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Applications in HEP
Experiments with ‘standard’ requirements

H EP d eteCtOF deS|g n (often small/medium-size experiments)
Detector available

Physics :> Experiment :> Detector N ‘on the market’

case requirements requirements V
R&D for specific
Example: Z>pt Measure 10 GeV muon With 3 measurement points L=1m, B=1T application
with 10% pr resolution = 0, ~ 300 um
Cutting-edge requirements
(often next generation experiments)
I pr s 2 * 03BL2

Sagitta (s) measurement to determine transverse momentum
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Applications in HEP

HEP detector design

Physics

case :

Example: Z2>pHu

Experiment
requirements

Measure 10 GeV muon
with 10% pr resolution

Detector
requirements

=)

With 3 measurement points L=1m, B=1T

= o, ~ 300 um

Sagitta (s) measurement to determine transverse momentum

= Improving o, not always worth: other effects
contribute to momentum resolution
o  Multiple scattering
o  Chamber alignment
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Experiments with ‘standard’ requirements
(often small/medium-size experiments)

Detector available
‘on the market’

D

|4

R&D for specific
application

Cutting-edge requirements
(often next generation experiments)

Other factors affecting the detector choice:
o Cost

Size

Long-term operability

Maintainability

Expertise of the involved teams

Contributing Institutes

o O O O O O
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Applications in HEP

» (Gaseous detectors are used in and are being developed for many HEP experiments
= Each one challenging one or more performance or construction limits

Large detector surface for
big experiments
o Construction technique

‘ .

Time resolution
o Fastgas
o Multistage

=  Space resolution
o Granularity

o Industrialisation c o Cherenkov g o Charge sharing
o Maintenance @@% op o Time info (UTPC)
=  Geometry @Q‘f@@ %@%o Si readout
o Planar = Rate capability

© Cylmd.ncal o Space-charge reduction
o Spherical . o Small-size readout
o Fastreadout
Gas mixture Gaseous
o Drift velocity Detectors = Spark protection
e Operations . . - .
o Diffusion n Aging/Longevity o Resistive coating
o Amplification vs HV stability o Gas mixture o Segmentation
o Aging... o Materials o Gas mixture
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Disclaimer
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Today the MPGD family includes a large number of detectors
Well established technologies adopted in HEP experiments
New ideas, R&D for future experiments or specific applications

Impossible to cover all the MPGD HEP applications
Will show a selected number of representative examples

Focus on LHC experiments and on GEM and Micromegas
What is not mentioned is NOT less relevant!

You can always find something more interesting

Micromeqas Bulk Micro bulk

InGrid

GEM

iﬂﬁﬂi

When a man with .45 meets a man with a “riffe the man with a Joistoﬁs a dead man

50um GEM

MHSP THCOBRA

GLASS GEM HPIC
! &

uRWELL

E. Oliveri, ECFA 2021
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Trackers with MPGD
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Cylindrical GEM

. MPGD suitable for Inner Tracker thanks to their intrinsic light structure - low material budget
. IT exploit mechanical flexibility of MPGD - cylindrical shape

Read out
- » Track

- BESIIl @BEPC Il e*e collider 2.0-4.95 GeV cme o
Charmonium and light hadron spectroscopy 100 fanesnesstyranssanasansssnsssnsssnnssnnsnns
= Triple GEM (inspired by C-GEM of KLOE?) o "B . 2009
o Gas: AriC4Hyo (90:10) o R D i
o B=1T > o(py)/pr = 0.5% % osl gois
o  Material budget: 0.5% XO/layer EZZ o

0.65 : : : : . - . :
0 5 10 15 20 25 30 35 40 45
layer
Performance degradation with time of wire-based BES IT
- replaced by the CGEM

* na
£ %F| CGEM + COSMICS []
= 06 oo
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0.1 ! ‘ i
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Incident angle [deq

Space resolution of CGEM with cosmics

G. Mezzadri, MPGD Conference 2024
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Cylindrical Micromegas

. Micromegas Vertex Traker for CLAS12 @ JLAB

. Nuclear Physics/Hadron Spettroscopy/Deep Processes

. B=5 T magnet
. 11 GeV e beam / 30 MHz particle rate

" Barrel system
u Gas: Ar:iC4H1O (955)
. 2.9m2 /18 units / 6 layers in 10 cm / X, ~0.33/layer

efficiency

o
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strip voltage (V)

Efficiency vs HV

510

L3: likely gas issue = gas distribution modification

0 20 40 60 80 100
number of strips

Occupancy for Sector 1 (up to 1.8%)

M. Vandenbroucke, MPGD Conference 2022
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GEM+Micromegas

= COMPASS experiment at CERN (2002-2022): nucleon spin structure and hadron spectroscopy

= Hybrid GEM+MM detector installed in 2014/2015 to replace old
MM in view of high intensity pion beam

= 1 GEM foil (gain ~20) effective in reduction of
discharge probability

= Readout: small pads in the centre (100 kHZ/cm?)
and strips on the periphery

= Gas Ne:C,Hs:CF, 80:10:10

Absorber after
the target for

_am Drell-Yan physics
\\ y

e

target
-..!:‘WWNM oo sheaats sLiD; NH3

Up to 10%/s
600 viem \)0‘0 o 1st spectrometer
ok
2.5x0.4 mm? A0

I
~- JHE
e m‘n‘}wwmummmum\h
R 1
rzeoemets NI so | H\H\HH\HHH\HH\

i HUH\“N\ e ‘ i “ i “

L 25 "MllHH\HHHMM\M\

Eom
~4 kVimm

Ex
~150 Vimm

10° 10°, Gain X 10° 10* Gain
D. Neyret, 3" Conference on Aging phenomena in gaseous detectors, 2023

U_trk - U_cluster strip

strip Coral hit time

2n spectrometer

Micromegas detectors

90000

80000

70000

14000|

12000|
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Good tracking and timing performance

S isobutane j:::: ==
000 =14.32 ns
{H‘f ] Jrf"ﬁ + B MM+GEM 1 mm  twom > :
” + T + o B MMGEM2mm  Sem e o m?":’m‘,?"
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Thick GEM: photon detection at COMPASS

= THGEM: Same principle as GEM but with thick material (FR4)
o  PCB thickness ~ 0.4-3 mm
o  Hole —drilled - diameter ~ 0.2-1 mm
o Pitch ~0.5-5 mm

= Industrial production for large size

= Mechanically self-supporting, robust

" Successfully used in COMPASS RICH-1 for single-photon detection

N\
v

Hybrid configuration: THGEM+Micormegas; 1.4 m? , - theta_residual |
o eff. gain ~ 15000, gain stability ~5% o - .
o) single y angular res. 1.8 mrad b S Wi
o Gas: Ar:CH,4 50:50 > optimal photoelectron extraction 5 ——————

from Csl to gas E g s
o  IBF=3% f I

.....
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MPGD at LHC

LHC / HL-LHC Plan

LHC

HL-LHC
EYETS 13,8 Tev N - ¢ - 14 Tev
13 TeV 3 =2 = ° energy
—_— Diodes Consolidation 1
i lidiatl limit LIU Installat g
7 TeV 8TeV_ iffon collmators. ieraction sl inner triplet HL-LHC

