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Gaseous Detector lecture #4

Micropattern Gaseous Detectors Technologies

e Current Trends in Micro-Pattern Gaseous Detectors (Technologies): Photolithography,
Etching, Coating, Doping, ...

e Micromegas: operation and performance, ageing, discharge and breakdown, resistive MM;
The ATLAS NSW MM

e GEM: operation and performance, ageing, discharge and breakdown, applications - CMS,
ALICE TPC, LHCb, Totem, Compass

e 2nd generation MPGD: micro-RWELL, RPWELL, Large Size Pixelized Micromegas for
high-rate application, PICOSEC detector

e MPGD: Manufacturing and relations with industries
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Current Trends in Micro-Pattern Gaseous Detectors
(Technologies)

« Key role played by CERN EP-DT MPT workshop

* Aspects covered by MPT. Micro Pattern Technology (MPT) workshop

A. New developments (MPGD structures and architectures) Research/Development/Production of MPGD
B. Production for R&D

C. Production for experiments and large (large for us large but not for industry) volumes

_ _ Dedicated slides at the
« C > TT toward industry explored/done/ongoing...

end of this lecture

BETWEEN

« A&B (& C) - consolidating cooperation and sharing with MPT workshop ——

* sharing between CERN & INFN of a DLC sputtering machine (costs and use sharing / personnel training)

« A&B > TT towards/between institutes & national laboratories workshops...
(MPT/Saclay/LNF/ LNGS/FTD Bonn/... ? ...)

THE PURCHASE AND OPERATION OF A MAGNETRON SPUTTERING DEPOSITION FACILITY
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Current Trends in Micro-Pattern Gaseous Detectors
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https://indico.cern.ch/event/999799/contributions/4204334/attachments/2236247/3790326/infrastructures.pdf
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Current Trends in Micro-Pattern Gaseous Detectors

Pulsed DC magnetron reactive PVD
New fundamental tool for substrate deposition

* Resistive layers: « Budget (CERN INFN Project):
-DLC, semiconductors. -250% INFN
*  Photocathodes: -25% CERN EP/DT group
-Metallic, DLC, B4C, GaN, i :
mix? -50% CERN MPT workshop self financing
* Metals:
-AL, Cu, Ni, etc..

 Max foil size:

o targets.
-1.7m x 0.6m. A 3 simultaneous deposition.
« Useful size: ‘ 3 gas inputs:
‘ H2,N2,CH4,C4H10,Ne Ar etc..
-1.7m x 0.5m.

300deg heater.
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Current Trends in Micro-Pattern Gaseous Detectors

Development topics at MPT workshop

GEM hole example

* Chemical

| aser -
* Plasma

Laser micro-structuring | .

CO02 laser UV laser

Spiral cut

Laser machine on the market are still too slow and too small to compete

with chemical etching

Super Inkjet printer (SIJ-S050)

Additive <$Super fine patterning

Droplet volume:0.1fl (femtoliter) ~ 10pl (picoliter)

M iC ro-structu ri N g OWide range of viscosity

Viscosity range:0.5~10,000cps (non-heated)
Olarge variety of usable fluids

:. Features

M Droplet volume:0.1f (femtoliter)~ 10pl (picoliter), Line width 0.5 4 m ~ several dozen ¢ m Smallest droplet volume !
M Viscosity range :0.5~10,000cps (non—heated) Wide range of viscosity !

M Large variety of usable fluids : Conductive ink, Insulating ink, Resist ink, UV ink, Solvent ink, Protein material, etc No special ink !

g. Patterning Example I

Silver ink, L/S=1um

; Microbump ol
ei ial (albumin, Mi QRcode (750 X750
\ Diameter=5 ¢ m, Height=20 £ m cS e o 7y

J
Jpatible with micro

MPGD concepts/ideas
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The R&D51 Collaboration: The Place!!!

Technological developments often need large infrastructures
TOTEM: GEM COMPASS: 2TGEM+mm, micromegas, GEM

CMS: GEM o NPO2/Proto DUNE-DP: LEM

% NA48: micromegas

ALICE LHCY

ALICE: GEM

\_\ =) 2
- AWAKE 2

LHCb: GEM, uRWELL

= vy oosms e CAST: micromegas, Ingrid '

X I e— International collaboration on MPGD
7 m D Started in 2008 (white paper/CERN)

Common facilities (lab/GDD, test beam/SPS)

. developments (simulation/electronics) and
EP-DT MPGD technologies spread over LHC
Detector Technologies experiments (existing or planned) workshop (MPT) @ CERN

ATLAS: micromegas ) e "™ DIRAC: MSGC-GEM

EP-DT-FS
) {
e el | Mo = R&D
Micro Pattern Technology (MPT) workshop Thln F|Im and Irradlatlon Facilities Gas GDD Gas Detector Strategic R&D on
Research/Development/Production of MPGD  Glass lab Group ~Developmentteam  ypip (jarge systems,
R&D on MPGD, novel solution,
RD51 Support

framework and tools)
https://indico.cern.ch/event/999799/contributions/4204424/attachments/2236130/3790095/Networking.pdf
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Micro Pattern Gas Detector Family

Bulk Micro bulk InGrid »  High Rate Capability *  Upto MHz/mm? (MIP)

Micromegas ,
| Standard micromegas § R ngh Galn . Up to 105 _106

;.

gJ, o ./e— oy . *  High Space Resolution s <100um
f = . Good Time Resolution . In general few ns, sub-ns in specific configuration
+  Good Energy Resolution ¢ 10-20% FWHM @ soft X-Ray (6KeV)

. Excellent Radiation Hardness

GEM . .
. Good Ageing Properties

' . . lon Backflow Reduction *  %level sort of easy, below % in particular configuration

. Photon Feedback Reduction

. 2
* Largesize . m

(
x ‘IWS Cathode Plane

‘\
o) s

Cathode Strip

. Low material budget

MHSP Top

. Low cost

e { ) B Angde Strip

= = ol =

uSmglon Holeregion | E, MPGD CONFERENCES (Crete, Kobe, Zaragoza, Trieste,
Cathods Plane Philadelphia, La Rochelle, next ones: UsTC )

|
MSGC MICROMEGAS THGEM / LEM R-WELL
RD28 GEM
1-PIC
gl 8 g g
Lol Ko ~ ~ ~ ~

/.»ﬁ' e o e — All subjects illustrated by examples:
T / o A fully comprehensive review is impossible!

[CMS forward tracking upgrade (GEM) TDR: -
T Technology share-point R&D51

5

1988
1992
996
997
2013
2014
0
2018
2019

[COMPASS RICH upgrade (hybrid MPGD) approved’
|ALICE TPC upgrade (GEM) TDR
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The MPGD fam

and their applications

MPGD-based Neutron Detectors MPGD Technologies for Neutrino Physics

Experiment/ Application MPGD Total detector Operation Special
MPGD coupled to n-converters: Timescale Domain Technology | size / Single Characteristics / Requirements /
module size Performance Remarks
. > ITER / Spallation Sourc 2K @ 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
][ 5th International Conference on Saea il o Singlo unit detect.  Rad. Hard o
0.36:x034m™01m*  Moment. res 9% at 1 GeV

3 micro-Paern Gas Detectors wPan2o /| Conference Summary / Perspectives

and RD51 Collaboration Meeting Experiment/ Application Total detector | Operation i SHIP@CERN  TauNeutrinoPhysics  Micromegas, ~ Totalarea:~26m*  Max.rate <low Provide time stamp
= - - imescale Domain Technology | size / Single Characteristics / Start: 2025-2035 (Tracking) GEM, mRWELL  Single unit detect Spatial res.: < 150 um of the neutrino
T vty P Maxim Titov, CEA Saclay, F ' : ' Zar - :
femple University, Philadelphia, USA aXlIIL ltOV, Wmacwwam /y rance module size) Performance Remarks S Rad. Hard.: no interaction in brick’
22,2017 ESS NMX:Neutron  Neutron scattering GEM w/  Totalarea:~Im!  Maxrate: 100KHZ/mo¥  Localise the secondary LBNO-DEMO Neutrino physics LArTPCw/  Total area: WA1053xIx1 and 6x6x6:  Detectoris above
Meeting Home Page. 54 /5y it temple m9ga201 Ma Gd converter Spatial res.: ~500um particle from neutron (WA105 @ CERN) (Tracking+ THGEM double 3 m® (WAI105-3xIx1) . ground (max. rate is
My 20 <28, 307 MPGINOS Comturunse - My 38, 3903: WOO! Oofubonaion sy 2 1 i 7 Crystallography Crystallography ;“‘g unitdetect:  Time res: - 10us Zonversion i Gd with Calorimetry) phasereadout 36 m* (WA105-6x6x6) :‘h:: r;ue X‘ln)-lzrm. gzrgl,c‘:ﬂl}z'::?n
w60 cm?* -off: - 20% eff R St o’ patial res.: | mm
Start: > 2020(for 10y, n-eff: - 20% efficient < 500um precision Start: > 2016 8! i
- ) - rejection of 100 (0.5%0.5m2)-0.25 m? "T - 10ns
ESS LOKI- SANS: Neutron scattering GEMw/ Totalarea:~ 1m?  Max.rate:d0KHZ/mm®  Measure TOF of neutron R Satc
Small Angle Neutron Small Angle borated cathode Spatial res.: -4 mm interaction in a 3D DUNE Dual Phase / .
Single t detect: . 0 1 “ . 2 Max. rate: 4*107 Hz/m? i
Scattering (Low Q) Sub i Time res.: - 100us borated cathode Far Detector LArTPCw/  Total area: 720 m’ P Detectorfs 5
33xd0 cm? =22 THGEM double . Single unit detect Spatial res:: 1 mm underground (rate is
Start: > 2020(for 10 y;) £ n el >e0% (a4 A) Start: > 20237 | R Hards 1o neutrino fux)
trapezoi ¥ rejection of 10°-7 phasereadout  (0.5x0.5m2)-025m: Rad. Hard.:
SPIDER: ITERNBI ~ CNESM diagnostic: GEMsw/  Singleunitdetect:  Maxrate: 100KHZ/mm®  Measurement of the n-
PROTOTYPE Characterizationof ~ Al-converter  20x35cm? Spatialres:-10mm  emission intensity and — ',.'-:' -
Start: - 2017(for 10y, Peutral deuterium beam ~ (Directionality - Time res.: - 10 ms composition to correct LA L |
for ITER plasma heating  angular) n.-eff: >10%-5 e o 2
Topics using neutronemission  capability) ¥ rejection of 1077 parameters I I
PO i n_TOF beam Neutron Beam MicroMegas  Total area: ~ 100cm?  Max.rate:10 kHz
s - monitoring/ Monitors ubulk and Spatial res.: : -300um
GEMw/ Time res: - 5ns

