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Introduction (NN

" The Muon system design characterizes the two general purpose LHC experiments.
The magnetic field configuration in the Muon system even define their names:

o A Toroidal LHC ApparatuS (ATLAS)
o Compact Muon Solenoid (CMS)
. Providing a standalone, coarse (CMS) or precise (ATLAS) muon measurement

" For FCC-ee, the inner tracker with a |B|=2-3 T will provide the necessary momentum resolution
" The muon system is primarily for identification and timing. But also:

o Tail-catcher for hadron showers not fully contained in the calorimeter

o Standalone capability needed to identify displaced vertexes for LLP searches

o Precise timing needed to identify slow particles
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Physics Drivers

=  Four different Vs at FCCee

Working point Z pole WW thresh. ZH tt

V5 (GeV) 88,91, 94 157, 163 240 340-350 365

Lumi/IP (10%* cm~2s71) 140 20 15 1.8 1.4

Lumi/year (ab™!) 68 9.6 3.6 0.83 0.67

Run time (year) 4 2 3 1 4

Integrated lumi. (ab—") 205 19.2 10.8 0.42 2.70
2.2 x 108 ZH 2 x 109 t§

6x102Z 24x10°WW + + 370k ZH
65k WW - H +92k WW — H

Number of events

. Muons provide:
o The cleanest signature for Higgs recoil
o Z-pole precision physics
o Flavor physics (FCNC processes)
@)

Unpolarized cross sections

320 3
\s (GeV)

arxiv:1308.6176v

BSM searches (heavy neutral leptons, long-lived particles...)
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Physics Drivers (NN

arxiv:2504.11103v4

=  Goldenchannel: e'e™ 2> ZH 2 (u*p7)X E 60005_ fg:_le;o G;V 10 al ab-! I éﬁignglx . _E
= Measure the Higgs boson properties using the standard model & s5000F uu _channm - | WZy-m =
decay of the Z boson to a muon pair ° - Bzz =

»  Recoil Mass Technique: 8 4000F . i 2 =
o Model-independent measurement of the HZZ coupling c o it = (V3 = Bue)” = [pul =

o Absolute cross-section measurement - .

o Hmass precision down to ~20 MeV 2000:— =

1000 —

Mygeoil [GGV]

Standard Hadron Rate Target FCC-ee Muon Rate

=  Z-pole run (Tera-Z phase)
o Zrate of ~10%/min
o 0O(100) Hz signal dimuon events
o Total expected rate in the Muon system:
o 100 Hz/cm?in the barrel
o FewkHz/cm? at |n[>2.4

Al gererated sketch
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Physics Drivers

=  Good potential for flavor physics in heavy and light quark

domains

= FCNC in b and c sectors

= Dimuon mass resolution mostly relying on ID, but high
efficiency on muon identification crucial to exploit the

statistics
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. Heavy Neutral Leptons and Long-Lived Particles searches

Precise tracking and vertexing required

Precise timing

Distribution of displaced vertexes (Dxy) depends on the
model

Muon system crucial for LLP escaping the inner
detector
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Summary of Muon System requirements at FCC-ee <R

= Very high muon identification efficiency: >98% on the full acceptance range

" Large angular coverage (|n|>2.5) to maximize acceptance for rare 200 Muon System Rate vs. Pseudorapidity at FCC-ee Z-pole
processes like H>AA o e e hesossiar s

—— Total Hit Rate (Qualitative)

" Hadron shower tail-catcher with a separation/identification
efficiency better than 1%

" Moderate spatial (sub-mm) and time (O(1-10 ns)) resolution needed
for a pure tagger

. Standalone measurement capability for LLP and slow particles searches
o Space resolution: O(100 um)
o Time resolution <ns X
Rate capability | T R OVt .
o Barrel: << kHz/cm?
o End-cap, |n|>2 up to few kHz/cm?

Normalized Rate (dN/dn)

Al generated plot

W H
) ) ) ) ) ) ) ) ) ) Bl
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Summary of Muon System requirements at FCC-ee AN

= Very high muon identification efficiency: >98% on the full acceptance range
" Large angular coverage (|n|>2.5) to maximize acceptance for rare 200 Muon System Rate vs. Pseudorapidity at FCC-ee Z-pole

processes like H>AA o P it

—— Total Hit Rate (Qualitative)

" Hadron shower tail-catcher with a separation/identification
efficiency better than 1%

" Moderate spatial (sub-mm) and time (O(1-10 ns)) resolution needed
for a pure tagger

. Standalone measurement capability for LLP and slow particles searches
o Space resolution: O(100 um)

o Time resolution <ns S
Rate capability T T s ‘
o Barrel: << kHz/cm? Al gererated plot

o End-cap, |n|>2 up to few kHz/cm?

