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Future Colliders and Physics Experiments anticipated 

• Colliders: ILC, CLIC, FCC-ee, -hh, -eh, Panda 

(?), EIC, MC, and others (CEPC, SPPS, …)

• Non-Colliders; Muon Beam Experiments, 

Axion-Observatory (BabyIAXO), and others ( ….)

• Others ?

Future particle physics experiments being studied: from LDG Accelerator R&D Report, CERN 2022-001 

Other phys. Experiments:  Mu2e, G-2 (fnal), Comet, G-2)J-Parc), BabyAXIO, AXIO (desy)
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Al-stabilized SC or Alternates for SiD ?

or
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CLIC detector magnet

a b

The superconducting solenoid – conceptual design

c

Pure Aluminum

High Strength Pure Aluminum

Aluminum Alloy

NbTi/Cu Cable

Mechanical stress-strain for CLICdet

Option a compared to b and c:

Option a: 

▪ Reinforcement in the elastic domain  eq= 150 MPa

▪ Pure aluminium at 0.15% hoop strain in elasto-plastic 
domain (pure aluminum : yield strength  30 MPa at 4K)

Options b & c: 

• Entire conductor cross section works in elastic domain 
eq= 82 MPa

• Hoop strain : 0.08%
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General specification of the magnet 

Physics specification Value

“Ideal” FoM ~ 100 T²m²

Booster length ‘Lb’ 1.3 m

Bore diameter 1.35 m

Dipole Field ~ 9 T

Homogeneity (z=0) ± 10%

Maximum overall length 6.9 m

Maximum overall weight 200 t

Design

Magnetic design 

Mechanical design 

Conductor design 

Manufacturing aspects

Winding issues 

Casing issues

Conductor R&D

Copper profile shape

Cold work 

Quench propagation R&D

Design

Manufacturing & integration 

Test results 

Magnet specification Value

Superconductor NbTi

Operating temperature 1.8 K

Load Line margin 10 %

Temperature margin 1 K

Allowable VM stress 180 MPa

Hot spot 100 K

Discharge voltage ± 1 kV

Maximum current 30 kA
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Conductor design  

Heat deposition by motion & cryostability

Parameters Values Units

Nominal current 23.5 kA

Max. field 10.4 T

Conductor length 9.6 km

Section of Cu 362 mm²

NbTi secion 29 mm²

Helium section 28 mm²

Cu/Sc cond. 12,6

Coil weight 34 tons

Self 1.8 H

Design

Magnetic design

Mechanical design 

Conductor design 

Manufacturing aspects

Winding issues 

Casing issues

Conductor R&D

Copper profile shape

Cold work 

Quench propagation R&D

Design

Manufacturing & integration 

Test results 



Another Alternates?

10p87

A._Yamamoto and T. Taylor

RAST, V.5 (2012) p91.

(SC for Large Coil Task for Fusion)

Cu-Stabilized SC with soldering 
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2nd day, a.m.: Reports from Industry
p.m.: Reports from Industry + a Proposal 
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Manufacturer of Nb-Ti Wire – Bruker

Bruker EAS/OST
• Different types of round 

and rectangular Nb-Ti
wires, bare or insulated 
(braided or varnish)

• Bruker production for 
LHC: Nb-Ti wire for MB 
and MQ and for other 
magnets (LHC Type 5 a 
and Type 6 wire for 
insertion quadrupoles), 
cable for ATLAS, BSCCO 
2223 HTS for current 
leads 

F. Laukien, Eucas 2017
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Luvata USA/Luvata Pori (EU)

Manufacturer of Nb-Ti Wire - Luvata

• Enameled monolithic 
wires in round and 
rectangular 
configurations
• Wire-in-channel or 
cable-in-channel 
integrated conductors
• Luvata Pori 
production for LHC: 
1/8 of MB+MQ Nb-Ti
outer cables/wire

15



16



17



Luvata USA/Luvata Pori (EU)

Manufacturer of Nb-Ti Wire - Luvata

• Enameled
monolithic wires in 
round and 
rectangular 
configurations
• Wire-in-channel 
or cable-in-channel 
integrated 
conductors
• Luvata Pori 
production for LHC: 
1/8 of MB+MQ Nb-
Ti outer 18
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I    PURE AL INSERT & AL ALLOY REINFORCEMENT

CMS project - SDM Workshop - CERN – 12th-14th Sept 2022 ©

• Simultaneous double Electron Beam weld of 2.55km length > OK

• Soft soldering back-up solution

• Alloy co-extrusion > Temperature Critical for Superconductor > NOK

• Simultaneous machining > +/- 50µm thickness tolerance
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Initial 3 coils

