
“Synergy and impact of the FCC 
magnet technology R&D with NMR, 
MRI and high-field magnet science” 

 

Antoine DAËL 
CEA-Saclay 

For the CERN-CEA Working Group: 
G.KIRBY,D.MAZUR,C.PORCHERAY & T.SCHILD  

 

2015 FCC Week  , Washington D.C. 



The steering committee of the CERN-CEA collaboration agreement 
on magnets has decided to create an ad hoc Working Group 

on Future Superconducting Magnet Technology 
 

The composition of the WG is: 
A. Daël (CEA Saclay) - Chairman 
T. Schild (CEA Saclay) 
C. Porcheray (CEA Saclay) 
G. Kirby (CERN) 
D. Mazur (CERN) 

The mandate of the WG is of two years, 
 starting from the 25th of November 2014. 

The WG is open to additional expertise  



MANDATE of the ad-hoc Working Group (WG) on 

Future Superconducting Magnet Technology.  
 Considering the high impact potential of the technology 

R&D  within the efforts on HL-LHC and FCC, the mandate of the 
ad-hoc WG is: 
1) to examine the synergies between on the one hand the 
industrial areas of MRI, NMR as well as other relevant 
applications and on the other hand the FCC investments in the 
technology domains of superconducting magnets;  
2) to demonstrate the benefits of these investments to society;  
3) to develop relationships with the European industries 
concerned; 
4)  to propose practical joint R&D actions to be implemented 
before the end of the decade. 
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A Nick Name for the ad hoc WG 

In Japanese traditional 
architecture , fusuma 

 (襖)  
are vertical rectangular 
panels which can slide 
from side to side and act 
as doors. 
 
So let’s open the doors 
and have  the 
communities working 
together! 

FuSuMaTech 

Ad hoc Working Group 
on Future Superconducting 

Magnet Technology 
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Thanks to Pierre Védrine 
and Akira Yamamoto 



Methodology of the FuSuMaTech ad hoc WG 

1. LOOK at the outside LANDSCAPES : 

– Patent landscape 

– MRI market landscape 

– NMR landscape 

– Conductor landscape 

2. HAVE Industrial contacts and expert interviews 

3. DEFINE a set of realistic R&D common actions 

4. FIND the funding of these R&D common actions 
under the 

We are just starting ! 

« FCC 93km umbrella » 
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Patent landscape 
 • The patent landscape is a tool for market study, a tool for 

understanding R&D directions and to identify areas with freedom 
for innovation.  

• Initial patent landscapes have been made for the technology 
domain of superconducting magnets with specific statistics for HTS 
(BSCCO / YBCO), and for the application domains of High-Field MRI 
and NMR. 

• Whereas the number of patent filings in the technology domain is 
stable, the number of patent applications in the field of high-field 
MRI and NMR has grown over the last 10 years. The data will be 
further analyzed regarding R&D axis and geography (companies 
from member states). 

• The IP is strongly protected and therefore poses a barrier to entry 
by new parties by the means of crossed patents. 
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Patent Landscape – Initial findings 

Technology domain 

Superconducting magnets 

 

 

 

 

 

 
 

HTS – Peak in patenting activity (2007-2010) 

 

Overall relatively stable volume of patenting 

 

Next steps: identify main technologies protected 

 

 

 

Application domains 

High-field MRI and NMR 

 

 

 

 

 

 
 

Emerging field in terms of patenting 

 

Growth from 20 to 150 applications/year 

 

Next steps: identify main drivers behind growth 
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Intellectual Property  Landscape 
• With the objective of proposing R&D axis to industry, it is 

important to perform an analysis of the IP landscape : 
• Which technologies are patented ? Who owns them ? 

Which R&D axis are already covered by many patents, and 
which are not ?   

• Even though most applications are filed by large 
multinationals, the application domain is also covered by 
smaller companies and start-ups.   

• In a next step, the detailed analysis of the patent landscape 
will take place and results published.  

• This is also seen as an important part of the documentation 
when applying for EU funding. 

• The innovation cycles are long (5 years) and new 
innovations are driven by the end-user. 
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Number of MRI in the world (mostly 1.5 tesla) 
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• Cryogenics: remove helium from the system 

• Today the gold standard is the zero boil off 
magnet using GM cold head. 

• Conductor: all manufacturer (GE, Siemens) try to 
develop MgB2 magnets 

• Improve magnet stability by increasing the 
temperature margin 

• Ease the design of cryogen free 

• Decrease the conductor cost 

 

Technological issues with MRI magnets 
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High Field MRI (>7T)is a tool for research 
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• Quench protection: on high field MRI magnet, the risk that 
a magnet quench induce a damage is very high 

- 17,2T(NeuroSpin), 11,7T(NIH- Agilent) 

- Protection is based on multiple coils protected with 
diodes, in case of quench unbalance currents can 
induced high stress especially on external coils 

• Cryogeny: high field MRI, starting 11,7T, may require a 
subatmospheric pressure bath to work around 2K in order 
to avoid the use of Nb3Sn. 

• Gradient/Magnet coupling: gradient pulsed induced Eddy 
current in metallic inner tubes (vacuum vessel, thermal 
shield, helium vessel): noise, heat load on helium vessel, 
field distorsion. It requires very complex multiphysics 
modeling. 