Normalized Rate (dN/dn)

=  Construction and operation constraints - \ WD - tbar
o Large system (thousand square meters): cost-effective s - o
o Many years of operation: detector maintainability and longevity 0 1 2 3 4 5 6 T 8 9 uiienonyeny

o Environmental sustainability
Other parameters that can impact the design
o Trigger vs triggerless operation (LO muon trigger capability for Muon system)
o 5vs25vs 50 ns bunch crossing: balance btw bkg and BC identification capability
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Introduction

The Muon detector requirements at FCC-ee are not extreme

Existing technologies can do the job, but further development can improve the physics reach
Proposals at the various detector concepts mostly reflect the expertise/R&D of interested Institutes
At LHC experiments the Muon system are mostly based on gaseous detectors

o CSC o MDT o MWPC
o MWPC o (CSC o CSC o GEM
o RPC o TGC,sTGC o RPC
o Timing RPC o RPC o GEM Gaseous detectors at the 4 large LHC experiments,
. (Run1, Run2 and Run3)
o  Micromegas

=  Same for FCC-ee, but not exclusively:
o Micro Pattern Gaseous Detectors (MPGD): uRWELL and Micromegas
o RPC
o  Dirift tubes
o Scintillators bars with SiPM

08.07.2026
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Resistive Plate Chambers

" Improved RPC with the aim to reach 100 ps time resolution (Eol link)

o Reduced gas gap: 1 mm or less

o Low-threshold (down to 1 fC), low-noise FE elx

o ~100 ps reachable with bi-gap configuration

ATLAS thin-gap RPC MPP preliminary
(7R 0 ) e S L B L BLELEL I BN LR

Time resolution ~ 368 ps

600
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b
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o

100

ATLAS Phase-ll RPC prototype: A S0

400 ps time resolution

500

RPC-BA Laboratory preliminary
T T —T—T—T

I
L. KODEL Double gap (0.5 mm)
[ STD: TFE 95.2% + iC4H10 4.5% + SF6 0.3%

3500 4000 4500
HV. g (V)

Kodel bi-gap RPC: <200 ps time

resolution

Small-gap RPC used in ATLAS and
CMS Phase-Il upgrade

Bi-gap RPC: one signal panel
sandwiched between two gas gaps
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https://indico.cern.ch/event/1529896/contributions/6436843/attachments/3036755/5363085/EOI_FCC_v1-070225.pdf

RPC: the Greenhouse Gas (GHG) challenge

. Modern HEP must face regulation for the environmental sustainability

»  The RPC at LHC use high global warming power (GWP) gases: TFE (R134a) and SF¢

. Regulations evolve with time: the current ‘standard mixture’ was identified as an alternative to freon (ozone depleting

gas) used in LEP experiments

" Intense efforts ongoing to find eco-friendly gases
o ATLAS replaced 30% of TFE with CO, in Run3

o HFOs are being explored as alternative to TFE,
but could undergo the PFAS ban in a near future

o Promising alternative to SFg is under test

8
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08.07.2026 P. [IENGO - Muon System for Future Colliders 13



Resistive Micromegas (NN

" Phase-| upgrade for ATLAS pioneered the development resistive MPGD with Micromegas

=  The progress in controlling Diamond-Like Carbon (DLC) thin resistive layers production on
Kapton substrate triggered the development of many new MPGD resistive structures

" Double-layer DLC Micromegas with pad readout have been developed for high-rate
applications with excellent results:

Double DLC Uniform resistive layer

o Rate capability >1 MHz/cm?
Efficiency>98% P e e

vias

DLC1
Top layer

“SpLc2
Bottom layer

Readout pad

O
o Space resolution 60 pm for 1 mm pad
O

. . Double-| DLC I u
Time resolution down 5-6 ns oubleayer DE-Tayeut

12 = 02 §20;+ ArCFiC,H,, (88:10:2)
3 | Ar:CO,iC,H,, (93:5:2) E‘ E T T T T T E0.1 Si e controid .s
4 3 0'98:_ o B ‘s E 518f ¢ 4 Time Resolution - test beam data
Ln h“'“'* WM“‘ § oo = %0’16§ —— optimised centroid §16:~ . oo Fity=A, A=59:£1
I N 094 4 gomb St N
o8- gy os2; 3 So120 g g
g °‘9E = 0.1k 12
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0.6 3 ) (1 E Paddy2000 E 0 08: 10 +
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0.4 * Vamp=485V, G, ~ 20k 0.84 ¢ . 0.04F +,
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Resistive Micromegas

