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HTS has disruptive potential

High Temperature Superconductors
(HTS) are game changers in SC
magnet technology:

They will enable new applications for
EU RI's, because of the extraordinary
current carrying ability in high field (e.qg.
Bruker 1.2 GHz, NHMFL 32T, CFS/MIT
TFMC)

They offer the possibility to build smaller

and lighter systems, yielding lower
CAPEX for the same performance of
LTS

They will displace existing technology,
resulting in lower OPEX, because of the
ability to operate at temperature higher
than liquid helium, a minimal cryogen
content, possibly different fluids, i.e.
better sustalnabmty

10000

1000

100

Engineering Current Density (A/mm?2)

=
o

0 10 20 30 40
Magnetic Field (T)




This Is the time

Time is ripe for this step because:

The set challenges in HEP (e.g. FCC-hh, Muon Collider),
high field science (e.g. EMFL, NHMFL, ILL, ESS), UHF
NMR (Bruker), LS and FEL (EUXFEL), and fusion
cannot be met unless we switch to HTS

There Is increased awareness towards sustainability
and energy efficiency, and the risk of the helium supply
chain

There Is a growing production infrastructure and
availablility of superconductor at decreasing price
(REBCO)




EuUMAHTS D)

EuMAHTS
Accelerating HTS

Advancing HTS Magnet technology for
EUropean Research Infrastructures:

Physics — High Energy Physics (CERN MucCaol,
FCC-hh), Nuclear Physics (GSI FAIR)

Material and Life Sciences — Synchrotron Light
(ESRF) and FEL (EUXFEL), High Field Science
(EMFL), Neutron Spectroscopy, NMR

Energy and Mobility — Magnetically confined
fusion (EUROFusion), motors and generators

Medicine — Particle therapy, MRI




EUMAHTS strategic objectives — 1

1. Develop all-
HTS magnet
technology

3. Foster
interdisciplinary
collaborative
effort

engaging European Research

Infrastructures, other European
research and academic bodies,

and European industry

2. Prepare
European
industry

for a technology transition, new
applications and new markets

Objective 1 — Develop an all-
HTS magnet technology that
will Increase capacity and
competitiveness of European
Research Infrastructures for
fundamental science and
analytics, will reduce
operating costs, and will
Improve service to the
respective user communities.




EuUMAHTS strategic objectives — 2
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EUMAHTS strategic objectives — 3

1. Develop all-
HTS magnet
technology

o n
Research Infrastructures

3. Foster
interdisciplinary
collaborative
effort

engaging European Research

Infrastructures, other European
research and academic bodies,

and European industry

2. Prepare
European
industry

for a technology transition, new
applications and new markets

Objective 3 — Foster a
Interdisciplinary, integrated,
collaborative effort on HTS
magnet technology and its
exploitation, engaging
European Research
Infrastructures, other research
and academic bodies, and
Industry into a joint roadmap
that will influence national
and  European  strategic
planning processes, guiding
future choices in this field.




State of the art — TRL
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The ambition of EUMAHTS is to bridge the gap between
laboratory realizations and deployment (i.e. advance TRL from
present 3...4 t0 5...6)
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Prototypes — Objective 1

Objectives:

40T-class, small bore (50 mm), all-HTS solenoid:
Increase the field reach and prove all-HTS as viable
solution for UHF)

10T-class, large bore (300 mm) large stored
energy (10 MJ), all-HTS solenoid: manage large
magnet dimensions, forces, stored energy

2T, 10mm period, 5mm gap, K=2 all-HTS
undulator: extend photon energy range for light
sources

Leaders: CERN (B. Bordini) UMIL (S. Sorti),
EUXFEL (S. Casalbuoni)

Total budget: 6 MCHF EU funds




Industry co-innovation — Objective 2

Objectives

Support early and active participation of European
Industry to the innovation process driven by EUMAHTS

Consolidate a reliable and stable link between industry
related to HTS and EU Research Infrastructures

Leaders: CIEMAT (J. M. Perez) and CEA (S. Leray)

Total budget: 2 MCHF EU funds, of which
approximately 1.5 MCHF for industry (PCP)

Main focus: co-innovation actions in three main
fields:

