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Executive Summary (1/3)
• Superconducting Detector Magnet Workshop  organized by CERN and KEK, hosted at CERN 

• in hybrid format, with 90 participants (57 on-site, 33 online) from 36 institutes and companies, 

• opening with the welcome address given by Prof. J. Mnich, CERN’s Director of Research and Computing.

• Aiming at : : 
• Addressing the issue of commercial availability of Al-stabilized superconductor technology for future 

superconducting detector magnets,
• Informing the community of on-going and future projects, to exchange ideas, concepts, best practices, 

and to advance superconducting detector magnet technology, and fostering collaboration, 
• Bringing together the physics community, the magnet designers and the industry to exchange 

about the future needs and efforts to be achieved in research and development to build the next magnet 
generations of the Future Colliders and Beyond Collider Physics Experiments developed by collaborative 
Institutes.

• Understanding the industrial capacities and their availabilities, with the foreseen prospects and plans, 
with presentations made by representatives of industry working on all aspects of superconducting detector 
magnet were invited.
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Executive Summary (2/2)
Agenda: 

l Report from Projects: EIC, ALICE-3, ILC-ILD, -SID, CLIC, FCC-ee, FCC-hh for colliders, and BabyIAXO, MadMax, 
Mu2e, Comet, AMS100 for beyond collider physics

l Reports from Industry: Furukawa E., Toly E., Techmeta, Hitachi, Toshiba, Mitsubishi E., Bilfinger-Noel., ASG, Sigma-
Phi, 

l Discussions: Advanced SC for detector magnets,  Al-stabilized SC  w/ EBW/Soldering, CICC, HTS?  

Outlook: 
l Al-stabilized superconductor/magnet technology needs to be resumed,  
l Industrial cooperation anticipated and strongly encouraged, in particular,

l “Co-extrusion technology” of Al-stabilizer and NbTi/Cu-conductor to be resumed and widely available, and
l “Hybrid-structure technology” by using electron beam welding (EBW) or by other approaches, to maximize the 

performance of Al-stabilized SC (Ni or Cu/Mg doped) combined with ultimately high-strength Al-alloy structure. 
l Laboratory’s leading effort will be very important to advance the technology to be openly transferred to the industry. 

Remarks: 
l It will be important to investigate/seek for backup solutions such as soldering technology of NbTi/Cu conductor with Cu 

stabilizer, Cu-coated Al-stabilizer, and/or CICC. In long-term future, 
l Al-stab. HTS stabilized will provide important potential in specific detector magnet applications. 
l The next workshop will be planned to be held in 1 ~ 2 years, based on the R&D advances expected.
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Some Background for the Workshop: 
SnowMass White Paper Submission
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5Superconducting Detector Magnet Workshop, 12/9/22

Historical experiences of the ATLAS and CMS magnet projects

Very large superconducting detector magnet projects!
• Time-scale for engineering design and validation effort, the 

construction, and the commissioning: More than 15 years 
each

• Production of components (conductor, coils, support 
structure, etc) in industry, and subsequent assembly at 
CERN

• Designed, constructed, commissioned, and maintained with 
strong support from multiple institutes:
• ATLAS: CEA-Irfu, KEK, INFN-LASA, RAL, NIKHEF, JINR-

Dubna, IHEP-Protvino, ITAM Novosibirsk, CERN
• CMS: CEA-Irfu, ETH Zurich, INFN Genoa, University of 

Wisconsin, Fermilab, ITEP Moscow, CERN

Important lessons:
• For large superconducting detector magnets a long-term 

strategy is needed
• The historical importance of collaboration is evident

ATLAS 
Superconducting magnets

CMS 
Superconducting Solenoid



Report of the Workshop
Agenda: 
Day 1, Report from Projects: 

lEIC, ALICE-3, ILC-ILD, -SID, CLIC, FCC-ee, FCC-hh for colliders, and 
lBabyIAXO, MadMax, Mu2e, Comet, AMS100 for beyond collider physics

Day 2, Reports from Industry: 
lFurukawa E., Toly E., Techmeta, 
lHitachi, Toshiba, Mitsubishi E., Bilfinger-Noel., ASG, Sigma-Phi, 

Day 3, Discussions: 
lAdvanced SC for detector magnets,  

l Al-stabilized SC  w/ EBW/Soldering, CICC, HTS/MgB2 ?  
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EIC ALICE-3 ILC-ILD   -SiD CLIC