beam profiler
Run: 2008-now converters

Rad. Hard.: no

MPGD Technologies for Dark Matter Detection

" — " " Experiment/ Application MPGD Total detector Operation Special
Experiment/ Application MPGD Total detector | Operation Special Timescale Domain Technology | size / Single characteristics / Requirements/
Timescale Domain Technology nv; / !Iim_glc :’_‘h:‘ractenshcs/ ::equlr;menlsl module size Performance Remarks
module size erformance emarks
KSTAR @ Korea  Xray Plasma Monitor GEM Total area: 100 cm®  Spat. res.: - 5x8 mm"2
DARWIN (multi-ton ~Dark Matter Detection  THGEM-based Total area: -30m?  Max.rate: 100Hz/cm Operation at 180K, for Tokamak 2 ms frames; 500 frames/sec
ool i f dual-phase LXe TPC) GPMT Spatial res: - lem radiopure materials, Start: 2013
> ~=aw Start: >2020s S;r:)g; ouml‘delecl ‘llxr:]l:l;rs;‘;—lm\' ns ;i;‘\;t :Z)um rate -1 GEMPIX Total area: 10-20 cm* Spat. res - ~50x50 um*2
2 - ~20,20 cm? ad. Hard: no
5th International Conference on Micro-Pattern == it o : ey L ms frames;5 frames/sec
PANDAX Il @ China _ Astroparticle physics TPCw/  Totalarea:15m® EnergyRes:-1-3%®2MeV  High radiopurity PRAXYS AstGphjaS TPC w/ Totalarea:400cm®  Maxrate: ~1Kky Reliability for space
7 N¢ omegas § ial res. 1 mm -pressure S & Al S % it I e
Gaseous Detectors, September 22-26, 2017, PA, USA gart> 2017 eiirnol couebes | Mic o Spatial res:: ~Tim i oot UG FutureSatellite  (X-ray polarimeter for GEM Spatial res.:~ 100 um R e
- - == i - — Mission (US-Japan) relativistic Single unit detect. 8X Tyme res.: — fow ns severe thermal and
NEWAGE® Kamioka Dark Matter TPCw/  Singleunitdet.  Angular resolution: 40’ @ e e 50cm?) ~400cm? ibimtion conditions
Run: 2004-now Detection GEM4PIC  ~30:30xdl(cm?)  S0keV = . : o
HARPO Astroparticle physics  Micromegas+  Total area: 30x30cm2 AGET development
CAST @ CERN AstroParticle Physics: ~ Micromegas ~ Totalarea:3MM  Spatial res.: ~100pum High radiopurity, Gamma-ray GEM (1 cubic TPC module) for balloon
Axions, Dark Energy/ ubulk and  pbulks of 7x7cm®  Energy Res: ood separation of Balloon start 520172 polarimetry N o Time res.: - 30 ns samp. self triggered
- X Matter, Chameleons InGrid 14% (FWHM) @ 6keV tracklike bkg. from (Tracking/Triggering) uture: dxixd -
Run: 2002-now detsction (coupledtoX- Totalarea:1 _ S R 64 HARPO size mod
a S I OV O n e re n Ce u ary t r«\v|'<\ﬂ~lns InGrid of 2cm? l:;nwhk.p levels Ii-T\kti\" SMILE-II Astro Physics GEM+uPIC  Total area: Point Spread Function for
I I I I I “ I I device) PMM: 10-6 cts s-TkeV-Tem-2 o g Cr o % SREER
] y B Db e S B2 e W (Gaounde iy idalnk) (TPC 30x 30x 30 cm gamma-ray: |

Scintillators)
1AXO AstroParticlePhysics:  Micromegas  Total area Energy Res High radiopurity, FCE G ol CEMwiPIC  Totalarea: Point Spread Function for

International Conference on Micro-Pattern Gas = NEmE e el e Bl
Detectors (MPGD2017), Temple University,
Philadelphia

This list is now almost 6 years old, is time to update it ©

https://indico.cern.ch/event/581417/contributions/2558346/attachments/1465881/2266161/2017 05 Philadelphia MPGD2017ConferenceSummary 25052017 MS.pdf
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The MPGD family and their applications

MPGD Tracking Concepts for Hadron / Nuclear Physics

Experiment/
Timescale

Application
Domain

MPGD
Technology

Total detector
size / Single

module size

Operation

Special
Requirements/
Remarks

Characteristics /
Performance

ATLAS Muon
System Upgrade:
Start: 2019 (for 15y,)

ATLAS Muon
Tagger Upgrade:
Start: > 2023
CMS Muon
System Upgrade:
Start: > 2020

CMS Calorimetry
(BE) Upgrade
Start > 2023
ALICE Time
Projection Chamber:
Start: > 2020

TOTEM:
Run; 2009-now
LHCb Muon
System
Run: 2010- now

FCC Collider
Start: >2035

High Energy Physics
(Tracking/Triggering)

High Energy Physics
(Tracking/triggering)

High Energy Physics
(Tracking/Triggering)

High energy Physics
(Calorimetry)

Heavy-Ion Physics
(Tracking + dE/dx)

High Energy/
Forward Physics
(5.35letal £6.5)

High Energy /
B-flavor physics
(muon triggering)

High Energy Physics
(Tracking/Triggering/
Calorimetry/Muon)

Micromegas

Total area: 1200 m?

Single unit detect:
(2.2x1.4m?) - 23 m?

Total area: ~ 2m?

Total area: - 143m*

Single unit detect
0.3-0.4m?

Micromegas, GEM

Total area: - 100 m?*

Single unit detect

0.5m*
GEM w/ Total area: ~ 32 m?

TPC
Single unit detect:
upto0.3m®

GEM Total area: -~ 4 m?

(semicircular

shape) Single unit detect
up to0.03m?

GEM Total area: - 0.6 m?
Single unit detect
20-24cm?

GEM, THGEM Total area: 10.000 m*
Micromegas, (for MPGDs around
W-PIC, InGrid 1.000m? }

Max. rate:15 kHz/em?®
Spatial res.: <100um
Time res.: - 10ns
Rad. Hard.: ~0.5C/cm?
Max rate:100kHz/cm?
Spatial res.: < 100um

- Redundant tracking
and triggering;

Challenging constr. in
‘mechanical precision:

Max.rate:10 kHz/cm?
Spatial res.: ~100um
Time res.: - 5-7ns

Rad. Hard : ~ 0.5 Cfem?
Max. rate: 100 MHz/em®
Spatial res.: - mm

- Redundant tracking
and triggering

Not main option;
could be used with
HGCAL (BE part)

- 50 kHz Pb-Pb rate;
- Continues TPC.
readout

- Low IBF and good
energy resolution

Max.rate: 100kHz/cm?

dE/dx: 12 % (Fe55)
Rad. Hard.: 50 mC/em?
Max.rate:20 kHz/cm?
Spatial res.

Operationin pp, pA

120um and AA collisions.

-Redundant

triggering
Max.rate;100kHz/cm®  Maintenance free for
Spatial res.: <100pm decades

Time res.: -~ 1 ns

Cylindrical MPGDs as Inner Trackers for Particle / Nuclear Physics

Experiment/
Timescale

KLOE-2 @ DAFNE

Run: 2014-2017

BESIII Upgrade @
Beijing

Run: 2018-2022

CLAS12 @JLAB

Start: >2017

ASACUSA @ CERN
Run: 2014 - now

MINOS
Run: 2014-2016
CMD-3 Upgrade

@ BINP

Start: >-2019?

= i

Application
Domain

Particle Physics/
K-flavor physics
(Tracking)

Partcile Physics/
eve- collider
(Tracking)
Nuclear Physics/
Nucleon structure
(tracking)

Nuclear Physics

(Tracking and vertexing

MPGD
Technology

Cylindrical GEM

Cylindrical GEM

Planar (forward) &
Cylindrical
(barrel)
Micromegas

Cylindrical
Micromegas 2D

of pions resulting from

the p-antip annihilation
Nuclear structure TPC w/ cylindrical
Micromegas
Particle physics Cylindrical
(2-chamber, tracking) GEM

Total detector
size / Single
module size

Total area; 3.5m*

4 cylindrical layers
L(length) = 700mm
R (radius) - 130,
155, 180,205 mm.

3 cylindrical layers
R-20cm

Total area:
Forward ~ 0.6m?*
Barrel -3.7m?

2 cylindrical layers
R~20cm

2 cylindrical layers
L =60cm

R =85,95mm

1 cylindrical layer
L=30cm, R=10cm

Total arear: - 3m?
2 cylindrical layers

Operation Characteristics/
Performance

Special
Requirements/
Remarks

Spatial res:(r phi) = 250um

Spat. res.(z) - 350um

Max. rate: 10 kHz/cm?

Spatial res:(xy) = 130um

Spat. res.(z) = 1 mm

- Mat. budget 2% X0
-Operationin 05T

- Material € 1.5% of
X, for all layers
- Operationin 1T

- Low material
budget : 0.4 % X0
- Remote
electronics

- Large magnetic
field that varies
from -3t0 4T in the
active area

- Low material
budget

Trigger rate up to =1 KHz

Spatial res.: ~100um

MPGD Technologies for the International Linear Collider

Experiment/
Timescale

ILC Time Projection

Chamber for [LD:

Start: > 2030

ILC Hadronic (DHCAL)
Calorimetry for [LD/SiD

Start > 2030

Application MPGD
Domain Technology
High Energy Physics  Micromegas
(tracking) GEM (pads)
InGrid
(pixels)
High Energy Physics GEM,
(calorimetry) THGEM
RPWELL,
Micromegas

SiD
Concept

Total detector
size / Single
module size

Operation

Characteristics /

Performance
Total area: - 20 m? Max. rate: < 1 kHz
Spatial res.: <150um

Single unit detect; THimon e
~400 cm? (pads) = -
e (phels) ‘l‘lzid‘Hard ff.enjl

Total area: ~ 4000m*  Max.rate:1 kHz/cm'
i lem
Single unit detect:

05-1m?

