
The energy and bunch length evolution of a bunch
though the injector is shown in Fig. 4 for the nominal con-
dition. The gun operates at 120 MV/m maximum field at
the cathode. The launch phase of a beam is −1◦ from
the phase generating the maximum energy gain though the
gun. In other words, the launch phase is 46◦ from the RF
0-crossing phase. Mild velocity bunching is applied at the
first accelerating section. The gradient of the first section is
relatively low (14 MV/m) to minimize beam emittance in-
crease caused by the RF field. The second and third accel-
erating sections have a 20 MV/m gradient and a 16◦ phase
for compensate the energy chirp produced by the first sec-
tion. The beam size and normalized transverse emittance
evolution is shown in Fig. 5.

The current profile and slice emittance of bunches for
the three options are shown in Fig. 6 and 7. The op-
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Figure 6: Current profiles of 200 pC bunches at the injec-
tor end for the three longitudinal profile options of cathode
laser pulses.
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Figure 7: Normalized transverse slice emittance of 200 pC
bunches at the injector end.

tion using a 8 ps laser pulse shows longer bunch length but
lower transverse emittance. The options using 4 ps flat-top
and Gaussian laser pulses show similar current profiles and
slice emittances. However, the projected transverse emit-

tance for the Gaussian laser pulse case is 35% larger than
the case for the 4 ps flat-top (see Table 1).

Low Bunch harge Case, 20 pC
Two operation options are studied using a 4 ps flat-top

laser pulse and a Gaussian laser pulse. The same injector
setup as for the 200 pC cases is used except for the laser
beam size and focusing solenoid field strength. The simu-
lated current profiles and slice emittances of 20 pC bunches
are shown in Fig. 8 and 9. The current profile and slice
emittance for the two options are similar, however the pro-
jected emittance for the Gaussian laser pulse case is 20%
larger than the case for the 4 ps flat-top (see Table 1). The
machine parameters and simulation results are summarized
in Table 1.
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Figure 8: Current profiles of 20 pC bunches at the injector
end.
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Figure 9: Normalized transverse slice emittance of 20 pC
bunches at the injector end.

POSSIBLE IMPLEMENTATION TO THE
PAL-XFEL MAIN LINAC

This low emittance injector has another 3 m long accel-
erating section compared with the baseline injector. Includ-
ing vacuum connection parts, 3.6 m more space is needed.
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