FCC-ee FCC-hh CEPC PANDA

Day 1:  Reports from Project Plans and Requirements
Subject / Project Presented by

Welcome Address J. J. Mnich, (CERN Director for 
Physics and Computing) 

Opening Address M. Mentink (CERN), T. Ogitsu (KEK)

Program Overview A. Yamamoto (KEK-CERN)

The Electron-Ion Collider (EIC) R. Rajput-Ghoshal (JLab)

International Linear Collider –ILD (ILC-ILD) K. Buesser (DESY),
Y. Makida (KEK)

International Linear Collider - SiD (ILC-SiD) T. Markiewicz (SLAC)

Compact Linear Collider (CLiC) B. Cure (CERN)

Leptron Future Circular Collider (FCC-ee) N. Deelen (CERN)

Hadron Future Circular Collider (FCC-hh) M. Mentink (CERN)

Circular Electron Positron Collider (CEPC) F. Ning (IHEP)

A Large Ion Collider Experiment 3 (ALICE-3) W. Riegler (CERN)

Muon to Electron (Mu2e) M. Lamm (Fermilab)

Muon Experiments in Japan K. Sasaki and M. Yoshida (KEK)

antiProton ANihilation at DArmstadt (PANDA) L. Schmitt (GSI-Helmholtzzenter)

Baby International Axion Observatory (BabyIAXO) U. Schneekloth (DESY)

MAgnetized Disc & Mirror Axion eXp. (MADMAX) W. A. Maksoud (CEA)

Alpha Magnetic Spectrometer 100 (AMS-100) T. Mulder (CERN), 
S. Schael (Rheinish Westfaeli…)

Mu2e Comet

BabyIAX0,   MadMax AMS100



Future Colliders Proposed 
from LDG Accelerator R&D Report, CERN 2022-001 

8

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

• EIC, MC, and others (CEPC, SPPS, …)

• Non-Colliders; Panda, Muon Beam Experiments, 
Axion-Observatory (BabyIAXO), and others ( ….)

• Others ?

Other phys. Experiments:  Mu2e, G-2 (fnal), Comet, G-2)J-Parc), BabyAXIO, AXIO (desy)
2007  ~  2022
COMET, Mu2e 



The Electron-Ion collider
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Detector 
solenoid #1

Detector 
solenoid #2

Warm bore diameter [m] 2.8 3.2
Cold mass length [m] 3.5 3.6
Magnetic field in the centre [T] 2.0 3.0
Stored magnetic energy [MJ] 46 ~150

Detector solenoid #1

• Presentation by R. Rajput-Ghoshal (Jefferson Lab)
• For the Electron-Ion Collider project to be hosted at BNL, with 

full project finalization foreseen by 2034
• Two superconducting detector solenoids, for two interaction 

points:
• #1: 2 T in solenoid with a 2.8 meter warm bore diameter and 

a 3.5 meter cold mass length
• #2: 3 T in solenoid with a 3.2 meter warm bore and a 3.6 

meter cold mass length
• Conductor:

• Solenoid #1, initial preference for reinforced aluminum-
stabilized Nb-Ti/Cu, but copper-stabilized conductor can 
work as well

• Solenoid #2, a reinforced aluminum-stabilized Nb-Ti/Cu 
conductor is foreseen

Detector solenoid #2

Magnet parameters



International Linear Collider, ILC-ILD 
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Detector 
solenoid

Warm bore diameter [m] 6.9
Cold mass length [m] 7.35
Magnetic field in the centre [T] 4.0
Stored magnetic energy [MJ] 2300

• Presentations by K. Buesser (DESY) and Y. Makida (KEK)
• For the International Linear Collider project, proposed to be hosted in Japan
• Featuring a superconducting solenoid, with 4 T over a 6.9 m warm bore diameter, and a 

7.35 m cold mass length, stored magnetic energy of 2300 MJ
• With optional “Detector-Integrated-Dipole” coil wound on top of the solenoid
• Conductor: Foresees to use a reinforced aluminum-stabilized Nb-Ti/Cu conductor

ILC-ILD detector featuring a 4 T 
superconducting solenoid

Magnet parameters



International Linear Collider, ILC-SiD
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Detector 
solenoid

Warm bore diameter [m] 5.2
Cold mass length [m] 5.6
Magnetic field in the centre [T] 5.0
Stored magnetic energy [MJ] 1590

• Presentation by T. Markiewicz (SLAC) 
• For the International Linear Collider project, proposed to be hosted in Japan
• Featuring a superconducting solenoid, with 5 T over a 5.2 m warm bore diameter, and a 

