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The strengths of SC magnets
• SC magnets are the choice of reference to 

generate high magnetic fields (above 2 T), in a 
range where NC magnets are neither 
economic, nor technologically viable: 
technology enablers

• At low field (up to 2 T) SC magnets can provide 
better wall-plug efficiency (lower power 
consumption), increased design options (gap 
width) and increased operational flexibility 
(steady state operation) at larger investment: 
technology displacers



Electricity: an expensive commodity
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Electricity_and_natural_gas_price_statistics

+20% between 2008 and 2013 in the EU

+35% between 2004 and 

2013 in EU-28

+50% between 2000 

and 2011 in Germany

There is no reason to 

doubt that the cost of 

electricity will continue to 

increase

Installed 

capacity  and 

production is 

not increasing

NOTE: requires better research
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Trade-off with resistive magnets

A superconducting magnet will be competitive if we 

achieve a wall-plug power per unit magnet length 

much below 2…4 kW/m

h



The edge of LTS and HTS

Target 5 W/m at 4.2 K

(difficult, COP=250)

SC fast cycled magnet

Resistive magnet

Large gain at 77 K !

(COP=15)

4.2 K

77 K



A FCM’s hall-of-fame

superferric

cosq
1-layer 2-layers

All magnets so far based on LTS 

technology, operating at 4.2 K



Losses in FCM’s

All losses normalized to 

an operating point of 2 T 

and 4 T/s 

5 W/m 

target

Achieving the loss target 

is difficult for LTS magnets
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A summary of FCM programs
• Design study for a Heavy Ion Storage Ring at 

BNL (G. Danby, BNL, 1985)

• Construction of Nuclotron (A. Kovalenko, JINR, 
1992)

• R&D and construction of FAIR SIS-100 (on-
going)

• CERN FCM for PS2 (L. Bottura, CERN, 2012)

• R&D for a RCS at Fermilab (H. Piekarz, FNAL, 
on-going ?)

• R&D for NICA at JINR (H. Khodzhibagiyan, 
JINR, on-going)

• R&D for FAIR SIS-300 (H. Mueller, GSI, on-
going, covered by EU-FP7 CRISP)
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Objective of the program
• Draw on the experience of LTS-FCM and HTS 

cables development to:
• WP1 - Design an energy efficient, large gap FCM for 

operation up to 2 T, 1 Hz, 5 W/m of magnet, based 
on HTS coil operated at (about) 77 K

• WP2 - Develop a low-loss HTS cable suitable for 
low-loss, long-term operation

• WP3 - Wind prototype coils for a HTS-FCM 
demonstrator

• WP4 – Build the HTS-FCM demonstrator

• WP5 – Test the HTS-FCM demonstrator, including 
accelerated life test to show potential for reliable 
long-term operation



Potential and synergies

• Nuclear physics and accelerator laboratories 

• improve power efficiency, 

• reduce installed power, 

• provide retro-fit solutions, 

• increase operational flexibility

• Synchrotrons for medical applications

• reduce dimensions and installed power

• Low-loss HTS cable development, provide 

material and technology advancement for 

power transmission and high-field magnets
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FCM’s precursors

• Nuclotron (1992)
• Built from 1987 to 1992

• Designed for acceleration of heavy 

ion beams, up to 238U

• Dipole magnets designed for 2 T at 

4T/s (1 Hz repetition rate)

• Achieved 2 T at ≈ 0.2 Hz in 

operation

G. Danby, IEEE Transactions on Nuclear Science, Vol. 

NS-32, No. 5, October 1985 

A. Sidorin, Status of the NUCLOTRON, Proceedings of RUPAC2012, 

117, 2012

• Heavy Ion Storage 

Ring at BNL (1985)
• No training

• Excellent field quality, no 

magnetization effects

• Unprotected (?!?)



FAIR at GSI – SIS 100
• Synchrotron for the acceleration of intense 238U28+ beams 

up to 2.7 GeV/u and p+ beams up to 29 GeV

• Fast pulsed dipoles, 2 T, 4 T/s (i.e. 1 Hz repetition rate) 
based on an improved Nuclotron concept

• Several prototypes tested

• Pre-series started, construction in approximately 1 year

Cross section of first industrial prototype

Pre-series full-scale dipole

By courtesy of E. Fischer (GSI) and BNG



NICA at JINR (Nuclotron-based Ion Collider fAcility)

NICA booster:

Dipole field 1.8 T

Ramp-rate 1.2 T/s

NICA collider:

Dipole field 1.8 T

Ramp-rate < 0.5 T/s

H. Khodzhibagiyan, Status of the Design and test of Superconducting Magnets for the NICA Project, Proceedings of RUPAC2012, 149, 2012

By courtesy of H. Khodzhibagiyan (JINR)



FAIR at GSI – SIS 300
• Synchrotron for fully stripped 238U92+ beams up to 34 GeV/u

• Planned for a later stage of the FAIR facility

• Fast pulsed dipoles, 4.5 T, 1 T/s (≈0.1 Hz repetition rate) 
based on a low-loss cos-q design

• Two prototypes tested

Disco_Rap full size prototype

Train of ramps at 0.5 T/s

UNK dipole SIS-300 prototype

Single ramps to 

6.5 T up to 1.2 T/s

6.5 T

By courtesy of P. Fabbricatore (INFN), S. Kozub (IHEP)



Warm iron: higher efficiency

Flat-top field (T) 1.8

Field ramp-rate (T/s) 1.6

Good field region (mm2) 42 x 30

AC loss (W/m) < 2

Warm iron brings much improved energy-efficiency

FCM demonstrator at CERNExample of trains of nominal cycles

Warm 

iron

Nb-Ti coil


