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Abstract

Recently, due to multi-bunch laser injection, it is worried that 0 mode, which is not considerable with single-bunch
injection, could be excited by beam loading and would degrade the beam properties. Then, we evaluated the influence in
a BNL/SLAC/UCLA 1.6 cell photocathode RF gun, which is made use of widely, by using particle tracking simulations.
We assumed the charge in a bunch was 1 nC, and the frequency of the laser injection was the same as that of RF electric
field (2856 MHz). As a result, the electric field of the 0 mode became larger and its phase changed by nearly 180°
compared with the case without beam loading. Hence, the influence of the 0 mode on the beam properties, i.e. energy
spread, transverse emittance, and bunch length, showed the opposite behavior to the single-bunch injection scheme. The
change in energy spread by 0 mode at 10° laser injection phase was about -20% without beam loading and +40% with

beam loading.
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Figure 1: Mesh data for calculation.
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Figure 2: Equivalent circuit of single mode.
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Figure 3: Equivalent circuit of dual mode.
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Figure 4: Measured electric field on axis.

Table 1: The Condition of Particle Tracking
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Figure 5: Snapshot of particle tracking.
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Figure 6: Charge in a bunch.
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Figure 7: The avaraged kinetic energy of the electron beam.
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(a) Energy spread.
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(b) Transverse normalized emittance.
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(c) Bunch length.

Figure 8: Beam properties without beam loading.
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Figure 9: The shifts of beam properties without beam load-
ing.
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Figure 10: The convergence value of V, with beam loading.
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(b) Transverse normalized emittance.
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Figure 11: Beam properties with beam loading.
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(c) Bunch length.
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Figure 12: The shifts of beam properties with beam load-
ing.
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