R2E project regions CIvil Eng. P1-P5 pilot beam I radiation limit installation

T N A R )

ATLAS - CMS

7
e v e 1 | MUS-CHS ot
nominal Lumi {22 e iy ALICE - LHCh ! 2 x nominal Lumi |
75% nominal Lumi upgrade I
-1 = integrated [RAUR{
30 fb’ 190 fb I m luminosity ELVIR {3l
HL-LHC TECHNICAL EQUIPMENT: _ I
DESIGN STUDY LE PROTOTYPES INSTALLATION & COMM. I PHYSICS
HL-LHC CIVIL ENGINEERING: I
DEFINITION EXCAVATION BUILDINGS I CORE:

The development of gaseous
detectors for High Luminosity LHC
has driven the R&D effort for several
MPGD technologies

Detector challenges all there:
High rate

High radiation
Pileup
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Gaseous detectors at LHC

=  (Gaseous detectors are key devices in current forefront experiments, e.g. at LHC
. Mostly as central tracker (TPC) and Muon systems

=  ALICE = ATLAS

o CSC o MDT o MWPC
o MWPC o CSC o CSC o GEM*
o RPC o TGC,sTGC o RPC,iRPC o uRwell**
o Timing RPC o RPC ” o GEM*

- o  Micromegas
© GEM o TRT straws

Gaseous detectors at the 4 large LHC experiments
* Removed after Run2

** Run3 and beyond
*** Proposed for Run4 and beyond
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Gaseous detectors at LHC

=  (Gaseous detectors are key devices in current forefront experiments, e.g. at LHC
. Mostly as central tracker (TPC) and Muon systems

=  ALICE = ATLAS

o CSC o MDT o MWPC
o MWPC o CSC o CSC o GEM*
o RPC o TGC,sTGC o RPC,iRPC o URwell™
o Timing RPC o RPC — o GEM™

-~ o  Micromegas
© GEM o TRT straws

Gaseous detectors at the 4 large LHC experiments
* Removed after Run2

** Run3 and beyond
*** Proposed for Run4 and beyond
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ATLAS Micromegas

=  New Small Wheel: major ATLAS upgrade of Phase1

- B e
ATLAS . .
Data 2017, s =13 TeV, 2.9 fb" SImU|at|Oﬂ

—— L1 MU20 2017
[ rejected by Tile coincidence

[ rejected by RPC BIS 7/8 coincidence (estimation)
[ rejected by NSW coincidence (estimation)

I expected distribution in Run 3

[ offline reconstructed muons

[ offline p, =20 GeV

L oy
Big Wheel EM
[ ]
I | H 'Fake muon'
El \
New Small Wheel c e w— : \ N
I ) I:l 'Good muon' mmd | B : b
(..~ A0 A ‘ VI e T AR ) ‘
= / 1 s 1 . \ : J : \“ \.. Tile calorimeters .
- a4 end-cap K" Fake muon N I ¥ “w':;gvzz::ﬁ:‘z;:gpand i M rom'egas
toroid J—"
s - T Toroid magnets LAr eleciromagnetic calorimeters
IP. g = z Muon chambers Solenoid magnet | Transition radiafion tracker e d
. . . Semiconductor tracker
Run1 & 2: Level 1 End-Cap trigger, dominated by fake trigger events (type B e C) TGC R .
sTGC

Complementary technologies:

g o sTGC: good bunch crossing assignment with high radial
e - resolution and rough ¢ resolution from pads

" Onamber &4 o Micromegas: good offline radial resolution and a good ¢
— coordinate due to its stereo strips

O o 1280 m2 active surface for each technology
0 200 400 600 800 1000 1200 1400

Hit Rate (kHz/Tube)

Efficiency vs rate for ATLAS MDT
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ATLAS Micromegas

= ATLAS Micromegas is the largest MPGD-based system ever conceived and built

. Main R&D challenges . lesopoulos e a./ Nuclar ntmuments and Methods i Physics Research A 640 (o1 1) 10-118
o  Spark suppression (see lecture by P. Gasik) Mosh spportpiler  Resisve St Embeddedresisr  Resielue S

o Large-area production
o Precise tracking for inclined tracks

Insulator Copper Strip GND Copper readout strip
0.15 mm x 100 mm 0.15 mm x 100 mm

Fig. 1. Sketch of the detector principle (not to scale), illustrating the resistive protection scheme; (left) view along the strip direction, (right) side view, orthogonal to the
strip direction.

The Micromegas R&D for ATLAS pioneered the resistive MPGD

Al frame drift cathode
stiffening panel

stiffening panel

st}ips r{1esh
Open detector

stiffening panel

Micromegas boards fully produced in industry
2500 boards produced-> big technology challenge

Closed detector

Principle of mechanically floating mesh
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ATLAS Micromegas

= ATLAS Micromegas is the largest MPGD-based system ever conceived and built
= Main R&D challenges

o  Spark suppression (see lecture by P. Gasik)
o  Large-area production
o  Precise tracking for inclined tracks: same principle as a TPC but in few mm gas
- \
@ X ! g:n r'y
[ ]
5 5
° T, = Zi QiTz u H g
B B P | @ 8 8 8
Strip #
Strip #
T g M A
§ o —wacee £ B
= o 55 G 10 60 : 2 =vp X t;
§ 1 —peuse:
2ol s § u i "~
o i Strip #
8 /‘//// \\\\ .
11/ N Cluster centroid method works well for
S perpendicular tracks
s It degrades at large angles
ﬁﬁ’iﬁiﬁgi‘isaia;&\jgﬂ] éw

The uTPC reconstruction technique make use of
the time information to reconstruct the cluster z
coordinate and allows for precise tracking for
inclined tracks (see lecture from T. Alexopoulos)

resolution [um]

@ & @ 9 N o«
g8 3 8 8 o 8
S 8 8 8 38 8
T T[T T [ IO [T [T T[T T

N
3
3

Entries. 15720
Mean -196.5
RMS 2503
%2 ndf 16/84
Constant0 766.8 + 10.9
Mean_valued  -194.4 + 1.4
Sigma0 1237 £19
Constant1 7817 £7.97
Mean_value1 -196 £ 6.9
Sigma1 334.1+12.2
6,,=87um
Ceomp=1201tm

I o i SIE
»9000 -1500 -1000 -500 0 500 1000 1500 2000
xhalf diff [um]
700
r —e— nTPC mode
600}~ —=— Centroid
Fr —e— Combined
500}
400F
300}
200}
100 —
0 E | | 1 1 | 1 1
10 15 20 25 30 35 40
angle [deg]
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ATLAS Micromegas