5.6 m cold mass length, stored magnetic energy of 1590 MJ
• Conductor: Proposal to use a reinforced aluminum-stabilized Nb-Ti/Cu conductor with 

same dimensions as was used for CMS

ILC-SiD detector featuring a 5 T 
superconducting solenoid

Magnet parameters



Compact Linear Collider (CLiC)
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Detector 
solenoid

Warm bore diameter [m] 7.0
Cold mass length [m] 7.8
Magnetic field in the centre [T] 4.0
Stored magnetic energy [MJ] 2400

• Presentation by B. Cure (CERN) 
• For the Compact Linear Collider linear collider, proposed to be hosted at CERN
• Large superconducting solenoid, with 4 T over a 7.0 m warm bore diameter, and a 7.8 m 

cold mass length, stored magnetic energy of 2400 MJ
• Conductor: Foresees to use a reinforced aluminum-stabilized Nb-Ti/Cu conductor

CLiC detector featuring a 4 T 
superconducting solenoid

Magnet parameters



FCC-ee: IDEA and CLD
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• Presentation by N. Deelen (CERN) 
• For the FCC-ee project, proposed to be hosted at CERN, 

with operation foreseen to start in 2045, featuring 
electron-position collisions

• Two solenoid types (For “IDEA” and “CLD”) detectors
• One solenoid, featuring 2 T over a free bore of 8.0 

meters, and a cold mass length of 7.0 meters, no 
transparency requirement

• One solenoid, featuring 2 T over a free bore of 4.0 
meters, and a cold mass length of 5.8 meters, with 
transparency requirement

• Conductor: Reinforced aluminum-stabilized Nb-Ti/Cu 
conductor

CLD detector, featuring a 2 T 
solenoid

Magnet parameters

Detector Solenoid #1 Solenoid #2

Warm bore diameter [m] 8.0 4.0

Cold mass length [m] 7.0 5.8

Magnetic field in the centre [T] 2.0 2.0

Stored magnetic energy [MJ] 600 170

Solenoid 
cryostat

Calorimete
r volume

Calorimeter volume

Solenoid 
cryostat

IDEA detector, featuring a 
transparent 2 T solenoid



FCC-hh
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• Presentation by M. Mentink (CERN) 
• For the FCC-hh project, proposed to be hosted at CERN, 

with operation foreseen to start in 2070, featuring hadron-
hadron collisions

• Featuring three superconducting solenoids in close 
proximity, where the two forward solenoids enhanced 
bending power for high pseudo-rapidity particles
• Main solenoid, warm bore: 10 meters, cold mass 

length 19 meters
• Forward solenoids, warm bore: 5.2 meters, cold mass 

length: 3.4 meters
• Conductor: Requires very large reinforced aluminum-

stabilized Nb-Ti/Cu conductors 

FCC-hh detector, featuring three 4 
T superconducting solenoids

Magnet parameters

Magnetic configuration

Detector solenoid #1 Detector solenoid #2
Warm bore diameter [m] 10 5.2
Cold mass length [m] 19 3.4
Magnetic field in the centre [T] 4.0 3.2
Stored magnetic energy [MJ] 13800



CEPC
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• Presentation by N. Feipeng (IHEP) 
• For the Circular Electron-Position Collider project, 

proposed to be hosted in China
• Featuring multiple proposed superconducting 

detector magnets, including an IDEA-like transparent 
solenoid, and a large 3 T solenoid with return yoke

• Reinforced aluminum-stabilized conductor R&D 
ongoing (~foreseen for another 3 years)
• Featuring both LTS (=Nb-Ti) and HTS (=ReBCO) 

conductor research
• In collaboration with Chinese industry (Wuxi Toly 

Electric Works)

3 T solenoid with return yoke for 
CEPC

Magnet parameters

IDEA-like detector concept for CEPC, 
featuring a transparent 2 T 
superconducting solenoid

Detector solenoid
Warm bore diameter [m] ~6.8
Cold mass length [m] 7.6
Magnetic field in the centre [T] 3
Stored magnetic energy [MJ] 1300



Alice-3
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• Presentation by W. Riegler (CERN) 
• Planned to be installed by LS4 (which is currently 

foreseen to start in 2033)
• Featuring a superconducting solenoid, with 2 T in the 

center and additional windings at the end to augment 
bending power for high-pseudo-rapidity particles

