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Superconducting magnets for hadrontherapy facilities

A magnetic field larger than 1.5 T (resistive) needed for higher:

• Facility compactness: 𝐵 ∙ 𝜌 = 𝑘 for given particle and energy

(↑B, ↓ρ)

• Treatment effectiveness: from protons to carbon ions

2 Tm for 175 MeV protons (20 cm in water)

→ 5.67 Tm for 330 MeV carbon ions (x 2.8 integrated field) 

Superconducting

3.5 T → ρ = 2 m

Resistive

1.5 T → ρ = 4.5 m 

Courtesy of E. Benedetto (SEEIST), M. Vretenar (CERN)

From: M. Krämer, “Ion beam transport calculations and 

treatment plans in particle therapy”
HIT - Heidelberg Ion Beam Therapy Center 

(first in EU) – normal conducting magnets (B < 2 T)  

25 m long

13 m diameter

600 tons rotation

670 tons total
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Superconductivity for hadrontherapy

Courtesy of E. De Matteis

Superconducting gantry components

Courtesy of S. Sorti

demo. prot.

Dipole field (T) 4

Radius of curvature (m) 1.65

Aperture (mm) 80

Field ramp rate (T/s) 0.15 0.4

Angular sector (°) 30 45

 Three programs launched in 2021-22 to define the possible European route to superconducting synchrotrons 
and gantries for ion therapy with a focus on the dipole magnet design

• SIG and EuroSIG: curved cos-, LTS

• HITRIplus: curved CCT, LTS

• I.FAST: straight CCT, both LTS and HTS
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The SIG Call (1)

Technologies:

• 4 T curved superconducting dipoles

(WP2 – M. Prioli - MI)

• Downstream scanning magnet system

(WP3 – L. Sabbatini - LNF)

• Dose Delivery System (DDS)

(WP4 - S. Giordanengo - TO )

•  Range Verification System (RVS)

(WP5 - E. Fiorina - TO )

WP1: Project coordination – Principal Investigator: L. Rossi → M. Prioli

SIG = Superconducting Ion Gantry is an INFN-CSN5 Call with a 1.6 M€ int.& ext. funding concluded in 2025

Scope: study and development of some key technologies for the European route to the next generation ion gantries

Particles up to a rigidity of 6.6 Tm (430 MeV/u carbon ions), 14 m long, ~100 tons weight

Contribution by M. Prioli
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Project achievements

 Superconducting coils production completed: all four coils in spec.

 Mechanical mockup produced and assembled

 Final mechanical components procured and assembly is underway

 Cold test in Lhe foreseen at the beginning of 2027

Future directions: Lhe free magnet prototype, EuroSIG community, involvement of industrial partners

 

The SIG Call (2)

NbTi coils manufacturing Coil marriage Mockup Assembly Cold test

Contribution by M. Prioli

Accelerator coils → first time at LASA !
Curved coils → first time ever !

Toroidal structure→ first time ever !



HITRIplus project – WP8 Superconducting Magnet Design

Contribution by E. De Matteis

6

Scope: Build & test a small curved-CCT demonstrator to guide accelerator and gantry magnet design.

WP coordinated by INFN-LASA (E. De Matteis, L. Rossi)

Budget WP8: 1070 kEUR; EU funded 465 kEUR  → INFN: 357 kEUR; EU funded 160.6 kEUR

Curved LTS CCT Dipole

Demonstrator:
• 4 T curved dipole using NbTi low-loss

rope cable; 

• Prototype for gantry and compact 

accelerator magnets

• Aluminum-bronze curved formers

• Final magnet (March 2026)

• Cold tests foreseen in 2027 (LASA) 

Final and simplified assemblies
Inner and outer curved formers nested

Cable layout
Wax and winding tests

Final Demonstrator



I.FAST project – WP8 Innovative Superconducting Magnets

Contribution by E. De Matteis
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HTS CCT Dipole Demonstrator: 

• 4 T dipole using REBCO HTS tape 

cable;

• Operation at 20 K with ~10 K 

temperature margin;

• Current ~ 980 A;

• Straight geometry for initial

validation of HTS CCT concept;

• Designed for conduction cooling;

• Focus on quench protection;

• Cold tests foreseen in 2026 (LASA) 

Combined-Function LTS CCT 

Demonstrator:

• 4 T dipole + 5 T/m quadrupole;

• NbTi rope cable (6 NbTi + 1 Cu)

• Nominal current ~1.5 kA, 4.2 K 

operation

• Ramp rate 0.2–0.4 T/s

• Demonstrates combined-function

CCT accelerator magnet

• Cold tests foreseen in 2026 (FREIA, 

Univ. Uppsala, Sweden)