HTS magnets production

HTS magnets cooling

HTS magnets powering




RI's for Fundamental
Science

High energy physics
Nuclear physics

Light sources and free
electron lasers

Analytical RI's
High magnetic fields
science
Nuclear Magnetic
Resonance
Neutron spectroscopy

Wide Iinterest iIn HTS

Energy and

Transportation
Magnetic fusion devices
SC Motors
SC Generators
Storage systems

Healthcare
Particle therapy
accelerators and gantries
Magnetic resonance
Imaging




Strategic roadmap — Objective 3

Objectives

integrate and unify strategic demands in the field of HTS magnet
technology from:

High Energy Physics (ESPP-2022, P5-2023)
Nuclear and astro-particle physics

Synchrotron and FEL light sources (LEAPS)
Neutron scattering

High magnetic field science (EMFL-Isabelle)
Fusion initiatives (including the private EU sector)
Health care

Industry

Leaders: CERN (A. Ballarino) and UMIL (L. RossI)

Total budget: 134 KEUR funds, but large in-kind contribution
(total value 721 KEUR)

Produce a Global HTS Roadmap document delivered to EU
Authorities, ESPP and other governing bodies. Lobby for
Implementation




Structure D)

Z EuMAHTS
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Responsibility ASS|gnment I\/Iatrle

‘5@%" EuMAHTS

Accelerating HTS

Obijective 1

Develop all-HTS magnet
technology

Obijective 2

Prepare European
industry

Objective 3
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Top-level Gantt o)

EuMAHTS

Accelerating HTS
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Dashboard D)
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Consortium 0

EuMAHTS

Participant Participant short name Accdlrating H7S
No.

1 (Coordinator) CERN B CH

2 CEA B FR .

3 CIEMAT B ES 21 Partlc!pgnts
4 CNRS-LNCMI A FR 15 Beneficiaries
° CSIC-ICMAB B ES 6 Associates

6 SUf B PL 5 ESFRI/ERIC
7 EMFL B BE

8 ESRF B FR

9 EUXFEL B DE

10 GSI B DE

11 HZDR A DE

12 IFJPAN B PL

13 INFN B IT

14 KIT B DE

15 PSI A CH

16 RU-NWO A NL

17 TERA-CARE A CH

18 TAU B =

19 UMIL B IT

20 UTWENTE B NL

21 UNIGE A CH




Resources D)

Ota

Ota
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Ota

EuMAHTS

Accelerating HTS

value: 23,839,983.75 EUR
EU request: 9,940,391.25 EUR
PM: 1470 (122.5 FTEY)

EU and in-kind contributions wps

@ in-kind
H EU request

WP1 WP2 WP3 WP4 WP5 WP6 WP7 WP8 WP9S

WP8

wrs
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Outcome of Objective 1

Enhanced EU RI's capacities to address
present and new research challenges in diverse
fields

Future colliders such as the FCC-hh and the Muon
Collider (reduce consumption, reduce helium
Inventory, affordable cost)

Light sources based on synchrotrons and FEL
(higher brilliance, tunable light spectra)

High field user facilities (higher field at reduced
consumption, better service)
Other fields of scientific and societal
applications may adopt the new technology
(healthcare, fusion, transportation)




Outcome of Objective 2

Increase of the technological level of industries
through the co-development of advanced
technologies for EU Rl's, and creation of
potential new markets

Prepare EU industry to respond to requests from EU
RI’s (e.g. FCC-hh, Muon Collider, high field magnets,
undulators for beam lines)

Facilitate industrial market penetration and
exploitation, and the creation of new markets also in
other fields of application thanks to increased
iIndustrial skills and experience

Establish a reliable connection between EU RI’'s and
HTS industry




Outcome of Objective 3

Increased collaboration of research
Infrastructures with universities, research
organisations and industry

The Global HTS Roadmap unites challenges

and vision from diverse fields of scientific and
societal application

The Strategy Forum provides a framework for a
collaborative dynamics among the various fields
of research and industrial exploitation of HTS
magnet technology




Impact

Reduce energy consumption, improve efficiency and
sustainability of research infrastructures at comparable or
higher performance compared to the present state of the
art.

Retire the risk of helium shortage, related to its connection
to extraction and refinement of natural gas.

The risk reduction that will be brought by the experience of
first user facilities will induce wider interest and adoption
of this technology for other fields (e.g. medium field MRI
without the need of helium cooling).