Rad. Hard.: no

E

Silicon f [Sonmaior  [maps

L

Special
Requirements/
Remarks

Si+ TPC Momentum

resolution :
dp/p <9°10->1/GeV

Power-pulsing

Jet Energy
resoluti

Power-pulsing, self-
triggering readout

Particle Flow Calorimetry (ILD/SiD):

PFA Calorimeter I
=i ‘

Iron
digital
Wicio
RPC || GEM X

MPGD Tracking for Heavy lon / Nuclear Physics

Experiment/
Timescale

STAR Forward GEM

Tracker @ RHIC
Run: 2012-present
Nuclotron BMeN
@ NICA/JINR
Start: >2017
SuperFRS @ FAIR

Run: 2018-2022
PANDA @FAIR

Start > 2020
CBM @ FAIR:

Start: > 2020

Electron-lon
Collider (EIC)
Start: > 2025

MPGD
Technology

Total detector
size / Single
module size

Operation
Characteristics /
Performance

Heavy lon Physics GEM Totalarea:~3m?  Spatial res.: 60-100 pm
(tracking) Single unit detect:
~04x04m?
Heavy lons Physics GEM Totalarea:~ 12m*  Max. rate: - 300 MHz
(tracking) Single unit detect:  Spatial res.: - 200um
~09m?
Heavy lon Physics TPC w/ Total area:~few m*  Max. rate:~ 10°7 Hz/spill
(tracking/diagnostics GEMs Single unitdetect:  §patial res: < 1 mm
at theIn-Fly Super Typel:50x9 cm?
Fagonant Sepmiat) Type II: 50 x 16 cm?
Nuclear physics Micromegas/  Total area: - 50m* Max. rate: < 140kHz/cm?
p - anti-p (tracking) GEMs Sulsle unit detect: 150pm
=95
Nuclear Physics GEM Total area: 9m? <1mm
(Muon System) A MHz/cm?
Single unit detect: 15ns
0.8x0.5m*~0.4m? Rad hard.: 10
n.eq./cm?/year
Hadron Physics TPCw/GEM  Totalarea:~3m?  Spatial res:~ 100 um (r$)
(tracking, RICH) readout Luminosity (e-p): 10°
Largearea GEM §
planar tracking 10l area:~25m g ) res ;- 50- 100 um
detectors Max. rate: ~ MHzfcm?

s

Special
Requirements/
Remarks

Low material
budget:: < 1% X0 per
tracking layer
Magnetic field 0.5T
orthogonal to electric

field

High dynamic range
Particle detection
from p to Uranium

Continuous-wave
operation:
10" interaction/s

Self-triggered
electronics

Low material budget

Low material budget

Experiment/

Timescale

COMPASS @ CERN

Run: 2002 - now

KEDR @ BINP
Run: 2010-now
S5BS in Hall A @ JLAB

Start: > 2017

pRad in Hall B @ JLAB

Start: 2017

SoLID in Hall A@ JLAB

Start: ~> 2020

E42 and E45 @PARC
Start: -2020

ACTAR TPC

Start: ~2020for 10y.

Experiment/
Timescale

Application
Domain

Hadron Physics
(Tracking)

Particle Physics
(Tracking)

Nuclear Physics
(Tracking)
nucleon form
factors / struct.

Nuclear Physics
(Tracking)
precision meas.
of proton radius

Nuclear
Physics
(Tracking)

Hadron Physics
(Tracking)

Nuclear physics
Nuclear structure

Application
Domain

MPGD
Technology

Micromegas w/
GEM preampl.

GEM

GEM

GEM

TFC w/ GEM,
gating grid

TPC wf
Micromegas

Reaction processes (amp. gap 220 um)

MPGD
Technology

Total detector
size / Single
module size
Total area: 2.6
Single unit detect:
031x0.31 m?

Total area: ~ 2 m*
Single unit detect:
0.4x0.4 m?

Toral area: ~0.1m?

Total area: 14 m*

Single unit detect.
0.6x0.5m?

Total area; 1.5m?

Single unit detect
1.2x0.6 m2

Total area: 40m?

Single unit detect.
12x0.6m2

Total area: 0.26m?
0.52m(diameter)
x0.5midrift length)
2 detectors:
25"25cm2 and
12.5*50cm2

Operation
Characteristics/
Performance
Max.rate:10°7 Hz
(~100kHz/mm? )
Spatial res.: ~70-100 um
(strip), ~120um (pixel)

Time

Max. rate:] MHz/mm?
Spatial res: ~70pm

Max, rate:400 kHz/cm?®
Spatial res

Time res.: -
Rad. Hard.

1-1kGyly.
Max. rate:5 kHz/cm?®
Spatial res.: ~70um
Time res.: ~15ns

Rad. Hard.: 10 kGyly.
Max. rate:600 kHz/cm?
Spatial res.: ~100um
Time res.: ~ 15ns

Rad. Hard.: 0.8-1 kGy/y.
Max. rate:10° kHz/cm?
Spatial res.: 0.2-0.4 mm

Counting rate < 104 nuclei
but higher if some beam
masks are used.

MPGD Technologies for Photon Detection

Special
Requirements/
Remarks
Required beam
tracking (pixelized
central { beam area)

Gating grid
operation ~ 1kHz

‘Work with various
gas (He mixture,
iC4H10, D2...)

Total detector
size / Single
module size

Operation
Characteristics /
Performance

Special
Requirements /
Remarks

COMPASS RICH Hadron Physics Hybrid Totalarea:~ 1.4m  Max.rate:100 Hz/cm? Production of large
UPGRADE (RICH - detectionof ~ (THGEM+Csl  Single unit detect: Spatial res.: <~ 2.5 mm area THGEM of
Start > 2016 Sngld YUV photoes)) RS and MM) GUexK 0o Time res.: - 10ns sufficient quality
PHENIX HBD Nuclear Physics GEM+Csl  Totalarea:~12m?  Max. rate: low Single el. eff. depends
Run: 2009-2010  (RICH —e/h separation)  detectors Single unit detect:~  Spatial res.: ~ 5 mm (r) from hadron rejection
0.3x0.3m? Single el. eff.: - 90 % factor
SPHENIX Heavy Tons Physics TPC w/GEM  Total area: ~ 3 m* Multiplicity: dNch/dy - 600 Runs with Heavy lons
Run: 2021-2023 (tracking) readout Spatial res.: - 100um (1) and comparisonto pp
operation
Electron-lon Hadron Physics TPCw/GEM  Total area: - 3 m? Spatial res.: - 100 um (r) Low material budget
Collider (EIC) (tracking, RICH) readout + Luminosity (e-p): 10
Start: > 2025 Cherenkov
RICH with Totalarea:~ 10me  Spatialres:~few mm High single electron
GEM readout efficiency
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Micromegas: Detector Principles

=Micromegas are parallel-plate chambers where the amplification takes
place in a thin gap, separated from the conversion region by a fine
metallic mesh

Drift Electrode

=The thin amplification gap (short drift times and fast absorption of the
positive ions) makes it particularly suited for high-rate applications

Msonen Y. Giomataris

Drift

(athode -800 V
- Mesh Readout Strips
Drift Cathode T ;
Quartz Fibre Spacers
Pillars
Pillars Micro Mesh -550 V Field line
oy iy ~1kV/cm
Wi
) Read-out
- / At - Read-out electrodes y Y > 2

~few 10kV/cm
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Micromegas: Detector Principles ALt S e e ok

NIM A560 (2006) 405

T

Copper
Plane

Base Material

FR4

amvavontveo! (IR |
—~— Mesh
Positioning of Mesh /7T TTT L TE I HTELT

Encapsulation of
Mesh

The Insulator (\Vacrel 8100 in this case) Is photosensitive and can

be removed by etching, creating the pillars.

i:mmfmsmr;m#m

 New mesh used for bulk MM.

 Woven wire mesh, wire diameter about
20-30 um and about 80% transparency.

 Largely produced for serigraphic
application.

» Electroformed micromesh was normally
used before.
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Micromegas: Resistive MM (spark resistant)

" Sparks between mesh and readout strips may damage the
detector and readout electronics and/or lead to large dead
times as a result of HV breakdown

" Several protection/suppression schemes tested
* A large variety of resistive coatings of anode

* Double/triple amplification stages to disperse charge,
as used in GEMs (MM+MM, GEM+MM)

_____________________ " Finally settled on a protection layer with resistive strips

Resistive strip " To avoid spark effect the readout strips were covered
0.5-5 MQ/cm ] . . . - - .

with the 64 um thick insulator layer with resistive strips
on top of it connected to the +HV via discharge resistor
and mesh is connected to GND

Read-out strip

— o o ke —— —

Read-out strip Insulator
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Micromegas: resistive MM

MicroMegas mesh currents and HV drop in neutron beam

Gas: Ar:CO, (85:15)  Neutron flux: = 10° n/cm?/sec
Standard MM: Resistive MM:
Large currents Low currents

Large HV drops, recovery time O(15s) Despite discharges, but no HV drop
Chamber could not be operated stably Chamber operated stably up to max HV

600 3

600
| R11 and MM1 (standard) 1 | R11 and MM1 (standard)
| under neutron irradiation 1 | under neutron irradiation
I Neutron source current: 1.2 A | I Neutron source current: 1.2 JA
25 25
550 I — 550
2r -\2

-
tn
T

Current (uA)

HV values
Mesh currents

. N o
L N . ) UL BT ! .
L MMI_sta N o < - ™ 450 09 - 450
| MM1_sta "'-_ .. . e - ] i . |
05 | . . ot D 1 05 . 1
P ST R PRI B SRR L. s 7 TS 1% S S BRI PP oo 0 = R Y “‘“M" TRRIRITER R

o1 400
66000 67000 68000 69000 70000 71000 72000 66000 67000 68000 69000 70000 71000 72000
Time (s) Time (s)

HV (V)
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Micromegas: resistive MM

