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We improve everyday life creating real value for the world of research,
energy, med-tech and industry by developing superconducting magnets,

wires, cables and innovative systems.

www.asgsuperconductors.com
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The com pany For 75 years, ASG Superconductors has been at the forefront of
superconductive technology. From magnets that enabled the
discovery of the Higgs Boson to record-setting superconducting wires
for energy transmission, we have contributed to the world’s largest

international research projects.

As society moves toward electrification and sustainability,
superconductivity is becoming increasingly viable for cost-effective
industrial and everyday applications, thanks to advances in materials

and expertise.

Our magnetic systems and superconducting cables-including our
advanced high-temperature superconductor MgB, - are designed and
manufactured in Italy, leveraging robust physical, engineering, and
manufacturing know-how. With a team of 200 highly specialized
employees and subsidiaries in Italy, France, the USA, and the UK, ASG

Superconductors is a global leader in superconductive technology.

www.asgsuperconductors.com
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superconducting technology for:

BIG SCIENCE
NUCLEAR FUSION
HEALTHCARE
INDUSTRY & ENERGY

www.asgsuperconductors.com
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Bigiscience

SUPERCONDUCTING MAGNETIC SYSTEMS
SURERCONDUCTING CYCLOTRONS
SUPERCONDUCTING MULTIPOLAR MAGNETS
SUPERCONDUCTING SOLENOIDS
CONSULTANCY

SERVICE

"Big Science" refers to large-scale scientific research projects that
require collaboration among many researchers and international
institutions. These projects, such as those at CERN, Fermilab, GSI,
JINR, and INFN, address fundamental scientific questions and rely on

advanced technologies and interdisciplinary approaches.

ASG Superconductors has partnered with these institutions, providing
a range of magnetic systems-from quadrupoles to cyclotrons and
detectors-designed and built in-house. Our unique expertise,
commitment to total quality, and close synergy between engineering

and production have turned these collaborations into success stories.

We are ready to tackle future research challenges that demand even

more sophisticated and energy-efficient magnetic systems.

www.asgsuperconductors.com
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M agnets for‘ MUZ2E Trans po rt ASG supplied 56 superconducting modules for Fermi National Labs TS

detector magnet for the Mu2e experiment.

Solenoid
FERMILAB

v

www.asgsuperconductors.com
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SUPERCONDUCTORS

M a gn et fO r M U LT| ASG successfully delivered the magnet for the Multi Purpose Detector
Magnet (MPD) for the NICA heavy-ion accelerator of the Joint Institute for

PU RPOSE DETECTOR Nuclear Research.
JINR

www.asgsuperconductors.com
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Multiplets FOR FAIR

Super FRS
GSI

Big science

This project consists of 32 NbTi Multipolar magnets to constitute a
beamline feeding the SIS 100 and R3B Glad experiments in the FAIR Super
FRS Facility of the GSI.

Each multiplet is made of up to 9 different coils with different polarities,

often nested. The individual multiplet is a up to 70t assembly.

www.asgsuperconductors.com



X((ﬁc§m% Big science

D2 Hi-lumi dipole magnets ASG is currently collaborating with INFN and CERN in design and
construction of high field magnets for LHC High Luminosity Upgrade, with

Superconducting Dipoles “D2” and to the Future Circular Collider with the

CERN | INFN “Falcon D" Nb3Sn program.

* Picture courtesy of CERN

www.asgsuperconductors.com
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Nuclear fusion

TOROIDAL FIELD COILS FOR TOKAMAK
POLOIDAL FIELD COILS FOR TOKAMAK
NON-PLANAR COILS FOR STELLARATORS
COMPLEMENTARY MAGNETIC SYSTEMS
SUPERCONDUCTING CABLES FOR ZERO-
LOSSES ENERGY TRANSMISSION
CONSULTANCY

SERVICE

The dream of replicating the energy of the sun and stars on Earth
through fusion power plants is rapidly becoming a reality. More than a
century after the discovery of superconductivity, advances in materials
and knowledge from major international experiments are paving the
way for fusion power plants to be connected to the electrical grid by
around 2040.

