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Abstract

Generally a septum magnet with a C-shape iron yoke is used for an injection and extraction areas of accelerators.
However, this type of magnet cannot be used as a high field magnet beyond the iron saturation level around 2 T due
to leakage of the magnetic field and degradation of the magnetic field quality. On the other hand, in a ring accelerator,
cosine-theta type magnets with a superconducting cable are commonly used to induce high magnetic field more than
2 T. Based on the cosine-theta magnet, a novel concept of a septum magnet was devised. With superconducting cables,
possibility of septum magnet design beyond 2 T was explored by electromagnetic simulations. In future, such a high
field magnet could be used for the CERN’s future project FCC (Future Circular Collider) or superconducting accelerators
for medical applications. We present the principle of the design and three design studies with different superconducting
cables.
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Figure 2: Flux lines induced by complete cosine-theta and truncated cosine-theta septa with a truncation in the left side,
at the center, in the right side. (from left to right). Flux lines were drawn by ten line currents per pole and their image

currents instead of the iron yoke with infinite permeability.

Table 1: Design Parameters of the Superconducting Septum Magnets

Maximum field strength 365T 8T 2T
Cable type Rutherford cable ~ Rutherford cable ~ Nuclotron cable
Cable size 25mm x 1 mm 154 mm X 2.2 mm ¢ 8.29 mm
Superconducting strand diameter 0.5 mm 1.65 mm 0.8 mm
Number of strands in cable 10 28 23
Maximum field strength 365T 7.87T 2T
Turns per pole 66 59 14
Current 1.9 kA 15 kA 13.3 kA
Operation temperature 47K 1.9K 47K
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Figure 3: Cross section of 3.65 T superconducting septum
magnet. The hole at the right side is for a extracted beam
and the other is for a circulating beam.
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Figure 4: The magnetic field | B| at the central part of the
magnet.
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Figure 5: Picture of the three dimensional model of the end
of the 3.65 T septum magnet.
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Figure 6: Cross section of the 8 T superconducting septum
magnet.
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Figure 7: The magnetic field | B| at the central part of the
magnet.
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Figure 8: Cross section of the 2 T superconducting septum
magnet (left) and the cross section of the upper half of the
coil (right).
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Figure 9: The magnetic field | B| at the central part of the
magnet.
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