. Several action taken to further suppress HV instabilities, among which:

o Edge passivation ’
o Gas mixture changed from Ar:CO2 93:7 to Ar:CO2:iC4H10 93:5:2 ] o
- reduced voltage at same gain, suppress tail of events with high charge o
i isti i ommmwww9? U 4 =
Embedded resistor Resistive Strip 5;“}?33"3,,:;5',2',?; f e -k “ T “
15-45 MQ 5mm long 0.5-5 MQ/cm phcelcn Vctige.
....X...‘H..,....4...4... (EETERRERS. ""\""""".””.””. L1L8 LiLs
GND Copper readout strip GND Copper readout strip 25? Jﬁf i“ 25* ’;“
0.15 mm x 100 mm 0.15 mm x 100 mm 20? ‘ e 20;— —5
Passivation technique: increase the minimum distance between the : N ‘ ‘ = f f
active area and the HV line (DOCA= Distance Of Closest Approach) o+ i i T fﬁ EN
9 InCreaSe Of mlnlmum reSIStance °= ,3:‘0 ‘3:20 13’30 ‘3:40 \ “3:‘5‘0‘ : “4:00 s = 09!50 m:nu mlw 10‘20 10:’30 10:‘40 m:so 11:00 ufo
g Ar-CO, @570 V Ar-CO,-Iso @520 V
é 10° Fay ? " Y
§ ‘]1 \L,\\ é ]1
Yo [ M\1.‘ = . >.
T '\ﬂ[ "‘IJ f ‘
L F I
‘._.J‘ 2 Jasa baia ¥ ) U MR SUDY BV N i AR L3
4 - Q e K 6 ) 0 2 w9 4 L. 0 2 4 [ 8 w L)

HV stability improved by adding 2% of iC4H1q

06.12.24 Paolo lengo - MPGDs applications for HEP 17

HV/A00 (V)



ATLAS Micromegas

global Y/m

" 10°
e E o 1000%
§ 1400 AT A Prelimina ] s F N
Z C Data 2023 and 2024, 13.6 TeV 1 s @ 900E- ATLAS NSW Preliminary
© 1200 L1_MU14FCH — T gooE. 15=13.6 Tev, Run 473959
TaC >l RPC -l TaC - he) g MicroMegas on-track
1000~ EIL4 EIL4 3 8 7005 Cesvci-041mm
C NSW Tile Tile NSW m £ B00F o core =0.31 mm
= Lt | = =
— i ] Z E
8o, C [ wio TiteiNsw coinc. in 2023 1 5005
600— _ wi Tile/NSW coinc. in 2023 ) - 400 =
- - [ wi miteinsw coinc. in 2024 E 300;_
400 g M 2005
:ﬂ : i il 100F-
200?: 3 : . iil; 0é 1 L ril I | L
Cap Yortis Al i 5 4 3 2 -1 0 1 2 3 4 5
0 '*’}“W . ! . bk residuals [mm]
-2 15 1 -05 0 05 1 15 2 o,
Rol E ';
NSW does the job in fake trigger suppression = 0.9E ATLAS NSW Preliminary
J 99 PP _5 0.8F- (5=13.6 TeV, Run 473959
=] "“E MicroMegas on-track ~®- o core
ATLAS NSW Preliminary 1 ATLAS NSW Preliminary 1 ATLAS NSW Preliminary 1 % 0 7 ;_
T T T T g E T T T T g £ T T T T 3 E
4+ pEe 0o @ > 4 PR - 0o @ > 4 0o 2 o 0-6:_
ST 0.8 g ‘_;g £ 0.8 g g 08 = 0.5E
P o e 0.7 = ! o 0.7 = S o 0.7 = =
/ g™ o6 & «]Hos 5 o6 S 0.4
of i 8 | 05 % of s 2 of s 2 035_
¥ 2 04 3 04 § o4 3 ~E
<} O s o3 'a -2F o3 v —2F b3 5 0.2
N s 4 I =
X # 02 0.2 02 & E
—af o1 ¥ -4 0.1 —af 01 2 0.1
L L o L 1 1 o L 1 1 b = = N RIS P B B R S S|
B Siobal X /m w2 Siobal X /m - Siobal X/ m J 01 2 14 16 18 2 22 24 26 28
. . muon p|
Tracking efficiency: 95% for MM ) ) ] o
Resolution vs track impact angle with cluster centroid in pp
collision in ATLAS (no alignment correction, no time correction)
S. Francescato, MPGD Conference, 2024
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ATLAS Micromegas
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|
:

06.12.24 Paolo lengo - MPGDs applications for HEF 19



CMS GEM

GEM End-cap: Improve muon tracking and trigger

PU =50, 14 TeV
I [ = — T T T T T T 3
performance in forward region. Extend coverage to n=2.8 E | CMsPhasell Simulation e, |
. % 102 = { H E i = 2 stubs with MS]“?
= Project on several phases 5 ¢ Bl ]
o Slice test > Run2 E’ 0k i e il
o GE1/1 > Inner endcap Muon station > Phase s 1
o  GE2/2 - Second endcap Muon station - Phase 2 1 3
o  MEO - High rapidity region (|n|=2.03-2.8) - Phase 2 104 _ 164<5[11f<214 _
= Triple GEM 3/1/2/1 configuration F 1M (standalone) | ]
102 : —
=  Gas: Ar:CO, 70:30 RRREIEAS *L1 muon p._threshold [Gev]
n 0.1 0.2 03 04 05 06 0.7 08 09 10 11 GE2/1
i e 943 78.6° 7?..1' 677 ‘az.s" ,5,7'5. ’52.3" :8.&: \4'4.3' ‘ 40‘.4' ‘ ‘36.6' Phase-" upgrade s GE1/ 1 MEOGEII 1
3 C t :
= i Lewse 155 < |r]| <2.18
— | war - 36 staggered chambers per endcap, each chamber spans 10°
: 152 Installed in 2019-2021, recording LHC Run-3 data since 2022
5 16 28
, Demonstrator: 4 +1 GEM ‘super-chambers’
« == : installed and successfully operated in Run2
P 7 Phase-2 upgrade: GE2/1 & MEO yop
i -1.55<n| <2.45 - the only Muon station at the
| eoa - - 18 staggered chambers per endcap,  highest n: 2.0 <|n[ <2.8.
Sitcon HocAL ] each chamber spans 20° - 6 layers of Triple-GEM, each
I e T s e i S oo - Few chambers installed, fully chamber spans 20°
*™ installation: after LS3 * Installation: LS3 (2027)
Y. Hong MPGD conference 2024
06.12.24 Paolo lengo - MPGDs applications for HEP 20



CMS GEM

] GE1/1: 2 wheel each of F

Frame to

o 72 detectors > 36 'Super-ChamberS’ hold the Foil

Read-out PCB with
12x128 readout channels
External frame with two
rubber o-rings

o Total active surface ~50 m?2

Internal frames for establishing the gaps

Dead Ar
eal ey (i.e. electric fields)
GEM foils
_ Pull-outs and T-nuts for the stretching
of the foils
Active Area

Drift PCB

CMS Preliminary GE-1/1 Layer1  1.83fb"(13.6 TeV)
= - 100
S e g .
‘ >200 long 190
o g ]
CMS Preliminary 2024 (13.6 TeV) 8
=y JEFTR R EEERY CaZag [0 50
& b
ch r —70
S
i 08 160
% i ] 50
0.6
r 1 40
Foils stretched against 0.4- B 30
the “pull out” and [SEMENL2 1
chamber closed 0.2 (T nghgaincld |
placing the Readout |1 medium gain-cfd Gas: Ar/CO, (70/30)
Board 0 |t lowgain-am L4 v
650 660 670 680 690 700 200 100 0 100 200
Equivalent Divider Current (uA) 0 Global x (cm)
M. Bianco CERN EP Detector Seminar, 08/7/2022 Y. Hong MPGD conference 2024 P. Verwilligen MPGD conference 2022
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CMS GEM

Discharge Propagation Probability

. GE2/2: 2 end-caps each of

—

(%)

o 36 chambers on 2 layers
o 4 modules/chamber = 288 modules
o Total active surface ~110 m?

