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Primary goals of IR and MDI design
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HL-LHC

(wrt physics performance)



History of Muon Collider MDI design studies

3

HL-LHC



Radiation in the Interaction Region (IR)
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Radiation sources
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How to cope with rad., in particular physics bkg?
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IR lattice design (3 TeV and 10 TeV)
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HL-LHC

𝟏 𝒔=3 TeV MAP lattice (quadruplet version) – Y. Aleksahin et al.:

𝟐 𝒔=10 TeV IMCC lattice – M. Vanwelde, 

K. Skoufaris, C. Carli:

Challenges for IR lattice design: 

➢ small ß*, large ß functions in 

FF, strong chromatic effects



IR layout MuC (10 TeV) vs HL-LHC
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HL-LHCLimits space for detector



IR optics functions (10 TeV)
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HL-LHC



Decay-induced radiation in IR
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HL-LHC

From µ+ decay (10 TeV)

Spectra of decay positrons and SR photons impacting on vacuum 

aperture within the first 46 m of the IR (final focus and nozzle)



Heat deposition in IR magnets (10 TeV)
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HL-LHCTripletDipole chicane

Challenge: 

• Heat deposition by decay in cold 

mass needs of IR magnets to be 

reduced by two orders of 

magnitude (to the 1% level) 

Muon decay: power deposition (per unit length) in magnet cold 

masses for different W shielding thicknesses:

Total power in deposition by decay products in 10 TeV straight 

section (about 300 m): O(150 kW)

Need thick W liners (few cm) 

inside the magnets

Example: shielding for 

HL-LHC magnets 

→ Chicane magnets intercept significant amount of 

decay products from upstream drift (need more shielding)



Radiation damage in IR magnets (10 TeV)

12

HL-LHC

Muon decay: annual peak dose in different IR magnets:

HL-LHC

The thick W liners are also 

essential for limiting the

cumulative ionizing dose in

magnet insulation and other 

radiation-sensitive components

Example: shielding for 

HL-LHC magnets 



IR magnet aperture requirements (10 TeV)
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IR magnet aperture requirements (10 TeV)
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Challenges for IR magnets: 

➢ Very challenging aperture + field requirements

➢ Large sensitivity to unwanted multipolar 

components, magnet misalignments, vibrations



Decay-induced bkg in detector
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Challenges wrt decay bkg: 

➢ Reducing the decay bkg is one of 

the major challenges for the MDI

➢ Massive shielding needed (nozzle), 

which limits the detector acceptance



Decay-induced bkg in detector
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Decay-induced bkg in detector
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Decay-induced bkg in detector
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*Dipole chicane essential for reducing the 

background contribution due to distant decays in 

the upstream drift

Chicane
µ beam



Decay-induced rad damage in detector
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Muon decay products also lead to 

significant radiation damage in the 

detector, but thanks to the nozzle the 

cumulative dose and Si 1 MeV n-eq 

fluence remain acceptable 



Beam halo-induced bkg in detector
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Beam halo-induced bkg in detector
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Challenges wrt halo background: 

➢ Halo formation in muon colliders remains an 

open topic to be studied (major bkg source?)

➢ Muon halo cleaning very challenging



Incoherent e+e- pair production as bkg source
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Incoherent e+e- pair production as bkg source
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10 TeV



Incoherent e+e- pair production as bkg source
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Challenges wrt incoherent pair bkg: 

➢ Besides solenoid field, not many handles to 

reduce pair background



Workflow for background studies
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Towards a realistic MDI design
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First ideas, but do not have a 

technically mature design or 

integration study yet (neither in 

MAP nor in IMCC)



Nozzle engineering design
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Can learn from existing 

shielding projects

First ideas about 

nozzle segmentation



Nozzle integration and access to detector
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The yoke end-caps should move 

on rails and rotate at the sides of 

the barrel to save space

MUSIC detector



Machine integration
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Summary: key topics (1/2)
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• Interaction region lattice design under consideration of various constraints (heat load,

background, technical limits of magnets, interconnect lengths) 

❖ Significant challenges due to small β*, for example, β- functions of O(1000 km) in FF

❖ Key aspects require further iterations (L*, required drift lengths, radiation shielding and 

apertures of IR magnets, etc.) 

• Mitigation measures for the beam-induced background

❖ Nozzle originally developed by US-MAP remains one of the main measures to reduce

the decay background (potential for further optimization limited)→ detailed studies of 

decay-induced background for present MDI&IR layout exist (to be continued)

❖ Limited handle to reduce incoherent pair background (mainly through solenoid field), 

further studies needed (need to revisit event generator?)

❖ Halo background remains to be studied (important open questions remain: halo 

formation? Is a 5σ IR aperture acceptable? Halo removal system far from the IP? What 

kind of halo removal system?



Summary: key topics (1/2)
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• Luminosity monitoring, forward detectors

❖ First ideas and preliminary studies, but no concrete proposals yet

❖ Important to understand if any forward monitor/detector is needed within L* (very difficult 

integration)

• Beam instrumentation in MDI region, vacuum system in the MDI region

❖ Work did not start

• Technical design of key MDI components (nozzle, central vacuum chamber etc.) 

❖ Work did not start, different aspects to be addressed (mechanical design, cooling 

concepts, impedance, supports, etc.), 

• Integration of accelerator, shielding, detector, including support structures, infrastructure

❖ About to start first (2D) integration studies, expert input needed (magnets, cryo, vacuum, 

detector, instrumentation, civil engineering)

❖ Expect that integration constraints lead to further iterations of the MDI design 
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