ASG Superconductors has developed the magnetic core for the world's
most important fusion research projects, including Tore Supra, JET,
ITER, JT-60SA, DTT (Divertor Tokamak Test), and Wendelstein W7-X.
We offer engineering, manufacturing and technical support for the
realization of core components for fusion reactors based on both

tokamaks and stellarators.

www.asgsuperconductors.com
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NON_PlANAR CO”_S FOR ‘ ;.' ¢ Gy ', : - W?7-X is the only stellarator in operationin

EU. It is constituted by 60

WENDEISTEIN-7-X STELLARATOR AN | o : . superconducting NON-planar coils, 36 of

IPP which have been manufactured by ASG.

www.asgsuperconductors.com
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TOROIDAL and. poloidal FIELD COILS

FORITER TOKAMAK
ITER - FUSION FOR ENERGY

Nuclear fusion

ASG completed the manufacturing of 10 Toroidal Field Coils generating
each an 11T field intensity, with a current of 68kA. All the TFCs have been
positively tested and are currently being installed at ITER site.

ASG manufactured 4 of the 6 Poloidal Field Coils in Cadarache, as their

diameter exceeds 24m.

* Picture courtesy off4E

www.asgsuperconductors.com
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Toroidal field coils for DTT divertor

tokamak test
ENEA

Nuclear fusion

Italy is working on the future of fusion energy with the goal of producing
renewable and safe energy with the same process as the sun and stars: the
machine called DTT — Divertor Tokamak Test is under construction in the
ENEA Centre in Frascati and ASG Superconductors is manufacturing its

magnetic heart composed of 18 superconductive toroidal coils.

www.asgsuperconductors.com
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Industry & energy

SUPERCONDUCTING CABLES
SUPERCONDUCTING STORAGE SYSTEMS
SUPERCONDUCTING FAULT CURRENT LIMITERS
MAGNETIC SYSTEMS

SERVICE

As global energy demand increases, efficient, low-loss cables are
essential. Superconductivity offers a tangible, cost-effective solution
for green energy generation, transmission, and storage. Our MgB,
superconducting cables are already operational at CERN and are being
tested in European projects such as V-ACCESS, Scarlet, Best Paths,
and Cablegnosis.

We are also developing Europe’s most powerful superconducting
cable (1 GW capacity) in Italy with INFN. MgB, technology is ideal for
nuclear plants, solar systems, trans-European links, energy-intensive
industries, and compact high-energy applications. It offers a footprint
reduction factor of 10 or more compared to conventional solutions

and is fully compatible with liquid hydrogen temperatures.

www.asgsuperconductors.com



power MGB, cable FOR LHC

Collider RING
CERN

INDUSTRY & ENERGY

ASG collaborated with CERN for the development and deployment of a

100kA power cable in MgB, aimed at powering the LHC collider ring

remotely as the “Bremsstrahlung” would otherwise damage the power
supplies. ASG supplied in excess of 1000km of MgB, wires. The system has
been successfully commissioned.

www.asgsuperconductors.com
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1 gw zero-loss energy transmission
superconducting cable

IRIS - INFN

INDUSTRY & ENERGY

As part of the broader IRIS project, coordinated by INFN, ASG
Superconductors will play a strategic role by dealing with the design,
construction and qualification activities of a 1GW superconducting cable
prototype for research on zero-dispersion electrical power transmission.
The cable will have a length of 130 meters and will be made with "high
temperature" superconductive material in MgB, (Magnesium Diboride). As
part of the same project, a device will also be created, again
superconductive, to generate high dipolar magnetic fields of high energy
saving quality.

The cable - which will be tested in the Salerno facility (INFN, University and
CNR SPIN) - is financed, within the framework of the National Recovery and

Resilience Plan (PNRR), through the NextGenerationEU instrument.

www.asgsuperconductors.com
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Superconducting cables for
sustainable energy transition

SCARLET

INDUSTRY & ENERGY

SAR?(ET

Superconducting CAbles foR
sustainable Energy Transition

The EU project SCARLET (“Superconducting cables for sustainable energy
transition”) develops and industrially manufactures superconducting cable
systems at the gigawatt level, bringing them to the last qualification step
before a commercial installation. The promise of superconducting cables
lies in their high efficiency, compact size, and reduced environmental
impact, which helps to overcome challenges posed by overhead lines and
conventional cables. SCARLET will investigate the whole range of effects of
MgB, superconducting cables, as their properties open the door for cost

savings beyond the cables themselves.
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HEALTHCARE

OPEN MRI CRYOGEN FREE SYSTEM: MROPENEVO
MRI SYSTEM MAGNETS

HADRON THERAPY, RADIOTHERAPY, AND PROTON
THERAPY MAGNETS

ULTRA HIGH FIELD MAGNETS

SERVICE

Superconductive technology has always played a vital role in the
medical field. At ASG Superconductors, we use our expertise to
develop patient-centered solutions. Our MgB, technology powers the
world’s only truly open, cryogen-free MRI system MROpenEVO and
supports advanced applications like real-time MRI imaging for proton
therapy.