Sparks in 120 GeV pion & muon beams

Standard MM Resistive MM
Non-resistive MM (Ar:CO2 93:7) 120 GeV pion & muon beams )
600 =500 10 R12 (Ar:CO, 93:7) 120 GeV pion beam =
- Ga|n = 40 | ) . | I 600 :_ Galn N 104 J
0 | 8 ;
| | 415
400 ff ]l < 550 [ -~
S oo b ' = S 3
00 .; ERCtANEEEE " 000 . .« 00 "t L aw e, s Twwrs C S J, ..E
:1>: o 8 ; o ; 500 |- o
200 : a3 _ 1 3
" -:. “.‘: 5 450 E ) -.-. o "-' 0.5
100 £ ; : : LEE . |
6 ORI NS R W T 400 R S Sosiaiital ¥ w1
2607 2607  27.07  27.07 2807  28.07 21:00:00 21:30:00 22:00:00 22:30:00 23:00:00 23:30:00 00:00:00
00:00 12:00 00:00 12:00 00:00 12:00 Time (hh:mm:ss)
Date/Time
=Pions. No beam. MUoNs = Stable, no HV drops, low currents for
=Chamber inefficient for O(1s) when sparks resistive MM
occur = Same behavior up to gas gains of > 104
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Micromegas: spark resistant

Equivalent scheme of resistive Micromegas chambers

(Reversed HV schema, more stable during the operation)

HV (+)
-HV-—-¢—-—————— 9= === == Mesh
C2 ;V Induced charge
Resistive strip
C1 (3 e
e 3 —
- R1 Copper strip Am
e CA
Cl
1 T

C1 — capacitance Mesh to ground

C2 — capacitance R-strip to ground

C3 — capacitance R-strip to readout strip
C4 — capacitance readoutstrip to ground
Ca — input capacitance of preamplifier

________ ¢ ————=—=—=——=—==—====- Mesh
C2 =¢ Induced charge
. Resistive strip
Cl
C3 : Amp
R1 { Copper strip - Ca
Cl ==

C1 — capacitance Mesh to ground

C2 — capacitance R-strip to ground

C3 — capacitance R-strip to readout strip
C4 — capacitance readout strip to ground
Ca — input capacitance of preamplifier
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Micromegas: Performance and MicroTPC

NA
Working with analog FE, two different methods are used in order ?g;;;m) 7 j N
to extract the correct spatial information: .
 Using charge amplitude (Centroid hit) fzhaé 1 b X,
- - .0 mm
« Accuracy rapidly decreasing for larger track angles. 'LE_
* Using time information (uTPC segment). NI = / -
 Performance improving with increasing cluster size hal
I S N o ool e E goof Wicndy pebry T
2 Fua 6332+295 E Mean -0.1245 c - [ nTPC
Esoo@g— :‘r: 412::::3:: 800:— H RMS 0.213 g 5005 |~ Centroid =
Z7000 — b 24705347 700F- :::J o :;:f;;;’; roo [ |-e Combination
1600(]'— :: “'%&?ﬁ 600;— p: 0.09103 = 0.00163 & 3
-1 08 06 -04 02 0 02 0_4R;_ijual;.!?mm]1 q; . ..1|‘5L¢_L|1n10f5}f1&;1 uJﬂ‘ . .41I5‘ 9 ‘2 N | g

Resolution achieved with centroid
method for perpendicular track using
chamber with 400 um strip pitch

0516155055 50" 55 40 45
Resolution achieved with uTPC Incident Angle [7]
method for 30 ©inclined track using

chamber with 400 um strip pitch
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Micromegas Aging studies

« Aging test for MM chambers using ATLAS gas mixture Ar:CO,:iC,H,, 93:5:2
= Avresistive-strip MM has been exposed at CEA

2 - 1.6
Saclay to 5.28 keV X-rays for 12 and 21 days. o 14
. . 1.6 | 1.25 .00
In parallel, an ‘identical’ chamber was o 14 - o
. . . . . S1.2 e }
measured without being irradiated continuously ER 0t o
. £0.8 | 052 50
= Accumulated charge: 765 + 918 mC/4 cm? (>20 Sos " w
0435 ~r . o N s ' 13 8 3 Songnsdagagne Sothy
years of ATLAS MM at HL-LHC) o | 022 2 e
0 KesmranssBtng soisd &5 eBecsssssse toseee Lo o0 020 040 060 080 1.00 1.20 1.40 1.60
0.0 200.0 4{]0.T0ime (hoursﬁ)O0.0 800.0 1000.0 Acqumulated charge (Culomb)
600 I 200 Integrated charge Vs time Energy resolution
Non exposed detecto%%sin fﬁ'ﬁ'ﬂ; T
Ground connectors removed 7 600 T8/T2 peak position vs time
L 4 1.2000
g o0 |7 1500 E 1.1500
g 500 (8782 VAN 8 % Vel 000
3 1 300 E. 1.0500 P6 p7 P8
g ol 1 200 8 1.0000 \P1 b4 e N "
. K P3 -
1 100 0950 N P2 oo PS
0.9000 ) \
488/Sep 28IISep 3OIISep OZI‘Oct 04/6ct 06/bct OS/OCT 10/0ct 121‘Oct 14;0m 16/IOct 18/00t Zologt 08500
0.8000
Figure 9. Mesh current evolution provided by the high voltage power supply (red line) and the _«\q’\ _\qu\ o 9\(}% s”:‘ﬂ &,}9 _o”;‘fb g“‘r'g, g‘;&
® o ® @ & ® ® B P

R17b gain control measurements with R17b detector (black circles).

Effective gain for irradiated chamber (T8) versus reference not integrated chamber
(T2), the drop of gain during the first part of the irradiation test is attributed a large
charge-up effect due to the very high (MHz/cm?) irradiation flux
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I\/Ilcromegas for the ATLAS NSW

Main ATLAS upgrade during the Long Shutdown 2 (2019/20) (Phase-1)

blgwheel EM

» Z

Two different technology:
= MM (main role tracking)
= STGC (main role trigger)

A :
NN NSW Requirements

e 15% P;resolution at 1 TeV

Each NSW has 16 sectors
8 Large + 8 Small

&

= ~100 um resolution per plane

4TGC+4 MM + 4MM + 4 TGC
* Keep single muon trigger under control
- 1 mrad online angular resolution

About 15kHz / cm? at L= 5 x 1034 cm=2s!

360mm
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Building large Micromegas: Non-bulk technique

Non-bulk technique (floating mesh) that uses also pillars to keep the mesh at a defined distance from the board, the
mesh is integrated with the drift-electrode panel and placed on the pillars when the chamber is closed. This allows us to
build very large chambers using standard printed circuit boards (PCB)

Stiffening panel

Fillars (128 pm)

FR4 Support plate
L ! S pportp

o
FRA support plate i
Aluminum Honeycomb
Aluminum Honeycomb
— — T e
. J il “ s [
‘ o \r» ;
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Micromegas for the ATLAS NSW

MM Quadruplet Exploded View Building Large Area MM

PCB + readout strips

50pum Kapton with
resistive strips

Resistive
strips: 15pm

Pyralux® pillars
height: 128um

Copper readout

1 — External Drift Panel strips: 17um

= ' ¢

\ Mesh

RO PCB Cathode bl Ml L
i tbesowl | | ; : : E High temp and
500um | i G i1 high pressure
2 — Stereo Read-Out Panel mEEmaa _— P Gluing

strip width: =~ DR
300pum strip pitch:

415um/450um

pillar distance:
7.0mm

pillar diameter:
230pum

Stereo Angle : +/- 1.5 degrees
Pillars creation

3 — Central Drift panel

Each Panel is about 11mm thick

4 — Eta Read-out Panel

Mesh: Steel Wire Dia 30 um; Pitch 100 pm

5 — External Drift Panel

Five panels joined to make a detector unit
(Quadruplet) with 4 gas layers.
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I\/Ilcromegas for the ATLAS NSW

Spatial Resolution of the precision coordinate §
§ T ——— R AR § 4; :
S N L x2 I ndf 275419 | ] 3sf
e - Well within Prob 0.001139 | ] 2
g a0 requirements Constant 489.9+118 | | °
i - Mean 0.02562£0.00158 | ] 25F
— Sigma 0.08136 +0.00141 _ 2 = —
300{— ] E —t
- ] 18 e
Precision -
200 gau55|an .
- __ coordinate from
Evts in Fit range = 95% |
Lol Eta Layer 1-2 -
- difference /v2 -
oL P R B B ) e
-1 -0.8 -0.6 -0.4 -0.2 0.2 0.4 0.6 0.8 1
(L1_x - L2_x)/sqrt(2) [mm]
'°§‘ 00+ T T T [ T T T I T T T I T T T l T T T I
w ..................................................... :

ATLAS NSW. Prellmmary_.._.._............é.._

Efficiency turn on curve comparing
the performances of the 2 gas
mixture under study: Ar: CO2 (93: 7)
(red) and Ar: CO2: 1C4H10 (93: 5: 2)

Ar+CO +C, H,o (93:5: 2)

3 RN TATTRNE SRR [N (RNANRIRRNES) o + ..................................................... bunssnsessiatensis -

A CO, 93 7 i =
20 r+ ......... ( ..... ) ................ ................... _;
10 ..................................................................................................................................... _.;

086730 290 a0 480 500 520540
465 485 505 545 565 585

=
530

£ (%)

r ..6_ 70:
= &  60F w
I =
= E
—] = 50—
5 E
I E
- 3 40—
] = E
— o] 30—
=
= 20F-
= 10F
Coyr
I B I [ S A AU PR S B I bt
540 550 560 570 500 510 520 530 540 550 560 570
HV (V) HV (V)
100 T I ]
on ATLAS NSW Prellmlnary == = _i
E e o i E
80 ¥ o —
= “"‘“ E
705 =
o= ., =
501 E
40 / Mty E
30E- ¥ . -
" E
20F . =
105 T
0: 1 L | | L 1 | 1
500 510 520 530 540 550 560 570
HV (V)

Cluster width (top left), mean cluster
charge (top right) and efficiency (bottom)
of different layers of the NSW as a
function of the amplification voltage
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Data from ATLAS NSW

900 GeV Collisions at ALTAS (28/5/2022)

& TLAS

EXPERIMENT

Occupancies on NSW side C Micromegas layers

MMG-C Layer 1

: 2500
ATLAS NSW Prel|m|nary
2000
1500
1000
500
0

Hun 431885 ts 136Tev

B

global position y [m]
N

o

global position x [m]

[MMG-C Layer5

| ATLAS NSW Preliminary

global position y [m]

| Run 431885 is = 13.6 TeV]
-4 -2 0 2 4

global position x [m]

MMG-C Layer 2

S — -2500
ATLAS NSW Preliminary

B

2000

—1500

global position y [m]
no

K=

l1000

[ 500
-4

Run 431885 is=136TeV

Lo - -

|
n
[

|
-4 2 0 2 4

global position x [m]

MMG-C Layer 6

[ ATLAS NSw Pr"elimi‘nar‘y

global position y [m]

L RLIF‘I 4318]85 ‘ is= 13.6‘TeV
-4 -2 0 2 4

global position x [m]

T. Vafeiadis, The New Small Wheel project of ATLAS, CERN EP Detector
Seminar 17/6/2022,

https://indico.cern.ch/event/1168778/attachments/2464624/4227403/_2022_0
6_17-TV-DetSeminar.pdf

151st LHCC Meeting - OPEN Session, ATLAS Status Report by T. J. Khoo,

https://indico.cern.ch/event/1192325/contributions/5012980/attachments/25
07852/4309670/LHCC_ 20220914.pdf

M. Bianco, EURIZON Detector School | Gaseous Detectors | 17th-28th 2023 Wuppertal




What are the GEM: Principles

» Concept of Gas Electron Multipliers

» Gas Electron Multipliers (GEM) was introduced by Fabio Sauli in 1996-97

» Gas Electron Multiplier electrode is a thin polymer foil, metal-coated on botf
sides and pierced with a high density of holes, typically 50-100 mm~

» Inserted between a drift and a charge collection electrode, and with the
application of appropriate potentials, the GEM electrode develops near the
holes equipotential field lines .