Triple-GEM Detectors 2026D49 | GE21
3172/ mm Gap Configuration kg r | A AR R ] T ] I Small sectors - each Unique plane — protected .
1 Gas = Ar/CO, (70/30%) é - —— = ba protected with 100k (100' kd) ~ with >100k
—#— GEIN Sundss & :3:_,— EE ) it e
08 —:— o ;W;*._W"'"" 0.96 = ot () \ Single-segmented
& 1 1 design ] . . . P . .
v ) 3 Double segmentation is an effective way to limit the discharge propagation
08 os2h Double-segmented ~ —4— ] probability: segmentation of power line with decoupling resistors following the
- L - design ] GEMf il tati
0.4 “E:,c:';?z:’:vz:n \ 0.9[- Efficiency of Z to dimuon events _*—" OI Segmen ation .
Moo =302¥ Firial assl- No Crossalk | E But an increase of cross-talk has been observed with double segmentation on
02 Mixed "F | [ Cross-talk (25BX and 0.1X rate) | all three foils, reducing the performance
desi gn 0.865 |_| Cross-talk (50BX) —
L S L § £ CMSPeiminay ceanbststbesm i
Induction Field [kV/cm] GEM In partition e T3 2
2 by E 30f = 0.98 '©
< 5 g i
. . . . % < ] 185 20} = [ Ho9s
Solution found with mixed design: . ol 1.
Double segmented foils 1 and 2 L . ] '
. . . LY 0.92
- Discharge propagation suppression ’ ol _
> Good efficiency reached | A A R il
Foil 3 single segmented to reduce cross-talk s ’ e
g aoll _
%, 18 0.86
| 20 o 2
Aoufemuﬂ s 38 3 3 32 Extrapolated Pmvgrwilligen MPGD conference 2022
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CMS GEM

o —
197 enaeny

. GE2/2: 2 end-caps each of
o 36 chambers on 2 layers
o 4 modules/chamber - 288 modules
o Total active surface ~110 m?

Solution found with proper chemical cleaning:
Procedure established, all produced modules have to be refurbished

lote the groves 200 um

Problems observed during detector testing allowed to identify the presence of
microscopic (a few um) copper dust between strips
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CMS GEM

= MEQO: 2 end-caps each of

] 6 modules x 18 stations =2 216 modules
] Module area 0.296 m? = total active area: 64 m?

Forward region = expected rate up to ~150 kHz/cm?

Effect of voltage drop on the protection
resistor not visible when irradiating a
small detector surface

With full-area irradiation the current
increases, and so the voltage drop does
- efficiency drop at high rate

Can be recovered with HV tuning on each
sector (voltage-drop compensation)

[Xray moduie|

P. Verwilligen MPGD conference 2022

Effective gain

"0 02 o

v My ne ny

https://cds.cern.ch/record/1316179/files/CERN-THESIS- 2006-088.pdf
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prototype - GEM-foils

Foils with 100 kS protection resistors on the bottom
Gas: Ar/CO, (70/30) - Gas flow rate: 5 Lihr

X-ray tube: Siler(Ag) target - 22 keV X-ray photons
Ettective gas gain = 2 x 10° - Readout sector: 0 = 1,6 = 2

31/2/1 mm - 2 MQ on the top

ol I TR

107"

1

10
Particle Flux in MEO Station (MHz/sector)
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CMS GEM

A"

=  MEO: 2 end-caps each of e e

] 6 modules x 18 stations =2 216 modules
] Module area 0.296 m? = total active area: 64 m?

Forward region = expected rate up to ~150 kHz/cm?

CMS Simulation Preliminary 2026D49 | MEO

T T T T T T T T T

-
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E[e-n n-p-—chhad -allch —~Nucl ~Total [JHIP |

|

Particle Hit Rate (Hz/cm?)
o

. iy
Effect of voltage drop on the protection i hm 1
resistor not visible when irradiating a 10 b Pk I
small detector surface 10(%ﬁﬁx :\:'"'“"*-g § 1o
With full-area irradiation the current i e e o R
increases, and so the voltage drop does 102 L %ﬁ 120f
- efficiency drop at high rate i /.
Can be recovered with HV tuning on each O A
sector (voltage-drop compensation) = l” T A e s o),

et sl =

y (em)

[Xray moduie|

02 S 0L G 0 S O1-8I- 0

(o) x

Highly non-uniform Rate/Sector
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s 3,
Hit rate (Hz)

With standard GEM segmentation the section are
P. Verwilligen MPGD conference 2022 subject to very unequal irradiation, following n
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CMS Preliminary § MEO H4 test beam

£

Particle Rate (MHz)

Extrapolated y (mm)
8

» N N @ ® © © ¢
S o ©o o © o o O

] L

2
Extrapolated x (mm)

X (cm)

New design: vertical segmentation

- Rates on HV sectors equalized

- Uniform voltage-drop compensation

- Good efficiency at the cost of increasing
segmentation (more dead areas)

e =
8 8
Efficiency

oS
8

0.94

0.92
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CMS GEM
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LHCb puRwell

TORCH

Time of Flight (ps)
RICH PID below RICH threshold New ECAL, no HCAL
Improved PID New MUON system
Use timing (ps) Side View k

Magne: &
VELO Magne: Stations
4D tracking L

Timepixd-like Lrick

iLGAD, 3D sensors

1
..... UT,

Phase-1l Upgrade

Rates (kllz/em?) _M2 M3 __M4__M5
R1 719 431 158 134
R2 74 54 2 15
R3 10 § 4 R
R4 8 2 2 2
Area (m?) M2 M3 M4 M5 <10
R1 0.9 1.0 1.2 14
R2 36 42 49 55
R3 144 168 193 222
R4 57.6 67.4 T7.4 88.7
10
RWELL for R1/R2 74
u or R1/
749

4 gaps/chamber

76 detectors, up to 74x31 cm?
90 m2 detector (130 m2 DLC)

Gas: Ar:CO2:CF4 (45:15:40)
Patterning-Etching-Plating

LHCb Upgrade of the Muon system for Run5 and beyond
Rate up to 750 MHz/cm? on detector single gap

Efficiency quadrigap >=99% within a BX (25 ns)

Stability up to 1C/cmz2 in 10y
Gain=4000

R1l R2 |je— R3 —#|=e——— R4

BEAM PIPE

¥ -RWELL region|

Cu 0.094 mm

DOCA 0.535 mm

DLC connection to ground with metalized vias from the top Cu
layer down to the pad-readout, producing ~2% dead area

1= TB2023 LHCb RWELL Average Efficiency

g- E lnéludingPEonnc&(Ed:iSk\zcm—[xnm) . m
;g 0.9 3 t f
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TPC: intro

The Time-Projection Chamber
- A new 4r detector far charged particles

David R. Nygren

Lawrence Berkeley Laboratory
Berkeley, California 97420

Abstract

A new approach to the problems of track recognition and momentum
measurement of high energy charged particles is described, and a
detector particularly suitable for PEP energies is discussed.

