




Figure3: Longitudinal phase space near the transition en-
ergy. The two stationary buckets are close each other.

From Eq.(10) and Eq.(11), the minimum rf voltage to make
serpentine acceleration is derived;
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Equation(12)shows that once thek value and the sta-
tionary energy are given, the minimum rf voltage to achieve
serpentine acceleration can be calculated.

Figure 4: Longitudinal phase space when the separatrix
goes through the two unstable �xed points.° s1 corresponds
to Es1 and° s2 corresponds toEs2 .

APPLICATION

Proton driver is considered with serpentine acceleration.
Parameters of proton driver are summarized in Table.1.
The beam trajectories in the longitudinal phase space are
shown in Fig.5. As shown in Fig.5, injection kinetic energy
is 500 MeV§1%. Injection phase range is from 0.25 to 0.3
2¼rad. Final kinetic energy is 2018 MeV§1.4%. The num-
ber of turn during acceleration is 35 turns. The ratio of in-
jection to �nal momentum is 2.6. Furthermore, the injected
beam shape is rotated in phase space.

Table 1: The parameters of proton accelerator

Stationarykinetic energy 650 MeV
Mean radius (° s) 10 m
k value 3
Harmonic numberh 1
rf voltage / turn 50 MV
rf frequency 3.7 MHz

Figure5: Proton beam is plotted by every 5 turns in longitu-
dinal phase space. When 500 MeV proton beam is injected,
it can be �nally accelerated to 2 GeV in this scheme.

CONCLUSION

In order to obtain a high power proton beam with high
repetition rate, serpentine acceleration has been proposed
for the scaling FFAG. The longitudinal hamiltonian in the
scaling FFAG has been obtained analytically. By using lon-
gitudinal hamiltonian, the features of serpentine accelera-
tion have been examined . For further study of serpentine
acceleration in scaling FFAG, some experiments with real
machine should be done.
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