Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo
PASJ2025 FRPO035

TooalL—SBRERARIEDEOHD . FER_ERAMMEEEZRALS
L— —BHSZERA B EREDRFE |

VERY SHORT PERIOD UNDULATOR BASED ON SPATIAL PHASE MODULATION OF
LASER FIELDS GIVEN BY DIELECTRIC DOUBLY PERIODIC FINE STRUCTURE I

LA A, FREAR— A, =K B
Shigeru Yamamoto™ *), Shinichi Masuda®), Eisuke Miura®
A High Energy Accelerator Research Organization
B) National Institute of Advanced Industrial and Technology

Abstract

We are developing a new type of extremely short-period undulator with a period length of about 0.1 mm. An
undulator field is generated by spatial phase modulation of the laser wavefront using a dielectric with a doubly periodic
fine structure. The electron trajectory in the spatially phase modulated electromagnetic laser field was analyzed in detail
to clarify radiation characteristics from the electrons. A prototype of doubly periodic fine structure device was
fabricated. The spatial phase modulation of a YAG laser field after passing through the device was demonstrated by
interferometric measurement. An optical system was developed to precisely align two doubly periodic fine structure
devices placed facing each other to generate an undulator field while injecting laser light from the back of both the

devices.
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Figure 1: Spatial phase modulation of laser fields by
dielectric periodic fine structure. A,: laser wavelength,
Ap: period length of dielectric fine structure, n: dielectric
refractive index, E: electric field, B: magnetic field.
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Figure 2: Interference electromagnetic field produced by
two spatially phase modulated laser fields. The electric
fields and the magnetic fields of the two lasers cancel and
reinforce each other, respectively. When the period length
of the fine structure is equal to the laser wavelength,
electrons moving in z direction with speed of light
synchronize with the spatially phase modulated magnetic
field and are continually deflected in the same direction.
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Figure 3: Electron trajectories in the undulator field produced by spatial phase modulation of laser electromagnetic field
and magnetic fields acting on the electrons along their trajectories. Transverse drift is suppressed in this calculation
(Bxo = 0). The electron takes different trajectories depending on the timing t; of injection into the undulator field.
However, the fundamental period of quiver motion is independent of ty. Here A, = 100 um, A, = 50 um, y = 500,

N, =10, and K =0.1.
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Figure 4: On-axis radiation spectra from a single electron in the undulator field produced by spatial phase modulation of
laser electromagnetic field. When transverse drift is suppressed (5,, = 0), fundamental (and higher) resonant frequency
of radiation becomes independent on the timing t; of injection into the undulator field. Here 4, = 100 um, 4, =

50 ym, y =500, N, =10, and K = 0.1.
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Figure 5: SEM image of dielectric periodic fine structure.

(a) Experimental setup (b) Result of spatial phase modulation measurement
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Figure 6: Measurement of spatial phase modulation of
YAG laser with the wavelength of 1.064 pum. Dielectric
periodic fine structure with period length of 200 um was
used.
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