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COST MODEL
𝑪

𝑳
= 𝑪𝒄𝒐𝒊𝒍 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

Overall magnet cost per unit length

R&D and tooling excluded cost from the valuation 
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COST MODEL
𝑪

𝑳
= 𝑪𝒄𝒐𝒊𝒍 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

Overall magnet cost per unit length

cost per unit length of manufacturing the superconducting coils 

𝐶𝑐𝑜𝑖𝑙𝑠 = 𝐶𝑆𝐶 + 𝐶𝐶𝑎𝑏𝑙𝑒 + 𝐶𝐶𝑜𝑖𝑙𝑀𝑎𝑛𝑖𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔

cost of the 
superconductor itself 

cost of making an insulated cable
Ccable= fcable x Ccs 

cost of labor and consumables 
for winding and processing 

(technology dependent, e.g. 
heat treatment and 

impregnation for Nb3Sn) 

Csc [Eur/kg] fcable* CCoilManifacturing[kEur/m]*

Nb-Ti 159 0.1 9.9

Nb3Sn 2274 0.1 11.9

aspirational 758 0.1 11.9

ReBCO(not insulated) 8013 0 9.9

aspirational 2671 0 9.9

*extrapolation from LHC 
and Hi-Lumi LHC experience
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COST MODEL
𝑪

𝑳
= 𝑪𝒄𝒐𝒊𝒍 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

Overall magnet cost per unit length

𝐶𝐶𝑜𝑙𝑑𝑀𝑎𝑠𝑠 = 𝐶𝐶𝑜𝑙𝑑𝑀𝑎𝑠𝑠𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 + 𝐶𝐶𝑜𝑙𝑑𝑀𝑎𝑠𝑠𝑀𝑎𝑛𝑖𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔

𝐶𝐶𝑜𝑙𝑑𝑀𝑎𝑠𝑠𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 =
B

Bref
CColdMassMaterialref

𝐶𝐶𝑜𝑙𝑑𝑀𝑎𝑠𝑠𝑀𝑎𝑛𝑖𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔:

𝐵 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 (𝑎𝑡 𝑡ℎ𝑖𝑠 𝑙𝑒𝑣𝑒𝑙 𝑜𝑓 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠)

𝐶𝐶𝑟𝑦𝑜𝑀𝑎𝑔𝑛𝑒𝑡: 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝑎𝑛𝑑

𝐵 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 (𝑎𝑡 𝑡ℎ𝑖𝑠 𝑙𝑒𝑣𝑒𝑙 𝑜𝑓 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠)

Cref
ColdMassMaterial

(Bref = 8 T)
[kEur/m]*

CColdMassManifacturing

[kEur/m]*

CcryoMagnet

[kEur/m]*

Nb-Ti

25

26.4

8Nb3Sn 31.7

ReBCO (not insulated) 26.4

*extrapolation from LHC 
and Hi-Lumi LHC experience
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COLLIDER MAGNET REQUIREMENTS

Task 7.4 Collider Ring Magnets (INFN)

Courtesy of Patricia Borges de Sousa
https://indico.cern.ch/event/1250075/contributions/5357594/ 

Radial building

Top<20 K:
• Wabs =4 cm Wabs (P<5 W/m) 
• 160 mm magnet aperture

Top=20 K:
• Wabs =3 cm (P<10 W/m) 
• 140 mm magnet aperture

138 mm

Courtesy of Anton Lechner

10 TeV collider 
10 km ring

N.B boremagnet= beam aperture (23.5 mm) + [Cu layer beam 
screen,+ Insulation space & heat intercept  + beam pipe + 
Kapton insulation + clearence] (15.5 mm ) + Wabs (30-40 mm)
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COLLIDER OPTIONS
𝑓 = 0.75 𝑓𝑖𝑙𝑙𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟𝐵 𝑇 =

3.3

𝑓

𝑝 𝑇𝑒𝑉

𝜌[𝑘𝑚]

10 TeV in a 10 km long collider ring
• B[T]= 14 T
• dbore= 140 mm 
• Top =20 K (ReBCO)

OPTION 1

10 TeV in a 10 km long collider ring
• B[T]= 14 T
• dbore= 160 mm 
• Top =10 K (ReBCO)

OPTION 2

10 TeV in a 10 km long collider ring
• B[T]= 14 T
• dbore= 160 mm 
• Top =4.5 K (ReBCO)

OPTION 3

3 TeV in a 5 km long collider ring
• B[T]= 11 T
• dbore= 160 mm 
• Top =4.5 K (Nb3Sn)

OPTION 4

10 TeV in a 30 km long collider ring
• B[T]= 5 T
• dbore= 160 mm 
• Top = 4.5 K (NbTi)

OPTION 5

3 TeV in a 10 km long collider ring
• B[T]= 4.5 T
• dbore= 160 mm 
• Top = 4.5 K (NbTi)

OPTION 6
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COLLIDER OPTIONS
𝑓 = 0.75 𝑓𝑖𝑙𝑙𝑖𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟𝐵 𝑇 =