(@)

Production simplification and industrialization:
single DLC layer and technology transfer to industry
Reduction of number of readout channels:

charge spread on DLC + capacitive sharing

Efficiency vs Total Gain

. stra ight muon tracks

. se s
‘...t:.dﬂ
=
= =

- ® Paddy2000.1 Efficienc y
- ¥ ©€52000.1 Efficiency

107 10°

%' GaN

detector internal  most internal
layers pitch [mm]
Paddy-CS-S 2 1:25
Paddy-CS-L 3 1.25
CS2000 int. 2 2
CS2000 ext. 2 25
Hex1 4 1.25
Hex2 3 1.5

125 Ar-CO,IC Hy, 93-5:2 0. x coond - 9pt centrold
“F 3y cooed - apt centron
| :

08 4

£ b ! ¥
06— a ' . |
E o SV 2 5 9

*E TS

“t 10 mm pitch
ol ' L L v}

440 460 480 500 520 540 560
Vs [V]
readout pitch resolution improvement
[mm] [um] wrt RO pitch
size
5 250 20
10 350 29
8 300 27
10 550 18
20 580 34
12 340 35

A low-rate variant of this technology is proposed for FCC-ee. R&D directions:

Single DLC MM with capacitive sharing

1.25 mm
25mm
5 mm
10 mm

. - -

charge shared between pads using stack of layers with
pads of increasing size = better spatial resolution and
reduction of readout channels

50x50 cm2 detector. Module size compatible
with the proposal for FCCee

08.07.2026
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URWELL <R

. WRWELL detectors will be used for the Phase-Il upgrade of LHCb ) 2025 JINST 20 COBOG4
Muon detector, with expected rate up to MHz/cm? S

kapton—*
= A GEM-like foil with Cu layer on the top side is coupled to the Resistve 01 ¢
anode board covered by a DLC layer Pro-prog — « | S
Pads — T W W,

= The LHCb PEP scheme shows good performance
o High and stable efficiency

Figure 43: Principle of operation of the
Figure 42: Layout of the p-RWELL. p-RWELL.

o Space resolution below 100 um for 0.4 mm strip pitch

Top Cu
- 400 TB2022 MUON - RWELL, Resolution b =
ST | = ) F Recostruction - Pass5 - 10 sigma
= E El £
g 09F g 700 Reson
E 0.8;— e pitch 0.4 mm :5 600F ! ® pitch 0.4 mm
@ 07E o ® pitch 0.8 mm g E ® pitch 0.8 mm e
E ® pitch 1.2 mm ® 500 ® pitch 1.2mm e
0.6 E_ /" g @ pitch 1.6 mm E -\ ® pitch .6 mm
/ el AR L N
e 7 400; \'\\r—"—‘\;\k Figure 44: Sketch of the Single-Resistive
041 / /." 300 ;M layout. Figure 45: Sketch of the PEP layout.
0354 / F
El/ 200 :m
02F1/ 4 £ . . . .
E? R e e S S The -RWELL high-rate PEP (Patterning-Etching-Plating)
.55;(5“5;6'3:36”5;;()“6{')()”&6“64;6”6&6'6:'5()' i, scheme: high-density grounding network for the DLC
Y [V] 520 540 560 580 600 620 640 660HV6?{)7] resistive stage.

