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Abstract

A positron damping ring is being constructed at KEK to produce a low emittance positron injected to the SuperKEKB
main ring. A large dynamic aperture is required to accept a large emittance beam delivered from the injector linac. The
degradation of the dynamic aperture comes from nonlinear magnetic fields of bending magnets because the sagitta is large
compared to a good field region of the magnets. A three-dimensional multipole expansion technique with numerical field
calculation is applied to analyze multipole coefficients of the magnets. Those magnets are modeled on the accelerator code
SAD as a series of two-dimensional multipole slices. It is confirmed that, although the nonlinear fields severely induce
resonant instabilities, the dynamic aperture is larger than requirement of the injection if the lattice has no imperfection.
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Figure 1: Schematic of the PDR arc cell (upper) and the
arc-cell optics (lower).
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Figure 2: B1 simulation model.
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Figure 3: Vertical magnetic field profile along the magnet
axis z.
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Figure 4: Magnetic field uniformity of B1 magnet at z = 0
and -0.4 m.
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Figure 5: Sextupole field profile at » = 10 mm.

Table 1: Integrated Multipole Field Strength at » =10 cm
Normalized by That of 2-pole Field

Eq. (1) Eq. (2)
4-pole  —1.69x107° —1.85x107°
6-pole 1.06 x 1074 8.82 x 1075
8-pole 4.80 x 107° 4.30 x 107©
10-pole  —2.39 x 107°  —1.69 x 1075
12-pole  2.05 x 1073 3.51 x 1077
14-pole —1.36 x 107*? —9.87 x 107°
16-pole  7.68 x 102! 4.14 x 107°
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Figure 6: Cell optics with the multipole slice model.
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Figure 7: Vertical tune chromaticity of the PDR lattice and
thickness of the multipole slices.
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Figure 8: Dynamic aperture before and after optimization,
where 0, =0.87 mm and o = 5.5 x 1072%.
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Figure 9: Frequency map analysis to the PDR lattice, (a)
diffusion coefficient on real space and (b) on tune space.
The operation point is (v, v,) = (8.240,7.265), and o, =
oy = 0.87 mm.
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Figure 10: Dynamic aperture and nonlinear multipoles.
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