3.3

𝑓

𝑝 𝑇𝑒𝑉

𝜌[𝑘𝑚]

10 TeV in a 10 km long collider ring
• B[T]= 14 T
• dbore= 140 mm 
• Top =20 K (ReBCO)

OPTION 1

10 TeV in a 10 km long collider ring
• B[T]= 14 T
• dbore= 160 mm 
• Top =10 K (ReBCO)

OPTION 2

10 TeV in a 10 km long collider ring
• B[T]= 14 T
• dbore= 160 mm 
• Top =4.5 K (ReBCO)

OPTION 3

3 TeV in a 5 km long collider ring
• B[T]= 11 T
• dbore= 160 mm 
• Top =4.5 K (Nb3Sn)

OPTION 4

10 TeV in a 30 km long collider ring
• B[T]= 5 T
• dbore= 160 mm 
• Top = 4.5 K (NbTi)

OPTION 5

3 TeV in a 10 km long collider ring
• B[T]= 4.5 T
• dbore= 160 mm 
• Top = 4.5 K (NbTi)

OPTION 6
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COLLIDER OPTION 1

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

10 10 14 140 20 ReBCO

10 TeV & 10 km Collider

▪ Bore
▪ Coil
▪ Structures
▪ Iron

*Not insulated tapes

Estimate based on simplified 
geometry (sector coils)

𝑪

𝑳
= 𝑪𝑺𝑪 + 𝑪𝑪𝒂𝒃𝒍𝒆 + 𝑪𝑪𝒐𝒊𝒍𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒕𝒆𝒓𝒊𝒂𝒍𝒔 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

CColdMassCcoils

Cost per unit length

Csc 
[kEur/m]

Ccable
 [kEur/m]

CCoilManifacturing 
[kEur/m]

343.7 0* 9.9

CColdMassMaterial

[kEur/m]
CColdMassManifacturing

[kEur/m]

43.8 26.4

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

353.6 70.2 8 431.8

82% 16% 2%

Ri=70 mm
Re=130 mm
w = 60 mm

fSC=0.64
Acoil= 25.1 103 mm2

𝜌 = 8000 kg/m3

2.9 GEur
for 10 km long collider 

assuming f=2/3 
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COST MODEL ANNUAL MEETING 2024

▪ Bore
▪ Coil
▪ Structures
▪ Iron

𝑪

𝑳
= 𝑪𝒄𝒐𝒊𝒍 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔 + 𝑪𝒍𝒂𝒃𝒐𝒖𝒓 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

Cost per unit length

𝑪𝑺𝑪 𝑪𝒑𝒂𝒅 + 𝑪𝒚𝒐𝒌𝒆

Estimate based 
on simplified 

geometry (sector 
coils + cylindrical 
crowns for pad 

and yoke)

Material 𝑪𝑺𝑪

NbTi 330 EUR/kg -> 159 EUR/kg

Nb3Sn 2000 EUR/kg -> 2274 EUR/kg

aspirational value 700 EUR/kg -> 758 EUR/kg

ReBCO 8000 EUR/kg -> 8013 EUR/kg

aspirational value 2500 EUR/kg -> 2671 EUR/kg

Escalated price in 2016

The right value in 2016

Corresponds to the FCC target

The value of today (2023)

A realistic projection for the next years

Cryostat cost not 
included in 2024 ref

8 kEur/m

40 kEur/m
as FCC, 2xLHC

𝜌𝑝𝑎𝑑 = 𝜌𝑖𝑟𝑜𝑛 = 7800 𝑘𝑔/𝑚3

𝐶𝑝𝑎𝑑𝑠 = 10 𝐸𝑈𝑅/𝑘𝑔 (D2 HL-LHC as benchmark)

𝐶𝑖𝑟𝑜𝑛 = 8 𝐸𝑈𝑅/𝑘𝑔 (D2 HL-LHC as benchmark)
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COLLIDER OPTION 1

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

10 10 14 140 20 ReBCO

10 TeV & 10 km Collider

Ri[mm] Re[mm] W[mm]

