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Main Challenges:
• Production and cooling processes
•   Short lifetime of muons (2.2 𝜇𝜇𝜇𝜇 at rest)   

• ∆TMARGIN = 2.5 K
• B1= 16 T• HTS technology

• TOP = 20 K
• Φ = 140 mm
•  Bn<1 unit
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𝑅𝑅𝐶𝐶𝐶𝐶/𝑆𝑆𝐶𝐶 =
𝐴𝐴𝐶𝐶𝐶𝐶
𝐴𝐴𝑆𝑆𝐶𝐶

= 16.15 𝑓𝑓𝑓𝑓 =
𝐴𝐴𝑆𝑆𝐶𝐶
𝐴𝐴𝑠𝑠𝑡𝑡𝑠𝑠

= 0.018

• Not twisted stacked tapes cable
 2 REBCO tapes co-wounded 
      with SS layer 1 (x2)

• Maximum allowable stresses:
 𝒙𝒙 - direction:  𝜎𝜎𝑚𝑚𝑠𝑠𝑚𝑚 = −100 𝑀𝑀𝑀𝑀𝑀𝑀
 𝒚𝒚 - direction: 𝜎𝜎𝑚𝑚𝑠𝑠𝑚𝑚 = −400 𝑀𝑀𝑀𝑀𝑀𝑀

• ∆TMARGIN = 2.5 K
• B1= 16 T

• Analytical harmonics calculation considering 
     magnetization effects (current redistribution)
• Use of COMSOL software with T-A formulation
Parameter Value U.M.
IOP 3700 A
JENG 571 A/mm2

JCu 1916 A/mm2

B1 16.1 T
BPEAK 18.2 T
TOP 20 K
∆TMARGIN 2.5±1% K
ESTORED 39482,3 kJ/m
ESTORED/V  0.292 J/mm3

L 5342,3 mH/m
NTAPES 82722 -

Harmonic Value
b3 4
b5 -5
b7 -2

• 2 losses estimations by T-A formulation (COMSOL):

 EJ Losses ∶ 𝑀𝑀𝐸𝐸𝐸𝐸
𝑊𝑊
𝑚𝑚

= 𝐸𝐸 � 𝐽𝐽  , 𝑄𝑄𝐸𝐸𝐸𝐸
𝐸𝐸
𝑚𝑚

= ∫0
𝑠𝑠𝑟𝑟 𝑀𝑀𝐸𝐸𝐸𝐸𝑑𝑑𝑡𝑡

 Hysteretic Losses: • Magnetization

 𝑀𝑀 𝐴𝐴
𝑚𝑚

= 𝐵𝐵𝐽𝐽 𝑛𝑛𝑛𝑛𝑛𝑛_𝑢𝑢𝑛𝑛𝑢𝑢𝑢𝑢−�⃗�𝐵𝐽𝐽 𝑢𝑢𝑛𝑛𝑢𝑢𝑢𝑢
𝜇𝜇0

• Hysteretic losses
 𝑀𝑀ℎ𝑦𝑦𝑠𝑠𝑠𝑠

𝑊𝑊
𝑚𝑚

= 𝑀𝑀 � �̇�𝐵𝐸𝐸 𝑛𝑛𝑡𝑡𝑛𝑛_𝐶𝐶𝑛𝑛𝑢𝑢𝑓𝑓

• Integrated hysteretic losses
 𝑄𝑄ℎ𝑦𝑦𝑠𝑠𝑠𝑠

𝐸𝐸
𝑚𝑚

= ∫0
𝑠𝑠𝑟𝑟 𝑀𝑀ℎ𝑦𝑦𝑠𝑠𝑠𝑠𝑑𝑑𝑡𝑡

2 Value referred to the entire cross-section
2 Value referred to the entire cross-section

• Non uniform current distribution due to magnetization
• Homogenized coils surrounded by an infinitely rigid 

structure 
• Standard type contacts frictionless between coils and 

structure (layers are bonded together)
• Use of FEM software COMSOL
• 𝐸𝐸𝑠𝑠𝑡𝑡𝑢𝑢𝑐𝑐𝑠𝑠 = 1741𝐺𝐺𝑀𝑀𝑀𝑀 and 𝜈𝜈𝑠𝑠𝑡𝑡𝑢𝑢𝑐𝑐𝑠𝑠 = 0.3

Parameter Value U.M.
𝝈𝝈𝒓𝒓𝑴𝑴𝑴𝑴𝑴𝑴 -1942 MPa 
𝝈𝝈𝜽𝜽𝑴𝑴𝑴𝑴𝑴𝑴 -2523 MPa

Azimuthal stress below 
the limit, radial stress 
above the limit
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Cost Assumption (C)
Material Value U.M.
REBCO tape 2500 €/kg
Stainless Steel 10 €/kg
Iron 8 €/kg
Labor 20000 €/m