• Also featuring a forward (superconducting) dipole
• Conductor: Proposal to use a reinforced aluminum-

stabilized conductor

Alice-3 detector upgrade

Magnet parameters

Detector solenoid
Warm bore diameter [m] 3
Cold mass length [m] 7.5
Magnetic field in the centre [T] 2
Stored magnetic energy [MJ] 130

Magnetic field configuration



Mu2e
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• Presentation by M. Lamm (Fermi-lab) 
• Mu2e experiment, to be hosted at Fermi-lab, for studying 

charged Lepton Flavor Violation to probe physics beyond the 
Standard Model

• Construction is on-going, and commissioning is foreseen to 
start in 2025

• Featuring three solenoids: Production solenoid, transport 
solenoid, and detector solenoid

• Conductor: Aluminum-stabilized Nb-Ti/Cu conductor 
technology, previously received from industry when it was still 
commercially available

Magnet parameters

Production 
solenoid

Transport 
solenoid

Detector 
solenoid

Warm bore diameter [m] 1.5 0.5 1.9

Cold mass length [m] 4 13 10

Magnetic field in the center [T] 2.5 ‒ 4.6 2 ‒ 2.5 1 - 2

Magnet layout of the Mu2e 
experiment

Assembly at Fermi lab



COMET and J-PARC g-2/EDM
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• Presentation by K. Sasaki (KEK)
• COMET experiment for muon physics at KEK

• Featuring several superconducting solenoids
• Construction currently underway, with magnet commissioning foreseen by 

2024
• J-PARC g-2/EDM 

• Featuring a superconducting muon storage solenoid
• Design on-going, with physics run foreseen by 2027, pending approval and 

funding
• Conductor: Nb-Ti single wire conductors (relatively small magnets)

Superconducting solenoids for 
COMET Muon storage solenoid for J-PARC g-

2/EDM



The PANDA detector
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• Presentation by L. Schmitt (GSI) 
• For fixed-target anti-matter physics at FAIR, foreseen to start operation by 2029
• With strong involvement of various Russian institutes, including the Budker Institute of 

Nuclear Physics
• Featuring a 2 T superconducting solenoid, with a stored magnetic energy of 22 MJ
• Conductor: Aluminum-stabilized Nb-Ti/Cu conductor technology, under development 

through a R&D effort by Russian institutes and industry (BINP, VNIINM Bochvar, VNIIKP, 
SARKO)

The PANDA detector layout

Target spectrometer 
solenoid

Warm bore diameter [m] 1.8
Cold mass length [m] ~3.1
Magnetic field in the centre [T] 2
Stored magnetic energy [MJ] 22

Magnet parameters



BabyIAXO
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• Presentation by U. Schneekloth (DESY) 
• BabyIAXO detector, for studying axions emanating from 

the sun
• Featuring a superconducting common-coil dipole with a 

2 T transverse magnetic field in two 0.7 meter warm 
bores of 11 meters length

• Conductor: Featuring an aluminum-stabilized Nb-Ti/Cu 
conductor 

Magnet parameters BabyIAXO detector

Common-coil dipole, with counter-
flowing current in two 

superconducting race-track coils

Detector dipole

Warm bore diameter [m] 2x 0.7
Cold mass length [m] 11
Magnetic field in the centre [T] 2.0
Stored magnetic energy [MJ] 40

Warm bores

Superconducting coil

Support structure

Magnetic field in cross-
section



MadMax
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• Presentation by W. Maksoud (CEA) 
• MadMax superconducting dipole for Axion physics, 

proposed to be hosted at DESY
• Superconducting dipole featuring a high magnetic field 

(9 T) over a 1.35 m bore, under development in a 
collaboration between CEA and Bilfinger Noell

• Conductor: Reinforced copper-based Nb-Ti cable-in-
conduit (CICC) technology 

• Operation at 1.9 K (superfluid helium), featuring both 
helium inside the conductor and in the surrounding bath

Magnet parameters

CEA MadMAX team

Detector dipole

Warm bore diameter [m] 1.35
Cold mass length [m] ~4
Magnetic field in the centre [T] 9.0
Stored magnetic energy [MJ] 480

Magnet layout



AMS-100
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• Presentation by T. Mulder (CERN) 
• To be hosted at Lagrange-point 2, for probing high energy 

cosmic rays, in particular anti-protons and anti-deuterons 
(proposal by RWTH Aachen University)

• Featuring a compensated ultra-transparent superconducting 
solenoid

• Cooled by back-ground thermal radiation to space, with 
operation at 50-60 K (Main solenoid) and 30 K 
(Compensation solenoid)