Our magnetic and superconductive expertise also extends to hadron
therapy, cyclotrons for cancer treatment, and the development of
sophisticated high-field UHF magnets. We offer complete systems,

components, and services to companies active in the medical sector.

www.asgsuperconductors.com
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Cryoge n Free O P E N M Rl ASG has developed and is commercializing an open-sky, cryogen free MRI

system based on proprietary superconducting MgB, wire and magnet

SVSte m technologies. The MROpenEVO system has now an installed base of more

)M ROpen

than 40 units worldwide.

www.asgsuperconductors.com
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magnets for HADRON

THERAPY
IBA

Healthcare

ASG is a long-term supplier of compact superconducting-cryogen free
magnets for IBA’s synchro-cyclotron for hadron therapy. Particle therapy is
used to treat many types of cancer, particularly in situations where normal

treatments and radiotherapy are too risky for patients, including tumours of

the central nervous system, eye, spine, prostate, liver, breasts and in
childhood.

www.asgsuperconductors.com
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UHF MRI Magnets

AND SYSTEMS

SIEMENS HEALTHINEERS
GAECHON GILL MEDICAL CENTRE
National Institute of Health

Healthcare

ASG delivered two 11.74T MRI magnets to GUGMC, in Korea, and to NIH in
the USA. Furthermore, ASG delivered a 17.6T MRI magnet to NIH.
Today ASG is an exclusive partner of Siemens Healthineers for the supply

of UHF MRI systems and is currently working on a 10.5T MRI system for the

Chinese Academy of Sciences.

www.asgsuperconductors.com
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6T design concept for JPARC
15/06/2026



magnefs & systems unit

A new planned muon g2/EDM experimental J-PARC aims to measure - g 2 with higher statistical precision and
a better sensitivity for the electric dipole moment (EDM) measurement compared to previous experiments

ASG scope of supply Phase 1:
Simulation tool set-up & preliminary evaluations on 6T magnet

preliminary design and feasibility focused on: 3-D SP'fa'tfalectOW/.//f

* Field uniformity specifications; | Desgnedinfringe
. . T field B (z)

* Shielding strategy; )

* Identification of possible blocking points: Solenoid 72
o Performance
o manufacturability
o cost

Apply static weak
focusing magnetic field

E =3
= N 2-D trajectory
3 Z £
X‘”‘t_-::/ Radial pulsed
Storage ring plane field, B, (t) [ Storage ring plane

Reference design study: 3 T magnet
Proposed upgrade: 6 T field to meet new scientific requirements

www.asgsuperconductors.com
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magnefs & systems unit

The main parameters are:

Magnet dimension and yoke can vary but it shall be contained in the magnet
room retaining compatibility with the rest of infrastructure and scientific MCBIU
equipment of the experiment MCB2U

The 6 T magnet have to fit in the existing Magnet room.

N ==

~ Magnet room

Internal bore radius, external radius, and total length

Existing infrastructure compatibility requirements ( Muon beam, cold

box .......)

Space limitations for additional components (shims, feeders, focusing 3D ,

coils etC): et s | dumper
o Detector chamber(vac.) : 0<R<~30cm i
o Beam storage chamber (vac.): 30<R<~60cm

ﬂoot
o Air region: “60cm<R<~70cm (Iron piece shimming system) - Viuon beam
. . . . im tray
Cryogenic and mechanical support integration . hole ek
tect
Iron yoke sigaallioe
hole

Shim coil
bobbin

Weak focus
coil

Iron plate tray —
for fine shimming

Iron plate tray
for coarse shimming

www.asgsuperconductors.com
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magnefs & systems unit

e 1 ppm uniformity required over storage volume:
o R333+/-15mm;
o Z=0+/-50 mm
e Passive & active shimming strategy for correction to be
optimized in the subsequent phases of the project
Injection regiop " agnetic field direction 2 Helium vessel