« The large difference of potential applied between the two sides of the foil
creates a high field in the holes; electrons released in the upper region drift
towards the holes and acquire sufficient energy to cause ionizing collisions
with the molecules of the gas filling the structure

» Asizeable fraction of the electrons produced in the avalanche’s front leave the
multiplication region and transfer into the lower section of the structure,
where they can be collected by an electrode, or injected into a second
multiplying region, schematically a single GEM detector, with a two-
dimensional patterned charge detection anode

—_—
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What are the GEM

SEM picture of a GEM

Gas Electron Multipliers

SEM picture of a GEM hole

Primary P>«
'°“iza"°“l Wy Drift E field
55 um , ASSHil
| 7 P B 1
K ““ ‘?\Ampliﬁcation |
W\, region
, 10
AIgon-COz ; .
oV
— Efield line Transfer E field
Electron flow (% 90-10 | go.20
™ |on backflow 2 10 70-30
& 60-40
Electrons entering the GEM holes will accelerate in the intense electric v s050
field (~80 kV/cm) and provoke the ionization of gas molecules, giving rise
to an electron avalanche — Ny
10
Multiplication: 1 e- input to > 1000 e- output (as a function of gas and HV) womeome e
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Master of GEM

CERN’s Printed Circuit Workshop

DOUBLE MASK SINGLE MASK i K Ym',' ‘g.
é NGRED FTS

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 procedures for fabrication of a double-mask Gem (left) and a single-
mask GEM (right).

https://indico.cern.ch/event/1175363/attachments/2477073/4252122/MBianco CMS GEM.pdf
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https://indico.cern.ch/event/1175363/attachments/2477073/4252122/MBianco_CMS_GEM.pdf

GEM: Operation and Performance

_ BOWIDTH = PITCH/2 SNR = 150
E -
= - —#— Resolution of individual detector
% 70 —— O imary (rESIdUAIS) i total set-up
g [ —$— Final spatial resolution
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V.N. Kudryavtsev et al 2020
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TRIPLE GEM A-CO,-CF,
o~ 4.5ns
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0
350 400
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~

o

o
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Entries / ADC Channel
2
o

GE2/1 Double Segmented GEM-foils
Gap configuration 3/1/2/1 mm

Gas Mixture: Ar/CO, (70/30) - 5 L/hr
Cd'"™ (22 keV X-ray - 14.74 MBq)
Effective gas gain = 2 x 10*

4 Data
— Global Fit

photopeak Cu k“- line fluorescence
Curve Fitting:
y=t (0 +1 00 +1,(x)
f1(x) = gaussian func. — photopeak

f4(x) = gaussian func. — escape paak

f4(x) = 5" order paly — background

500/
4001
o C
— 300[-
OI C
o 200
(@] -
|_
1 100
cé) N
O o

1 1 Il 1
800 1200 1600 2000
ADC Channel

N
o
o

M. Alfonsi et al, Nucl. Instr.

and Meth. A535(2004)319

Standard GEM Timing Performance

Time Resolution [ns)
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Gap configuration 3/1/2/1 mm - 10 MQ protective resistors on the top

Gas Mixture: Ar/CO, (70/30) - 5 L/hr
X-ray Tube: Silver(Ag) Target
Effective gas gain = 2 x 10*

EASFx1

GEISFx1

4~ Standard GEM-foils | |
—$— Standard GEM-foils with 200k<: protective resistor on the bottom

—4— Double Segmented GEM-foils with 100k< protective resistors on the bottom

+++#‘+%ﬁmsﬂgu—#§%qh9;-w|

1071 1

10

Normalized GE21 Particle Flux
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GEM for CMS Experiment

Two different shapes

(long and short) to fit
the CMS mechanical

structure

The GEM upgrade: three new
stations GE1/1, GE2/1 and MEO
based on the triple-GEM

technology

n 0.1 0.2 0.3 0.4 0.5
a° 84 .37 T8.8° T3.1° 87.7° B82.5°

£ ° o 1.2 33.5
—_— 1 CSCs
. I MB4 I MRPGs | 4.3 30.5°
= = W GEMs
Wheel O Wheel 1 : I W iRFCs
1 | ] MB3 B i MEO | q.4 27.F°
& | e’ ]
L
; r o
5 El MB2 | I 1.6 22.8°
[ ﬁrqp1 e 1.7 20.7°
4 — AR | R e e
: 1
= 1.9 17.0°
Solencid magnet | I 2.0 15.4°
3 2.1 14.0°
= 2.2 12.6°
-
w 2.3 11.5°
| HCAL | 2.4 10.4°
2 B | 2.5 9.4°
| ECcAL | 28 7.0
1 HGCAL | 3.0 57
Silicon
tracker

o SWaREREEEEETT
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GEM for CMS Experiment

PANASONIC
/ Connector

Brass
Pull-out Polyurethane

GEM foil
sectors

Drift Board

Pull-Out
Stack of three Fixed at its
GEM foil Position

Pull-Out with
Stretching Screw

Stretching Stack
Against the Pull-Out
Using Screw Driver

Stretching Protection
screw / resistance
AEAARR M Ly A - -
Fixed external Maddididi GEP: 2

GEM 1

Drift electrode

3/1/2/1 mm
Frames which
Define Gap
Configuration

Screws to hold
the GEM stack

Stretching Opening for
Screw Insertion of
Stretching Screw

Movable
internal frame

HV contact pin Torque Controlled

Screw Driver

GE1/1-1 GE1/1-11 GE1/1-111 GE1/1-IV GE1/1-V aEtav GE2/1-Vil GE1/1-X
2010 2011 2012 2013 2014 2015 2016 2017-2018-2019
R&D phase Toward producHGRTEREG TDR Slice test installation Production phase & installation
GE1/1:VI Vil GE1/1-X

GE1/1-1 GE1/1-11 GE1/1-11 GE1/1-1V GE1/1-V
-> first im-class GEM -> Optimization of the -> first use of the self- -> Finalization of the -> GE1/1 final layout -> Latest detector -> First Production in -> External (w.r.t . CERN) production sites certification and
detector ever built electric field i -> Modules used to design series of GE1/1 chamber components shipment . .
-> singll k i -> single k -> ion of the | design the QA/QC Optimization chambers (10 modules) -> GE1/1 chamber assembly and certification
technology -> single-mask technology pull-out setup > Final di for >p ion of -> Super chamber mechanics optimization
-> 99x(22-45) cm? technology -> No spacers but glue | -> No glue/no spacers | -> Modules maximum acceptance the GE1/1 chamber -> First test with final front-end electronics
-> 1024 readout -> 99x(22-45) cm? on the external frame | -> Assembly time distributed to the (Long/short) chamber assembly and ->GE1/1 super chamber assembly and certification with final
channels ->3072 readout channels| -> Stretching against reduced from 1 week | production sites for certification front-end electronics
-> gap config. 3/2/2/2 -> gap config. 3/1/2/1 the external frame to 2h!! assembly and QA/QC
-> use of spacer grid and | -> use of spacer grid and training

https://indico.cern.ch/event/1175363/attachments/2477073/4252122/MBianco CMS GEM.pdf

Position for
Pull-Out

Holes for Screws
used to fix
Pull-Outs

Screws to hold
the GEM Stack
Stretching /]

Screw

Piece of

i e GEM Foil

O-ring
fixed in the
gas frame

Holes for ¢
alignment pins

Holes left
without screws
for
Demonstration

Gas Frame
Drift Board
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https://indico.cern.ch/event/1175363/attachments/2477073/4252122/MBianco_CMS_GEM.pdf

GEM: |scharge & Ageing

Discharge Propagation X Damage

Channel loss | o
probability probability probability

The most effective mitigation consists of reducing the
probability of discharge propagation

Step 1: initial GEM discharge Step 2: precursor current Step 3: discharge propagation

t~10ns Hot spot

HV Filter

[ r{oora }- Hv

55555 AN/

§§
v

HV Filter

%

Effective Gas Gali

SRR

2

| GEM Bottom

Defects (or rarely very high charge density), can Basic principle:
generate discharges at the level of GEM holes. - HV segments on the top: o
If we exclude the possible FE damages, if not GEM protection against

correctly protected, the effect of the discharges is to

modify the hole shape, making it larger (after regular discharges

- HV segments on the bottom:

hundreds of discharges) and leading to gain ) s _ . —— —
reduction. Problems can come from the sputtering of protection against discharge In Aachen irradiation/ageing tests, collected up to
copper and polyamide around (and inside the hole) propagation 8 C/cm? on the MEO-CERN-0001 prototype.

which could generate shorts. The chamber effective gain, has not been affected
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GEM: Improving se

a) 50 pm Kapton > 5 m Copper

15 pm Photoresist

b)

e)

f)
g

h)

Photoresist
lamination

GEM Mask,
sectorization definition

Exposure

Development

Copper etching

Resist stripping

Polyimide anisotropic
etching

Bottom resist
protection deposition

>

B S

Bottom copper etch by
chemical reaction

i)

ayy |

Resist stripping
(ethanol)