The central idea is the utilization of a large methane-filled
drift chamber placed in a strong magnetic field, with the drift field
oriented parallel to the magnetic field. In this configuration trans-
verse diffusion of the ionization electrons can be very substantially
suppressed by the magnetic field. This in turn leads to the possibility
of measurement accuracies on the order of 100 microns after one meter
of drift.

At the same time, the detector can provide truly 3-dimensional
spatial data, free from theambiguities characteristic of conventional
techniques involving spatial projections. The reconstruction efficiency

can be expected to approach 100%, even for events of the highest

Drift /
GEM Electron drift canthode O-L - 2Ld

Readout . '\\\deluh: ack / 9
pads g Y. o2
oagir 4 / o = —————
L 3 1+ w?r?
goos s
anan ‘/r4
__ ana .
aaal { e o =r.m.s. normal distance
1 m . .
B 75N d = vl/3 = diffusion coeff.
"3a0 Inner field cage\ Gas-filled 1 = electron mean free path
T \ cylinder
N ? v = electron speed
an L t = total time
- Outer field cage - w = eB/m, = cyclotron frequency

Bhl T = mean collision time

E, B field

. The magnetic field B parallel to E limit the transverse diffusion

= 3D track reconstruction with a single device

. Good particle identification capability with dE/dx when readout with a
proportional detector

. Stability of the operation crucial: E-field distortion, T variation etc affect
the performance

muleiplicities. . Continuous and precise calibration needed
. TPC originally coupled with MWPC, nowadays MPGD are widely used
06.12.24 Paolo lengo - MPGDs applications for HEP 28



ALICE TPC

= Heavy-ion collision experiment @ LHC
. Major upgrade in LS2

. Physics goal: high precision measurement
of rare events at low pr

o Low S/B ratio & hw trigger not efficient at low pr
o Large data sample required for rare-events

- acquire all Pb-Pb collisions

charged particle track
< drifting electrons from
X primary ionization
gating plane \

\

cathode plane

anode plane

Run1 & Run2: MVPC as
TPC readout detectors

pad plane

Z (drift time)

Q Tot (A-Side)

Transition Time of
[ cruwoior I aSiax

TPC is the main device in ALICE for tracking and
particle identification (PID)

In a TPC a crucial aspect is the ion backflow

suppression: ions from avalanche amplification affect

the E field stability in the TPC volume

Reminder: ions are ~1000 times slower than electrons

In a large volume TPC ions from different events will
pile-up = large space charge density

A gating grid is used to suppress the ion tail

06.12.24 Paolo lengo - MPGDs applications for HEP
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ALICE TPC

GATED OPERATION IN RUN 1 & RUN 2

HV electrode (100 kV)
ﬁ
time
field cage
event 1 even event event\4
\ N J \ N )
| 1 1 1
Drift time in TPC, Fixed gating grid closure Drift time in TPC, Fixed gating grid closure
gating grid open time, no event readout gating grid open time, no event readout

*  Multi Wire Proportional Chamber readout

* Apulsed gating grid is used to prevent back-drifting ions from the amplification stage to distort the
drift field (ion backflow (IBF) suppression ~10-5)

* 100 ps electron drift time + 200/400 ps gate closed (Ne/Ar) to minimize ion backflow and drift-field
distortions

114.2cm

* 300/500 ps in total limits the maximal readout rate to few kHz (in pp)
+ Limitation of readout electronics: ~kHz in Run 2 (2017 pp: 2040 Hz)

<
<

Run1 & Run2: MVPC as
TPC readout detectors

49.7 cm

29.2cm

R.H. Munzer CERN EP Detector Seminar, 24/6/2022, https://indico.cern.ch/event/1172978
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ALICE TPC

CONTINUOUS OPERATION IN RUN 3 AND BEYOND
_ré

OIS NN ANGISNNAN DRSNS
A\f&%‘/&\g’& gc;f;.gr‘:,,o.lgf‘(g \\\..’!""\4"133;» »@1‘?!?9:\15'1\1
‘. RN ' SRy

) \%

Drift time in TPC
* Maximum drift time of electrons in the TPC: ~100 ps

HV electrode (100 kV)

field cage

* Average event spacing: ~20 ps

« Event pileup: 5 on average

» Triggered operation not efficient

* Minimize IBF without the use of a gating grid

114.2cm

<
<

Run1 & Run2: MVPC as

TPC readout detectors >  Move to non-gate continuous operation

W Gated operation used in Run1 & 2 becomes inacceptable in Run3
-  Detector design to suppress ion back-flow

49.7 cm
<«

—>
29.2cm

R.H. Munzer CERN EP Detector Seminar, 24/6/2022, https://indico.cern.ch/event/1172978
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ALICE TPC

=  ALICE: ungated GEM-based TPC
" Continuous operation at >50 kHz Pb-Pb

= Cascade of 4 GEM foils = reduction of lon backflow from
~5% (3 GEM) to <1%

. PID with dE/dx: fine tuning of geometry and HV sharing
between foils; Energy resolution ~5-8 %

-
- B = TPC volume: ~90 m3; Active GEM area: ~32 m?
pad plane
] B=0.5T; Gas: Ne:CO,:N, (90:10:5)
E i g Uc:m r.c\at:;‘e 'r.nu Ufcw'=0‘95
GEM1 (S) Ed"" to ’ +13«m=235" :-IU;,;%SV ]
mm — = —— =
GEM2 (LP) = i 6l § S5t gt sy St
GEM 3 (LP) E” - I OO P O N
GEM4 (S) = L 2] -
Readout pads e 11 o ]
Three measures to suppress the ion back flow into drift region: 8f e e
+ Low gainin GEM 1, highest in GEM 4 L -
» Two layers of large pitch (LP) foils (GEM2 and GEM 3) block ions from GEM 4 '

0.0 0.5 1.0 1.5 20 25 3.0

» Very low transfer filed ET3 (100 V/cm) between GEM3 and GEM4 IBF (%)

R. H. Munzer CERN EP Detector Seminar, 24/6/2022, https://indico.cern.ch/event/1172978
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ALICE TPC: calibration, calibration

KRYPTON

~ I Measured Kr spectrum l

PULSER SYSTEM LASER SYSTEM X-RAY

mnwmummmmmm

L > em _— — .
Putser input o—v1 — L ?_l - p ' ‘\,
» Energy resolution: oE/E = 12% @
* Pad response measurement Al . K(a) of 55Fe corresponds to: oE/E =
g P . gnment +  Full gain map :
Common Mode calibration - Drift velocity measurement . Stability 4.5% @ 41.6 keV (Krypton main
« Drift field distortions pegk) s
e 93511 778 * Common Mode calibration | Cluster occupancy |, e EdugEeaton

i Stack distribution | T
IR s L AL ELLLLTIIRLLET B A L |

—— TROX

o0 Peok Pomithon [AD C oy
E B =
3 3z

i

R. H. Munzer, Continuous data taking with the upgraded ALICE GEM-TPC, CERN EP Detector Seminar, 24/6/2022, https://indico.cern.ch/event/1172978/

E. Oliveri, MPGD Conference 2022
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ALICE TPC

)

ALICE

Pb-Pb 5.36 TeV
LHC22s period
18t November 2022
16:52:47 9

ALICE PERFORMANCE IN 13.6 TeV pp

% 1000
=
5 9oof
-e' -
S 800
3
iy 700F
©
S) F
© 600}
’_
500
400}
300
200
100
0 | - A

TT

ALICE Performarfeg
Run3,pp Vs =136 TeV

B=05T

T

TT

PC

A 1-0
p/|z| (GeV/c)
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Quality, quality, quality !