=  Asfor the Micromegas, the challenge is to simplify the construction
and reduce the number of channels
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URWELL <R

But low plateau efficiency or a working point that is
too high for the desired stability of the detector.

o Segmented top layout for second coordinate measurement The use of a single GEM foil as preamp-stage for a p-
RWELL mitigates the issue at the cost of increasing

the complexity

o Two 1D y-RWELL in back-to-back configuration

o Capacitive sharing
o W-RGroove configuration with x (top) and y (bottom) strips

Pad

layers G-Rwell: GEM fail integrated

with a y»-RWELL

X-strips (R/O) X&Y

Y-strips

(a) Two 1D detector back to back. (b) Segmented top layout. (c) Capacitive sharing. (d) -RGroove
Efficiency Residuals
g ! E P = o
- = a0k 2025 JINST 20 C05002
3 ”'é g 3005 . o 2025 JINST 20 C06064
3 F 2s0b X leToP https://indico.cern.ch/event/1
&L = = \|| oo 632251/
“E |2 20 N
04 E
[e2viD L 150
03 loCs : E e
02F o'rmf i 100 ;
o1E- ok Very good preliminary results
400 4;0 500 s.én 6(]!) e;n 700 ot .ulx) ,,;(, 5(", 5;0 Hll, (,;o 700
HV [kV] el SR HV [kV]

Technology transfer to industries ongoing
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Scintillator rods

=  Scintillator bars with Wavelength-Shifting Fibers (WLS) and Silicon
Photo-Multipliers (SiPM) readout (DO-like)

O

(@)

w00 Thick Scintillators - YS4 Fibers (1.5 mm) 1500 Thin Scintillators - YS4 Fibers (1.5 mm)

SiPM as photon detectors are cheap and can be used in magnetic
field (retumn yoke)

Extruded scintillators can be used in conjunction with wavelength-
shifting fibers at affordable cost

Availability of fast WLS fibers, with T down to 1 ns

or [ps]

1 2 6 7 8 9 10 0 1 2 6 7 8 9 10

3 a 5 3 4 5
Threshold [#Pe] Threshold [#Pe]

. Low noise allows to set threshold at very low number of photoelectrons
. Excellent resolution

o ~260 ps time resolution with 1.7 cm thick scintillators
o ~350 with 0.5 cm thick scintillators

SiPM mounting

What about spatial resolution?

08.07.2026
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Scintillator rods

=  Coordinate along the bar can be measured with left-right time difference

O

O

WLS fiber must be readout on both sides
Coarse space resolution of several cm

L

| WLS fiber

Extruded Scintillator, L=1m, rectangular section 1.5x2 cm? |

|

/

Acquire full signal over 200 ns (5G samplings/sec)
Typicalrise time 8-10 ns

=V'/ Long tail (~200 ns) due to amplifier and SiPM

Resolution (cm)

x .

Ax Distribution

== Run 191_0204_0207
Fit

. With triangular shaped bars the information on the transverse positien — x-2: 502

can be extracted from the signal amplitudes balance

(@)
(@)

Space resolution of 1-2 mm in reach
Need precise calibration of light yield

= Ageing and calibration vs time to be addressed

L
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Assembly of four
triangular rods
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https://indico.cern.ch/event/1671835/contributions/7027903/attachments/3254805/5809788/allegro_muon_roma.pdf
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https://indico.slac.stanford.edu/event/9297/sessions/1045/#20241219

Drift Tubes <

. Drift Tubes are among the most reliable gaseous detectors employed at LHC experiments
o CMS DT: rectangular shape, 42 mm x 13 mm
o ATLAS MDT: round shape, 30 mm diameter

o Stable performance with <100 m space resolution (ATLAS MDT)
= At FCCee similar detectors can be employed as well
= No need of a sophisticated position monitor system as in ATLAS

length: 1-6 m

Timing spectrum

Square tube TDC

y-Axis [em]
Entries/0.78125 ns
w
a
S
<]

Entries or probability

50 p wire
Due to tube
corner weak field

n

a

o

(=]
T T I T AT T T T o
| A ALY RLLA LLAL ALY RALL LALL AR LB

vl ling

1 P PP PRPR B 4 L E
200 400 600 800 1000 1200 1400 1600

o

s o 2 % Time [ns]
https://indico.cern.ch/event/1408515/c = Extruded square tubes are a cheap solution, but the time spectra is
ontributions /6521241 distorted due to the corner weak field = precise calibration needed
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Drift Tubes

. For FCCee the combination of DT with triangular scintillator rods
is proposed as a detector system providing

o

O

Resolution vs. CO2 Ratio

Good space resolution in the precise plane (~100 m)

Moderate space resolution in the transverse coordinate
(few mm from scintillators amplitude balance)

Good time resolution: few hundreds ps
Cost effective, limited number of channels (O(100k))
Reliable

