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Abstract

=>» Novel superconducting magnet systems for ECR ion sources (ECRIS) operating at frequencies 2
28 GHz are a core technology to be developed over the next many years.

=» Current state-of-the-art magnet systems are based on the Nb-Ti technology at 4.2 K and are the
new standard injectors for next generation heavy ion beam facilities.

=>» Nb,;Sn provides an immediate option for reaching higher frequencies, which would further improve
the performance of high charge state ECR ion sources. However, Nb,Sn designs are limited to
about 56 GHz.

= High temperature superconductors (HTS) have the potential to become a versatile future option for
operating at frequencies = 37.5 GHz, at = 20 K, not being limited to 56 GHz due to the greater than
100 T magnetic field limit of several HTS materials.
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=>» Superconducting ECR ion sources at 20 K will allow to optimize ECR ion sources independently ‘ Compiled from ASC'02 and i .
- g . . '03 papers (1. Parrell Ol- === Nb-Ti: LH .
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=>» This poster presents a conceptual option for such a magnet system, based on REBCO technology. 0 5 10 15 20 25 30 35
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Design Parameters For High Performance ECR lon Sources

Critical current density (J,) of different HTS and LTS technologies at 4.2 K

e Brop = Frf(GHz)/QS(GHz) . T For the minimum B-field of the trap one can find > 4 Notice the higher J, of REBCO tapes ar_ld !3i-2212 round wires at _higher magnetic
fields, compared to the J, of LHC Nb-Ti wires and RRP Nb;Sn wires for the LHC

® Binj/Brcr =4 e B, ~04B,,; and high luminosity upgrade.

e B,ui/Brcr =2 e 0.4 < Bpin/Brcr < 0.8 => Notice _tha_t J. of REBCQ tapes st.rongly depends on the orientation_ of the
magnetic field: when the field is applied parallel to the tape’s surface, J, is much

® Deyt = 0.95,44 higher than when the field is applied perpendicular to the tape’s surface.

P. J. Lee, Applied Superconductivity Center, National High Magnetic Field Laboratory, Florida State University [Online].
Available: http://www.magnet.fsu.edu/magnettechnology/research/asc/images/jcprog-06-112706col.png

Tuning Considerations

=> The high temperature tail of the electron energy spectrum (with energies above 200 keV) is key to establishing the electrostatic confinement necessary for the creation of high charge state ions.

=>» The hot electron temperature depends neither on the magnetic field gradient at the ECR zone, as previously believed, nor on the heating frequency. The temperature mainly depends on the
absolute value of the minimum B-field.

=» For a given minimum B-field higher heating frequencies will result in higher plasma densities (frequency scaling law still applies).
=» Shallower magnetic field gradients at the ECR zone improves the heating efficiency and allows to reach higher plasma density and performance at a lower power density.

=>» Third generation superconducting ECR ion sources compromise between optimum minimum B-field (shallow gradient) and acceptable heat load into the cryostat due to cooling power limitations
of the 4 K cryogenic systems.

Case Study for a Magnetic Design of a 37.5 GHz ECRIS Based On REBCO Technology at 20 K
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The REBCO tape is not insulated. The current density is 800
A/mm?.
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Key parameters of the solenoids for a conceptual design of 37.5 GHz ECRIS REBCO magnet working at

20 K. The REBCO tape Is partially insulated
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