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HFM – ITALIA

HFM – ITALIA
PI: Lucio Rossi

HFM
CERN

FALCON D
National coordinator: Stefania Farinon – INFN Ge

Local coordinator: Massimo Sorbi – LASA

Hybrid Nb3Sn/NbTi 14 T Dipole
National coordinator: Massimo Sorbi – LASA

Local coordinator: Stefania Farinon – INFN Ge

HTS Dipole
National coordinator: Marco Statera – LASA

Local coordinator: Stefania Farinon – INFN Ge
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The EuroCirCol project focused on a feasibility study for a 100 TeV hadron collider in a 100-kilometer-long tunnel

WP5, which focused on high-field dipoles, involved exploring various design options:

The EuroCirCol Project (2014-2019)

Common coilCosine theta

Block coil CCT

External contribution to EuroCirCol

The INFN option was selected as the baseline for the
CDR published in 2019

Even though the other configurations could not be
definitively discarded purely on the basis of the design
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FalconD project
Future Accelerator post-LHC Cos-theta Optimized Nb3Sn Dipole

Main characteristics of the FalconD

Bore magnetic field 12 T

Magnetic length 1.5 m

Peak field 12.5 T

Operating current 20.930 kA

Stored energy 0.54 MJ/m

Aperture 50 mm

Operating temperature 1.9 K

Loadline fraction 76%

Field quality (geo/sat.) <15 units

This led to the need to build a demonstrator

In September 2018, a CERN-INFN
agreement was signed for the construction
of a high field dipole magnet

This was followed by an international
tender, which was won by ASG
Superconductors

ASG is responsible for manufacturing the coils
The mechanical structure will be assembled at
INFN - LASA, in the new Superconducting
Magnet Laboratory, a preliminary functional test
will be performed at 4.2 K and the final test at
1.9 K will be carried out at CERN

The completion of the design and the
manufacture of the two dummy copper
coils at ASG are expected by the end of
2026

The winding of the first Nb3Sn coil is
scheduled for the end of 2026

2 dummy copper coils
2 Nb3Sn practice coils
3+2 coils with Nb3Sn
wire for assembling the
single aperture dipole

Courtesy of Riccardo Valente

Courtesy of Tommaso Maiello
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FalconD: ongoing activities

Completion of mechanical design

Mechanical mockup construction

Definition of the assembly procedure

Courtesy of Riccardo ValenteCourtesy of Tommaso Maiello

Winding test to

optimize cable parameters

and the design of the end

spacers

Finalization of the wedge and end

spacer designs

Definition of the winding procedure

Specification of the impregnation

and heat treatment
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FalconD: schedule
The FalconD 12 T dipole design is now consolidated, with 2D and 3D mechanical design under completion

The winding tests revealed some critical issues regarding the geometry of the end spacers and these findings made it 
possible to thoroughly optimize the design

The two dummy copper coils will be used to validate the winding, curing, heat treatment and impregnation processes 
before the production of the Nb₃Sn coils

Coil tooling, CAD models and end spacer manufacturing workflows are in place, enabling the start of Nb₃Sn coil 
fabrication in late 2026

The project schedule remains ambitious but feasible, with first magnet assembly and test foreseen in 2027

coil end design

Feb.2026 Jun.2026

1st Cu 
dummy 

coil

Dec.2026

2nd Cu 
dummy 

coil

Jun.2027 Dec.2027

1st

magnet 
test

Mechanical eng. design mech. component procurement

Nb3Sn coil manufacturing

2 Nb3Sn practice 
coils

magnet assembly

5 Nb3Sn series coils

1st magnet 
assembly
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Main characteristics of hybrid Nb3Sn/NbTi 
14 T dipole

HF cable LF cable

Bore magnetic field 14 T

Magnetic length 1.5 m

Peak field 14.4 T 8.8 T

Operating current 12 kA

Aperture 50 mm

Operating temperature 1.9 K

Loadline fraction 81.5% 81.2%

Field quality (geo/sat.) <10 units

Develop the engineering design for a short,
four-layer, cos-theta coil of a single aperture
dipole with an inner diameter of 50 mm, with a
nominal field of 14 T at 1.9 K
We opted for a hybrid Nb₃Sn/NbTi cos-theta dipole
as it provides an attractive compromise between a
slight reduction in performance and significant cost
savings, particularly in view of large-scale
production

Manufacture the single aperture cos-theta
short model magnet, including the production
of 1 dummy copper coil and 7 hybrid
Nb3Sn/NbTi coils

Assemble the short-model dipole magnet

Perform a test at 4.5 K at INFN LASA

Deliver it to CERN for the final functional test
at 1.9 K

The construction and
tests will be executed at
INFN - LASA, in the new
Superconducting Magnet
Laboratory of the IRIS
program financed by
EU/Italy recovery funds

Hybrid Nb3Sn/NbTi 14 T Dipole

Courtesy of Emma Bianchi

Courtesy of Mattia Elisei

Low-Field 
layers (NbTi)

High-Field 
layers (Nb3Sn)
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Hybrid Nb3Sn/NbTi 14 T Dipole: schedule

Hybrid 
Nb3Sn/NbTi 
14T Dipole

Addendum signature

Electromagnetic design and conductor choice

Technical design report

Coil engineering design report

Winding test completion and tooling 
assessment

Coil manufacturing readiness review

1 dummy copper coil

1 Nb3Sn/NbTi practice coil

2 Nb3Sn/NbTi coils

Magnet assembly

Test at LASA at 4.5 K

4 Nb3Sn/NbTi coils

Shipment at CERN for test

4-9-2025

3-3-2026

3-9-2026

3-3-2027

3-9-2027

3-3-2028

3-9-2028

3-3-2031

The magnetic and mechanical design
of the 14 T hybrid dipole is currently
being optimized