Coil 70 130 60

Pad 130 160 30*

Yoke 160 460 300 **

▪ Bore
▪ Coil
▪ Structures
▪ Iron

*Based on FCC-hh experience

**To have fringe field < 0.5 T

𝑪

𝑳
= 𝑪𝒄𝒐𝒊𝒍 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔 + 𝑪𝒍𝒂𝒃𝒐𝒖𝒓 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

Cost per unit length

Ccoils[kEur/m] CColdMass[kEur/m] CLabour  [kEur/m] CCryoMagnet  [kEur/m Ctot[kEur/m]

344 47 40 8 439

𝑪𝑺𝑪 𝑪𝒑𝒂𝒅 + 𝑪𝒚𝒐𝒌𝒆
= =

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

353.6 70.2 8 431.8

<2% difference

New cost model baseline

Cost model Annual Meeting 2024

Similar level of agreement for the other configurations
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COLLIDER OPTION 2

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

10 10 14 160 10 ReBCO

10 TeV & 10 km Collider

▪ Bore
▪ Coil
▪ Structures
▪ Iron

*Not insulated tapes

Estimate based on simplified 
geometry (sector coils)

𝑪

𝑳
= 𝑪𝑺𝑪 + 𝑪𝑪𝒂𝒃𝒍𝒆 + 𝑪𝑪𝒐𝒊𝒍𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒕𝒆𝒓𝒊𝒂𝒍𝒔 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

CColdMassCcoils

Cost per unit length

Csc 
[kEur/m]

Ccable
 [kEur/m]

CCoilManifacturing 
[kEur/m]

229.1 0* 9.9

CColdMassMaterial

[kEur/m]
CColdMassManifacturing

[kEur/m]

43.8 26.4

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

239.0 70.2 8 317.2

75% 22% 3%

Ri=80 mm
Re=120 mm
w = 40 mm

fSC=0.64
Acoil= 16.8 103 mm2

𝜌 = 8000 kg/m3

2.1 GEur
for 10 km long collider 

assuming f=2/3 

- 25% (wrt to Top=20K) 
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COLLIDER OPTION 3

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

10 10 14 160 4.5 ReBCO

10 TeV & 10 km Collider

▪ Bore
▪ Coil
▪ Structures
▪ Iron

*Not insulated tapes

Estimate based on simplified 
geometry (sector coils)

𝑪

𝑳
= 𝑪𝑺𝑪 + 𝑪𝑪𝒂𝒃𝒍𝒆 + 𝑪𝑪𝒐𝒊𝒍𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒕𝒆𝒓𝒊𝒂𝒍𝒔 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

CColdMassCcoils

Cost per unit length

Csc 
[kEur/m]

Ccable
 [kEur/m]

CCoilManifacturing 
[kEur/m]

175.9 0* 9.9

CColdMassMaterial

[kEur/m]
CColdMassManifacturing

[kEur/m]

43.8 26.4

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

185.9 70.2 8 264.0

70% 27% 3%

Ri=80 mm
Re=112 mm
w = 32 mm

fSC=0.64
Acoil= 12.9 103 mm2

𝜌 = 8000 kg/m3

1.76 GEur
for 10 km long collider 

assuming f=2/3 

- 38 % (wrt to Top=20K) 
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COLLIDER OPTION 4

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

3 5 11 160 4.5 Nb3Sn

3 TeV & 5 km Collider

▪ Bore
▪ Coil
▪ Structures
▪ Iron

Estimate based on simplified 
geometry (sector coils)

𝑪

𝑳
= 𝑪𝑺𝑪 + 𝑪𝑪𝒂𝒃𝒍𝒆 + 𝑪𝑪𝒐𝒊𝒍𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒕𝒆𝒓𝒊𝒂𝒍𝒔 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

CColdMassCcoils

Cost per unit length

Csc 
[kEur/m]

Ccable
 [kEur/m]

CCoilManifacturing 
[kEur/m]

93.3 9.3 11.9

CColdMassMaterial

[kEur/m]
CColdMassManifacturing

[kEur/m]

34.4 31.7

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

114.6 66.1 8 188.7

61% 35% 4%

Ri=80 mm
Re=130 mm
w = 50 mm

fSC=0.7
Acoil= 22.0 103 mm2

𝜌 = 8000 kg/m3

0.63 GEur
for 5 km long collider 

assuming f=2/3 
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COLLIDER OPTION 5

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

10 30 5 160 4.5 Nb-Ti

10 TeV & 30 km Collider

▪ Bore
▪ Coil
▪ Structures
▪ Iron

Estimate based on simplified 
geometry (sector coils)

𝑪

𝑳
= 𝑪𝑺𝑪 + 𝑪𝑪𝒂𝒃𝒍𝒆 + 𝑪𝑪𝒐𝒊𝒍𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒕𝒆𝒓𝒊𝒂𝒍𝒔 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

