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Abstract

An oscillator-type mid-infrared Free Electron Laser (FEL) named as KU-FEL has been developed at the Institute of
Advanced Energy, Kyoto University. The extraction efficiency is one of the key parameter of FEL and determines its
performance. In this study, the extraction efficiency of KU-FEL was measured by measuring the energy distribution of
electron beam with and without FEL lasing at the downstream of the undulator. The measured extraction efficiency was
around 5% at the highest power condition of the relative optical cavity length. This value is the highest extraction
efficiency observed in an oscillator-type FEL driven by a normal conducting linac. The macro-pulse duration and bunch
charge of the linac at KU-FEL are relatively smaller than other facilities. The reason why KU-FEL could achieve such
high extraction efficiency was discussed and concluded as the “Dynamic Cavity Desynchronization” in a macro-pulse.
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Figure 1: Schematic Layout of KU-FEL.
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Table 1: Reported Extraction Efficiency of FEL Facilities

. Text A Q | Taper

Facility (%] | [um] Ny pC] | [%] Cav.
JAERI[11]] 9 | 224 | 53| 510 No SC
LANL [13]| 44 11 - | 1500 | 30 NC
LANL [14]] 3.5 | 16.5 | 100] 4500 | 12.5 | NC
FELIX[9] | 1.6 | 25 38 | 200 No NC
JLab [15] 1 10 24 | 150 No SC
CLIO[16] | 0.9 9 38 | 1000 | No NC

Q: Bunch Charge, Cav.: Type of RF Cavity,
SC: Super Conducting, NC: Normal Conducting.
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Figure 2: Schematic drawing of experimental setup.
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Figure 3: Photographs of devices used in this experiment.
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Table 2: Experimental Condition

Macro-pulse Repetition Rate 2 Hz
Macro-pulse Duration of e-beam ~Ts
Expected Bunch Length <1 ps
Electron Beam Energy ~27 MeV
Electron Bunch Charge <50 pC

Undulator Structure Planer, Uniform
Undulator Number of Period 53

Undulator Period Length 33 mm
Undulator K-Value 1.34
FEL Wavelength ~11.6 um
FEL Cavity Length ~5.0358 m
FEL Cavity Roundtrip Loss ~3%
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Figure 4: The FEL macro-pulse peak intensity as the
function of relative length of the FEL optical cavity.
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Figure 5: Electron beam energy evolutions with and
without FEL lasing.
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Figure 6: Energy spectrum of electron beam after the
undulator with and without FEL lasing at the end of the
macro-pulse.
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Figure 7: Temporal evolution of extraction efficiency #jext
under the relative cavity length of 0, -15 and -30 um.
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Figure 8: Temporal evolution of the measured electron
bunch phase in a macro-pulse.
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