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OUTLOO

= Introduction: facts about MPGDs

- APPLICATIONS
= The overall application panorama (non an exhaustive list)

= Selected examples
o Large tracking systems
o TPC sensors
o Single photon sensors for RICHes

= Conclusion
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*High E-values at the edge between
insulator and strips = damages
*Charge accumulation at the
insulator = gain evolution vs time

Later (~ 1999-2000):
Passivation of the
cathode edges

— 2> MSGC
operational !

slide by W. Riegler, CERN Academic Traning, April 2008

First Large Scale Use of GEMs and MICROMEGAs

Tracking in the COMPASS
Experiment S0

Micromegas: ¢,~90um . e
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GEM: ¢,~70um
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MICROMEGAS (MM) : /
Y. Giomataris et al, GEM:
NIMA A376 (1996) 29 F.Sauli, NIMA A386 (1997) 531
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[ THESE PROJECTS TEST OF THE MATURITY OF THE MPGD TECHNOLOGY
AND THE CONFIDENCE OF THE COMMUNITY

CMS — forward muon spectrometer (GEM)
Goal: ~1.2x 2 m?

ATLAS — MM N
Detector size: ~1 x 2.5m? \ e (oY %/O

New Small Wheel,
ATLAS muon system,
1200 m?, tracking & trigger

/ i CENTRAL
ALICE — TPC R-0O, upgrade (GEM)
Goal: ~.9x1.2m?

\\ - '@ «- p
COMPASS RICH-1 upgrade
~ | Hybrid photon detectors

130 m?of GEM foils 4.5 m2of MPGD multipliers (THGEM, MM)
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The proposed R&D collaboration, RD51, aims at facilitating the development of advanced
gas-avalanche detector technologies and associated electronic-readout systems, for
applications in basic and applied research.” (RD51 proposal, 28/7/ 2008)

First term: 2009-2013, now 5-year prolongation till the end of 2018

RD51 — fundamental boost for MPGDs: networking, know-how, technologies,
common infrastructures, common tools

Among common infrastructures:

« RD51-GDD lab
« Common test beam at CERN SPS

e ~ 90 Institutes from 4 continents, 25

Among common tools: countries:
Europe, Nord and South America, Asia,
e GARFIELD = GARFIELD ++ Africa

« SRS - Scalable Readout System « ~ 500 physicists
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APPLICATIONS:

PANORAMA
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Low energy nuclear
physics
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target
TPC 5
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n detection

D20 difractometer @ILL,
MSGD

Neutron GEM @ SIS

The band-gem detector
(lamellae with 10B4C
coating) for ESS

Cathode

3D
Lamella
System
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Rare event cryogenic detectors

o production in LA

Sl

THGEM operated in LXe,
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APPLICATIONS:

SPECIFIC EXAMPLES




Challenges
 unprecedented large detector size

e ATLAS New Small Wheel: ~ 1 x 2.5 m?
e CMS forward muon spectrometer: ~1.2 x 2 m?

 unprecedented mass production
e ATLAS New Small Wheel: 1200 m? of detector surface
e CMS forward muon spectrometer: 1000 m? of GEM foils

« mechanical precision

» extrapolation of production techniques and performance scaling the size

o ATLAS NSW, absolute strip position accuracy: 30 um RMS inn, 80 uym RMS in z
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ATLAS New Small Wheel - MM
 Atechnological break-through:

the resistive anode

Embedded resistor
50 MQ 5mm long

Resistive Strip
0.5-100 MQ/cm

e The uTPC approach to preserve the space
resolution for inclined tracks \ \
e Construction distribute to various GND Copper readout strip
e production sites working in // cathode UTPC |
« Germany — BMBF, France — Saclay, CERN/Dubna/Thessaloniki,
INFN (Pavia, Romal, Roma3, Frascati) Arco. smm  0.6kv/cm
« Performance flavor from the first modules mesh N
Cluster efficiency @ different HV Spatial Resolution — —— 128um = iggg(fm
g 1: ATLAS NSW Preliminary Prg;izsion Coordinate -m Second Coordinate y v ' Y Y [V ¥ :%S;H}’fn? frips
: 1 [ oy ! o soum Kapt
EU.QQ? :-"” 98% " : pillars m pitc m on
— == misalignment
Efficiency =T Y layers Blayerd £ = m%
e R R e s || ¢ W o« L =—: |
HV 5 [V] * - ATLAS NSWinkemal :_:m w;.::-.“‘a; uut— ATLAS NSWintamal Constant 1403+ 35 g 1
Mear  Oaos2s000es | E Mean  -0.7924 £ 0.0472 é ‘
! S e £00mes | 3 ::: Sigma 2_¢us=o.o_a_u_ =4 1 t t F 4
¢ =81 um o =24 mm 11l 2 Py :
= I 7 4c_— . —_ — + ]
ok i “; ............ - r —°-%o00 700 800 901:1y pos'li::iaoog (e
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e Prototype performance

o
2 —
£ 1200
i
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GE1/1 Spatial Resolution

GEM Residual

Entries
2 [ ndi
Constant

Mean 0.002537 + 0.002991

Sigma,

0.2678 + 0.0025

10120
7247197
1193171

2 novel technological ingredients
e Foils mechanically stretched
* Single-mask GEM foils

e Construction centralized at CERN
 GEM foil production at CERN for the first portion
(2018-20), then industry (approach to be tested for large-size, mass production)

LARGE TRACKING

CMS forward muon spectrometer - GEM

STEMS -

CMS Collaboration, CERN-LHCC-2015-012, CMS-TDR-013
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= Single mask: the way towards large size

il

Raw Material ~Vecuum deposited

copper on plyimide

Applying Resist . __ mage Transfer (dOUble maSk)
Patterning Resist éf::z::{:m Slngle mask

Copper Etching

Resist Stripping

Palyimide Etching anc Cleaning

sstandard

M. Villa et al.,
NIMA 628 (2011) 182

Stripping

Chemical Polyimide etchin

Copper electro etching

upgrade,
used for the KLOEZ2
cylindrical GEM detector

=0/ LIZULT
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LARGE TRACKING SYSTEMS

RRWELL : a novel MPGD technology for large tracking systems ?