®  Quality control during detector construction is crucial

®  Any defect will be a weak point during operations

®  Detectors, components and services expected to run for many
years (>20 in LHC) in harsh environments with sometime limited
possibility for maintenance and replacement

MPGDs have an amplification cell of 50-100 pm
- defects of few pm can lead to malfunctioning (sparks, shorts) an
entire section of your detector

ELVIA
Mean  119.3

- m ool
o mn P o B B

ﬂﬂllll = -

“ 4000

3000(—

Std Dev 1.903

Mean  121.7

Std Dev 2.259

2000
Figure 15. Collage of typical defects identified during the Advanced QA, including blocked (16 images at L
top left) and over-etched holes. 1000}—

b ! i) | U
Example of defective GEM holes identified A R O ‘%‘.’.arheag&éﬁ_m
during QC of ALICE GEM foils Distribution of the pillar height of the
JINST 16 (2021) PO3022 Micromegas boards for ATLAS

JINST 18 (2023) 09 C09014

Detector experts inspecting an
Large detectors = large problems! MPGD board at the production site
Many components = high probability of having problems!
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It's a long, long way...

TOR MMG+sTGC detector integration ~ Side-A wheel completion Commissioning in
June 2013 Dec 2018 July 2021 August 2021 ATLAS
. o R T currently being finalized

2014 Test of
Module -1

Dec 2019
R&D and detector construction First sector installation on JD

Side-C wheel completion

Examples: ATLAS and ALICE
Technical Design Report in 2013
Installation in 2021/2022

March 2017

Technical Design Report
for the

Upgrade of the
ALICE Time Projection Chamber

Aug 2020, Oct 2021

T May 2019, Sep 201 9‘ Nov 201 QT

Pre-commissioning

QL 7
! o
Commis§idnng in caver® i)

“I First collision:

S re|

corded

o

~ Chambeg assmbly

36




2007 R&D phase: Largest
Micromegas ever built (0.24 m?)

2022 Project completion: Largest
Micromegas system ever built (1280 m?)

Acrobatic plumbery, part of a
detector physicist work!
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Gaseous detector longevity

o  Ageing phenomena in gaseous detectors can be the subject of a dedicated conference:
3" International Conference on Detector Stability and Aging Phenomena in Gaseous Detectors:
6-10 Nov. 2023 CERN (https://indico.cern.ch/event/1237829/)

0

2 4

LHCb years
6 8 10

1 -oo,...o.“‘o!...'.a.....'............o‘o.o‘

5
)
o Main source of classical ageing: B o7
o Degradation of material with integrated charge / time 3 05 ~ » 1ligh Gas Flux (200 cc/min)
o Chemical effects of gas compounds E 03 Low Gas Flux (20 c¢/min)
. . . < 0 02 04 06 08 1 1.2 1.4 1.6 1.8 2
o Ageing is however a subtle phenomena, depending on many Integrated charee (Clom®
parameters (gas mixture, materials, operating conditions, rates...) = s
and detector ageing must be studied for each specific application _
o Example: relevance of controlling the operation parameters (e.g. B 3 ‘; °
gas flow) in GEM. LHCb test = 10 e =
. . . oy o
o Ageing test must be long-term: acceleration might mitigate the o |° - - ”
aging effect known from wire chambers = 2
Equivalent study missing for MPGD (to my knowledge) = S .
© = Au wire ' b ¢
on *  Au, Graphite cathode °
(3~ * SSwire
4 8S,CH,45
v Au, 1% water g
01 1 1 1 1
0.01 0.1 1 10 100 1000
Initial intensity (nA/cm)
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Gaseous detector longevity

Gem foil 2

based mixture at low flow . . A L

Aging in ALICE GEM prototype operated with hydrocarbons (CH4) in Ar

MPGD better behavior compared with wire chambers T 1] T ]f] Ml,ﬁ'!,‘gl, RRRBRA AR
Confirmed with accelerated tests as well as, more P 8 PN N - Rl i o
repently, with long-term aging tests on GEM, % osmﬁv:}ua{@fw_‘@ i~ e \lnﬁgm
Micromegas and other MPGD with excellent results PP L Ll AN

-—é | ~s10° % : years LH

2 gaf Xmm? g o
New materials (resistive coating) and challenging detector 8 o
operations (high rates, large integrated charge) calls for A= O I LR LTI NI Y
dedicated studies %1 2 3 4 s 6 G.pull etal T e © 7 Time(mn)

Collected charge (mC mm?)

Effects of hydrocarbons must be re-evaluated for the
specific application Resistive Micromegas (ATLAS-like): 3-years exposure at GIF++
Total collected charge ~0.3 C/cmA2 — No sign of aging in Ar:CO2

T5 T2 & T8 energy resolution
Int. Charge incl: 0.26 C/cm?*

»
8
Normalized current

. - - ArCH,
ko Gain| <o,
L

Bl

Energy resolutiome.

g

Datapoint not corrected for T,P variations

Pad plane Current [1A]
Energy Resolution [%]
3

O O

,’/ﬂ-\ »,. 0.40

: : : 100 _ i s | i E Zzz- . . s 883 3 8 o Semetgengay fadhy S0 e
Etching effect on Triple-  © ’ T on he ow o : s
GEM operated with CF4- <3 R T ) s SRR

]

Test with 2% of iC4H10. Results from
accelerated test (up to >1C/cm2) and from long-

. . , , term test at GIF++ : no aging observed
95% mixture. Aging stops when CH4 is replaced with CO2

06 12 24

Paolo lengo - MPGDs applications for HEP e



A look to the future
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Quest for New Physics

. New physics can be at low as at high mass scales,
. Naturalness would prefer scales close to the EW scale, but LHC already placed strong bounds around 1-2 TeV.