• Conductor technology: Reinforced aluminum-stabilized HTS-
based conductor, currently under development

Magnet parameters

AMS-100 demonstrator coil, developed at 
RWTH Aachen university

Detector layout

Detector 
solenoid

Compensatio
n solenoid

Warm bore diameter [m] 4 8
Cold mass length [m] 6 1.5
Magnetic field in the centre [T] 0.5 0.5
Stored magnetic energy [MJ] 14.3



J-PARC MLF 2nd Target station
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• Presentation by T. Ogitsu (KEK), on 3rd day
• Proposed for the J-PARC MLF 2nd Target Station, for a variety of applications, 

including muon spectroscopy, muon clairvoyance, muSR, muon physics
• Featuring a superconducting solenoid exposed to heavy neutron radiation
• Proposal:

• To utilize an HTS-based ReBCO aluminum-stabilized conductor
• For operation at 20 K for combined cryogenic operation with the Neutron 

Moderator

Proposed HTS-based solenoid Proposed conductor concept



Overview
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Experiments Site B [T} Size, ID x L [m] Note Fabrication Expected
Colliders EIC-Detector BNL 1.5~3 2.5~3.2 x 8.5 Solenoid 2025 ~ 

ILC-ILD Japan 4 6.88 X 7.35 Solenoid 2030 ~ 
ILC-SiD Japan 5 5 X 5 Solenoid 2030 ~ 

CLIC-ILD CERN 4 6.8 X 8.3 Solenoid 2035 ~ 
CLIC-SiD CERN 5 5.4 X 6.5 Solenoid 2035 ~

CLIC CERN 4 7 X 8.3 Solenoid 2035 ~
FCC-ee IDEA CERN 2 4.2 X 6.0 Solenoid 2035 ~ 
FCC-ee CLD CERN 2 7.4 X 7.4 Solenoid 2035 ~ 

FCC-hh CERN 4 10 X 20 Solenoid 2060 ~ 
ALICE-3 CERN 2 3 x 7.5 Solenoid 2027 ~

Others M2e Fermilab 5 ~ 2.5 1.5 X 4 Production Under construction
Muon-g-2 Fermilab 1.473 0.09 X 14.22▪p Storage solenoid Reuse after BNL 
COMET J-PARC 5 ~ 3 1.3 X 1.6 Capture Sol. Under const.

Muon-g-2 J-PARC 3 0.66 X 0.33 Solenoid 2025 ~ 
BabyIAXO DESY 2 0.7 X 10 D. Racetrack TBD

IAXO DESY 5 - 6 5 X 25 Toroid TBD
Panda GSI 2 1.8 x 3.1 Solenoid TBD

Madmax DESY 9 1.35 x 1.2 Dipole TBD

Courtesy: Y. Makida



Aluminum-stabilized Nb-Ti/Cu conductor types
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Courtesy: Y. Makida

BabyIAXO



Day 1 Reports from Projects: Summary
The most of projects: 
• Assuming to  Al-stabilized superconductor (SC) to be 

available. 
• Expecting  the Al-stabilized SC technology to be urgently 

resumed. 
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Subject / Project Presented by

Welcome Address J. J. Mnich, (CERN Director for 
Physics and Computing) 

Opening Address M. Mentink (CERN), T. Ogitsu (KEK)

Program Overview A. Yamamoto (KEK-CERN)

The Electron-Ion Collider (EIC) R. Rajput-Ghoshal (JLab)

International Linear Collider –ILD (ILC-ILD) K. Buesser (DESY),
Y. Makida (KEK)

International Linear Collider - SiD (ILC-SiD) T. Markiewicz (SLAC)

Compact Linear Collider (CLiC) B. Cure (CERN)

Leptron Future Circular Collider (FCC-ee) N. Deelen (CERN)

Hadron Future Circular Collider (FCC-hh) M. Mentink (CERN)

Circular Electron Positron Collider (CEPC) F. Ning (IHEP)

A Large Ion Collider Experiment 3 (ALICE-3) W. Riegler (CERN)

Muon to Electron (Mu2e) M. Lamm (Fermilab)

Muon Experiments in Japan K. Sasaki and M. Yoshida (KEK)

antiProton ANihilation at DArmstadt (PANDA) L. Schmitt (GSI-Helmholtzzenter)

Baby International Axion Observatory (BabyIAXO) U. Schneekloth (DESY)

MAgnetized Disc & Mirror Axion eXp. (MADMAX) W. A. Maksoud (CEA)

Alpha Magnetic Spectrometer 100 (AMS-100) T. Mulder (CERN), 
S. Schael (Rheinish Westfaeli…)

Present

EIC and Madmax: 

• EIC: planning to use Cu-stabilized superconductor, in 
case of the Al-stabilized SC not be available within time.

