIS/A/C (WELL, THGEM) ATLAS NSW (mm) BESS lll & SHIP (GEM)
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U !"-'-'-Q'Esm RD51 Breakthrough: Single Mask GEMs & NS2 Assembly

RGINTA
SingleMask Techniquesfor large GEM foils production

x  Allow for the productionof large GEM foils (> 50 cm x 50 cm)
x  Requiresinglephotolithographymaskon onesideof the GEM foil
duringthedifferentetchingprocesses

NS2 Triple GEM assembly technique

x Mechanical stretching with small frames with the use of a
set of screws, fittings for the stretching
x Control of the stretching and the flatness of the GEMs

x  Big stepforward for currentand future GEM project like CMS x No glue involved:Chamber can be tepened

Muon detectorupgrade SBSand SoLID @ JLab,Muon Chamber x No need for spacers in active area

for PANDA @ FAIR x BUT: Lots of screws and rigid supports to hold tension
DOUBLE MASK SINGLE MASK ,

50 mm polyimide foil, copperclad
photoresist lamination, masking,
_ exposure and development
_ metal etching
' . . - polyimide etching
metal etching - - - .
. . . -_ second masking to define electrodes _- . - .
' . . - metal etching and cleaning - - - .

Figure 1. Schematic comparison of procecures for fabrication of a double-mask GEM (left) and a single-
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mask GEM (right).
Limitation from mask alignment No alignment required
O max active area ~ 4040 cm? O Very large GEM foil
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IRGINIA

qf,,v&"éf@m RD51 Breakthrough: Resistive Micromegas

Unacceptablerate of dischargewith standard Micromegas Embedded resistor Resistive strips

. . 0.5-50 MQ/em
x  Not destructivefor thedetectore Robustand sturdy device 15-45MQ

O - = - m\= = - - - - - L] - - - - L] - L
o) x  However. long deadtime and dischargecritical for the FE chips (needto \
2
2_ be very well protected)
9- °F “  Current Bulk 800
w o5 _— HighVoltage Micromegas GND Cu readout strips (%
) B i 550 ;—Ui
Z<. 2 2 - . = & B B = ® ® ® ® ® ® [/ W = = ®= "= = = = = & 5 & = ~
< > e °
[ 5 1.5 . . dow ] 500 = T
e 5 VL e i T o
1| . ORI PTL T N =
g © i s :E"“"n#}.; ‘;D "2 " 450 S
3 osf ., - :»u;u., Q:u;; ;au% 2;%;%“{ Insulator Readout Cu strip .
N 1 1 1 1 1 oL S 2Bl _.4: 1 £ g g e n}u"‘m:n"‘ww gl ;E.,:q,’u ] 400 . . . . H I'l\g
li -2x107 0 2107  4x107  ex107 66000 67000 68000 69000 70000 71000 Monitored HV (continuous line) and current (point) as a function N
= Time (s) Time (s) of HV mesh under neutron irradiation for a Micromegas &
o8]
S o
E' Spark signals on the oscilloscope (on 50 q, attes':”“ﬁe?isﬁlvel'lﬁo) anmd—unde 08 ut r on irrad%
g J.Wotschacket al, Largesize Micromegas for ATLAS (MAMMA), RD51 mini week, 17/01/2011 25 | Micromegas c<Z>
= f - 550 o
‘g_ R&D effort by the RD51 Coll & the ATLAS Muon Upgrade < 2F ] =
I | — ?
= x  playing with the induction of the signalin the readoutto protectagainstthe 15k J500 E >
N o ]
'®) damagingeffectsof spark 5 ©  Current T
S O 1 — HighVoltage ]
o x A sketch(not in scale)of the resistivestrip protectionprinciple with a view ; ! . B R
(@) 05
[ . . . [
w alongandorthogonatto the strip direction !
0 | N N N | g
x Inducedsignalonthestrips(no directcollectioncharges) 66000 67000 68000
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Uf,,égfgs@ RD51 Breakthrough: Single Photon Detection with MPGD

Hybrids MPGDs for COMPASS RICH1 PD Upgrade:
MWPCs replaced byHGEMSs + Csl + Micromegas

Typical PARAMETERS:

x Diam. = 0.4 mm, Pitch = 0.8 mm

x Thick. = 0.4 mm, Rim =18 m

x Fast signal (ns), Gain @ HV = 2kV: 3@tmospheric pressure
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Ring reconstruction
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R. Chechik, A. Breskin, C. Shalem

GEM:-like multipliers for large area URICH detectors
PCB Etching and drilling
Simple and robust & cost effective