Polyimide etching, the hole
become double conical

Photoresist
lamination

GEM Mask, sectors exposed

Exposure for

m) sectorization
Development

0) Copper etching,
sectorization

final cleaning

d X2 XX

Zoomonstep “m) “

GEM Mask:
sectorization pattern defined

Sectorization mask and holes
pattern must be carefully aligned

Resist stripping,

a) 50 um Kapton > 5 um Copper

15 pm Photoresist

Photoresist

b) lamination
GEM Mask,

C) - o

d) m Development

e) H

g) Polyimide anisotropic
etching

h) Bottom resist
protection deposition

i)

gmentation technique

ayYvy

d XXX

- 003

Bottom copper etch by
chemical reaction

Resist stripping
(ethanol)

Polyimide etching, the hole

become double conical

Photoresist
lamination

GEM Mask, sectors exposed

Exposure for
sectorization

Copper etching
n) Development
.

il

% Copper etching, sectorization

1
L

Resist stripping, final cleaning

Zoom on step “m) “

33

GEM Mask:
* No sectorization pattern defined

Sectorization mask:

* HV sector can assume any shape without

alignment mast problem

* GEM holes can be partially surrounded by copper
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GEM: Operation and Performance

= . ‘ . 20x10 g
' E S 20x10
E . E £ 098 2 >
=% > O B W gstm - 7
20 20k ‘ g 0.96 E "
: £ 098/ o = 400 um '
10f 10} ; 0.94 {
Ok 4 - ofF ! E 098 * 95%
g 0.92 0 | e o e o omm omm omk mm omm omm mm owm owow
10f- = 04 $a N -10 : = 094
; 3 & ! 0.90 .
20 = 3 °§m i <»§$ 20k ’ E PRET
: 02} s # &8 8¢ | 0s2
30f 3 : 7 6«5 ,<f”§ §a‘ 30k | 4 0.88
-210 6 26 . 0 4‘0 »50 6 O ) _éo 16 50 0.86 T S T R T Pags"o;:‘c.x : n:g\ L
x (mm) Position y (mm) x (mm) !
* Efficiency measured in CMS - GE2/1 chamber operated at * Window of 9cm x 9cm, in 10x20 chamber with Random
GAIN: 2E4, instrumented with Standard Segmented GEM foils Segmented foils defined by the Tracker coverage
+ Sigma Efficiency dip due to the HV segmentation is 200 um * Sigma Efficiency dip due to the HV segmentation is 400
(Dip @ 95%: w = 900 + 100 um) um (K width 95% efficiency)

« Efficiency drop also up to ~20% * Efficiency drop very limited ~94%

https://indico.cern.ch/event/1120714/contributions/4867134/attachments/2469534/4236245/MBianco Poster for iWorid2022 V2.pdf
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https://indico.cern.ch/event/1120714/contributions/4867134/attachments/2469534/4236245/MBianco_Poster_for_iWorid2022_V2.pdf

Data from CMS GEM GE1/1

2021 TEST COLLISION DI-MUON IN GEM (+CSC +RPC) 2022 CRAFT MUON IN GEM (+CSC +RPC)

M Data recorded: 2021-Nov-01 00:20:45.992512 GMT
Run / Event / LS: 346509 / 28321286 / 30

CMS Experiment at LHC, CERN
Test pp collisions at 800 GeV - Nov 2021 Data recorded: Sun Apr 10 07:36:04 2022 CEST
- A candidate JPsi -> mu mu event in CSCs Run/Event: 350166 / 578929503
- Invariant mass of the two global muons = 3.1 GeV ' o I
- +RAPC rechits on one muon; Lumi section: 367
- +GEM segment on the other

CSC Correlated
LCT position (w+s)

~ RPC rechit

ECAL Barrel 4
RPC rechits rechits
(close to
lower muon) ECAL Endcap
rechits

/ DT segment

M. Bianco, The GEM detectors within the CMS Experiment, CERN EP Detector Seminar, 8/7/2022, https://indico.cern.ch/event/1175363/
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GEM in ALICE Experiment T e o

S
° 18F T —e—u =235V —o—U__,,=235V ]
THE ALICE TPC o oty ey
16 o . UGEM2=285 \% —_— UGEM2:285 v ]

HYV electrode (100 kV)

For TPC fundamental the IBF VR
suppression!!!

10F

field cage

Three measures to suppress the ion
back flow into drift region: . . .

1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0

— Low gainin GEM 1, highest in GEM 4 IBF (%)

. . Performance with optimized HV configuration
— Two layers of large pitch (LP) foils IBF = lon BackFlow, o= energy resolution for 55Fe
(GEM2 and GEM 3) block ions from

49.7 cm 114&

GEM 4
GEMS FOR ALICE UPGRADE — Very low transfer filed E+5 (100 V/cm)
between GEM3 and GEM4
E ri
GEM1 (S) E‘”‘ -
GEM2 (LP) E” 12
GEM3 (LP) E” 2 2:
: ]l_a:ge:fzcus(i;g(ic;me:skkfo?ls (f)r;;; CCERN PCB workshop GEM 4 (S) ETB 12
NS——— Readout pads nd g~ pad plane

*  Operate at the gain of 2000 in Ne-CO»-N; (90-10-5)
* IBF < 1% at gain = 2000 [ & 20

* Local energy resolution g/E< 12% for 5Fe

+  Stable operation under LHC conditions
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GEM in ALICE: Pilot Run

% All tracks were reconstructed ONLINE.
ALICE

Q Tot (A-Slde) CORRECTIONS _
— F —60( w0, oK " g
£ B ? 550 dE/dx calculation required correction to achieve & >
Eonol- optimal resolution § > ALICE, pp, /S = 900 GeV
>SN B {501 ~  Stack correction ) N
B Tracks topology correction (track inclination) 5 TPC online
: ~45( ~  Drift length: Require track matching with further detectors % e
100
L —40( Q
- =
L —135(
0 o 30(
C 251 -
- X X
-100F- 200 A 4
. 15(
200~ 10t {i \;
: 50 & y 7 z == N rh
=N B B S E AU EN AT AN I A A AN A A A AN N B AR D - S =X =
-200 -100 0 100 200 - 3 E s 3 L ! p1(OGeV/C)
v [em) - ) I https://alice-figure.web.cern.ch/node/20827 |

https://indico.cern.ch/event/1172978/attachments/2468524/4234156/2022 06 24 CERN Seminar rmunzer v4.pdf
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) X
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“ p 3 ’ ‘
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U-RWELL story

R&D on low-rate layout R&D on high-rate layout

New MPGD idea
in collaboration
with GDD

|

TB @ high rate @ PSI

TT @ ELTOS
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The u--RWELL technology

The device is composed of two elements:
* H-RWELL_PCB Lol Cathode PCB

Polyimide 70 pm

» drift/cathode PCB defining the gas gap pich 140 ym 50 um

DLC layer (<0.1 um)

U-RWELL_PCB = amplification-stage @ resistive stage @ readout PCB  e~t0:100maic
_—in
Pre-preg

/ |

large area & flexible geometry PCB electrod

Top copper layer

 The “WELL” acts as a multiplication channel for the ionization produced .

In the gas of the drift gap kapton—

« The charge induced on the resistive layer is spread with a time constant, Resistive foil (p)
T~ pXC Pre-preg —

Pads — 4«

C= g X& X % = 35pF X S(cm?) NOT IN SCALE
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Rate Capability SG2++

Gain = 4000, Ar:CO,:CF, 45:15:40 o

CNeN

U-RWELL High-Rate Layout

The purpose of these HR versions is to reduce the distance to be “travelled” by the
charge towards the ground

08—

Relative Gain: G/G,,

06—

F resistivity: 10 MQ/D
04—

Double Resistive layer (DRL) Silver Grid (SG) e

. _ 2
o2l 2 4cm - spot 12.6cm

[ |~ @5cm - spot 19.6¢m’

|

L sl
108

107 10°
Xy Flux [Hzfcm31

3-105 3-106 3.107 3:108
Mip Flux[Hz/cm?]

Ll vl
10°
1st matrix vias (v1)

Dead area
pLc TP

Cu

Polyimide
DL
c\

Pre-preg Pre-preg

Efficiency

[ L
i.[0600V A=1.67mm
i/ |4540V,A=1.84mm
/' |2500V,A=1.93mm
480V,A=1.98mm
4 F | 460V,A=2.03mm
|+ 420V A=2.09mm

2nd matrix vias (v2)
Read-out

Read-out

« 3-D grounding _ » 2-D grounding Posiion em)
* Double DLC layers connected through matrices of « Single DLC layer grounded by means conductive
conductive vias to the readout electrodes (density 1/cm2) strip lines realized on the DLC layer (density 1/cm)

Silver Grid design introduced to simplify the e technology transfer, since the TT of the DRL industrial production is difficult,
The new design, is based on the simple single-resistive layout with a suitable surface current evacuation scheme, the Grid
layout (to avoid sparks) introduce dead area which reduce the geometrical acceptance
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The u--RWELL technology

The PEP (Patterning — Etching — Platingh) e
» Single DLC layer

« Grounding from top by kapton etching and plating

* No alignment problems

« Scalable to large size

* Measured dead zone > 1.6 mm wrt 0.8 mm (by design)

Capabil E\IE\—OPN\EN , R
Rate Capability PEP
12 Gain = 4000, Apr:COZ:CF¥45:15:4O LATEST D PEP zone vs HV PEP zone vs Ed
(= .
g N Z INFN L1
INF-DDE = —~
- o Il N 1 gt~
2 1 S S i
© - g 0.8 g 8
2 o8 g E g °F
= C O 07 L 07
2 5 oo 5
0.6 — resistivity: 10 MQ/0O 0.6 = 0.6
L 05 0.5
[ —h— - 2 E
04— & 3em REV - spot 7.07cm 04F 04 =
- |—=— @ 4cm REV - spot 12.6cm? 03 03 +— 640 V - 2.5 kV/em
02— ) 02F 02 —+— 640 V - 3.5kV/em
- —=— (J5cm REV - spot 19.6cm E e 640 V - 4.5 kV/em
- 0.1 0.1
0 |||||||||5 III”'G """"7 """"8 0—| ol b Lo b b by v b b e | 0l....I....I...:l....I....l....I....I....I....l
10 10 10 10 5 51 52 53 54 55 56 57 58 59 6 61 62 63 64 65 66 67 68 69
X,y Flux [Hz/cm?] Position (cm) Position (cm)
L 1 1 1 []
3-10° 3-106 3-107 3:108