• Madmax: planning to use Cu-based CICC superconductor 
after their extensive investigation showed that other 
conductor types are presently not commercially available 

EIC                                        Madmax



Reports from 10 (+3)  leading companies (according to agenda order):
Ø Furukawa Electric, Japan: …………………………Al-Stabilized NbTi Conductor for Detector Solenoid at Furukawa
Ø European Industrial Status on superconductor manufacturing  ……………. introduced by A. Ballarino (CERN)
Ø Wuxi Toly Electric Works Co.,Ltd., China: …………………………….Development of Al-stabilized superconductor
Ø Techmeta, France: …………………..Continuous  EB-Welding of the reinforcements of the CMS Superconductor
Ø Status Report on Co-extrusion Facilities in Europe for Detector Magnet SC …. Introduced by B. Cure (CERN)
Ø Hitachi, Ltd., Japan: ………………………..Development of Superconducting Magnets for Accelerators in Hitachi
Ø Toshiba Energy Systems & Solutions Corporation, Japan: …………….Superconducting Technology in Toshiba
Ø Mitsubishi Electric corporation, Japan: ……………………………………Manufacturing of Superconducting Magnet
Ø Bilfinger Noell, Germany: ………………………..……………….Presentation of the activity in the field of SC magnets
Ø ASG Superconductors, Italy: ………………………….Superconducting detector magnets at ASG Superconductors
Ø SAES Group, Italy: …………………………………..Fabrication of the High Order Corrector Magnets for Hi-Lumi LHC
Ø Sigmaphi, France: ………………………………………………………………………………………Sigmaphi presentation

Presenting past or on-going development and manufacturing capacities :
- Superconductor (with Al or Cu stabilizer),
- Coil winding and magnet assembly, including cryostating,  
- Specific technology.

Day 2:  Reports from Industry, Experience and Prospect 

çHighlighted

27



28

Day 2:  Reports from Industry
Furukawa Electric

Report from Presented by

Furukawa Electric H. Sakamoto 

European Industrial SC manufacturing A. Ballariono (CERN)

Wuxi Toly Electric Y. Chao 

Co-extrusion Machine manufacturing B. Cure (CERN)

TECHMETA P. Oving

Hitachi T. Semba

Toshiba S. Takami

Mitsubishi Electric H. Horii

Bilfinger Noel P. Revilak

ASG A. Pellecchia

SAES RIAL C. Santini

Sigma-Phi F. Forest 

MgB2 R. Musenich (INFN)
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Day 2:  Reports from Industry
Eu Industrial SC Manfucturing

Report from Presented by

Furukawa Electric H. Sakamoto 

European Industrial SC manufacturing A. Ballariono (CERN)

Wuxi Toly Electric Y. Chao 

Co-extrusion Machine manufacturing B. Cure (CERN)

TECHMETA P. Oving

Hitachi T. Semba

Toshiba S. Takami

Mitsubishi Electric H. Horii

Bilfinger Noel P. Revilak

ASG A. Pellecchia

SAES RIAL C. Santini

Sigma-Phi F. Forest 

MgB2 R. Musenich (INFN)



Report from Presented by

Furukawa Electric H. Sakamoto 

European Industrial SC manufacturing A. Ballariono (CERN)

Wuxi Toly Electric Y. Chao 

Co-extrusion Machine manufacturing B. Cure (CERN)

TECHMETA P. Oving

Hitachi T. Semba

Toshiba S. Takami

Mitsubishi Electric H. Horii

Bilfinger Noel P. Revilak

ASG A. Pellecchia

SAES RIAL C. Santini

Sigma-Phi F. Forest 

MgB2 R. Musenich (INFN)

NbTi:
• NbTi/Cu wire manufacturers:

• Bruker, Luvata (Europe)
• TVEL (Russia)
• KAT (Korea)
• Furukawa, Jastec, Hitachi (Japan)
• Supercon (USA) • WST (China)

• Excellent electrical and mechanical properties
• Assembled in different cable configurations
• Used in magnets up to  ~9 T @ 4.2 K and up to ~ 10 T @ 1.9 K
• available at affordable price Reference cost: ~ 1 Euro/kA m*