CColdMassCcoils

Cost per unit length

Csc 
[kEur/m]

Ccable
 [kEur/m]

CCoilManifacturing 
[kEur/m]

35.8 3.6 9.9

CColdMassMaterial

[kEur/m]
CColdMassManifacturing

[kEur/m]

15.6 26.4

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

49.3 42.0 8 99.3

50% 42% 8%

Ri=80 mm
Re=156
w = 76 mm

fSC=0.75
Acoil= 37.6 103 mm2

𝜌 = 8000 kg/m3

2.0 GEur
for 30 km long collider 

assuming f=2/3 
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COLLIDER OPTION 6

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

3 10 4.5 160 4.5 Nb-Ti

3 TeV & 10 km Collider

▪ Bore
▪ Coil
▪ Structures
▪ Iron

Estimate based on simplified 
geometry (sector coils)

𝑪

𝑳
= 𝑪𝑺𝑪 + 𝑪𝑪𝒂𝒃𝒍𝒆 + 𝑪𝑪𝒐𝒊𝒍𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒕𝒆𝒓𝒊𝒂𝒍𝒔 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔𝑴𝒂𝒏𝒊𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

CColdMassCcoils

Cost per unit length

Csc 
[kEur/m]

Ccable
 [kEur/m]

CCoilManifacturing 
[kEur/m]

21.0 2.1 9.9

CColdMassMaterial

[kEur/m]
CColdMassManifacturing

[kEur/m]

14.1 26.4

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

33.0 40.5 8 81.4

40% 50% 10%

Ri=80 mm
Re=130
w = 50 mm

fSC=0.75
Acoil= 22.0 103 mm2

𝜌 = 8000 kg/m3

1.2 GEur
for 10 km long collider 

assuming f=2/3 
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RESUME

Config # Description B[T] Dbore[mm] Top[K] Technology Ctot[kEur/m] % Ccoils Ctot[GEur]

1 10 Tev 10 km 14 140 20 ReBCO 431.8 82 2.9

2 10 Tev 10 km 14 160 10 ReBCO 317.2 75 2.1

3 10 Tev 10 km 14 160 4.5 ReBCO 264 70 1.76

4 3 Tev 5 km 11 160 4.5 Nb3Sn 188.7 61 0.63

5 10 Tev 30 km 5 160 4.5 Nb-Ti 99.3 50 2.0

6 3 Tev 10 km 4.5 160 4.5 Nb-Ti 81.4 40 1.2



WP7 – Task 4 16

CONCLUSIONS

• An estimate of the arc dipole cost per unit length was carried out, based on a standardized 
cost model proposed for the Muon Collider magnet system.

• Six configurations were considered, each with different ECOM values and varying collider ring 
lengths. For each configuration, the most suitable magnet technology and operating 
temperature were selected, along with an approximate cross-section of the magnet. The 
baseline configuration (10 TeV, 10 km, 20 K, ReBCO) led to a cost estimate of 431 kEur/m. 

• A more accurate cost estimate can only be made once the specific requirements of the 
magnets defined by the lattice design are known.

• Specific and more demanding requirements in particular sections of the collider (such as 
Interaction Regions (IR) and Chromatic Correction (CC) areas) may lead to different magnet 
cross-sections and therefore different costs.

• The technological maturity of REBCO still requires significant research and development->  the 
cost evaluations presented so far may change substantially depending on future progress.
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BACK UP SLIDES
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COLLIDER OPTION 2

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

10 10 14 160 10 HTS

10 TeV & 10 km Collider

Ri[mm] Re[mm] W[mm]

Coil 80 120 40

Pad 120 150 30*

Yoke 150 450 300 **

▪ Bore
▪ Coil
▪ Structures
▪ Iron

*Based on FCC-hh experience

**To have fringe field < 0.2 T

𝑪

𝑳
= 𝑪𝒄𝒐𝒊𝒍 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔 + 𝑪𝒍𝒂𝒃𝒐𝒖𝒓 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

Cost per unit length

𝑪𝑺𝑪 𝑪𝒑𝒂𝒅 + 𝑪𝒚𝒐𝒌𝒆
= =

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

239.0 70.2 8 317.2

<2% difference

New cost model baseline

Ccoils[kEur/m] CColdMass[kEur/m] CLabour  [kEur/m] CCryoMagnet  [kEur/m Ctot[kEur/m]

229.1 45.3 40 8 322.8

Cost model Annual Meeting 2024
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COLLIDER OPTION 3

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

10 10 14 160 4.5 HTS

10 TeV & 10 km Collider

Ri[mm] Re[mm] W[mm]