Several future colliders under study

[PROJECT READINESS 1S VERY DIFFERENT|

4 Direct Searches _ Y FCC-hh
> Multi-TeV / 100 TeV
Depends on 8 colliders 0@27k)
collider —“\ - \
environment N %

Future
multi-TeV
colliders

M
ur . AN

E O(1-100) 14 TeV
2 {: 0O(170)
= :
£ Higgs E 3 ILC/CY/CLIC =
§- Factory Energy " E (())?5)2 Tev
S " s Yk ILC/C3/CLIC/CEPC/FCC-ee

08 3 250-380 GeV

g_g &g! o(1) ,

= #Higgs bosons (millions)
>
Mass Scale
Higgs coupling measurements and direct searches Detector requirements depend strongly by the machine parameters

will complement each other in exploring the 1-10

TeV scale and beyond. . Hadron Colliders = high pile-up, high rate

. Lepton Colliders - cleaner environment
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Experiments proposed for future colliders

ALLEGRO

LiVa) vl ) Yo IR

06.12.24
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Electron-lon Collier Trackers

O 3 proto-colloborations: ATHENA, CORE, ECCE
- ATHENA as example
- Hermetic detector, low mass inner tracking
- Moderate radiation hardness requirements
- Excellent PID (pi/K/p)
o forward: up to 50 GeV/c
o central: up to 8 GeV/c
o backward: up to 7 GeV/c

ATHENA

; ' o Outer barrel tracker uses cylindrical A

Mechanical Mock-up T+ Micromegas

First Full Assembly | o Endlcgp tracker'gses pla'nar u-RWELL :
. S | o Envision capacitive-sharing pad readout:

Vertical stack of pads layers = reduce ]

readout channels

il o GEM or yRWELL proposed as forward

' tracker in CORE as well

CORE EIC GEM prototype
U-V srtrip redout
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TPC at electron circular colliders

O The ILD collaboration is considering to adapt the TPC

IBF*Gain)

KIBF (

dE/dx in Argon: mas K
10

concept to a circular collider
Baseline gas: Ar:CF,:iC4Hq9 95:3:2 - excellent dE/dx
For cluster counting He is needed (larger cluster separation)

= TK TOF Ng
— 7K dE/dX ng in Ar
— K comb. ng

50.0°
2.9m
g

flight d
or 2 o
dE/dx resolution =

lwon Il

K/n separation (std)

[ EZ200Vicm , E=200V/cm,V =400V
t Mesh

10° 10t 102
Momentum (Gev)

* T2Kgas
r = Ar/iC4H10(95/5)

:GEM4MMG @ IHEP CAS

e

o Running a TPC @ Z pole @ 2x10% cm™ s is not trivial
o The ion backflow is an issue

r , - The positive ions of 22 000 Zs will accumulate in the TPC volume
[ ; 1 1BFGain: § - Continuous DAQ and tracking needed for

,_r/// I real-time corrections for space point distortions

- e jo CEPC TPC - experience from ALICE!

TPC for CEPC: promising results in IBF suppression for hybrid GEM+MM technology (tested by ALICE in the past)
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TPC at electron linear colliders

A TPC ideally combines dE/dx measurement and low material
budget, allowing a continuous measurement of the tracks.

A strong magnetic field aligned with the TPC drift field limits diffusion
and allows charged track momentum measurement.

Together with silicon (vertex) detectors, it provides excellent
performance in resolution

TPC is the main tracker for the ILD detector concept. At ILC, it profits
from a beam time structure allowing power switching and gating.

e Y M Nl
Y €Y fe '

——-— (AT ST AT A
TN e e

Micromegas

First development of large
scale GridPix detector

M

~10 m? detector surface. Three option under study: Micromegas / GEM / GridPix
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parameter unit LHC | HL-LHC | HE-LHC | FCC-hh
Eem TeV 14 14 27 100
circumference km 26.7 26.7 26.7 97.8
peak £ x 1034 cm—2s~1 1 5 25 30
bunch spacing ns 25 25 25 25
number of bunches 2808 2808 2808 10600
goal [L ab~! 0.3 3 10 30
Cinel mbarn 85 85 91 108
Otot mbarn 111 111 126 153
BC rate MHz 31.6 31.6 31.6 32.5
peak pp collision rate GHz 0.85 4.25 22.8 32.4
peak av. PU events/BC 27 135 721 997
rms luminous region o, mm 45 57 57 49
line PU density mm ! 0.2 0.9 5 8.1
time PU density ps~! 0.1 0.28 1.51 2.43
chh/dn‘,Fg il 7 8 9.6
charged tracks per collision Np 95 95 108 130
Rate of charged tracks GHz 76 380 2500 4160
<pr> GeV/c 0.6 0.6 0.7 0.76

.4, 100 km

circumference’
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Gaseous Detectors at FCC-hh

Gaseous detectors in Muon systems (Barrel and forward) A
No standalone muon performance required !
- Muon system providing Muon ID and trigger capability 1
O Requirement for combined muon momentum resolution:

O O

10% for momenta of 20 TeV/c at n = 0.
O  In forward muon system, standalone momentum i l'

measurement and triggering can only be achieved
when using a forward dipole (like ALICE, LHCb)

10Ty

—— standalone 70 pr:
tracker

—— combined MS lim

[ —— combined 25 um

—— combined 50 um

-~ combined 100 pm

1P (%)
0, /P (%)
8
[}
@
s
B

e simulation 100 GeV/c
30— -

I 2| 1 1 I
10° 10° 10* 05 1 15 2 25

p, (GeVic) Il

Charged particle fluence rate [cm'2s'1]

z [cm]

o Gas detectors like the ones employed for HL-LHC (sMDT) are good candidates for the muon systems

o Different choices for Barrel&Outer EC and Inner EC

o Dedicated R&D needed to exploit recent trends in frontier gaseous detectors: sub-ns time res., O(1)MHz/cm?2 rate
capability, longevity, eco-friendly gas etc.




Thank you!
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Additional Material
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MPGD: increasing the rate capability

=  Separation between ionization and amplification regions

=  Short (~100 um) ions drift path - fast ions collection
= - Higher rate capability
= - Granularity, fine space resolution

Construction based on printed circuit board production (photolithography, etching)

FWPC,MEGC Gain-Fate Summ
T

12
=
‘a
on
E 2 i msec¢ 1
© CVD Diamond-coated glass
Ca) p ot (0 T I It El o 1 _$rirs 4
IR e A i
09 \ILI 1 i\'i
g 3 ) oy ' i i
e i MSGC Y
08 N i GLASS 10° R\gm
A \rpc ,\ s \
0.7 M \;\ 4
i MSGC
06 i GLASS 10  cm
. | - MSGC
0.4 i
10° 10 10° 10 107 A. Oed (1988)

Rate (mm4 s")

Rate capability: MWPC vs MSGC

_ _S.,_.a';:‘\;_
o GEM - Micromegas
F Sauli (1997) [ Glomatarls,

G. Charpak (1997)
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The first challenge: disruptive discharges

Even in device of good quality, when the avalanche reaches a critical value
~107 e~ (Raether limit) a breakdown appear in the gas, often referred as ‘spark’
—> limit on max gain for stable operation

=  Example: Gain ~ 104 lonisation gap ~1 cm
Avalanche size Q = # of e primaries x Gain

o MIP:Q=10%x10* = 10 > OK
o pof~MeV:Q=10%x 10* = 108 - discharge
o Field emission from cathode strip: Q = 10% x 10* = 108 - discharge

Passivation of the cathode
edges (1999/2000)
-> MSGC operational

E-field [MV/m]

anode

g !
|-\ eap

| &ap |
| | cathode < \ cathode .f
{\ /\ | \‘\_//‘
— "\‘\_/ ; ; 3 " pm :
= Other spark protection/reduction mechanisms v
‘ adopted in other MPGD -> more on that later
51
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Gas Electron Multipliers

GEM

Thin (~50 pm) metal-clad polymer foil chemically
perforated with high density of holes (~100/mm?)