Scope: Explore Canted Cosine Theta (CCT) superconducting magnets for accelerators and hadron therapy 

WP coordinated by INFN-LASA (E. De Matteis, L. Rossi)

Budget WP8: 1562 kEUR; EU funded 910 kEUR  → INFN: 350 kEUR; EU funded 112.6 kEUR

Combined Function CCT  Demonstrator

HTS CCT  Demonstrator



The ECHO project: overview

Grant Giovani CSN5: 2026-2028

Scope: explore innovative solutions for hadrontherapy magnets:

• Operation at 20 K liquid He free

➢ x5 energy saving factor with respect to 4.2 K (just for COP)

• Modular design: industrialization and scalability

• Target central field of 5 T

➢ 20 % reduction of the curvature radius ρ

• In orange the target dimension of the demonstrator (~ 12 °)

Treatment Room

ρ

Particle Accelerator

Bending Dipoles - ECHO

Scanning Magnet

Contribution by L. Balconi
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The ECHO project: budget and personnel

• The project has a lifespan of two years with 

a total budget of 150 k€:

→ 75 k€ per year.

• First year is aimed at developing the 

concept and technological solutions

• Second year is dedicated to the realization 

of the demonstrator

• The allocated personnel comprehend:

→ Full time PI 

→ Total of 0.9 equivalent researchers in the 

magnet group

• Technicians work is also included for 

drawings, assembly and manufacturing. 

Object Year Cost [€]

HTS tape and 

coil prototypes
1 75 000

Mechanic and 

structure
2 75 000

Total 1+2 150 000

Personnel FTE

L. Balconi 1

Other researchers 0.9

Technicians 0.2

Total 2.1

Contribution by L. Balconi
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PRIN 2026: SUPERCOOL

INFN Milano Lasa and Genova

- Design of full scale Current leads for the SC 
line

- Test a small scale prototype at LASA in LN2 
- Supply the LN2 chamber for the test

- Supply the Current leads

- powering and monitoring in kind
contribution

SUPERCOOL: Integrated superconducting power supply and cooling assisted by cryogenic energy recovery for sustainable 

and grid-friendly Hyperscale Data Centers

OUTCOME: validated full-scale concept of an integrated HTS-based power supply and cryogenic cooling system for next-

generation data centers

Full system

- SC line HTS

- Switches

- SMES

- UPS

- Cooling

Tipo Costo Costo ammissibileCosto non ammissibile

A1 - Personale Staff 104.920,00 €    -  €              

A2 - Personale da reclutare 104.477,94 €    6.680,12 €    

B - Indiretti 94.229,07 €      

C - Attrezzature 27.916,67 €      2.083,33 €    

D - Consulenze e Servizi -  €                  

E - Altri costi 30.000,00 €      

audit interno 1.265,40 €    

Stima di costi non 

ammissibili ma necessari 20.000,00 €  

Totale Costi 361.543,68 €    30.028,86 €  

CONTRIBUTO MUR 256.623,68 €    

Contribution by M. Statera
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PRIN 2026: PRecession In Superconducting MAgnet experiment (PRISMA)
Contribution by S. Sorti
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Schematic layout of the proposed experimental technique for measuring dipole moments of short-lived particles at the LHC. Spin precession is 

induced by a high-field dipole magnet placed immediately after the production target.

T2.1 Design of the HTS 20 T magnet and technological demonstrator 

Study of solutions based on REBCO technology for the design of a 20 T 

magnet

T2.2 Assembly of the technological demonstrator Available HTS coils 

and small-scale integrated into a dedicated setup reproducing key 

accelerator operating conditions. Synergies with other programmes.

T2.3 Experimental validation of the technological demonstrator 

Electromagnetic performance, cryogenic operation, repeatability, and 

radiation tolerance will be studied also with experiments.

Goal: develop the enabling technologies for a future facility for 

direct measurement of the electric and magnetic dipole moments 

of short-lived heavy fermions, such as charm and beauty baryons 

and the tau lepton.

Structure:
WP1: simulations and physics reach; (uniGe)

WP2: demonstrator of a 20 T superconducting dipole magnet; (INFN)

WP3: R&D on a high-granularity radiation-hard pixel tracker; (UniMi)

WP4: R&D on a high-granularity radiation-hard RICH detector; (UniPd)

WP5: R&D on data acquisition and online trigger system; (UniPi)

WP6: machine–detector interface. (UniSi)

Budget request:

~200 k€ per unit, total 1.2 M€
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THANK YOU

Ph. by G. Fornasier
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