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Abstract

An rms emittance, which is often used in the linear accelerators, is not an invariant value, since it is different from
the constant value of the Liouville’s theorem. Therefore, it can be reduced and the author have already reported the
mechanisms in this conference series [1]. The author showed the electron injector design based on emittance reductions
in that previous report, though the emittance reductions were not discussed quantitatively. In this report, the author
propose a new index for treating emittance reductions quantitatively. The new index is defined by simple arithmetic
mean in place of root-mean-square, and behavior of the new index along a beam axis is similar with that of the rms
emittance. And it is defined as negative when a curve plotting on r-r’ plain is convex downward, and as positive when a
curve is convex upward. In this conditions, the new index always reduces when forces whose shape is convex downward
curve in the 7- f,. plain act. Therefore, the emittance reduction mechanisms can be simply described, and the quantitative
discussions on the emittance reductions become possible. In this report, the author discuss a definition of the new index,
and some examples of behavior of the new index are presented.
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(a) Electorons for S is negative. (b) Electrons for S is positive.
Figure 3: Positive and negative area of parallelograms
which are formed by arbitrary two electrons on a phase
space.
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Figure 4: Behaviors of rms and mean emittance for an ideal
DC-accelerated continuous beam.
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Figure 5: Behaviors of rms and mean emittance for an ideal
DC-accelerated continuous beam with focusing.
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Figure 6: Shape of beam density distribution changes by
linear focusing forces.
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Figure 7: Non linearity of fields of the solenoid coil which
is used in Fig. 5.
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Figure 8: Behaviors of rms and mean emittance for an ideal
DC-accelerated continuous beam with solenoidal fields
which non-linearity is high.
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Figure 9: Behaviors of rms and mean emittance for an ideal
DC-accelerated continuous beam with strong focusing.
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Figure 10: Time evolution of rms and mean emittance for
the SPring-8 rf gun system.

Accelerator Structure

Table 1: Parameters Used in Calculations for the SPring-8
Rf Gun System

Initial charge
Laser width

50 pC/bunch
9 ps uniform

Laser spot size ¢1.4 mm uniform

Initial rf phase sin 5°

Initial emittance 0 mrad
Maximum electric field 157.0 MV/m
on cathode surface

Beam energy at exit of cavity 3.6 MeV
Beam energy at exit of Acc. Structure  30.0 MeV
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Figure 11: Time evolution of rms and mean slice emittance
for the SPring-8 rf gun system.
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