The winding of the first dummy coil is
planned for September 2028,
following the finalization of the design
developed over the past months and
the integration of lessons learned
from the construction of FalconD

The project timeline is challenging yet
achievable, with the first magnet
assembly planned for mid-2030 and
its delivery to CERN for functional
testing foreseen in early 2031

The design of the 14 T hybrid magnet
will benefit from the experience
gained at CERN and INFN during the
construction of high-field magnets
such as MQXF and FalconD
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NextGenerationEU IRIS-ESMA: main past/present experience with HTS magnets

10 T HTS Energy Saving Dipole Magnet for:

Test cryogen-free technology

Test (non)-insulation technology

Installed at the new Superconducting Cables
and Materials Laboratory in Genoa

Fulfilling the following performances:

Central field B0 (min. accept) T 10 (8)

Free/Coil aperture mm ∅70/102

Good field region uniformity N/A ±1.5%

Good field region mm H50×V30×L350
Operating temperature K 20
Critical current margin N/A >20%

ESMA dipole shares some key
aspects with the HFM
demonstrator and provides
relevant know-how.

Still, major points must be
addressed
Field quality
Field repeatability
Charging time
Scalability to accelerator magnets
length

This motivates technological R&D
to bring ESMA experience into an
accelerator-oriented
demonstrator
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HTS Dipole

Assess whether HTS technology can enable higher magnetic fields

Evaluate operation at 20 K to reduce FCC-hh cryogenic power consumption

Improve sustainability through
energy/reduced CO2 footprint
Reduced thermal pollution
Reduced dependence on liquid helium (increasingly scarce and costly)

Phase I – Concept Exploration

Investigate different HTS dipole configurations

Evaluate performances, industrial scalability and cost

Phase II – Demonstrator Development

Design, manufacturing and testing of an HTS dipole 
model

Straight section: 400 mm (total length: 700–800 mm)

Target: 10 T magnetic field at 20 K
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HTS Dipole: schedule

Task Deliverable Type Date

HTS 10 T 
Dipole

Addendum signature

Selection of conceptual design

Engineering design

Construction of one coil and test at 77 K in LASA

Coil manufacturing and magnet assembly

Power test at 4 – 20 K in LASA and test report

Test of the dipole at CERN

4-9-2025

3-9-2026

3-3-2027

3-9-2027

3-9-2028

3-3-2029

3-11-2029

The project starts with an initial R&D
phase focused on single coils and
small-scale dipoles

This phase leads to the selection of
the conceptual design and its
consolidation through engineering
design and coil testing at 77 K

In parallel, the development of a full-
scale demonstrator coil is carried out,
paving the way for the assembly of
the complete magnet

The final phase includes testing
activities, first at LASA and then at
CERN, to validate the demonstrator
performance

The design of the HTS dipole will
benefit from the experience gained at
INFN during the construction of the
ESMA magnet

The project timeline is demanding but realistic, progressing from
early R&D activities to the development of a full-scale demonstrator,
followed by assembly and final validation tests at CERN within four
years.
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HTS Dipole: technological R&D on reference coil
Small series of non insulated → metal insulated → insulated coils

Modular approach to form coil stacks:

Goal: grow in energy to cope with more demanding operating conditions

The mechanics is designed for a 2-step support:

Small prestress given on the module

Forces in assemblies at 20 K by external structure

Ongoing activities:

Process validation ESMA-like investigation Ideal cable for accelerators

Parameter Unit Value

Tape length m 100-120

Central B (77 K) T 0.2

Central B (20 K - 40 K) T 1

Head radius mm 35

Straight part mm 170

Energy kJ 1.5

Mechanics for one 
coil module

Calculations 
(winding included) 

Prototyping Simulation of 
assembly

Assemble first 
coil
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HTS Dipole: Demonstrator status

The main layouts to be investigated have already been identified. The designs presented below are compliant with the 
requirements in terms of dimensions, field strength and field quality

1

Cos-theta
(Cable consumption 8.5 km)

3

Planar canted cos-theta
(Cable consumption 12 km)

Split coil
(Cable consumption 13 km)

2

Mixed coil
(Cable consumption 10.5 km)

4

Co
m

m
on B0

Aperture 
diameter Top 

Straight 
section

Tape 
quality

Max. 
Unit Length Target JCu

∆T (K)
margin

Load-line 
Margin

10 T 50 mm 20 K 400 mm FFJ 2021 200 m 800 A/mm2 10 K 20%
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Conclusions

INFN is actively contributing to high-field magnet R&D within the HFM framework

The FalconD project is progressing toward demonstrator construction, with design and tooling largely in place

The hybrid Nb₃Sn/NbTi dipole represents a promising solution, offering a good balance between performance and cost
for future accelerators

These two projects benefit from strong experience gained at CERN on high-field magnets

HTS technology is a key opportunity for future accelerators:
Potential for higher fields and operation at 20 K
Significant impact on cryogenic power consumption and sustainability

Ongoing R&D is addressing critical challenges such as:
Field quality and reproducibility
Scalability to accelerator-length magnets

The overall roadmap for the three projects is challenging but realistic, aiming to validate the prototypes through tests at
the new Superconducting Magnet Laboratory at LASA, followed by final functional testing at CERN
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