Multiple applications using HTS conductor will increase
demand, improving the market, making it sustainable,
large productlon capacity, and lower cost




In summary o)

EuMAHTS

Accelerating HTS

We are approaching the final version of the proposal

We are aware that some crucial parts still need
simplification and revision

First submission planned by Friday, 8 March

We will be honored to count on the support of TIARA
(support letter)

Similar request (support letter) was made to LEAPS and
EUROFusion

This would not have been possible without the guidance and
contributions of many:

Project Support from CERN-TE: L. Scibile, G. Riddone,
N. Tara, S. Trofaila, M. Charrondiere

CERN EU Office: S. Stavreyv, C. Levointurier-Vajda

Reviews and contributions from: P. Vedrine, J. M. Perez,
M. Vretenar as well as the future WPC, WPCC, TL and
DTL of EUMAHTS







Are solenoids relevant ?

Solenoid model coils built with modest
conductor lengths and size (few km) can probe
performance limits at extreme values:

Field (20 T...40 T) — high and ultra-high field
characterization of the critical surface J-(B,T,a)

Force and stress (500 MPa...700 MPa) —
engineering test at levels relevant and beyond full-
Size accelerator magnets

Current density (600 A/mm?Z...900 A/mm?) and
energy density (300 MJ/m?3) — quench detection and
protection in a new regime, where present technical
solutions do not work (detection time would be too
short, quench heater power would be too high)

“Simple” engineering, fast turnaround




Synergies with HFM

It is iImportant to identify and exploit as much
as possible the synergies among the
EUMAHTS proposal and HFM:

Leverage our efforts, capitalizing the on-going
HFM activities in the EU context (aka matching
funds)

Extend the impact to a wider community and
gain a recognized leadership position

Profit from advances in other fields




Which synergy ?

WP2 — Strategic Roadmap

Inject our view of the next step in magnet technology, from ESPP, LDG,

P5, FCC interim report, IMCC Interim report goals and narrative, and

harmonize with other fields of application of HTS magnet technology
WP5 — Materials and Technologies

|dentify areas where HFM activities that produce technology advances
relevant to EUMAHTS. Examples:

HFM2.1, KC4-phase Il
HFM4, specifically for cryogenics and protection
Initiate joint HTS tape procurement and characterization
HFM2.2, strategic to maintaining contacts to industry
WP6 — 40T-Class all-HTS Solenoid
This WP is directly related to activities in HFM related to IMCC
HFM2.6, UHF Solenoids for the Muon Collider (nitps://indico.cern.ch/event/1302031/)

WP9 — Test Infrastructure

Profit from existing test infrastructure for superconductors and magnets to
host R&D and prototype testing

HFMS5, variable temperature testing



https://indico.cern.ch/event/1302031/

What next ?

ldentify the specific areas of HFM and IMCC that
are either:

directly applicable to EU-MAHTS, and

those where the work is relevant to EUMAHTS
Earmark the proposed activities to form a CERN
proposal, to be discussed with the EUMAHTS WP
Coordinators (alas, urgent)
Evaluate additional needs (M+P) for the EU

budget request (NOTE: this will effectively be
additional HFM and IMCC funding)

Consolidate, and present the proposal to the HFM
and IMCC SC'’s for approval




Relevance of prototypes
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Relevant technology

10T/10MJ-Class All-HTS Solenoid

. Relevant development
K=2 All-HTS Undulator

40T-Class All-HTS Solenoid




Organigramme

WP2 — Strategic Roadmap
(A. Ballarino, L. Rossi)

WP3 — Industry Co-innovation
(J.M. Perez, S. Leray)

WP1 - Coordination and Communication
(L. Bottura, P. Vedrine)

WP4 — HTS Magnets Applications Studies

WP5 — Materials and Technologies

(P. Vedrine, M. Statera)

(D. Bocjan, A. Bersani)

WP6 — 40T-class all-HTS solenoid
(B. Bordini, P. Vedrine)

WP7 — 10T/10MJ-class all-HTS solenoid

(S. Sorti, C. Santini)

WP8 — K=2 all-HTS undulator
(S. Casalbuoni, M. Calvi)

WP9 — Test Infrastructures
(G. Willering, E. Beneduce)