.. . e . . Drift cathode PCB
« Aiming at simplified construction reducing +

the number of components to 2 only

Well pitch: 140 pm
Well diameter: 70-50 pm
Kapton thickness: 50 um

* Implement resistivity for high gain O(10%) with
a single multiplication layer, ~60 um space res.

Copper top layer (5pum)

DLC layer (<0.1 pm
R~100 MQ/O

. . . . Rigid PCB readout/electrode L’
 High rate version by multiple grounding of ; u-RWELL PCB

the resistive plane

G. Bencivenni ef al., 2015 JINST 10 _P02008

Rate capability : at G=4000
I R S
HEP experiments: Fo.ar | * pIMOM 81 L i) q
= Large area proposed for CMS, SHIP ZZ: s p qi‘cl)%th/cr;n =l % 3
= HR scheme with double resistive 0.4 —— l \ﬁf\
layer proposed for LHCb 10° BT Tt (Hz/'cmz) |




Needed to sustain high rates

Challenge:
« Trap the ions from the multiplication in the sensor: they do not enter the drift
region where they would distort the electric field = limit IBF (lon BackFlow)

« Use MPGDs, where ion trapping is intrinsic
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A. Breskin and R. Chechwik, NIM A 595 (2008) 116 5= EBdEq

Y. Giomataris et al, NIMA A376 (1996) 29
RECALL: WHAT REALLY METERS IS GAIN x IBF'!

« NEXT STEP: the upgrade of ALICE TPC
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ALICE TPC upgrade

(MPGDs for operation at increased recording rate 0.5 50 kHz)
goal: No Gate, 6=2000 IBF=1% > 6 xIBF =20

= S-LP-LP-S configuration | Staggered !
V/IBF = 06 % Cower alactroda . R
» 0 GEM 1 - = -
GEf{E == 95/6 i - JE:T- = 12 mm
GEM3 - — o e
GEM 4 - ‘E:TJ E BRI A - == : I: ::

F.-',I.lﬂ FIHI‘ID ﬁ__ - i

Strong back

A. Mathis, MPGD2015

HYBRID = 2 GEM layers + 1 MM

alternative approach

Studied for ALICE, proposed for PHENIX upgrade with TPC
intrinsic property of ion collection at mesh in MM
IBF < 1% easily obtained, energy resolution ~ 10%

GEM1 =

GEM -

Anticorrelation between IBF reduction and energy resolution
MM discharges = next step: resistive MM

el T I —

T B <40kViem T 7

Epng < 0.2 KVicm

MMG

resdout plane N EH e A5 kKViem

R. Majka, IEEE-NSS 2015

Drift plane

HYBRID = 1 GEM layer + 1 MM

IHEP studies

«
=
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lllllllllllllllllllllllll GEM foil

H.Qi, 2016

upmmn Micromesh
and pillars

a1 Fisica Nucleare



PHOTON D "TON RY

Wh gaseous photon detectors ?

e the cheapest option for large detector area application
« operation in magnetic field thanks to low sensitivity to B

« minimum material budget, relevant when the photon detectors have to
seat in the experiment acceptance

Development triggered by the needs of RICH detectors

OF GASEQOUS PHOTON DETECTORS

« Converting vapours !
« TMAE: Thick converter (parallax, slow) T '

or heated detectors CLEO m (TEA)

« TEA: restricted to the far VUV domain :
« MWPC with Csl photocathode E/I(\?VI\I/ZI’FC):/;SszI
e Some limitations

« Severe recovery time (~ 1 d) after detector trips

« Aging after integrating a few mC /cm?>
— (lon bombardment of the photocathode)

T, TR OO TRy, TTU! TIYNUTTY 29 ZUr LT U LT

(lon accumulation at the photocathode) moderate galn < afew
 Feedback pulses x 104
(lon_and photons feedback) (effective gain: <1/2)

\ =] -4 . U TUINITO




"| detectors of COMPASS RICH-1

z_ SIN PHOTON

he state of the art : the novel photon

- the 1st THGEM forms the PC

: the 2"d THGEM (staggered) forces the
electron diffusion

- the MM provides large gain and intrinsic
IBF reduction, made larger by the
diffusing the impinging electron cloud

e |nstalled in 2016, commissioning ongoing
e 4 x (60 x 60 cm?) detectors
 IBF < 5%, effective gain ~20 k in experiment environment

Novel promising perspectives for RICH applications at Colliders using MPGDs

« RICHes for high p (> 6 GeV/c) require gaseous radiator
with long radiators to collect enough photons
e Csl: photon conversion limited to 165< A <205 nm
* More photons going windowless
(PHENIX HBD, a Threshold Cherenkov c.) :
exporting the windowless concept to a RICH ?
« Test beam at Fermilab with 1m of CF,,
reflecting mirror with reflection peak
at 120 nm, and quintuple GEM detector
with Csl
« Promising results ... stay tuned

M. Blatnik et al., IEEE
NS 62 (2015) 3256

Frequency
m&mm%rﬁz‘a
g 8 8B 8 888 ¢8 8 ¢

32 GeV

Kaon

Proton

[ Pion

J|J'I]IIl|JlI]IJll'IJlIIl]'IIlJ-I]II'




As shown, MPGD are a world in fast and dynamic evolution, namely:

MPGD FUTURE
HAS ALREADY STARTED |
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