Coil 80 112 32

Pad 112 142 30*

Yoke 142 442 300 **

▪ Bore
▪ Coil
▪ Structures
▪ Iron

*Based on FCC-hh experience

**To have fringe field < 0.5 T

𝑪

𝑳
= 𝑪𝒄𝒐𝒊𝒍 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔 + 𝑪𝒍𝒂𝒃𝒐𝒖𝒓 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

Cost per unit length

𝑪𝑺𝑪 𝑪𝒑𝒂𝒅 + 𝑪𝒚𝒐𝒌𝒆
= =

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

185.9 70.2 8 264.0

<2% difference

New cost model baseline

Ccoils[kEur/m] CColdMass[kEur/m] CLabour  [kEur/m] CCryoMagnet  [kEur/m Ctot[kEur/m]

176.0 44.4 40 8 268.4
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COLLIDER OPTION 4

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

3 5 11 160 4.5 Nb3Sn

3 TeV & 5 km Collider

Ri[mm] Re[mm] W[mm]

Coil 80 130 50

Pad 130 160 30*

Yoke 160 396 236 **

▪ Bore
▪ Coil
▪ Structures
▪ Iron

*Based on FCC-hh experience

**wiron=wref
iron*B/Bref, with Bref=14T and 

wref
iron=300 mm (10 TeV 10 km case)

𝑪

𝑳
= 𝑪𝒄𝒐𝒊𝒍 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔 + 𝑪𝒍𝒂𝒃𝒐𝒖𝒓 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

Cost per unit length

𝑪𝑺𝑪 𝑪𝒑𝒂𝒅 + 𝑪𝒚𝒐𝒌𝒆
= =

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

114.6 66.1 8 188.7

Old model underestimate coil 
manufacturing and labour cost for Nb3Sn

New cost model baseline

Ccoils[kEur/m] CColdMass[kEur/m] CLabour  [kEur/m] CCryoMagnet  [kEur/m Ctot[kEur/m]

93.3 33.8 40 8 175.2

<7% difference 
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COLLIDER OPTION 5

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

10 30 5 160 4.5 Nb-Ti

10 TeV & 30 km Collider

Ri[mm] Re[mm] W[mm]

Coil 80 156 76

Pad 156 186 30*

Yoke 186 286 100 **

▪ Bore
▪ Coil
▪ Structures
▪ Iron

*Based on FCC-hh experience

**wiron=wref
iron*B/Bref, with Bref=14T and 

wref
iron=300 mm (10 TeV 10 km case)

𝑪

𝑳
= 𝑪𝒄𝒐𝒊𝒍 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔 + 𝑪𝒍𝒂𝒃𝒐𝒖𝒓 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

Cost per unit length

𝑪𝑺𝑪 𝑪𝒑𝒂𝒅 + 𝑪𝒚𝒐𝒌𝒆
= =

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

49.3 42.0 8 99.3

New cost model baseline

Ccoils[kEur/m] CColdMass[kEur/m] CLabour  [kEur/m] CCryoMagnet  [kEur/m Ctot[kEur/m]

35.8 13.4 40 8 97.2

<3% difference 
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COLLIDER OPTION 6

ECM [TeV] Lcollider[km] B [T] dbore [mm] Top [K] Material

3 10 4.5 160 4.5 Nb-Ti

3 TeV & 10 km Collider

Ri[mm] Re[mm] W[mm]

Coil 80 130 50

Pad 130 160 30*

Yoke 160 250 90 **

▪ Bore
▪ Coil
▪ Structures
▪ Iron

*Based on FCC-hh experience

**wiron=wref
iron*B/Bref, with Bref=14T and 

wref
iron=300 mm (10 TeV 10 km case)

𝑪

𝑳
= 𝑪𝒄𝒐𝒊𝒍 + 𝑪𝑪𝒐𝒍𝒅𝑴𝒂𝒔𝒔 + 𝑪𝒍𝒂𝒃𝒐𝒖𝒓 + 𝑪𝑪𝒓𝒚𝒐𝑴𝒂𝒈𝒏𝒆𝒕

Cost per unit length

𝑪𝑺𝑪 𝑪𝒑𝒂𝒅 + 𝑪𝒚𝒐𝒌𝒆
= =

Ccoils[kEur/m] CColdMass[kEur/m] CCryoMagnet  [kEur/m] Ctot[kEur/m]

33.0 40.5 8 81.4

New cost model baseline

Ccoils[kEur/m] CColdMass[kEur/m] CLabour  [kEur/m] CCryoMagnet  [kEur/m Ctot[kEur/m]

21.0 10.5 40 8 79.5

<3% difference 
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