Preamplification and charge transfer preserving the
ionisation pattern

lonizing |

{Particle
Drift Cathode

1
1

= GEMfoils in cascade - §af
high gain before discharges ===
=  Multi-stage - triple GEM

3mm - Drift

-
| GEM foil 1

1mm - Transfer 1

GEM foil 2

2mm - Transfer 2

(Al = = =
| i ¥ | GEM foil 3
f —— - -

i
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Readout Plane

DISCHARGE PROBABILITY ON EXPOSURE TO 5 MeV
o (from internal 220Rn gas)
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S. Bachmann et al, NIMA 479(2002)294
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MICRO MEsh Gas Structure

Parallel-plate with small (~100 um) Drif :
‘e . Cathode Drift Cathode

amplification gap Z

Thin metallic mesh separating the ionisation

and amplification regions

™ . PCB h Read-aiit elertradec
Rate capability and energy resolution of e
lel olat Funnel field lines: it
parallel plates Read-out high transparency to electrons ||/l
i in-disch QUAD Non-resistive MM (Ar.CO,85:15) Neutron flux = 10° Hz/em?
105 | : icromegas gain-¢ 002 - c - —
“MICROMEGAS . . . . Btororitn . Sants
I s e o . o . The introduction of a resistive protection asp "
8 il . /)” {o015% (R&D for ATLAS) permits to largely g
‘:' /f 3 suppress he discharge intensity 2> 5
10° ; 0.01 & spark-immune Micromegas 3
| <
oA/ . Opened the road to the development of =
& ProBABILITY 17 resistive MPGD
Y
10346360 360 400 420 440 260 a8d Mesh support pillar Resistive Strip £
-V (V) 0.5-5 MQYcm z
3 S
o S = >
Standard (non-resistive) Micromegas - oo 5L mom T
successfully used in HEP experiments r'*(‘"""'"ﬁ""""?m sk . A7 o
o . . \ \ —
Stl” with non_negllglble dISCharge rate Insulstor g.?lgp;:nsﬂ’OOmm B om0 w0 000 71000
Time (s)
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Cylindrical GEM

. MPGD suitable for Inner Tracker thanks to their intrinsic light structure - low material budget

. IT exploit mechanical flexibility of MPGD - cylindrical shape

" Triple Gem

o 05TBfield

o Gas: AriiC4Hq (90:10)
Fig. 2. The four cylindrical-GEM layers before assembling them to build the Inner o X-V readout StripS
Tracker.

Fig. 1. The Inner Tracker detector before its installation in the KLOE-2 interaction

region. z ( c m)

Fig. 3. Two-view efficiency as a function of the longitudinal z-

G. Bencivenni et al NIM A 958, 2020 using Bhabha scattering events for IT Layer#1.

= KLOE2 @ DAGNE ete at ¢ peak collider at LNF
Kaon and light meson (n, w) physics

o  First development of cylindrical GEM for colliders

Read out

» Track

350F KSKL9TT*TT'TT‘TT“ IT+DC
300F
250}
200F
150F
100} E 3
50 ot .

o . 1 1 1 1 1 1 1
54321012345

Fig. 4. Comparison between y-coordinate distribution of the two vertices for KsK; —
xtx x*x~ events. DC-only reconstruction is the solid histogram, while red points is
the integrated IT+DC reconstruction.
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Cylindrical Micromegas

=  ASACUSA - Antimatter experiment @ CERN
. Inhomogeneous B field 0-4 T

. 2 Micromegas layers 413 mm long
ry=78.5mmr,=885mm

" Gas: Ar:iC4H40 (90:10)

Scintillators

1 1
0 5000 10000 15000 20000
/flem]

FIG. 8. Lorentz angle as a function of drift electric field for various magnetic
field strengths, calculation from Magboltz, using Ar(90%) + Isobutane(10%)
gas mixture.

Gas inlet Readout
3D printed plastic connectors Active area

frame support

FIG. 6. A picture of the integrated scintillator (left) and Micromegas trac
layer (right).

REVIEW OF SCIENTIFIC INSTRUMENTS 86, 083304 (2015)

Gas outlet

Plastic
scintillator bars

Front-end crate |

|
Cold head | Cold head
Readout |

| .. Micromegas

FIG. 1. Technical drawing of the AMT detector installed around the outer
vacuum bore of the central trap. The two cold heads, used for the cryogenic
trap system, on the sides are also visible. The AMT is surrounded by the
double-cusp magnet, which is not shown in this drawing (see Figure 7).

Fig. 4. Reconstructed antiproton annihilation vertex position distribution for antiprotons trapped at the cen-
tral axis (R = 0 cm radius) of the ASACUSA multi-ring electrode (left) and for antiprotons annihilating on the
ASACUSA multi-ring electrode walls at R = 4 cm radius (right).

Antiproton and antihydrogen annihilation events
fully reconstructed with ASACUSA Miromegas

JPS Conf. Proc., 011010 (2017)

Fig. 6. Radial

S
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Detector challenges at LHC

. High-rate capability
o Increase in luminosity
o Extend the coverage to forward regions

r[cm]

. High radiation
o Annual dose at HL-LHC ~
total dose of Run1+Run2

Detector challenges:
- Detector longevity (aging)
- Material validation
- Radiation tolerant front-end electronics
- Sensitivity to low energy neutrons and photons

100 200 300 400 500 600 700 800 900

Total ionising dose [Gy]

z[cm]

. Pile-up
o Up to 200 interaction in the same BC
o Up to 2000 reconstructed tracks!

Detector challenges:

- High space granularity/resolution

- High time resolution = 4d reconstruction

- Low material budget (central regions)
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Future Colliders

Higgs-boson factories (up to 1 TeV c.o.m. Multi-TeV colliders (> 1 TeV c.o.m.
ener energy)
- 9y) Collider  Type NG gly/f)] Lint Start Date
Collider Type Vs P[%] Lint . e Jet | ab™'/IP | Const. I Physics
o —1
e"/ef |ab” /IP HELHC pp 27 TeV 15
| HL-LHC pp | 14Tev | EE FCC-hh pp 100 TeV 30 2063 | 2074
ILC & C* ee | 250 GeV | £80/ %30 2 [SpeC____pp [ 75125 TeV | | 1020 | [ 2055 ]
350 GeV | +80/+30 | 0.2 Iﬁgec(.:eh & ;g %/I )
500 GeV | +80/ + 30 4 CLIC _ ee 15Tev | £80/0 | 25 | 2052 | 2058
1TeV | +£80/+20 8 3.0TeV | +80/0 5
CLIC ee 380 GeV | +80/0 1 p-collider pup 3 TeV 1 2038 | 2045
CEPC ee My 50 10 TeV 10
2My 3
240 GeV 10
360 GeV 0.5 _
FCCoo oo M, 75 Detector requirements depend strongly by the
2Myy 5 machine parameters
240 GeV 2.5 -
2 Miop 0.8 _ _ _ _
[ pcollider pu | 125 Gev 002 || = Hadron Colliders = high pile-up, high rate

= Lepton Colliders = cleaner environment
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