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Linear colliders

Compact Linear Collider (CLIC)

+ BN 380 GeV - 11.4 km (CLIC380)
1.5 TeV - 29.0 km (CLIC1500)

(3) ILCZ 3.0 TeV - 50.1 km (CLIC3000)
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©20 — 31 km & (ILC)
® 250 — 500 GeV ete- ~

© CLIC:
@11 — 50 km

© 380 — 3000 GeV ete-

clic.cern

scencewrd  (C_J) JB Lagrange 3

Facilities Council




Circular colliders

® FCC / CEPC
©90-100 km circumference

©90 — 350 GeV e+e-

* Schematic of an
Yy B0-100 km long

®50 - 100 TeV proton-proton P
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Conventional approach
limitations

@cfe-

® Synchrotron radiation (ring)

® Available RF acceleration (linear)
@ Proton-proton:

® Not a fundamental particle, need to go to higher energies (~x10) for the same physics reach

Muons

® Fundamental particle

&

® 207 times electron mass

©® But... Not a primary particle, and 2.2 us life time
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Muon collider concept

Proton Driver Front End Cooling Acceleration Collider Ring

Accumulator
Compressor
Buncher

Capture Sol.
Decay Channel

Accelerators:
Linac, RLA or FFA, RCS

Initial Cooling
Final Cooling

MW-Class Target

® MW-class proton driver sent to a target
® Pions produced that decay into muons
® Muon capture and cooling

© Acceleration to TeV & Collisions
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Parameters

Parameter Symbol Unit Target value
Centre-of-mass energy J D TeV 3 10 14
Luminosity L 1 x 10°%*em—2%s— 1 | 1.8 20 40
Collider circumference Ceoll km 4.5 10 14
Muons/bunch N 1 x 10*2 2.2 1.8 1.8
Repetition rate I Hz 5 5 5
Beam power P.on MW Hh.3 | 14.4 20
Longitudinal emittance £1 MeV m 7.5 7.5 7.5
Transverse emittance £ L m 20 25 20
IP bunch length 0= mim 5 1.5 1.07
IP beta-function S mm 5 1.5 1.07
IP beam size o pm 3 0.9 0.63
Q) I3 Lagrangs




Proton driver & Target

@ Protons on target — pions — muons
® Challenges:
® Short bunch (few ns)
® Energy deposition in high field solenoid at target

® Target window life time
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C. Accettura et al., IMCC Annual meeting 2023
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nuSTORM

Future far targe:
I CCS coordinates

y
4
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© 100 GeV protons from SPS into ~250 kW target
® Pion transport line with charge selection
® Stochastic muon injection into storage ring

© Precise neutrino scattering measurement & study of sterile neutrinos
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CLFV: COMET & muZ2e

Production Solenoid
_ . Protons
©® Muon-to-electron conversion

experiments
® Strong synergy with MC

® Similar target station

Production Target

© Build collaboration
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Muon cooling

Wedge
shaped
absorber

Absorber
/

® Ionisation cooling:
® Energy loss in absorber, reaccelerating in RF cavity

® Multiple Coulomb Scattering mitigated with tight focusing and low-Z
absorber

® 6D cooling can be done with emittance exchange
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MICE

Upstream Spectrometer Solenoid Focus Coil Downstream Spectrometer Solenoid

Built at RAL, UK

Ckov Ckov
A B

0 1 m
MICE e ———| Diffuser  Upstream Tracker BEL, Absoibes Downstream Tracker

—— x=0.16 m
— x=0.0 m

e Hall Probes
MICE

2017/02-7

— £1=4 mm
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Muon cooling goal

LH, absorber

Matching coils

Longitudnal phase space
. rotation rf cavities
Acceleration rf
cavities

m\” 1

Drift for developing energy- ocusin
sy Challenges:

time correlations ;
coils

Transport coils

Fernow-Neuffer Plot

& Very tight focusing in
final cooling

@ Chromatic aberrations

| —— Rectilinear A
----- Bunch Merge
{ —— Rectilinear B
—  final
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Muon acceleration

® Linac and RLA at low energy
(highest energy gradient)
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® Synchrotrons at higher energies Muon source
& Low energy

® Very tast ramp RCS or FFAs Acceleration
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¢ Luminosity increases for shorter

ring and with tight focusing

& Challenges:

& Very high mean dipole field

& Very short bunches
& Chromatic abberations

& Neutron showering from
neutrinos
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Collider ring
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Collider detectors

tracking system

60 layers of 19-mm steel | » Vertex Detector:

absorber + plastic * double-sensor layers

scintillating tiles; (4 barrel cylinders and
| 4+4 endcap disks);

2 . o
P 30x30 mm* cell size;

® Standard detector arrangement —y i

® Inner Tracker:
« 3 barrel layers and

o '- e 7+7 endcap disks;

& Based Oon e_l_e deteCtor 40 layers of 1.9-mm W ‘ AREEE mwata | = ) 59 e . I malcka:
absorber + silicon pad : s — = pixel Si sensors.
SENsors; ‘ i » Outer Tracker:

A . 5x5 mm? cell granularity; _ ' * 3barrel layers and

€ Challenges. | 4+4 endcap disks;

22 Xo+ 1A, 50 ym x 10 mm micro-

strip Si sensors.
muon detectors

® Beam induced background

» 7-barrel, 6-endcap RPC o j, | shielding nozzles
o s layers interleaved in the : | [
aI'ISIIlg due tO muon deCays magnet’s iron yoke; ‘ » Tungsten cones + borated

» 30x30 mm? cell size. polyethylene cladding.
superconducting solenoid (3.57T)
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Source and

Hardware

Cooling

collider complex

Demonstrator

Timeline

2030

| Initial design |

Technically limited timeline
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Conclusion

® Muon collider can go to much higher energy than ete- colliders, and much
smaller footprint than equivalent proton-proton colliders

® Many technical challenges, but no show-stopper with current technologies
® Physics opportunities at each stage of R&D

© CLFV

@ Neutrinos

® Top & Higgs factories

® Energy frontier
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Thank you for your
attention

Questions?
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