120 +

A muon detector module:
squared drift tubes + triangle scintillator strips

EIVY7ygoos
_______ = IYYYYy —
Scintillating strips -~~~ -===3 -~ 1~ REE=tets R TTTT
""""""" - - -~ Drifttubes
Spacer
- Drifttubes
Scintillating strips ST g o “u“mmmu
suuuuu

arxivi2504.10448 Long-lived particle decay

vertex away from IP

93:7
. ° ire connection with MDT HH
£ 116 pm o Faraday cage‘g_v
3 S50 300 200 105 6”106 "200 300 00 00 sxde : .
[ 7 o Residual [um)]
g™ 80:20 \
E [ ]
L ym— 70330 Q
L4 ~
872 pm
80 } t t i
0 10 20 30 40
CO2 Ratio (%)
_ . " Engineering of square DT with ATLAS
Work ongoing to optimize the gas composition for components
improving the single tube resolution
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Technology summary <R

RPC Excellent timing (sub ns) Sustainability, limited space
resolution

Scintillator bars +WLS Excellent timing (sub ns) Limited space resolution, precise
calibration

MRWELL Good tracking and timing, high rate Large number of channel

Micromegas Good tracking and timing, high rate Large number of channel

Drift Tubes Excellent tracking, cost effective Moderate timing, large dimension
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IDEA <R

r(m)

" Instrumented return yoke

Muon chambers |

=  MPGD proposed as Muon detectors: JRWELL Gl il
baseline option

4.0

o Three layers with 2D x-y readout

DR Fibre Calo | |
o Both barrel and end-caps N
o 50x50 cm? module units Coil |,
o 5x10°% readout channels for 1.2 mm strip pitch S.ﬁc%'.ﬁb?!,.?:é‘i

o  With few hundred pm space resolution and 3 layers
the system can measure LLP decaying within the
calorimeter

0.5+

Vertex Detector [

~ z(m)
Figure 3: Overview of the IDEA detector layout.

arXiv.2502.21223
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CLD G

. Instrumented iron return yoke

=  The CLD iron return yoke is
structured into three rings in the
barrel region and the two endcaps

6m

arxXiv:1911.12230

. Muon identification system with 6 layers

=  Anadditional 7t layer in the barrel close to the coil to serve as tail catcher for hadron showers

=  Technology proposed: RPCs with cells of 30 x 30 mm?
Crossed scintillator strips with SiPM readout as an alternative

. In analogy to CMS, the yoke layers and thus the muon detectors are staggered to avoid gaps

08.07.2026 P. [IENGO - Muon System for Future Colliders 25



ALLEGRO <R

r(m)

Current proposal: Muon tagger

o No standalone measurement capability Muson g
o lron return yoke at the high granularity HCAL

HCAL Barrel

" Recent proposal, design of the Muon system still evolving

. . 3 x
= Not excluded the iron return yoke at the Muon system equipped e —-—— ;
with 3 detector layers for Muon measurement ECAL Barrel 2
. 2 Silicon Wrapper & ToF
. Several proposals exists g
o RPC §
. . r(m) 1
o DT+Scintillators
o Micromegas imtmered o oo !

x
2
g
g
g
g

PYOL YOI PRWIINISUL

depu3 D3

https://indico.cern.ch/event/1408515/ contributions/652 1328/attachmen
ts/3073670/5438430/20250522-ALLEGRO-Detector-Concept.pdf
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LD T

" Detector design originally conceived for ILC
Very similar requirements for FCC-ee

. Instrumented iron return yoke s Yolka/Moon
o 9 detector layers in barrel + 1 outside the solenoid
o 9 detector layers in end-cap o cai
=  Considered technology prefers good time resolution i —
o Scintillator strips readout with SiPM s Eoll.
- S— TPC
o RPCas an alternative
____________________ —
bt 2595 0 ——m Endeap H.d. KREBS/2-22-08
——ZCQS.E—-i . 9 w
,—7 ) : BeamCAL LHCAL LumiCAL FTD/SIT ILD |DR
Barrel I
9 layers +
1 ﬂllfﬂ* 7000.0
solenoid 5850.0
6 layers " ];aw_imfo 55 :Du N
:9=< ge 62 %22:;7{-_ ol
L/ s gl 1306 6329
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Muon system, my way (NN

Y-Z (Longitudinal) Cross-Section Schematic: FCC-ee Detector Concept

= My favorite option for an FCC-ee detector
o 3 layers integrated into the iron return yoke

o Drift tubes in n and @ directions (CMS-like) +
RPC if a sustainable gas is found, or
Drift tubes in n and ¢ directions (CMS-like) +
Scintillator bars + WLS up to |n2.3