Mip Flux [Hz/cm?]
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U-RWELL Performances

[ |-e SG1 ‘ i~
- SG2 i
104 |+ SG2++ %

F | = DRL e A
[ |+ SRL 7

Gain

103;

500350 600 650 700
HV (V)

Gas gain of the uRwell (different

HR layout) characterized at PSI

Thanks to the resistive plane:
svery reliable
« very low discharge rate
eadequate for high particle rates
O(1MHz/cm?2)

100
90
80
70
60
50
40
30
20
10

0

Efficiency

Efficiency as a function of the gas gain for the HR
layouts (SG1 affected by geometrical acceptance)

[~ SGT S
;— - SG2 »..uouvé
|+ SG2++ B
== DRL =
I/
I/ :
102 10°*
Gain

*gain 2104

*space resolution < 60 ym
stime resolution <6 ns

(\"—\
€
o
~
N
I
=3
R
o
>
2
E
o
o
o
o
e
o
as
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Small-PAD Resistive MM

MPGD for very high-rate application

Scheme 1:
PAD-Patterned embedded resistor

Scheme 2:
Double DLC uniform resistive layer

Scheme32:
Mixed solution (PAD-P-Mix

& Resistive pad
& Embedded resistor

Two planes of independent screen printed carbon
resistive pads with the same geometry of copper
readout pads;

30000r

250001

20000\

15000}

Entries/(1 MCA channel)

10000}

| il | AN | | P | ‘J‘..
0 50 100 150 200 250 300 350 400 450 500
Vpeak (MCA channels)

Side view

g e MESH (bulk technique)

= Pillars
DLC1
Top Iayy

DLC2

Internal layer
One connection to ground through vias

from top and internal DLC layers
EVERY ~ 6x6 mm2

TOp resistivepad\ EEEEEEEEEEEEEEEEEE NN EENEEEEEEEEEEED

Coverley Insulator
Segmented DLC layer /
«  MIX"DLC" and screen printed 5

A
Copper readout pads

Two continuous resistive DLC layers (5 - 50
MQ/0O) interconnected between them and to
the readout pads with network of conducting
links with the pitch of few mm, to evacuate
the charge;

35000—

DLC50

Entries (counts/1 MCA channel)

PRI T S R
100 200 300 400
Vieak (MCA channels)

The resistive pad facing the amplification
gap is always screen printed. The
Intermediate resistor 1s done by DLC
layer

Much more similar to scheme 1

o
]
T = MCA Spectrum
c
u — Fit Result
25000— u“’;am»mmv
IF O =4844- 010V
20000 — By = 12884010V

E Oge =4224- 01V
12/ ndf = 1657 / 265 (6.3)

FWHNMy = (3758 0.02)%

50 60 700 80 90 1ol
Peak Voltage [mV]
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Small-PAD Resistive MM

Rate capability performances

X-rays exposure area 0.79 cm? (shielding with 1cm diameter hole)

PRELIMINARY

= Cutapeon-APIC

Cu tape off - APIC
Cu tape off - APIC off

09—

PAD-P-Mix

08—

Ohmic drop

07—

charging-up

06—

|

104

107
Rate[Hz]
* Significant gain drop at “low” rates dominated by
charging-up effects as for PAD-P schema
* Negligible ohmic voltage drop for the individual
pads for rates between 0,1 and ~2 MHz/cm2

Ll - | I O
10 106

G/Go

ol o
09}
OBi—
-

06~

= Cu tape off - APIC off
Ll 1 | E=1

PR s & a" L

NO charging-up

= Cutapeon-APIC

Cu tape off - APIC

Ll

|

104

103

DLC20
Ohmic drop
T T
Rate[Hz]

Almost constant gain at “low” rates (up to few

MHz/cm2.

Significant ohmic voltage drop at higher

rates

o -
E 12 —
© "
(O] 1
0.8 . D
N DLC50-12mm e -
0.6— DLC50-6mm
o, [ v sBuU2 =! b .
- =
i o DLC20-6mm B, Te
B g
0.2 PAD-P f
B PO 3 3 T i
10° 107 10°

Rate per unit area(Hz cm™)

PAD-P shows a sizeable gain drop due to the charging-up at lower
rates (up to few MHz/cm?) but a lower ohmic drop due to the fact
that each pads behaves as an independent resistor to ground.

DLC20, SBU (Sequential Build Up process) have a comparable
behaviour in the explored region (up to ~100 MHz/cm?):

Mean values of the resistance between first and second
DLC protection foils are almost the same

For rates greater than 20-30 MHz/cm? they shown a

higher gain drop wir.t. PAD-P
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. a LOCALIZED ot LOCALIZED ot
g tO =, 0 . s 0
icoSec ST
'; Cherenkov Radiator
L l c . i Photocathode i l
| onversion Layer
Sensitive Volume ® Stl Wﬁ‘.‘z 6t1 Tanster Volume - Btl
Particle Amplifying Stage . Amplifying Stage ‘ T Amplifying Stage I
Readout i Readout Readout 1
Cherenkov T 5 Solid Converters Cherenkov (prompt) Photons
Radiator q. l Cherenkov Radiator .
HVA . :
Photocathode 830 ram Cathode N .0 Conversion Layer l % l
o E-Field Sensitive Volume 1 Stz W Btz ransfer Volume i Stz
Drift 100-300 ym Mesh i ] T
Amplification ~ 50-150pm  * 7Tt gttt E.-F.ie.ld.‘ Ground  (Bylk Micromegas) Amplifying Stage ! T Amplifying Stage T Amplifying Stage
4 Hv2 Anode Readout i Readout Readout i
v H v
———{Preampifier + DAQ] Primary electrons at the same time in the same place
Vessel
I MgF,
3mm radiator
Photocathode - ST::f:i:E

- Metallic ring
(10 nm thick)

The PICOSEC detection concept I gEEEEEEE%}m"

The passage of a charged particle through the Cherenkov it EEEE R 3:3 g o
radiator produces UV photons, which are then absorbed at the I s

photocathode and partially converted into electrons. These e
electrons are subsequently preamplified and then amplified in N
the two high-field drift stages and induce a signal which is [ =
measured between the anode and the mesh. e | | ]

Sketch of the first prototype of th;—:* PICOSEC detector,
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PICOSEC

0.05 ; — P 450¢ 60 ~@— Anode =250 V
Signal Arrival Time g 2/ ndf =73.26 /45 - fode =
0 VS — AR 400? y = 2.7451 + 0.0004 ns e | W Anod =275V
E I r o 3505— 0,=20.9+0.3 ps -~ 505 4~ Anode = 300 V
_-0.05- . o S 300}~ 0, =38.9+1.1ps e r —¥— Anode =325 V
=t ; 3 - § 45¢ Anode = 350 V
o B i w 250 Ot =24.0 +0.3 ps = o
o I g J, | E—— iof R RN SN S E S 40F Anode =375V
s g 200 g —
>_0_15i_ .-!AmplltUde § 1502— ,q§) 35;
B i 100} __ | " a0
0.2 v 500 J— 251
B i : ; c fram T coo ‘ 3 3 ; 3 i : 3
i T T e e e E el L T ol b by b e b b e
0.25, 5560 580 400 420 440 460480 86 565 27 275 28 28 29 2040 360 380 400 420 440 460 480 500 520 540
Time (ns) Signal Arrival Time (ns) Drift voltage (V)
An example of an induced signal from the An example of the signal arrival time Dependence of the time resolution
PICOSEC detector generated by 150 GeV  distribution for 150 GeV muons, and the on the drift and anode voltage fora
muons (blue points), recorded together with  superimposed fit with a two Gaussian PICOSEC detector irradiated by
the timing reference of the microchannel function, for an anode and drift voltage of275 150 GeV muons.
plate MCP signal (red points) V and 475V, respectively.
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» Aiming at large area detectors, multi-pad PICOSEC prototypes were
developed, which comprise segmented anodes divided into either

: B ILIL
|

Planarity is one of the most challenging parameters
for large surface PICOSEC detectors. PICOSEC
based on uRWell instead of MM to improve reduce
planarity issue has been proposed

hexagonal or square pads

» Extensive tests in particle beams revealed that a detector with 19
hexagonal pads, each with 1 cm diameter, offers similar time resolution
to the single-pad PICOSEC prototype

» Also true in the case that the incoming MIP induces signals in more
than one of the neighboring pads

» Particle-beam tests of an improved, larger prototype (comprising 100
1cmx1cm pads) demonstrated even better timing capabilities

Cherenkov radiator: MgF
Photocathode: Cr (3 nm) + Csl (18 nm)
Drift gap (100-200 um): pre-amplification |Charged particle

A
A
A

w-RWELLPCB
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Technology Transfer and Relations with Industries

Preamble

« Academic physics researchers usually do not have dedicated training (or in theory are not supposed
to have) for interaction with industries, this could lead to multiple unexpected problems when
R&D or Mass Production process, which require interaction with company, need to be launched.

« While the technical/bureaucratic aspects could be effectively improved by appropriate training,
knowledge of the market which could support development and production of Gas Detectors is
often the result of previous experiences and interaction with collaborators

The following slides do not want to make a list of good/bad companies (the assessment could be the results of particular

lucky or not well-prepared collaboration) rather examples, hints and tips for process preparation and interactions with the
companies
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Technology Transfer and Relations with Industries

... before and during the engineering process

Do something similar have been already designed produced?

« When? By whom? For which project?
 Inquire the involved people for feedback and detailed summary of lesson learnt

Are the technical solutions adopted affordable by standard company?
« Often engineers and technicians in our Institute, with similar tools regularly available in the
market are able to achieve much better results

Do you have already in mind possible company for the production?
 Yes: Involve them in the engineering process
« No: Too bad, looks asap on the market

Are the technical/manufacturing specifications in line with the documentations/specs

adopted by the company ?
« Compatibility of design and production tools is a key point
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Technology Transfer and Relations with Industries
...before to start a production process

Do the production will require a dedicated Technological Transfer?
« The process should start asap, possibly with a pre-series production as qualification step for a
possible call for tender

Single supplier or splits order?
« Both solutions have pro and cons, correct risk analysis should be carried out before adopting
one or the other strategy

Production in batches, per components types, mixed, ...