Weak focus coil N Vacuum
vessel

Shim Coil

plang .

|
f
v
]

Storage riegion
and;
weak foqus region

LN

Main coil i

Iron khims

FIELD STABILITY & HOMOGENEITY: TARGETS

Muon beam

Shim tray
hole

Dgtectog
signal line
hole

Shim coil
bobbin

Weak focus
coil
MCBI1U
MCB2U

Iron plate tray ‘
for fine shimming

Iron plate tray
for coarse shimming MCB3

www.asgsuperconductors.com
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magnefs & systems unit

Initial design choices :

6T magnet with even number of main coil blocks to achieve the required homogeneity vs 3T
design with 5 coil blocks

*  Design with superconductive joints and persistent mode as for 3T magnet

Superconducting solenoid magnet :mm "'Np;_c &

i . . ranspo ine
Ma|_n flelfi 3:T o

*3m in height A

*Quter radius of iron yoke 2m
point

Injection volume
*Channel

*Below channel
(40 <z <110cm

Kicker coils
(upper side)

storage volume

% model

www.asgsuperconductors.com
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Assumptions:

1) Same wire used in 3T configuration (1.5 mm x 2.2 mm + 0.05 mm PVF insulation)
2) Similar harmonic contribution without iron yoke}

3) Similar iron yok impact on central field

4) Start from 3T results and move to 6 T design

ASG simulated the 3T coils starting from the data

reported in the paper ” Design of the
Superconducting Magnet System for the New g
-2/EDMExperiment in the J-PARC”

TABLE II
DIMENSIONS OF MAIN COIL BLOCKS
SC strand:
o - MCBIU/IL  MCB2U2L __ MCB3
* Nb-Ti with Cu Stabilizer Tnner radius 800.1 mm 800.1 mm  800.6 mm
_ Width 53.6 mm 53.6 mm 36.8 mm
* CU/ Sc=4 Coil center z position  +/-632.7 mm  +/-228.4 mm 0 mm
" CURRR~100 ToraslL B v Sy
. urns ayers
* Load line ~ 65% Peak magnetic field 54T 46T 39T
® Electromagnetic force
Current 4175 A . in radial direction 1.3e7 N 5.0e6 N 3.8¢6 N
* 1.5mmx2.2mm + 0.05 PVF ins. in axial direction /+3.0e6 N /+3.2e5 N 0N

26
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SUPERCONDUCTORS
magnefs & systems unit

Homogeneity target and criterion for calculation
3T Iron yoke geometry
3T design results
hd
q— IR sacumarmu et i 50 3% 350 370
T }‘ ‘ i r [mm]
‘ i Fig. 9 Designed distribution of the main magnetic field relative to the reference field
‘7- (Bo = 3 T) averaged over the storage ring. In the dotted arca, B is larger than By. Contour
‘ J l l' ] lines of residnal magnetic field are at 3y, and Byt every 25 ppb (0.075 pT). The inset
rectangle is the region of the stored muon orbit. The numbers in the figure are the residual
T ——— | magnetic field strengths in pph. See more details in Ref. [18].
The field uniformity is considered in the storage region:
R=333+-15mm; z=+-50 mm
Field strength is the average value in the storage the “residual” value of the field in each point (R,z) in the
region; error field is the peak difference from the storage ring was obtained as the difference of the

azimuthal averaged field in that point respect to the

average value in the storage region. ) )
azimuthal averaged field at (R=333mm, z=0).

27
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magnets & systems unit

TABLE II
DiMENSIONS OF MAIN CoIL BLOCKS

MCB1U/1L MCB2U/2L MCB3

Inner radius 800.1 mm 800.1 mm 800.6 mm S”'f:‘:;;‘;::fc";
Width 53.6 mm 53.6 mm 36.8 mm '
Coil center z position  +/-632.7 mm  +/-228.4 mm 0 mm
Height 233.2 mm 95.4 mm 103.4 mm 4.500000E+00
Turns/Layers 107/36 44/36 52/22
Peak magnetic field 54T 46T 39T 40000005400
Electromagnetic force

in radial direction 1.3e7 N 5.0e6 N 3.8¢6 N

in axial direction -/+3.0e6 N -+3.2e5 N 0N L 3.500000E+00

~+— 3.000000E+00

B(0,0) = 2.4954T

Bzav (storage region) =-2.526856812 T ;—z.suoouuzwu
Bz (0.333,0) =-2.52723548258 T