Iron Return
Yoke

Barrel Muon

L Layers
(embedded)

Y-axis
(Radial direction)

Endcap

] il Endcap
o MPGD like high-granularity Micromegas at |n|>2.3 Galormeter - R |
- A dV ant a g es ‘ Endcap Region Superconducting Solenoid
) Al generated images (spot the error)
o Redundancy: lesson learned from LHC experience
o Exce”ent Spatlal and tlme resolutlon 200 MuonSyslemRalevs.Pseudarapldilya(FCCvaechiier

o Muon measurement capability
- Sensitivity to LLP and slow particles

o Large coverage
—> Increase stat for low-cross section processes like H>AA

Normalized Rate (d/dn)

Pseudorapidity (1)
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Muon System Requirements: ee vs. pp (NN

. FCC-ee: Low background, high precision, focus on acceptance control and particle ID.
=  FCC-hh: Extreme radiation environment, high rates (up to 30 kHz/cm?), and high-momentum resolution for TeV-
scale muons.
= Theleap to 100 TeV:
o Muon rates increase by orders of magnitude
o Requirement for trigger-less readout and ultra-fast timing to reject pile-up (up to ~1000)

o Need for high-resolution tracking in the forward region (n>3)

=  Upgrades for HL-LHC are a good starting points, main
challenges will be pushed further

o High-dose, radiation, longevity...
o High pile-up
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Muon system at FCC-hh CNFN

o  No standalone muon performance required, but can help "1 T
-> minimum requirement: muon 1D n Wy - [ :
o  Requirement for combined muon momentum resolution: "I
[ -

10% for momenta of 20 TeV/c at n = 0.

o Inforward muon system, muon measurement and triggering
can only be achieved with a forward dipole (like ALICE, LHCb)
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o Gas detectors developed for HL-LHC 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 detectors (sub-ns time res., O(1)MHz/cm?2 rate
capability, longevity, eco-friendly gas etc.)
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Conclusion (NN

" Muon detectors at future e*e- colliders must provide excellent
muon identification capability to fully exploit the physics potential
of the experiments

. Good timing and standalone measurement capability can extend

the physics reach /7 90-365 GeV' R
=  Most of the available technology have sufficient performance for , ;"?A',‘ ;“ggf;’;y Energy Frontier ) |
the FCC-ee experiments U e
; ; FCC-hh (pp)
= Ongoing R&D oriented to i ot

o Consolidate the technologies
o Simplification and cost-saving
o  Optimization for the specific detector design
. Redundancy and longevity keywords for long-term operations

=  The FCCee detector concepts are in the exciting design phase
. |deal environment for new ideas and to foster collaborations based on enthusiasm
=  The effort must be synergic with the LHC upgrades

The detector community engaged in the LHC upgrades has the responsibility to maintain the high credibility of the field
at the time when we are asking to build the largest machine ever
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Thank you!

08.07.2026 P. [IENGO - Muon System for Future Colliders 33



	Slide 1: Concepts for Muon Systems at FCC-e+e-
	Slide 2: Outline
	Slide 3: Introduction and Physics drivers
	Slide 4: Introduction
	Slide 5: Physics Drivers
	Slide 6: Physics Drivers
	Slide 7: Physics Drivers
	Slide 8: Summary of Muon System requirements at FCC-ee
	Slide 9: Summary of Muon System requirements at FCC-ee
	Slide 10: Emerging Detector Technology 
	Slide 11: Introduction
	Slide 12: Resistive Plate Chambers
	Slide 13: RPC: the Greenhouse Gas (GHG) challenge 
	Slide 14: Resistive Micromegas
	Slide 15: Resistive Micromegas
	Slide 16: µRWELL
	Slide 17: µRWELL
	Slide 18: Scintillator rods
	Slide 19: Scintillator rods
	Slide 20: Drift Tubes
	Slide 21: Drift Tubes
	Slide 22: Technology summary
	Slide 23: Muon System for the FCC-ee Detector Concepts
	Slide 24: IDEA
	Slide 25: CLD
	Slide 26: ALLEGRO
	Slide 27: ILD
	Slide 28: Muon system, my way
	Slide 29: A look to FCC-hh
	Slide 30: Muon System Requirements: ee vs. pp
	Slide 31: Muon system at FCC-hh
	Slide 32: Conclusion
	Slide 33: Thank you!

