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Abstract

For the SuperKEKB accelerator, an upgrade of the superconducting final focusing quadrupole magnet (QC1P) is proposed
for the next long shutdown period. Simulation studies indicate that moving QC1P by 100 mm closer to the interaction point
(IP) increases the dynamic aperture and extends the beam lifetime. Moving QCI1P closer to the IP reduces its distance to the
high-energy ring (HER), as the IP is the intersection point of the HER and the low-energy ring (LER). Therefore, reducing the
outer diameter of QC1P while maintaining its inner aperture is required when moving it closer to the IP. This design requires
approximately double the current density of the current design. To meet this requirement, we develop a quadrupole magnet
using Nb3 Sn superconducting wires, which exhibit superior critical properties compared to the NbTi conductors currently used
in QC1P. We report the development status of QC1P.
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Figure 1: The current layout of the QCS at the IR.
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Figure 2: A proposal for the modification of the QC1P and
compensation solenoid setup. Upper: Current setup. Lower:
Upgraded setup. The color contour shows the superimposed
B, component of the Belle II solenoid and the compensation
solenoid. The z axis corresponds to the horizontal axis in all
plots.
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Figure 3: Critical surfaces of NbTi and Nb3Sn and the oper-
ation points of the current/upgraded QC1P. x axis: Magnetic
flux density, y axis - Current density of the coils (non-copper
Jo). Solid curve (red): Critical surface of Nb3Sn wire, Dashed
curve (Black): NbTi. Circle symbol: Operation point of the
upgraded QCI1P. Triangle symbol: Current QC1P [8, 9].
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Figure 4: The cross section of the QC1P magnet.

Table 1: Main Specifications of the Upgraded QC1P Magnet

Parameters Values  Units
G: B-Field Gradient 80 Tm™!
L: Effective length 334 mm
GL 26.7 T
Physical length < 400 mm
Nominal current 1680 A
Inner radius of coil* 22.5 mm
Outer radius of coil* 24.2 mm

—

1

Multipoles@Rer = 10 mm <1
* Including a wire insulation.

Number of turns
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Table 2: Main Specifications of Nb3Sn Wire for the QC1P
Magnet

Parameters Values Units
Cross section Rectangular

Bare wire 0.8x 1.5 mm
Insulated wire 1.0x 1.7 mm
Jc (Non-Cu)@8.7K and 2.7 T > 2800 Amm™2
Tc@B =25T > 8.7 K
Filament diameter <5 pm
Operation temperature 4.7 K
Temperature margin >4 K
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Figure 5: Calculated Contour map of the magnetic flux den-
sity. Calculated by Opera [12].
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Figure 6: Axial profiles of the higher order multipole components. The right-hand side corresponds to the lead end of the coils.
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Figure 7: Calculated integrated multipole components.
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Figure 8: Left: Test winding of Nb3Sn coil; right: Measure-
ment device for the Young’s modulus of Nb3Sn wire.
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Figure 9: Conceptual cross-sectional design of the mirror
magnet. The magnetic field distribution is calculated using
Opera [12].
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