Density Assumption (ρ)
Material Value U.M.
REBCO tape 8000 kg/m3

Stainless Steel 7800 kg/m3

Iron 7800 kg/m3

Material Value U.M.
REBCO tape 2171 k€/m
Stainless Steel 171 k€/m
Iron 431 k€/m
Labor 201 k€/m
Total Cost 2971,2 k€/m

Cost Results

Cost Estimation: 𝐶𝐶 = ∑𝐴𝐴𝑛𝑛 � 𝐶𝐶𝑛𝑛 � 𝜌𝜌𝑛𝑛 + 𝐶𝐶𝐿𝐿𝐴𝐴𝐵𝐵𝐿𝐿𝐿𝐿 €/𝑚𝑚

1 Value referred to the entire cross-section

Goal:
Feasibility study and new technological solutions for an innovative 
muon accelerator of a 10-km-long collider ring with a center-of-mass 
energy of 10 TeV.

• Shielding for muon decay
• High 𝐵𝐵1 with large aperture
• Quench protection

𝝈𝝈𝒓𝒓 [𝑀𝑀𝑀𝑀𝑀𝑀] 𝝈𝝈𝜽𝜽 [𝑀𝑀𝑀𝑀𝑀𝑀]

𝒇𝒇𝑳𝑳 [𝑁𝑁/𝑚𝑚3]

𝑩𝑩 [T]

Losses Value 
(kJ/m)

𝑄𝑄𝐸𝐸𝐸𝐸 1672

𝑄𝑄ℎ𝑦𝑦𝑠𝑠𝑠𝑠 22.52

without iron

with iron

𝑸𝑸𝑬𝑬𝑬𝑬 (with iron)

Brandt Model:
Analytical model implemented in MATLAB and evaluating the 
sheet current density 𝐽𝐽[A/𝑚𝑚] in each REBCO tape by the 
assumption of uniform perpendicular magnetic field 𝑩𝑩┴ 
along its width.

J/Jc

Brandt Model (MATLAB) vs T-A formulation (COMSOL):
• Computational time reduced of factor ~ 28 (140 min  5 min)
• Good compatibility for field quality and hysteretic losses 

• Only quasi-static simulations (no time dependency)
• Only linear phenomenon (no iron) 
• Limited by uniform 𝑩𝑩┴ assumption

Losses
(kJ/m) COMSOL MATLAB

𝑸𝑸𝒉𝒉𝒚𝒚𝒉𝒉𝒉𝒉 22.52 222

Harmonic1 COMSOL MATLAB
b3 3 4
b5 -7 -0.2
b7 -3 -0.05

MATLABCOMSOL COMSOL MATLAB

Field Map J/Jc Map

The study shows that the EM and cost requirements have been satisfied

2 < 400 k€/m (cost limit)

Next steps:
• Reduce the maximum radial stress by an opportune mechanical design
• Upgrade MATLAB code to enhance
      the compatibility with COMSOL and to 
      allow time dependent and non-linear studies
• Laboratory test with small coils to validate 
      MATLAB hysteretic current model

2 to be compared with 𝜎𝜎𝑚𝑚_𝑚𝑚𝑠𝑠𝑚𝑚  
3 to be compared with 𝜎𝜎𝑦𝑦_𝑚𝑚𝑠𝑠𝑚𝑚  

𝑩𝑩 [T]

𝑡𝑡𝑟𝑟

Iron
yoke 1

Stainless 
Steel 
collar

HTS coils

1 Barth, Christian & Mondonico, G & Senatore, C. (2015). Superconductor Science 
and Technology. 28. 045011. DOI: 10.1088/0953-2048/28/4/045011.

1 Rout to reduce fringe field at a few mT, Rin to be optimized

1 SS layer stabilizer thickness based on quench protection study performed by T.Salmi, doi:10.1109/TASC.2025.3540791.

3 Value per meter length

1 Field quality without iron yoke and considering current redistribution

• Estimation of maximum Stored Energy Density through 
analytical calculation

Main assumptions:
• BPEAK = 18 T
• TMAX = 200 K
• tDELAY

 4
 = 1 ms

4 Time at constant current before the entire magnet     
quenches and energy dissipates uniformly

Maximum Stored Energy Density < ~ 0.28 J/mm3

1 𝑡𝑡𝑟𝑟(𝑟𝑟𝑀𝑀𝑚𝑚𝑟𝑟 𝑡𝑡𝑡𝑡𝑚𝑚𝑡𝑡)= 20 𝑚𝑚𝑡𝑡𝑚𝑚

2 Value referred to the entire cross-section

𝑸𝑸𝑬𝑬𝑬𝑬
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