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Research on Free Electron Lasers in the UV Range Using the Compact Storage

Ring NIJI-1V
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Free electron lasers (FELS) have an excellent potential to generate intense coherent
radiation with extremely wide wavelength tunability ranging from microwaves to X-
rays. At the Electrotechnical laboratory, research on FELSs is being performed mainly
in the ultraviolet (UV) region on a compact storage ring NIJI-IV. Efforts have been
made to shorten the FEL wavelength by improving the machine performance, such as
electron-beam quality, stored-beam current, laser-mirror reflectance. Now the NIJI-
IV FEL can operate at 212 nm in the deep UV range, the wavelength range which only
a few world existing FEL systems can reach. Here we report the present status of the
NIJI-IV FEL research as well as some important topics on the storage-ring FELSs.
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Fig.1 Schematic arrangement of typical free electron laser system.
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Tablel Typical machine parameters of the NIJI-
IV FEL system.

STORAGE RING

Lattice type triple-bend achromat
Periodicity 2
Circumference 29.6 m
Radio frequency 162.1 MHz
Harmonic number 16
Revolution frequency 10.1 MHz
Betatron tune Vy 2291
vy 1214
Natural chromaticity I -2.97 (without SQS)
&y -4.17 (without SQS)
Beam energy 310 MeV

Maximum stored current 330 mA (full-bunch mode)

30 mA (one-bunch mode)

Momentum compaction factor 0.088
Relative energy spread olE  2.28x10*
Bunch length 0, 22mm

Natural emittance 4.913x 108 mrad
OPTICAL KLYSTRON
Magnetic period
Undulator section 72 mm
Dispersive section 216 mm
Number of period (in undulator section) 42 x 2
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Minimum gap distance 36 mm
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Fig.2 Structure of three different types of RF cavities: (a) pill-box, (b) nose cones, and (c) re-entrant.
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Fig.4 Cavity voltage and beam trapping.
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Table 2 Instabilities in the stored beam.

Multi-Bunch I ssues
O [Coherent Bunch Oscillation
- Coupled-Bunch Instability

Single-Bunch Issues
0 Bunch Lengthening
- Potential-Well Distortion
- Turbulent (Longitudinal Microwave Instability) [
[ [Sudden Beam Loss
- Head-Tail Instability (Transverse Microwave Instability)
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