*before the recent increase of cost of raw materials
• Thanks to MRI and NMR applications, Nb-Ti wire production is 

maintained at the industrial level

Nb3Sn:
• A complex material: used only when field requirements reach 

performance limits of Nb-Ti
• Production by several manufacturers for HL-LHC and ITER. 
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Day 2:  Reports from Industry
Eu Industrial SC Manfucturing
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Day 2:  Reports from Industry
Wuxi Toly Electric
Al Co-extrusion Technology under development

Report from Presented by

Furukawa Electric H. Sakamoto 

European Industrial SC manufacturing A. Ballariono (CERN)

Wuxi Toly Electric Y. Chao 

Co-extrusion Machine manufacturing B. Cure (CERN)

TECHMETA P. Oving

Hitachi T. Semba

Toshiba S. Takami

Mitsubishi Electric H. Horii

Bilfinger Noel P. Revilak

ASG A. Pellecchia

SAES RIAL C. Santini

Sigma-Phi F. Forest 

MgB2 R. Musenich (INFN)

Future Potential: 
Secondary Extrusion 

Study in Progress
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Day 2:  Reports from Industry
Co-extrusion Machine manufacturing

Report from Presented by

Furukawa Electric H. Sakamoto 

European Industrial SC manufacturing A. Ballariono (CERN)

Wuxi Toly Electric Y. Chao 

Co-extrusion Machine manufacturing B. Cure (CERN)

TECHMETA P. Oving

Hitachi T. Semba

Toshiba S. Takami

Mitsubishi Electric H. Horii

Bilfinger Noel P. Revilak

ASG A. Pellecchia

SAES RIAL C. Santini

Sigma-Phi F. Forest 

MgB2 R. Musenich (INFN)
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Co-extrusion
Machine Availability in Industry European companies that did the coextrusion of Al stabilized

superconductors stopped the activity or even closed definitevely (e.g. 
ATLAS and CMS conductors).

Two ways of cladding SC Rutherford cable with aluminum:
Ø Schloemann extrusion process (billet-on-billet)
Ø ConformTM cladding process = ConkladTM process (continuous)ConkladTM machinery manufacturer in Europe : BWE, UK
Ø Contacted by CERN Detector Magnet Team.

Source:  
bwe.co.uk

• Further contacts CERN-BWE to discuss 
about feasibility and prototyping.

• Looking for coextrusion facilities in 
industry available for prototyping and 
production.
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Day 2:  Reports from Industry
Techmeta: 
EBW Technology experienced
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Hitachi, Toshiba, and Mitsubishi (JP):
Detector Magnets experienced 

Report from Presented by

Furukawa Electric H. Sakamoto 

Industrial SC manufacturing A. Ballarino 
(CERN)

Wuxi Toly Electric Y. Zhao 

Co-extrusion manufacturing B. Cure (CERN)

TECHMETA P. Oving

Hitachi T. Semba

Toshiba S. Takami

Mitsubishi Electric H. Horii

Bilfinger Noel P. Revilak

ASG A. Pellecchia

SAES RIAL C. Santini

Sigma-Phi F. Forest 

MgB2 (INFN-ASG) R. Musenich

Report from Industry - Day 2



36

Bilfinger-Noel, ASG, SAES-RIAL, Sigma-Phi (Eu)
Detector & Accelerator Magnets experienced
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INFN-Genova / ASG Cooperation
MgB2 for future Space Magnets
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Day 2:  Reports from Industry: Summary

Feasibility of Al-stabilized superconductor production based on the 
experience integrated in past 20 years: 

• NbTi/Cu SC & Cable production: multiple companies available
• SC strand: Fufukawa, Luvata, Bruker …? 
• Cable: Furukawa, CERN, LBNL, and …?

• Co-extrusion of Al-NbTI/Cu:  a company getting active
• Most of industrial facilities have been closed/dismantled,   However, 
• Toly E. (in China)  active in development for the CEPC detector solenoid.. 
• The technology needs to be widely available.

à Lab’s leadership to be important

• Reinforcing EBW Work: a company keeping technology
• The technology well established at TECHMETA ( in France). 
• The production facility may be re-established under appropriate coordination
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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 + EBW 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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Rein-
force

Feature Al  Y. S.
(MPa) 

Full cond.
Y.S.