 

Technological issues of high field MRI 
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High field NMR beyond 1GHz 

HTS tape : 
 
- very high critical current @ B > 23.5T 
 
- long length > 1000m 
 
- high mechanical strength 

 
- state of the art quality control 

Worlds first, standard high homogeneity 1GHz NMR magnet installed in  
Lyon 2009 by BRUKER 
We will propose an open discussion to Bruker on possible synergies 
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Courtesy of Bruker 



Conductor Landscape 
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An analysis has been made at CERN of the different type of conductors, in particular 
with regard to the Whole Critical Current Density v.s .Applied Magnetic Field. 
(Peter Lee’s Plot from NHMFL Florida State University webpage thanks) 
 



A well known conductor :Nb-Ti 

• No significant 
improvement 
during the past 
two decades! 
10T 

• Nb-Ti revisiting 
the optimisation 
of Niobium 
Titanium to 
achieve high Jc 
at desired fields! 
Why Not ? 
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Targets for R&D on Nb3Sn conductor 
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Nb3Sn and corresponding magnet geometries. No major improvement factor to be 
expected. For Nb3Sn, PIT and RRP are competing. PIT is improving.  Nb3Sn, Target 
for the upcoming high luminosity LHC is 2500 A/mm2 at 12 T.  
 



Prospects for of HTS in high field magnets 
Amalia Ballarino 
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REBCO – Angular dependencies and implications for the magnet design. Major improvements expected, 
cost should go down. 
BSCCO – Very promising, high cost, difficult to predict cost evolution (new process). 
The prospects for HTS paper by Amalia and Luca.  With REBCO due to angular dependence and self-
field the cosθ performance is presently compromised by a factor 2.3 in conductor volume due to the 
angular dependence. 
The BSCCO conductor canted Cosine theta concept could be envisaged but needs development. 
  
 



Company visits 2015 
(Non-exhaustive list) 
 

Oxford Instruments 

SMT Siemens 

Scientific Magnetics 

Babcock Noell 

SigmaPhi 

Alstom 

ASG 

Bruker 

Tesla 

Columbus 

+ Expert  Consultancy 

Open to EoI 



FCC ACCELERATOR ROADMAP: A plan for discussion 1/2 

• Focus on the  main course: LTS 16 T MB and conductor R&D 

16 T dipole concepts 

16 T dipole design 

Hi-Jc, Lo-cost conductor (HiLo) 

Demonstrator: 
HD, DMC 

Technology: SC, 
SMC/RMC 
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My warm 
Thanks  to 
Luca 



FCC ACCELERATOR ROADMAP: A plan for discussion – 2/2 

Models and prototypes 

Production 

H
i-

Lu
m

in
o
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ty

 

11 T 

QXF 
Models and prototypes 

Production 

Construction and test 

Test of inserts 
Cable test station 

F2 

FCC 

Conductor R&D 

Technology demonstrators and models 

Prototypes 

Not too bad… when is the C+S review ??? 

Production 
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FCC DETECTOR MAGNET ROADMAP 
(Courtesy of Herman Ten Kate) 

• The CDR must be ready in 3 years from now. 

• Technology roadmap for conductor includes: 
– Micro alloying to reinforce the Aluminum jacket 

– Development of Cable in Conduit , close to fusion 

– Development of HTS Cable in Conduit , close to 
fusion DEMO ! 

– NMR Aluminum stabilized conductor ? 

• Technology roadmap needs careful analysis of 
the modularity as far as the coils are huge. 
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FCC 
R&D effort 

Industry 
R&D effort 

*    * 
*       * 
*       * 

Outcome of the Fusuma Tech ad hoc WG 

Around 5 R&D common 
projects on magnet 
technology to be 
implemented over 3 or 
5 years together with 
industry and academics 

These R&D projects may not be devoted to 
conductor development which is already 
under CERN perfect control. 
Contributions of non european countries is 
welcome under the FCC coordination umbrella  
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R&D shopping list  : a first proposal  

• Quench analysis new approach based on new 
computing capabilities and based on multiphysics 

• Large material properties database 

• Cold wireless instrumentation 

• Quench detection and quench management 

• Smart diagnostics 

• Heat extraction  

• Conductor R&D is mastered by companies under  
CERN leadership 
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Historical « love story » of HEP and 
Superconducting Magnet  technology   

Bruce Strauss , Feb 2013 
FCC Design Study, Geneva,  
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To day we are at the 
beginning of a new 
big push and it’s time 
for the old lovers to 
start a new romance 
and make babies ! 



« FuSuMaTech » Overall roadmap 

2015 2016 2017 2018 2019 2020 2021 

Short R&D programs (3 years) 

Long R&D programs (5 years) 

Working Group 

EuroCirCol+++  & other 
EU programs  

EUCARD 3 

Networking 

Transnational Access 

Joint Research Activities 

FCC Umbrella  
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Best practices of European Language 

• Networking:Ways for horizontal interaction with 
the company at expert level (technical contacts, 
newsletters, document servers, 
technical/scientific events, etc.) 

• Transnational Access: « CERN and also 
laboratories will support a wide access to existing 
infrastructures for Industry » ( Lucio ROSSI) 

• Joint Research Activities: Real prototypes. « FCC 
will be built by industry » (Lucio Rossi) 
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“The future is just around the corner” 
Rolf HEUER , CERN DG 

• CERN as worlwide HEP Lab is leading a huge 
effort for HL-LHC  Project  and for FCC study. 

• The teams are working at the frontier edge 
• Industry is also working at the frontier edge in 

superconducting magnet technology 
• There is an endless list of technology challenges  
• We are volunteers to share R&D on technology 

blocks in a win-win strategy with industrial 
companies interested in applications. 

• So please come on board and join us ! 
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