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Fig. 1 Graphic by the ‘“Radiation2D’’ simulator. Moving the electron (the center point) by a mouse, electric field lines
(blue color) follow its movement. The deformation of the electric field line propagates outward as the electromag-
netic radiation. Radiation2D is available from http://www-xfel.spring8.or.jp.
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Fig. 2 The Undulator. A pair of magnetic array creates periodic magnetic field of vertical oriented, in which the ultra-
relativistic electron beam is injected and undulates transversely. It radiates focused quasi-monochromatic radia-

tion in the beam direction.

Undulator Radiation

Fig. 3 The undulator radiation simulated by Radiation2D. Dense short wavelength radiation is accumulated in front of

the electron along its undulating trajectory.
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Fig. 4 (Left) Spontaneous radiation: A large number of electrons run in the electron accelerators as a bunched form.
Since the electrons are randomly distributed, radiations sometimes cancel each others or build up, as a result, the
average field intensity becomes proportional to the square-root of the particle number. (Right) Coherent radia-
tion case: The electrons are regularly distributed with longitudinal displacement equal to the radiation
wavelength, thus radiations interfere constructively. The total field intensity is proportional to the number of par-
ticles N, and the power becomes much higher than the spontaneous radiation.
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Fig. 5 The electrons receive periodic transverse force from the radi-
ation emitted by an electron running behind of them. Due to
the trajectory slope, the transverse force is converted to a
longitudinal acceleration which creates periodic energy
modulation at the radiation wavelength.
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Fig. 6 Configurations of the conventional FEL and the SASE-FEL.
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