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s [ETRF AP iz% | (Laboratory for Electron
Beam Research and Application, LEBRA) # IE X% &
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TR & 2 IS 3 AR w R L TID, 2EHOD
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B, IEE O EORAT XVF —13125 MeV TH
HH0O0, BEFREH & L COMH S & LT100 MeV
ERELTWS, FELY—ATF A Vid 2 [H45° R L 72
BOTRICEESIN TS, BERNASATIY v 7 X#
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Table 1 Specifications of the LEBR-linac.

Accelerating RF Frequency 2856 MHz
Electron Energy 40-100 MeV
DC Gun Voltage -100 keV
Macropulse Duration 5-20 us
Repetition Rate 2-12.5 pps
Macroplse Beam Current <200 mA
Average Beam Current <8 uA
Energy Spread (FWHM) 0.5-1%

Normalized Emittance ~157 mmemrad
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Fig. 1 (Color online) Layout of the LEBRA-linac and the 2 beamlines for light sources.
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Fig. 2 (Color online) The degradation of the magnetic field and
the radioactivity of the first LEBRA-undulator for visible
FEL.
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Fig. 3 (Color online) The total machine time of the linac and the
operating time for the FEL-beamline as functions of fiscal
year.
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Fig. 4 (Color online) The trend of the available FEL power using the original IR-undulator at the LEBRA facility until

the exchange of the magnet-array.
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Fig. 6 (Color online) Schematic drawing for the comparisson of
the FEL micropulse trains in the optical cavity between the
full-bunch mode and the burst mode in the LEBRA-FEL sys-
tem.
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Fig. 7 (Color online) Comparison of the normalized magnetic
field of the original IR-undulator measured in 2000, 2010 and
2017.
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Fig. 8 (Color online) A photograph of the new magnet-array for
the IR-undulator during the installation into the FEL-beam-
line.
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Fig. 9 The magnetic field of the repaired undulator measured as a
function of the longitudinal position along the magnet-ar-
ray, attached with a magnified plot around the upstream
region.
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Fig. 10 The effective K-value of the repaired undulator as a function
of the undulator gap width.

Table 2 Specifications of the LEBR-FEL system.

Halbach-type Planar
Dy-doped Nd-Fe-B
48 mm

Undulator Configuration
Magnet Material

Perion of Undulator Field
Number of Periods 49

Undulator Gap Width >24 mm
K-value (rms) 0.7-1.4
Resonator Length 6718.04 mm
Fundamental Wavelength 1.2-6.7 um

1004

FEL power [ mJ/macropulse ]
)
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Fig. 2 The FEL macropulse-waveform in the 64-dividing burst-
mode when the macropulse energy is estimated to be 26 mJ.
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Fig. 1 (Color online) The IR-FEL macropulse power after the exchange of the undulator magZnet-array and the opti-
cal resonator mirrors as functions of fundamental wavelength.
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Radiation-induced demagnetization of the undu-
lator magnet-array for infrared-FEL and the repair
dealing at Nihon University

Yasushi HAYAKAWA Laboratory for Electron Beam Research and Application (LEBRA), Nihon

University, Narashinodai 7-24-1, Funabashi 274-8501, Japan

Takeshi SAKAI Laboratory for Electron Beam Research and Application (LEBRA), Nihon

University, Narashinodai 7-24-1, Funabashi 274-8501, Japan

Abstract

A resonator-type free electron laser (FEL) has been in operation utilizing a 125-MeV electron linac
at the Laboratory for Electron Beam Research and Application (LEBRA), Nihon University. The
FEL beam has been supplied for users researches as near-infrared (IR) light source since the first-
lasing at 1.5 um wavelength in May 2001. In 2017, however, we found that the magnetic field of
the undulator magnet-array was reduced especially around the undulator entrance to almost half
strength. The radiation-induced demagnetization had seriously caused the reduction and the in-
stability of available FEL power. For the repair of the undulator, a new undulator magnet-array was
manufactured and was installed as a replacement for the damaged array in February 2020. After
the exchange of the magnet-array and the damaged mirrors of the FEL resonator, the available FEL
intensity has been normally recovered and the highest output in the burst mode was obtained
since the introduction of the mode. For the protection of the undurator against radiation exposure,
the radiation shield around the bending magnet in front of the undulator is enhanced and several
scintillator-based radiation monitors are placed around the undulator for realtime monitoring. In
addition to realtime monitors we consider the use of integral dosimeters based on poly (vinyl alco-
hol) -iodide complex gel.
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