Pk2Pk = 2511 ppm - 2,000000E+00
Bmax on the coils 4.976 T 1.S00000E-+00

1.228801E+00

Storage region:
R:[318; 348] mm —step 5 mm
Z: [-50; 50] mm -step 5 mm

28



X( SQR\COS@ 3T coiLs IN IRON YOKE (UPDATED) (1/8 MODEL)

magnefs & systems unit

TABLE II
DiMENSIONS OF MAIN CoIL BLOCKS

MCBI1U/IL MCB2U/2L MCB3

Inner radius 800.1 mm 800.1 mm 800.6 mm
Width 53.6 mm 53.6 mm 36.8 mm
Coil center z position  +/-632.7 mm  +/-228.4 mm 0 mm
Height 2332 mm 95.4 mm 103.4 mm
Turns/Layers 107/36 44/36 52/22
Peak magnetic field 54T 46T 39T
Electromagnetic force

in radial direction 1.3e7 N 5.0e6 N 3.8e6 N

in axial direction -/+3.0e6 N -/+3.2e5 N 0N

B(0,0) =3.00949 T

Bzav (storage region) = -3.007745631 T
Bz (0.333,0) =-3.0075438923 T

Pk2Pk = 59 ppm

Bmax_coil =5.01782 T

Storage region:
R:[318; 348] mm —step 5 mm
Z: [-50; 50] mm -step 5 mm

29
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hogﬁefs & systems unit

Starting from 3T configuration and using a stochastic algorithm used for MRI magnets, solutions were
found for 6T and then applied into OPERA with the addition of the iron yoke to see its contribution.

Configuration 1 Configuration 2 Configuration 3

Coill Coil2 Coil3 | Coill  Coil2 Coil3 | Coill Coil2 Coil3
Rinn [mm] 808.2 808.1 808.1 |798.2 803.2 798.2 |798.2 8054 798.2
Rext [mm] 905 859.1 852.7 |877.8 870 842.7 |877.8 856.3 8459
Zinn [mm] 5229 1795 15 457 165.3 15 465.4 219.4 15
Zext [mm] 999.3 408.5 1523 [991 3347 127.1 |907.5 4254 1523
Turns 208 100 60 233 74 39 193 93 60
Layers 58 32 28 50 42 28 50 32 30
Current 417.5 390 414
BO without iron [T] 5.88 5.45 5.40
BO with iron [T] 6.46 6.02 5.97

30
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magnets & systems unit

Maximum Field on Coils

Map contours: b 29/@pr/ 2020 14:U3251

sl bichai 24/apr/2026 14:01:06
— 8,805925E-+00 X M?;]ZM 100 Map contours: b
-~ 7.506335E +00
|- 5.000000E+00 | 7.000000E-+00 |- 7.000000E +00
- 7.000000E+00
|- 6.000000E +00 {- 6.000000E +00
H- 6.000000E+00
H- 5.000000E +00 |- 5.000000E +00
H+— 5.000000E+00 14 =
H-4.000000E +00 % = - 4.000000E +00
=+ 4.000000E+00
|- 3.000000E +00 |- 3.000000E +00 7B e £
H- 3.0000008+00
- 2.000000E +00 |- 2.000000E +00
- 2.000000E+00
{- 1.000000E +00
I— 1.000000E+00 t-1.000000€ +00
L saasreene |ﬁtg§?§?4)121995-01 L 1.235700E-02

Inkegral = 1045193E-+00 Integral = 9.157546E-01

Config. 1 —8.9T Config.2-7.7T Config.3—-7.5T
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SUPERCONDUCTORS
magnefs & systems unit

Load Curve
Data Configuration 1 Configuration 2 Configuration 3
Current 417.5 390 414
Bmax on wire noiron [T] 8.9 7.7 7.8
Ic @ Bmax and 4.2K 415.5 740.1 711.5
To increase the amount of NbTi in the wire, at least Working condition @
for the coil that sees the higher field. 53% (config 2)
The wire can be diversified for the different coils. 58% (config 3).