* Projects needs could not match the “modus operandi” of the company, for large production of
several different components, companies use to work in series completing the production of
each single type before to move to the next one; This could not fit with the general project
plan. Switching continuously production between different type of similar but not identical
components could easily lead to production mistake and cost increase. Production planning,
with adequate float, should be steered and submitted to the company at the time of the contract

Logistic and communication matter!!!
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ATLAS NSW MM anode boards production

® lLargest industrial production of MPGD ever: 1300 m2 detector surface

®  Resistive Micromegas fully produced in industries (first time)
®  Mass production: 2112 boards of unprecedented size: up to 45 x 220 cm?

®  Technology developed at CERN and transferred to industries

JIRRENR

= Two companies selected: ELVIA (F), ELTOS (IT)
= Choice to split production in 2 sites

o Pros: .
. . . dard .
»  Helped in keeping the schedule. None of the firms could stand the full e 01 basit, paaied Craciaion & Do,
production in the required time elongation (humidity). | o N 2
« Each firm knew about the other = helped in promoting a good competition I %gfgﬁ‘ﬁgﬂgﬁ%ﬁg}g'&%ﬁgﬁgﬁj&m ————— P
* Allows to find a quick falloack solution in case of failure of one company (saving Il stacking and high-pressure & temperature gluing of u-:l
the time for the technology transfer to a new company, still slowing down the Q«EH‘L?EQLE%BE«,?JE%’;‘S;?&W .
tOtal prOdUCtiOﬂ) complex due to: size of board & required cleanliness. /]
omplex due to: size of board & required cleanlines
+  Experimenting different technical solutions to adapt production to the specific V. ft;:d&;:;%l r:ggi plating of copper pads 4
firm = knowledge improvement V. screen-printing of silver paste v
+ Allowed to quickly disentangle issues coming from components (common) wrt non-standard but rather simple & required accuracy only & mr U PR E——
firm production Speciﬁc issues VI. lamination of coverlay & pillar creation | | !
standard process for small boards.
o Cons: complex due to: size of boards, highly non-standard pattern, 4 - fteed
i required flatness B
* Double efforts to follow up production at the two firm's premises Vil.cutting of boards and drilling of non-precision holes ¥ L]
. P . . . . standard process on CNC machine, .
» Develop firm-specific adaptation of production (facing different problems) complex due to size of boards, required cutting precision &
 Establish two communication lines hoard elongation (humidity). | —

= Final comment: was the right choice
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ATLAS NSW MM anode boards production

Main problems:

= Schedule!

= Production steps were new/unusual for the companies.

= Complex logistics

= Problems with subcontractor

= The technical responsible of production frequently change

= Two companies -> Two had different styles and policy. Need to adapt to them.

= A constant follow-up at the companies during the whole production (>3 years) from experts was needed
= Huge follow-up and QC effort (manpower and cost)

= Final remarks: both companies considered the ATLAS production as an R&D, not a series production.

= Their main goad was to acquire (‘for free’) new expertise and potentially open up new market. Another advantage
was to get credit from known research institutes (CERN & others)

= Both reached a yield >80%, larger than expected by both at the start of production. They are potentially
interested in other similar commitments, based on the acquired knowledge.
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GEM Production in Industry (CMS Experience

Technological Transfer process very long, the company tried to master the single mask BB " orcean Welcome to v :‘I
etching technique as at CERN but than moved to the double mask technique, this extended ' _
quite a lot the R&D and startup time

GEM foils production expected for GE1/1 project didn’t arrive on time

® The CMS-GEM collaboration didn’t push too much the company because backup solution was in
place (full production at CERN)

Facility refurbishment during the R&D process required long interruption of the tests
Modification of local environmental protection rules imposed additional stop and delay

GEM foils size limited by machine/infrastructure and glass masks (~ 1 m long )

Company extremely collaborative along all the time of the process
Several Internship with the SEUL University

At the end production rate quite high > 30 large GEM foils/month

MECARO was qualified for GE2/1 and MEO projects project
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GEM Production in Industry (CMS Experience‘ ,

~ | Reviw far ~En
e\ r GE 1 T

m GE2/1 Production started in 2020/21, regularly running for about one year and
half

= Suddenly in Aug 2022 the company changed ownership and the new management
didn't want to continue production of GEM foils, considered not profitable and
out of the core project

= Collaboration interrupted; production relocated at CERN!!!

= Currently SEUL University is trying to setup new collaboration partially
Insourcing the production in his institute

Long path and big investment with, so far, limited results
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Relations with Industries

s Extremely challenging requirements of future HEP experiments call for close collaboration between academia and
industry. This collaboration should start as early as possible and address prototyping at the R&D stage, through to
qualification testing and later tendering and purchasing.

+» Good knowledge of the possible industrial applications are required to increase the chances of successful
collaborations with industry.

+ To motivate industrial partners to invest in sophisticated production lines for building detectors, scientific
collaboration must convince (ideally prove) industry that such detectors have a real market potential beyond
particle physics

some time the goal with industry seem to be the outsourcing of complete detector production ...But

« Are (or can be) HEP detectors (Gas detector in our case) a real Industrial Product?

« Academia attitude is to push over the limits / Industrial attitude is to produce standardized & very well
qualified products; may non-convergent views ?

* Could an “exaggerated industrialization” revert in reduction of our community attitude to detectors
Innovation?
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To the students

during these days, attending to the class “Making engaging scientific
presentations”, | learned that | should not thank you for the attention, but at
let me THANK YOU for the interested post-lecture questions and discussions

To the organizers
THANKS FOR THE INVITATION
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Reference (Talks/Workshops)

 CERN EP Department - R&D on experimental technologies 1st WG2 Meeting https://indico.cern.ch/event/702148

 CERN EP Department - R&D on experimental technologies
https://indico.cern.ch/event/696066/contributions/2927894/attachments/1618327/2573211/RDonGaseousDetectorTechnol
ogies.pdf

 ECFA Detector R&D Roadmap Symposium of Task Force 1 Gaseous Detectors https://indico.cern.ch/event/999799/

« Mini-Workshop on gas transport parameters for present and future generation of experiments
https://indico.cern.ch/event/1022051/timetable/?view=standard

« https://indico.desy.de/event/22513/contributions/46788/attachments/30337/38104/20200224-EDIT-GaseousDetectors.pdf

« https://indico.cern.ch/event/1120714/contributions/4867134/attachments/2469534/4236245/MBianco Poster for iWorid
2022 V2.pdf

* https://indico.cern.ch/event/999799/contributions/4204334/attachments/2236247/3790326/infrastructures.pdf

 CERN Detector Seminar: https://indico.cern.ch/event/1175363/attachments/2477073/4252122/MBianco CMS GEM.pdf

 CERN Detector Seminar: https://indico.cern.ch/event/1168778/attachments/2464624/4227403/ 2022 06 17-TV-
DetSeminar.pdf

 CERN Detector Seminar:
https://indico.cern.ch/event/1172978/attachments/2468524/4234156/2022 06 24 CERN Seminar rmunzer v4.pdf

» Workshop on Resistive Coatings for Gaseous Detectors : https://agenda.infn.it/event/18156/timetable/?view=standard
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https://indico.cern.ch/event/702148
https://indico.cern.ch/event/696066/contributions/2927894/attachments/1618327/2573211/RDonGaseousDetectorTechnologies.pdf
https://indico.cern.ch/event/999799/
https://indico.cern.ch/event/1022051/timetable/?view=standard
https://indico.desy.de/event/22513/contributions/46788/attachments/30337/38104/20200224-EDIT-GaseousDetectors.pdf
https://indico.cern.ch/event/1120714/contributions/4867134/attachments/2469534/4236245/MBianco_Poster_for_iWorid2022_V2.pdf
https://indico.cern.ch/event/1175363/attachments/2477073/4252122/MBianco_CMS_GEM.pdf
https://indico.cern.ch/event/1168778/attachments/2464624/4227403/_2022_06_17-TV-DetSeminar.pdf
https://indico.cern.ch/event/1172978/attachments/2468524/4234156/2022_06_24_CERN_Seminar_rmunzer_v4.pdf
https://agenda.infn.it/event/18156/timetable/?view=standard
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Fast Timing MPGD (FTM)

« Time resolution of all proportional gas detectors (GEM,MM,uRWELL,...) is limited to 5-10ns [1]
» Typical fluctuation of closest primary electron to amplification structure:
A~ 2.8mmt - (d) = 350um @ Vi = 50-70um/ns — o, = 5-7 ns time resolution [2] Test Beam Results (2 layers)

Preliminary

Fast Timing MPGD g
Fast Timing MPGD: Working Principle 2 b o sseozssan
 Divide drift in multiple layers, each with Amplification 25 e
* Resistive electrodes => Electrode Transparency 208
« Closest primary electron => Fastest Signal o
« Time Resolution g, = 1/(A - vy, - N), where N = layers o Eﬂ GosMre MO,
* Observed: 2ns with 2 layer-detector [4] (— OK) QML el

Time(ns)
Fast Timing MPGD: Challenges ] sum polyimide
* Fully Resistive MPGD (no Copper, only DLC, resist. I
kapton) P .. B carbon
» Detect single-electron (or single cluster) instead of e T
many primary+secondary electrons created in driftgap .~ Lo, polyimide
« Requires High Gain Structures: G = 10 - 10° Lo polvimide

* Requires sensitive front-end (< 1fC, few ns rise-time)
Design of single Layer:

Perforated GEM foil with DLC electrode
M. Bianco, EURIZON Detector School | Gaseous Detectors | 17th-28th 2023 Wuppertal




Fast Timing MPGD (FTM): Design

Single layer specifications:

« Drift layer: 250um drift layer (Red: Dupont Coverlay spacers)
« Gain layer: 50um Kapton (Yellow: GEM foil: 70um hole, 140um pitch)
« Support Layer: 200um (Brown: Pre-Preg (glue) + FR4 PCB)
* Resistive coating: 10-100 nm,~100 MQ/ [ (Blue: DLC)

FTM requirements:

detection of single photo-e (closest) instead of alle—in drift (i.e. factor 10 reduction in charge)
detection with single amplification layer(Triple GEM has amplification divided in three stages)
Therefore:

=need high gain structure, with low spark/discharge rate

=need low noise detector and low noise electronics

=need electronics that can process pulse with low charge (10% = 1.6 fC)
=need electronics that can process and preserve a fast pulse
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