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Abstract

The phase error is an important parameter to represent the quality of an undulator, and can be evaluated without
complicated numerical processes. Because the harmonic intensity of undulator radiation is precisely and easily evaluated
by the phase error, it has been used as a standard criterion to be imposed on the undulator quality. It is well known that
this criterion becomes more stringent for higher harmonic orders. For example, the phase error should be less than 18°
to suppress the intensity reduction for the fundamental radiation less than 10%, while that for the 15th harmonic is 1.2°.
Recently, it was pointed out by several authors that such a stringent criterion is greatly relaxed under practical conditions
in which the finite emittance and energy spread of the electron beam are not negligible. In other words, the conventional
phase error overestimates the effects due to the undulator phase errors under the practical conditions. To overcome the
above difficulty, we derived a universal representation of undulator phase errors that is available even under the practical
conditions, and verified its validity under a variety of conditions. Using the derived representation, we also investigated
the effects due to systematic errors that can potentially lead to a large phase error, and found that the above criterion
(10% reduction at the 15th), under the influence of the energy spread of 0.1%, is around 6°. This result suggests the need

to reconsider the undulator specification, which tends to be more stringent for higher harmonics.
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Figure 1: Phase errors calculated for two undulator models
A and B.
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Figure 2: Spectra of undulator radiation computed for the
undulator models A and B around the 15th harmonic, for
different conditions: (a) single electron, (b) finite energy
spread, and (c) finite emittance and angular acceptance.
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Figure 3: Phase error of the undulator model A: original ¢,

moving average (¢), and difference ¢ — ().
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Figure 4: Illustration to explain the systematic field errors
in undulators caused by mechanical errors: (a) basic struc-
ture of an undulator, and (b) linear, (c) quadratic, and (d)
4th-order gap errors.
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