32
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: \.. SUPERCONDUCTORS
magnets & systems unit

Hoop Stress

24/apr/2026 14:10:30
24/apr/2026 14:12:02 /apr/.

24/apr /2026 14:08:08
Map contours: bz*jcx*; Map contours: bz*jcx*y
Joxty Ji

Map contours: bz*jex*y
— 2.250039E+08 - 2.762307E+08
— 3.276773E+08 i
- 2.000000E +08
- 2.000000E+08

- 1.000000E +08 L 1.000000E +08

- 0.000000E+00

H- 0.000000E+00
- 0.000000E-+00

H--1.000000E+08 - -1.000000E +08

=14 -
H- -2.000000E +08 12

H--2.000000E-+08 H--2.000000E+08

H- -3.000000E +08
H--3.000000E+08

-4.000000E+08 H- -4.000000E +08
’ H- -4.000000E+08

H- -5.000000E +08

H.- -6.000000E+08 - -5-000000E+08

- -6.000000E +08

L -6.280541E+08
Integral = -2.476455E+07

6.857446E +08
Integral = -2.266300E+07
L -8.037397E+08

Integral = -3.066998E+07

Config. 1 —[-80; 33] MPa Config. 2 — [-63; 22] MPa Config. 3 — [-68; 24] MPa

Axial Forces

Data Configuration 1 Configuration 2

Configuration 3
|C0i|1 Coil2 Coil3 |Coi|1 Coil2 Coil3 |C0i|1 Coil2 Coil3
Fz [kN] |-297oo 1050 842.3 |-24600 54 674.8 |-28000 4760

-364
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magnefs & systems unit

Surface contours: b
7.727410E+00

B(0,0) =5.4040 T

Bzav (storage region) = -5.400949793 T

Bz (0.333,0) =-5.40028258902 T L 5 oooooe+00
Pk2Pk =915 ppm

6.000000E+00

~1— 4.000000E+00

Bmax on the coils 7.727 T LL 3.0000008+00

=+ 2.000000E+00
t 1.000000E+00
9.190455E-02
Storage region:
R:[318; 348] mm —step 5 mm
Z:[-50; 50] mm - step 5 mm Next steps — iteration with Iron yoke variation

34



X( gﬁsmS@ 6T coiLs IN 3T IRON YOKE (1/8 MODEL)

magnefs & systems unit

B(0,0) = 6.0157 T

Bzav (storage region) = -5.979783196
T

Bz (0.333,0) =-5.97869632265 T
Pk2Pk = 1958 ppm

Bmax =8.0442 T

Storage region:
R:[318; 348] mm —step 5 mm
Z: [-50; 50 mm -step 5 mm

35
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mogﬁefs & systems unit

B(0,0) =5.9445T

Bzav (storage region) =-5.920 T
Bz (0.333,0) =-5.919T

Pk2Pk = 1573 ppm

Bmax on coils =8.1123 T

Different yoke thickness variations have been evaluated.

To improve field homogeneity, the most effective parameters are:

* The dimension and geometry of the pole tip

* The radial and vertical distances between the coils and the
yoke

Storage region:
R:[318; 348] mm — step 5 mm
Z: [-50; 50 mm -step 5 mm

36
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ASG attempted to reproduce the 3T model and its homogeneity based on the shared data.
The 3T simulation did not achieve the same target due to missing or unknown parameters , but it was kept at
a comparison for the evaluation of the 6T development.

The first iteration of the 6T design was only able to achieve a homogeneity of 1000 ppm in the area of
interest; however, the key parameters affecting performance have now been identified.

At this final stage of the 6T pre-study, no critical issues have been identified:

1.
2.
3.
4

5.

New designs are achievable with an increase in coil dimensions by a factor of 1.5-2, depending on the
iron configuration. This remains compatible with the existing experimental room.

Forces and maximum magnetic field remain within a manageable range.

Some design solutions appear feasible using the same conductor as in the 3T design.

In all cases, commercial conductors with improved performance are available to meet the requirements
of the more demanding configurations explored.

Cost and technology are expected in line with UHF MRI magnets for medical application.

For the next phase, a higher number of design iterations between the coil and the yoke will be required to
meet the target homogeneity.
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