Straighteners

Cleaners

II   EB-WELDING PRODUCTION LINE SET-UP

EB-Welding

Cooling

US Checking

Machining

Cleaning

Dimension Checking

ETHZ

CMS project - SDM Workshop - CERN – 12th-14th Sept 2022 ©

Overall control system

Driving
Cutting Saw
Final coil

ETHZ



Outcome from the 2nd day

• A possible approach for Al-stabilized Superconductor 
production, for each step

• Production of Rutherford Cable ptorudciton

• Co-extrusion

• Assembly with reinforced Al, by using EBW technology 

• Discussion more, tomorrow



Outcomes in these two days

• We have received presentations from projects and industry
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Al-stabilized SC:

• No industrial production available, as current status, 

• Development to be resumed 

• Urgent requests from EIC, BabyIAXO, … 

• Laboratory-Industry cooperation inevitable. For 

• Co-extrusion technology and/or

• Soldering technology as backup 

Alternate SC:

• CICC

• It may be applicable in most detector solenoid 

design, if no request of “transparency”. 

• A proposal to apply CICC to ILC-SiD, with no 

request for ”transparency. 

• It is Important to study the feasibility, and to learn  

experiences integrated in the ITER project. 

• HTS 

• HTS application proposed by AMS-100, 

• The feasibility to be investigated. 
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3rd day, a.m.: Strategic Discussions for Future

 (to be added) Comment and Discusssion on aa aternate: Soldering    ….            CERN-MME  



Session conveners

•

Day 1:AM 1st session: Benoit Cure

2nd session: Ken-ichi Sasaki

PM 1st session: Renuka Rajput-Ghoshal

2nd session: Lionel Quettier

Day 2:AM 1st session: Yasuhiro Makida

2nd session: Nikkie Deelen

PM 1st session: Vadim Kashkhin

2nd session: Toru Ogitsu

Day 3: AM 1st session: Matthias Mentink
2nd session: Akira Yamamoto
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Bakup
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General Agenda

Date Agenda

Sept. 

12th

Opening remark: 

Reports from Laboratories: Requirements from Physics Experiments
- Colliders: EIC, ILC, CLIC, FCC-ee. –hh, Alice-3, CEPC, SPPC, MC, and others

- Non-colliders: BabyIAXO, Panda, MadMax, Muon experiments, and others  

13th

Reports from Industry: Experiences and Future Scope 

- Superconductor (with Al/Cu stabilizer)

- Coil winding and magnet assembly, including cryostating

- Specific technology

Discussions

--- Dinner ---

14th

Discussions: Laboratory and Industry cooperation to be re-established

- Al-stabilized superconductor and alternate conductor (CICC, HTS and ….)

- - Next actions

Summary 
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27https://indico.cern.ch/event/1162992/

https://indico.cern.ch/event/1162992/


SnowMass White Paper Submission
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History of Detector Solenoids
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COMET (KEK)   --- under construction,     AL-stab. SC in 2013-2015
Mu2e (Fermilab)  --- under construction, Al-stab SC in same time  



30ATLAS-CS, placed inside Calorimeter

CMS Solenoid placed outside 

alorimeter

Solenoid →

Solenoid

Solenoid

Solenoid   →

Calorimeter

Calorimeter



Future Energy-Frontier Colliders expected
粒子加速器の将来計画

A. Yamamoto, 2022/9/7

//

Future 
Super-

KEKB
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Courtesy: A. Ballalino



Future Colliders based on SC Technology (See full list in next pages)  

32

CLIC ILC

FCC-ee/-hh CEPC/SPPC

MC EIC

Linear Colliders: 
ILC e+e- ( 250  GeV → 1 TeV) ：
• SRF:  for High-Q (1010) and high-G (31.5 MV/m)
• Highest efficiency and AC-power balance

CLIC e+e- ( 380 GeV → 3 TeV) ：
• NRF: Very high G (100 MV/m) for energy frontier with compactness

Circular Colliders : 
FCC-e+e- ( 90 → 350 GeV): 
• SRF: with staging for efficient energy extension 

• Synchrotron radiation (SR) to determine the energy
• Highest luminosity at Z and H, 

FCC-pp ( 2 x 50 TeV): 
• High-field SC magnets (SCM: 16 T) for energy frontier
• SRF: for acceleration for good energy balance w/ SR

CEPC e+e- ( 2 x 120 GeV): 
• SRF: for acceleration,

• Synchrotron radiation to determine the energy 

SPPC- pp ( 75 TeV): 
• High-field SCM (12 T) for energy frontier
• SRF: beam acceleration 

(EIC  Ion•e-(275/100 GeV/n v.s. 18 GeV, under constr.) 
• SCM and  SRF
MC m+m- (3 – 14 TeV)
• SRF and NRF with very high-field SCM
• Higher efficiency at > 3 TeV, although short life-time. 



Future Colliders and Conductor Demand

2025-2030 2030-2035 >2035
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Courtesy: Y. Makida
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A Critical Issue: Al-stabilized Superconductor
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