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Abstract

In the compact Energy Recovery Linac (cERL) at KEK, an infrared Free-Electron Laser (FEL) oscillation test is being
conducted. Experiments and simulations have shown that the spatial distribution of the electron beam is so small that
the light emitted from the electrons diverges greatly due to diffraction effects. The diverging light repeatedly propagates
through interference with the vacuum duct walls of the beamline, but the existing simulation code does not consider the
interaction between the external boundary and the light, which may compromise the reliability of the analysis results.
Then we added a function to set boundary conditions to the 3D time-domain FEL simulation code GENESIS 1.3, which
is widely used for FEL simulation. In this paper, we summarize the details of the boundary conditions and the embedding

method to GENESIS 1.3. In addition, the simulation results of cERL-FEL are also reported.
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Figure 1: Calculation area and its boundary condition.
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Figure 2: The horizontally polarized light profile (elec-
tric fields) in the waveguide at various distances L from
waveguide entrance. Size of waveguide is x = 35 mm and
y = 14 mm, wavelength =10 pm, and the input size of the
Gaussian wave is 3 mm in RMS.

Table 1: Setting parameter for FEL simulation of cERL-
FEL

34.7

60 pC

4.52 pm (rms)
1.80 pm (rms)
1.94 ps (rms)

Electron beam  Energy (v)

Bunch Charge
Norm. emittance (x)
Norm. emittance (y)

Bunch duration

Energy spread (Avy/v)  6.22x107% (rms)
Undulator Strength (a.,) 0.97
Period (\y) 24 mm
Total length 3m x 2
FEL Resonant wavelength 20 pm
Simulation area x =50 mm
y =50 mm
Vacuum area x =50 mm
y =8 mm
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Figure 3: Spatial distribution of radiation in transverse
plane at various distances from the undulator exit com-
puted by original GENESIS 1.3.
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Figure 4: Spatial distribution of radiation in transverse
plane at various distances from the undulator exit com-
puted by modified GENESIS 1.3 (with boundary condi-
tions).
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Figure 5: Energy evolution of FEL pulse. Solid line is orig-

inal GENESIS 1.3 and dotted line is modified one (with
boundary conditions).
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Figure 6: Pulse shape of FEL pulse. Solid line is original
GENESIS 1.3 and dotted line is modified one (with bound-
ary conditions).

4. FLHLSEDER

cERL-FEL IZBWTHEEHIE L Iz o> TWoET
WMRIZL B FEL N5 X 2 EE2EZEET 570, BHFD
GENESIS 1.3 IZ/MEEFRIC BT 3 0B REMFI D A
Nize 2l —ayoiiR»s, FELARE 7YY 2
L—ZHO»5EEL Y FEEEIZE W TR LooEH
RIS E R L BB S L T\ Z e BRI
7o, FEL FEANG 2 2 BII 2 6 OFERP HITR S
o7z,

FEL FIEIEDIRARLMEEMZ 2 Z ¥ T, AR %
HigEE » BN Tz, Wb 3 waveguideFEL DFHHE HAJ
HEL 725, BEEX T MEREFALE L., JCONHERE - #f
HEPRELLIEZZICX3¥rRY v _R—Y FEL
D¥Ial—a YREADEBIZOWTS, 5%

ZHED TV,

BE

[1] Y. Honda et al., “Construction and commissioning of mid-
infrared self-amplified spontaneous emission free-electron
laser at compact energy recovery linac”, Rev. Sci. Instrum.
92, 113101 (2021). doi:10.1063/5.0072511

[2] S. Reiche, “GENESIS 1.3 : a fully 3D time-dependent FEL
simulation code”, Nucl. Inst. Meth. A 429 (1999) 243.

[3] https://github.com/svenreiche/Genesis-1.
3-Version4

[4] C. Pellegrini, A. Marinelli, S. Reiche, “The physics of x-ray
free-electron lasers”, Rev. Mod. Phys., 88, 015006 (2016).
doi:10.1103/RevModPhys.88.015006

[5] R. Prazeres, “Numerical method for full calculation of the
electromagnetic field in a rectangular waveguide within over-
moded configuration, using the fast Fourier transform”, Eur.
Phys. J. Appl. Phys., (2014) 68: 20501 doi:10.1051/
epjap/2014140132

- 364 -



