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The sessions
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EuroCirCol WP5 16 T Magnets (2 sessions, 8 talks)

Conductor Nb3Sn wire (and other conductor) development (2 sessions, 14 talks)

High Field Magnet R&D (1 session, 5 talks)

WP 5



Magnets in the CDR (baseline)

3

Dipoles Quadrupoles Sextupoles

Low-lumi D2

A
rc

s
In

te
ra

c
ti
o
n
 R

e
g
io

n
s

LL-Q1/Q2/Q3

Octupoles
Sextupole

spool pieces

HL-Q2/Q3 

(scale: 1/2)

Low-lumi D1 HL-Q1 (scale: 1/2)



4

All deliverables of EuroCirCol are submitted



16 T dipole design options for the CDR
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Main evolution in the EuroCirCol parameters:

• Coil optimization and margin 18%  14%

• Inter-beam distance: 250 mm

• Stray-field <0.1 T at cryostat

Status:

• All designs have been documented in scientific publications

• Addenda for building prototypes have been signed
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14 T magnet tested at FNAL!

• 15 T dipole demonstrator

• Staged approach: In first step pre-

stressed for 14 T 

• Second test foreseen in fall 2019 with 

additional pre-stress for 15 T

60-mm aperture

4-layer graded coil

84% on the laodline at 1.9 K

92% on the loadline at 4.2 K



Magnet development: Magnet models
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INFN: 14 T magnet with 14 % 

margin (FCC spec), 9.5% with 

current wire spec

CHART2 – Swiss Accelerator 

Research and TechnologyF2D2 or

CEA: 15.5 T magnet with 14% 

load line with current wire 

spec

First model coil: 

11 T will be 

tested in LBNL 

soon



16 T (FCC spec)

14 T (FCC spec)

11 T (HL-LHC spec)
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What about the field level?

• Past experience with Nb3Sn high field magnets (13 programs), and the very recent 

success of FNAL shows the great potential of Nb3Sn high-field magnet technology for 

a next collider in the ~14 T range

• With the aim to reduce the cost and complexity, a ~40 TeV FCC-hh with 6 T may be 

considered (see M. Benedikt’s talk) 

• What about 12 T to 14 T which would also considerably reduce the magnet cost and 

complexity for a collider in the next decades? 

Fresca2: 14.6 T 

at 1.9 K



Conductor: Large international collaboration

>15 partners, 

And growing participation 
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Conductor: Fantastic results

Courtesy X. Xu etal. 1. https://arxiv.org/abs/1903.08121

• Wire with APC has reached FCC target Jc

• Other suppliers reach now the HL-LHC specification 

(broadening of supplier base)

• High Bc2 (28.8 T at 4.2 K) has been reached

https://arxiv.org/abs/1903.08121
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Conductor: Exciting activities
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Conductor: Electro-mechanical characterization
• Irreversible degradation: EuroCirCol assumption 

(peak stress: 150 MPa at warm and 200 MPa at 

cold) 

• Reversible degradation: Strong influence of 

conductor technology, sample preparation and 

operation field:  Important input for magnet 

design: disentangle high-field and high-stress 

areas! 

• The present designs attempt to place high-stress 

in the low-field regions

• As done for the HL-LHC magnets, to further 

reduce the peak stress, the pre-load can be set to 

a lower value than the one required for nominal 

field for having no pole detachment. 

• The same approach was also used for the LHC 

magnets, which unload below ~7 T
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Options towards ~20+T dipoles
Bi-2212

• Promising performance parameters: Jc far exceeds the FCC specification, but stress sensitive

• Expensive production process (silver & over-pressure reaction)  7-15 times the Nb3Sn (volumetric) cost
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2 • Industrialization and cost reduction yet to come (~10 

times more expensive than Nb3Sn)

• Possibility to operate in the ~10 K range

• Magnet design and operation is challenging

• 3 T insert was tested and 5 T insert will be tested 

soon



Conclusion
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• Past experience with Nb3Sn high field magnets (13 programs), and in particular the very recent success of FNAL 

shows the great potential of Nb3Sn high-field magnet technology for a next collider. A model magnet (15 T) has 

been tested (staged process) and smoothly reached 14 T (as planned for the first stage)

• The difference between a 14 T and a 16 T magnet is very large, in terms of quantity of conductor needed, number of 

coils, and complexity of the construction. Though, on paper, a 16 T magnet is possible and is costing about twice 

the cost of a LHC magnet for twice the field. Achieving such a construction on a large series may be extremely 

difficult. A two layer design with a target field in the range of 12 T to 14 T is considered by the magnet community 

present during the FCC week as ‘consensus’ for a collider in the next decades

• The design work has shown that all the considered options have a potential for FCC. This has motivated the 

decision of exploring experimentally all options to answer the outstanding questions of which design meets best the 

requirements, which margin field level (~12-14 T) should be selected

• In the last three years, the FCC Conductor Development Program coordinated by CERN has succeeded in 

engaging the Japanese (Jastec and Furukawa via the KEK coordination), the Russian (TVEL) and the Korean (KAT) 

companies in developing for the first time very high-performance Nb3Sn wire. Critical current densities of up to 

about 1250 A/mm2 at 16 T have been achieved, and kilometers length of wire have been produced in industry and 

delivered to CERN for first cabling trials

• In the US, the FCC current density target (1500 A/mm2 at 16 T) has been achieved! Industrialization and cost 

reduction has yet to come