Full cond.
RRR

ATLAS-
CS

Uniform Ni-0.1% 
Al

110 MPa 146 MPa 590

CMS Hybrid Pure-Al &
A6082-T6

26 / 428 258 (1400)

Future Hybrid Ni-Al & 
A6082-T6

110 / 
428

300 400

Future Hybrid Ni-Al &
A7020-T6

110 / 
677

400 400
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to be advanced with Cu-coated Al technology 
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CICC Appplications in HEP Detector Magnet? 

Advantage: Stability because of Direct He contact
Issue: Cooling system complexity 
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Day 3: Strategic Discussions

HTS: the only choice for 
• B       > ~16 T
• T-op  > ~ 30 K

High Field Magnet Program - R&D Objectives



Outlook: 
l Al-stabilized superconductor/magnet technology needs to be resumed,  
l Industrial cooperation anticipated and strongly encouraged, in particular,

l “Co-extrusion technology” of Al-stabilizer and NbTi/Cu-conductor to be resumed and widely available, and
l “Hybrid-structure technology” by using electron beam welding (EBW) or by other approaches, to maximize the 

performance of Al-stabilized SC (Ni or Cu/Mg doped) combined with ultimately high-strength Al-alloy structure. 
l Laboratory’s leading effort will be very important to advance the technology to be openly transferred to the industry. 

Remarks: 
l Seek for common SC and magnet design concept, even part, for cost-effective development, as possible as we 

can 
l Seek for worldwide cooperation among laboratory and industry
l It will be important to investigate/seek for backup solutions such as soldering/friction-welding technology of 

NbTi/Cu conductor with Cu stabilizer, Cu-coated Al-stabilizer, and/or CICC. In long-term future, 
l Al-stab. HTS stabilized will provide important potential in specific detector magnet applications. 
l The next workshop will be planned to be held in 1 ~ 2 years, based on the R&D advances expected.

Day 3: Strategic Discussions
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Outcome from the Workshop (1/2)
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We have looked into the possible approach for Al-stabilized Superconductor production, for each step:

• Production of NbTi/Cu Rutherford Cable
Ø Industrial availability:  Multiple companies (+ Institutes)

• Co-extrusion of Al-stabilized SC cable
ØLaborabory availability:  

Ø to be launched for leading R&D/Prototyping  and knowledge transfer
Ø Industrial availability:  Toly Electric (‘single’ as of today)

• Assembly with Aluminum alloy for reinforcement:
ØEBW Industrial availability à Techmeta
ØSoldering à to be further investigated (as back-up) 
Ø Friction welding à to be investigated (no past experience with continuous welding of Al-stab SC )



Outcome from the Workshop (2/2)
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Discussions for Future

Alternate Options as backup: 
• CICC : NbTi + SUS/Al jacket

ØBenefit:  He flow in Conductor Jacket contributes to ”Stability” 
ØComplexity:  Sophisticated Cooling channels and connections, pre-cooling in parallel, 

etc

Future Extension:
• HTS  + soldering  of Aluminum stabilizer
• Cooperation with Accelerator High Field Magnet R&D program ? 



Conclusion
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What we need to resume / do next ? 

Investigate  multiple approaches for Al-stabilized SC
• Cooperation with industry

Ø NbTi/Cu cable,  Al-co-extrusion, Assembly with Al-reinforcement 
Ø Cost-effective approach need to be seriously investigated 

• Laboratory own effort, in particular on
Ø Al-coextrusion facility and own R&D for leading technology advances

Seek for common SC and magnet design concept, even part, for cost-effective development, 

Seek for worldwide cooperation among laboratories and industry

Figure out Next meeting / workshop opportunity
• Based on sufficient progress, hopefully within 1 ~ 2 years to be held in Japan or the US, according the 

progress in the detector magnet technology advances.



Conclusion
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Superconducting Detector Magnet Experts joined for a few days.

Following fruitful exchanges, experts now sharing a common understanding of the situation on the 
manufacture of detector magnets in the world.

Plans for resuming advanced R&D/prototyping (in view of production) with common approach to 
be drafted and proposed to Institute managements.

Special Thanks for Nikkie Deelen and Connie Potter, for the WS coordination !



Summary of the Workshop to be presented
at EP Seminar and Colloquia, Friday, 23 September

by Benoit Cure, Matthias Mentink
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https://indico.cern.ch/event/1200637/

https://indico.cern.ch/event/1200637/


Reserved
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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  



60ATLAS-CS, placed inside Calorimeter

CMS Solenoid placed outside 
alorimeter

Solenoid à

Solenoid
Solenoid

Solenoid   à
Calorimeter

Calorimeter


