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WHAT is shielding-current-induced field (SCIF)?
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Rotating gantry, Heavy Ion Medical
Accelerator in Chiba (HIMAC)

Time dependent magnetic field
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Dipole magnet wound
with coated conductor

Shielding current

Deterioration of field quality

CCLLC-1
Sticky Note
We are working on to replace LTS dipole magnets in rotating gantry for carbon cancer therapy to HTS magnets wound with coated conductors.
This magnets are required to generate this type of time dependent magnetic field with highly precise field quality. It is because we bend heavy ion beam with different energy and inject the beam to patients for therapy.
As the problem of application of ReBCO coated conductors to this magnet, induced shielding currents in coated conductors generates additional undesired magnetic field, SCIF.
SCIF deteriorates field quality.
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HOW does SCIF deteriorate field quality of accelerator magnets?
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Dipole and sextupole components
of SCIF have to be mitigated!!
• Dependence of SCIF on current

N. Tominaga, et. al., IEEE TAS,
28, 4900305

CCLLC-1
Sticky Note
This is a electromagnetic field analysis results. By using the three-dimensional electromagnetic field analysis model developed by our group, we can visualize shielding currents in magnets.
I show the dipole, sextupole, and decapole components of SCIF. Here, influence of SCIF on dipole and sextupole components of magnetic field is larger than criteria of required field quality to magnets for rotating gantry.
And also, it is the especially difficult point in accelerator magnets that SCIF depends on current. Because we need to mitigate SCIF for every current, mitigation of SCIF for accelerator magnets could be challenging.
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HOW can influence of SCIF be mitigated?

Current control for dipole component
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Correction coils for sextupole component

Current profile is decided 
based on the advance
simulation.

Operation pattern of the
correction coil is decided
based on the advance
simulation.Error field by SCIF was

less than 110-3 of BL1,d.

CCLLC-1
Sticky Note
I suggest two solutions to mitigate influence of SCIF on field quality. This is the main part of this work by myself.
First, for dipole component, current control is a solution because the magnet was designed to generate only dipole component linear to current. Current profile could be decided based on the advance simulation.
Second, for sextupole component, combination of collection coils and main dipole magnet is a solution. We need to have another component which have another freedom to generate sextupole component. Operation pattern of the collection coils could be decided based on the advance simulation, too.
As the effect of these solutions, it was confirmed that we could obtain sufficient precise field quality for rotating gantry magnets.
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SCIF Field quality of
magnets

WHAT can we do for SCIF in HTS magnet?
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SCIF will become “neighbor getting along with 
in HTS magnets”, not but “the enemy standing 
no chance of winning” in near future.

Now, we have technique to predict SCIF in the magnets
and theoretical method to examine mitigation effect of SCIF.
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