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Introduction

Is it possible to build fast (15Hz) cycling superconducting accelerator?

• NUKLOTRON, JINR, Dubna – superconducting magnets, 2Tesla, 1 Hz

• GSI, Germany, Darmschtadt - two stages, 2T-4T, 1Hz (prototyping)

• Super-GM project, Japan – 50-60 Hz applications

• HTS 1MVA power transformer, 145A, 6.9 kV, 60Hz

• New AC superconductors

• HTS Current leads - 2 kA, 50 Hz

• HTS transmission lines projects

• Resonance power supply with IGBT
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AC superconducting applications

Bm=2T, dB/dt=4T/s, f=1Hz, P=16W/m magnet length

Iq=7400A
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AC LTS superconductors

1kW/m3 = 1 mW/mm^2-m
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AC Current leads
IEEE Trans. on Magnetics, Vol.32, No.4, 1996, p.2671

Y.Yasukawa, et.al.
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Proton Driver Dipole Magnet

Magnetic field                    1.5 T
Air gap                              101.6 mm
Field homogeneity        ± 0.05 %
Magnet length                  5.72 m
Repetition rate                 15 Hz
Maximum current          5170 A
Average power                115 kW  
Conductor 20.2 mm x 15 mm, 10 mm dia.

Number of turns/pole                      24 
(three conductors in parallel)
Lamination thickness              0.35 mm
DC Resistance                       4.7 mOhm
Inductance                                  18  mH
Number of water circuits                12
Water pressure drop                  10 bar
Water flow                                   1.7 l/s
Water temperature rise              17 C  

Operational cost of electricity:

20 years

7900 hours/year

0.1$/kWh including efficiency

115 kW/magnet

~ 25 magnets

Magnets cost 27.3 M$

Electricity  45.4 M$
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Magnet Parameters:
Magnetic field              1.5 – 3.0 T

Frequency                         15 Hz

Air gap                       100 – 150 mm

Length                        5.72m – 2.86 m

Superconductor         NbTi/CuNi or HTS

Iron/air  core             room temperature

Cooling                       LHe forced flow

Superconductor AC losses       < 3.3 kW/m^3
at 15 Hz and 0.5 mm dia.
Losses for 1.5 T magnet               1.2 W/m
for NbTi/CuNi ALSTHOM superconductor
with 0.16 um filaments

Main Issue:

Superconducting cable and winding with low eddy current losses

Eddy current losses effectively reduced by using high 
resistive CuNi matrix and small twist pitch 1.5mm for sub-
wire and 6-8mm in 0.5mm wire.

Careful optimization needed between SC cable, cooling 
pipes/channels and construction elements to reduce heat 
load up to reasonable value  

Magnet ampere-turns at 1.5T – 166 ka

Coil Bmax=1.7 T

Superconducting Dipole Magnet

Hysteresis losses can be effectively reduced by

decreasing a filament size up to ~ 0.2 um
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Advantages of superconducting synchrotron

• Field x Frequency – Accelerator Magnets Record
3 T x 15 Hz = 45 !

• Field x Frequency x Field Volume – World Record
4.5 m3 !

• Possible cost savings
• Higher magnetic field
• Larger aperture for larger luminocity
• Shorter tunnel 
• Smaller magnets
• Lower wall power
• New technology for industry
• Investments in AC superconductors
• Young people education and experience 
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Directions for R&D

Superconducting Proton Driver Preconceptual Design.
Superconducting Proton Driver Design Study with cost 
analysis.
AC superconductors choice, tests.
AC cables design, manufacturing and tests.
Dipole and quadrupole AC magnets design, model tests.
Test stand with AC current leads and power supply design 
and manufacturing.
Proton Driver Cryosystem
Proton Driver Power Supply 
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Summary

The goal of this proposal is to initiate Superconducting 
Proton Driver discussion, design study and R&D. 

Superconducting AC magnets on the frontier of superconducting 
technology.

These magnets and technology are the  good and feasible step to 
60 Hz industrial applications: synchronous generators, motors, 
transformers, transmission lines which supported by DOE funds.

Fermilab needs new and high technology project to continue be a 
world leader in superconducting magnets and has resources for 
this task.
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