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Abstract

We proposed the new undulator magnetic circuit so-called phase-combined undulator [!!, having nearly zero magnetic
force between the upper and lower magnet array is proposed, which significantly simplifies the mechanical structure of
undulators. In the undulator, each magnet array is divided into a number of sections, half of which are phase-shifted
according to a particular rule without breaking the periodicity in the undulator field. Calculation results show that the
magnetic force can be reduced down to less than 1/50 of that in the Halbach undulator , when the gap over period is in

practical range, more than or equal to 1/18.
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Figure 1: Halbach arrays with the relative longitudinal displacement between the upper and lower magnet arrays

Ay, of (a) zero, (b) +A,/4, (¢) +A,/2, and (d)

—Ay/4. The pair of small arrows indicates the attractive (blue) or

repulsive (red) force between two magnets. The total forces acting on the magnet beam are drawn by the large
arrows (white). The phase diagram of the forces and the peak fields are drawn in (e).
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Figure 1: Conceptual drawing of the PCU. (a) The upper and (b9 the lower phase-shifted configuration are
combined as (c) the PCU with D = 2 and (d) the PCU with D = N,,. The symbol b indicates that the upper
magnets are displaced by Ay, = —A,/4 in the section, and the symbol # indicates that the lower
magnets are displaced by Ay, = —4,/4 as shown in (e) the phase diagram.
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Figure 3: (a) Numerically calculated magnetic forces for the Halbach Undulator, the PCU (D=2) and the PCU

(D=Nu). (b) Forces with and without the adjustments.
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Table 1: Maximum Absolute Forces.

Imin = 3 mm
(gmin//lu = 1/6)

Max. |E,|/L [N/m]

Halbach Undulator
PCU (2<D <Ny

12000
500 — 800

Gmin = 1 mm
(.gmin//lu 2 1/18)

Max. |F,|/L [N/m]

Halbach Undulator
PCU (2 <D <N,)
With fine adjustment

25000
2100 —-3900
400 - 1200
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