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Abstract

Energy Recovery Linac (ERL) gets a lot of attention as a next generation period light source instrument for
producing a high brightness and short pulse synchrotron lights. To achieve high quality beam with low emittance and
short bunch length it is important to reduce an emittance growth due to Coherent Synchrotron Radiation (CSR)
generated at dipole magnets. The beam optics and lattice design of the first scheme in KEK-REL test facility, which is
based on the previous design parameters, is optimized to suppress the emittance growth. The emittance growth rate is
influenced by the matching between the transverse ellipse phase space and CSR kick direction as well as the spike in
the bunch head appearing at the bunch compression, which causes strong CSR. In this paper, the effects were validated
and optimize the beam optics and lattice design of KEK-ERL test facility.
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Fig.1 Relationship between the kick direction of CSR, Ocgr,

and the long axes of the transverse phase spaces, €ppase. The

emittance growth is minimized when the two angles match each
other. Emittance growth is (a) : large, and (b) : small
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Fig.2 Lattice geometry of the KEK-ERL test facility
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Table 1 Main parameters of the KEK-ERL test facility 4
Main parameter Design value
Injection beam energy 5 MeV Rse 0.6 m
Maximum beam energy 205 MeV
Operating frequency 1.3 GHz
RF cavity gradient 20MV/m
Initial normalized emittance 100 nm rad
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Fig.3 Phase space angles Gpyase at the end of the fourth dipole Rss -0.3 Obhase  Ocsr
magnet are calculated by the Twiss parameters (o) and direction
in CSR kick, 6csg, estimated by the curvature radius and Rss -0.6 Obhase
bending angle of the dipole magnets (dotted line). In the gray  Ocsr
zone, the phase space loses the ellipse shape because of large CSR

energy spread.
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Fig.4 Longitudinal phase space distortion due to CSR and the histograms where Rsg is -0.6 (a), -0.45 (b), -0.3 (c), respectively
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Fig.5 Transverse emittance growth due to CSR where Rsg is -0.6 (a), -0.45 (b), -0.3 (c), respectively
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Fig.6 Maximum current (o) and final energy spread (e)
under the condition that g <200 nm rad and o, < 0.1 ps at the
insertion devices.
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