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Abstract

We are exploring a novel method to fabricate undulator magnets having a very short period length. Plate-type magnets
100mm long with 4-mm period length have been successfully fabricated. Undulator field of approximately 3kG is
obtained at a gap of 1.6mm. A prototype undulator based on this technology has been constructed. Field measurements
and characterization show that the quality of the undulator field of these plate magnets is sufficient for an undulator light
source. Test experiments for light generation using a real electron beam have been carried out at a test accelerator at the
Research Center for Electron Photon Science (ELPH), Tohoku University. Observation and characterization of the

undulator radiation were accomplished successfully.
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Figure 1: Development of reduction of undulator period
length of over the years at the Photon Factory (PF), KEK.
Red lines indicate the history at the 2.5-GeV PF, and blue
lines indicate the history at the 6.5-GeV PF-Accumulation
Ring (PF-AR): Green line indicates the target of the
present research.
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Figure 2: (a) Schematic illustration of perpendicular
magnetization of the magnet plate, and (b) Formation of an
undulator field in perpendicular magnetization[13].
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Figure 3: Multi-pole magnetization employing a linear
motor. Perpendicular geometry is adopted.
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Figure 4: Magnetized plate magnets 100 mm long, 20 mm
wide and 2 mm thick with a period length of 4mm, which
are coated with TiN. A pair of these plates is opposed to
form the undulator field.
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Figure 5: Result of the magnetic measurement for the plate
magnet 100 mm long; (a) undulator field with a period
length of 4 mm measured at a gap of 1.4, 1.6 and 2.0 mm,
and (b) orbit of an electron with energy of 2.5 GeV at the
same gaps.
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Figure 6: Comparison of the flux density spectrum
calculated on the basis of the measured field, to that of the
ideal field for 2.5-GeV energy of the electron beam with
zero emittance and zero energy spread.
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Figure 7: Photograph of a mechanical frame of the very
short period undulator which can be equipped with the
plate magnets 200 mm long.
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Figure 8: t-ACTS beam line and optical system for measurement of undulator radiation.
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Figure 9: Observation of the first light from the very short
period undulator.
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Figure 10: Optical system to observe the undulator
radiation. A color CCD and an imaging spectrometer with
an EM-CCD were placed downstream of the iris. A
movable mirror was put to switch the undulator radiation
into the color CCD or the imaging spectrometer.
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Figure 11: (a) A transverse profile of the undulator
radiation observed by color CCD. (b) A single-shot 2-
dimensional spectroscopic image.
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Figure 12: Measured and calculated undulator spectra of
the first harmonic of undulator radiations from the 4-mm
period undulator with 100 mm length at several gaps of
1.5(red), 1.7(blue), and 2.0(green) mm. The calculated
spectra are denoted by circles.
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