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Figure 1. Beam Instability. Field produced by a beam affects itself
and form positive feedback loops through the response of its en-
vironments.
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Figure 2. Wake field produced by a bunch passing a small cavity. A field accompanied with the bunch is scattered at the
cavity to the beam duct and to the cavity and accelerate/decelerates longitudinally and/or kick transversely the beam.
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Figure 3. Transverse multi-bunch instability driven by long lifetime wake field. Small circles show bunches. The num-
bers in the bunches are for identification. A solid line and dashed arrows are the amount of kicks on bunches by wake
field. Excitation of the wake field is proportional to shift of the transverse position of a bunch from the axis and the kick
arose after 90 degree phase shift.
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Figure 4. Longitudinal multi-bunch instability driven by long lifetime wake field. Small circles show bunches and
dashed circle shows the orbit in a timing-energy phase space of the bunches. The numbers besides the bunches are for
identification. A solid line is the acceleration/deceleration of bunches by the wake field. Excitation of the wake field is
proportional to the shift of the timing and the acceleration/deceleration arose after 90 degree phase shift. Actual period

of the synchrotron motion is hundreds times longer than rotation period of a ring.
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An example of a higher order mode, TM110, one of the dangerous transverse wake source. A bunch with up-

ward offset excites the mode with being decelerated by its electric field (left). After half period of the mode, horizontal
magnetic field arose and kick following beam vertically (right).
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Figure 6. Wake field produced by resistive-wall. A bunch with up-
ward offset produces the un-balance of the eddy-current in the upper
and lower wall. Resulting horizontal magnetic field kick vertically
following beam.
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Figure 7. Snapshot of transverse motion of a single-bunch. Dashed line is the trajectory of the head of the bunch and
solid line shows that of the tail. Wake field produced by the head of the bunch kicks the tail of the bunch. Because the
head and the tail change the position after half-period of the synchrotron motion, the growth of instabilities does not
happen in such a way. Even wake field of short lifetime can contribute this mechanism.
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Figure 8.

Microwave instability. Charge density modulation produces wake field and accelerate/decelerate electrons.

The resulting energy modulation enhances the density modulation through synchrotron motion. The left is the result of a
simulation using calculated wake field for the SPring-8 storage ring.
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