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Collider reference 
configuration & Radial Build 

for CC/IR (and arcs)
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Goal of the discussion

vAgreement on a baseline for the collider magnet radial build 
(particularly final focus quadrupoles) taking the operating 
temperature, cost and other constraints into account.

vIdentification of the remaining issues and inputs still to be 
provided by each WPs.
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Ø Magnets performance upper limits (Magnet WP)
Ø Maximum acceptable heat load (Cryogenics WP)
Ø Maximum power deposition and radiation damage 

(Energy Deposition WP)
Ø Maximum budget (all)

REQUIRED INPUTS

DESIRED OUTCOMES



Key Questions and Issues
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Magnet input:
• Upper limits on the performance 

of the SC magnets (including 
combined-function dipole-
sextupole).

• Element interconnection length & 
Bending field 

• Magnet length for HTS magnets? 
• Feasibility of reducing the 

wobbling period (increased 
horizontal dipole component in all 
magnets).

• Tunability of the combined-
function magnets once built.

Cryogenics input:

• What operating temperature for HTS 
magnets is compatible with cryogenic 
systems? 

• Required tungsten shielding thickness 
for heat load and radiation damage 

Beam optics input:

• Current lattice design in terms of 
magnet constraints & Feasibility of 
adjusting the design to meet magnet 
constraints 

Other considerations:
• Operational lifetime and cost of collider ?



Inputs

The presentations in the collider session served as a 
basis for the discussion.
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Overview of the muon collider ring, including lattice performance, 
sensitivity study and preliminary studies for wobbling

Impedance and transverse stability studies for the 10 TeV collider
• Scan of the chamber radius with the same radius for the 

whole ring: 16 mm radius could be achieved

The magnetic field in several magnets exceeds magnet constraints; 
it seems to be possible to slightly adjust the collider design to 
satisfy magnet constraints.

Upper limits on the performance of the SC magnets (including 
combined-function dipole-sextupole).

• First estimate of the interconnection length
• Initial magnet considerations for implementing a horizontal 

magnetic field for the wobbling scheme
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Upper limits for magnet performances provided for:
Ø Dipoles vs bore aperture
Ø Quadrupoles vs bore aperture

Magnet Performance Upper Limits 

Ø Sextupoles vs bore aperture
Ø Combined function magnets (dip. + 

quad, dip. + sext.) vs bore aperture



Ongoing and open points for magnet
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FIELD FREE MAGNETIC LENGTH

How to mitigate the neutrino dose due to interconnection length?

WOBBLING

LFFML > 1000/1200 mm 
(H. Prin presentation @ mmWG 13th June 2024)

REQUIREMENTS:
• B~0.67 𝑇 for 100 m period and ±25 mm
• Tunable horizontal dipole field

NESTED HORIZONTAL FIELD MAGNET:
Ø Huge increase of complexity 

(3 nested magnets HD-Q-VD)
Ø TORQUE 350 kNm/m

Study the feasibility of installing an orbit corrector magnet before and after each arc magnet that
provides the kick. In the interconnection region?

https://indico.cern.ch/event/1410210/contributions/5976304/attachments/2876379/5037951/2024-05-30%20Field%20Free%20Length.pdf


Key Questions and Issues
Magnet input:

• Upper limits on the performance 
of the SC magnets (including 
combined-function dipole-
sextupole).

• Element interconnection length & 
Bending field 

• Magnet length for HTS magnets? 
• Feasibility of reducing the 

wobbling period (increased 
horizontal dipole component in all 
magnets).

• Tunability of the combined-
function magnets once built.

Cryogenics input:

• What operating temperature for HTS 
magnets is compatible with cryogenic 
systems? 

• Required tungsten shielding thickness 
for heat load and radiation damage 

Beam optics input:

• Current lattice design in terms of 
magnet constraints & Feasibility of 
adjusting the design to meet magnet 
constraints 

Other considerations:
• Operational lifetime and cost of collider ?

Main topics discussed 
during the session



Radial Build & Heat Load
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Interaction Region:
• Still need to determine which 

power load is acceptable 
from the cryo perspective

• Tungsten shielding of 2.53cm 
probably not sufficient

CC/MS/Arcs:
• 4cm à 3cm for shielding 

thickness at 20K?
• Possible shielding 

thickness at 10K? P. Tavares Coutinho Borges De 
Sousa, 
https://indico.cern.ch/event/12
50075/contributions/5357594/ 

Assumptions for collider design to be 
validated/adapted:

à Ap. = 5𝜎 + 𝟓𝒄𝒎, T!" = 10K (CC, MS, Arcs)

à Ap. = 5𝜎 + 𝟒𝒄𝒎, T!" = 4.5K (IR)

Local heat extraction issues must be 
addressed, considering a representative
coil section and the cooling channels
design.

Aperture= 5𝜎 +W shielding+1.51cm

Cryogenics issues

https://indico.cern.ch/event/1250075/contributions/5357594/
https://indico.cern.ch/event/1250075/contributions/5357594/


Collider cost

• Cost constraint & optimization: Cost flexibility may enable using higher-performance 
magnets in critical areas, provided savings are made elsewhere (constant total collider 
cost).

• Initial cost optimization on the collider ring, followed by overall cost optimization for 
the entire muon collider complex.

• Cost sensitivity analysis for magnets:
Ø Already completed for dipoles/quadrupoles in range  [200–1200] kEUR/m

Ø To be completed for combined-function magnets (B-G plots for several cost).
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Total cost:
Ø Investment cost
Ø Operational cost
Ø Cryogenic & Power consumption

x

Baseline cost assumption:

• 400 kEur/m for the ARC magnets
• 800 kEur/m for the IR/CC/MS magnets

x



Interconnection length & neutrino issues
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Length for element interconnection >1m: increase by a factor of 3!
 à Neutrino radiation increases accordingly!
 
Mitigation strategies to be investigated:
• High-priority: Continue the study on the impact of vertical 

periodic deformation on the beam dynamics & performances of 
the collider ring.

• Further studies: Investigate horizontal closed orbit deformations

Sensitivity studies:
• Investigate the impact of different wobbling periods on beam 

optics and magnet limitations

• Promising results in the 
FMC arc cells but CC & MS 
sections to be studied.

Preliminary studies on 
wobbling scheme:



Follow-up strategy
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• Definition of radial build for all the collider sections:

• Further investigate the feasibility in terms of tungsten shielding 
thickness in the different sections of the collider ring, considering 
4.5K in the IR and 10K or 20K in the other sections

• Finalize the cost sensitivity analysis for combined function magnets

• Continue the study on the impact of vertical periodic deformation on 
the beam dynamics & performances of the collider ring.

• Keep track of all issues and open questions regarding the collider ring

• Organize meetings with all teams working on the muon collider 
(Magnets, Beam Optics, Cryogenics and Energy Deposition WPs) to 
converge on remaining issues.


