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The longitudinal injection error is generally damped by using the wideband damping
cavity to apply & voltage which is in phase with the main cavity to reduce the momentum
error. Because the absolute energy error is quite large, one can only reduce it to zero in
thousands of turns. For example, in RHIC, if QEE- = 1074, for gold ion AE = 1.1 x 10°
eV /N, for proton, AE = 2.9 x 10°% eV. I the damping voltage is 1000 volts, the damping
process lasts more than 2000 turns or about 40 msec. In this period, the bunch smears
and the bunch area becomes laréer and larger. In this case the damping system can
only reduce the bunch area blow up, it can not eliminate the area increase. When the
accelerating voltage is small, a relatively small damper voltage which is 7/2 out of phase
to the main accelerating cavity can effectively change the bunch center phase relative to
the combined RF System — the main cavity plus the wideband damping cavity.

Suppose the voltage of the main cavity and damping cavity are as follows:
Vipain = Ve sin (wi + ¢o) 1)
Vaamp = VD €08 (wt + o) (2)

The voltage of the combined RF System Vcom can be expressed as follows

Viom = Vin sin (wt + o) + Vp cos (wt + ¢o)
3

= V, sin(wt + ¢o + A¢)
where
VZ =V + V5, 4)
and
A¢ = tan™! %. (5)



If the amplitude of the phase error relative to the main cavity is Adg, we select the

Vp so that
A¢ = Agg (6)

and

VD = Vip tan Adyg (7)

In this case, the phase of the combined RF voltage relative to the main accelerating voltage
is +Ady, the bunch center phase error relative to the main accelerating voltage remains
the same but the bunch center phase error relative to the combined RF voltage is zero.
This means that the injection error is eliminated instantaneously by shifting the phase of
the RF system. There will not be smear process and will not be bunch area increase also,
because there is no coherent oscillation of the bunch center in the combined RF System.

In order to realize this damping method, we should measure the bunch center phase
error relative to the main accelerating voltage. When this error reaches it maximum value
Agg (in this time ép-’l = 0) turn on the damping voltage whose amplitude is expressed
in equation (7). This damping voltage should be turned on when that bunch begins to
pass the damping cavity, keeping this amplitude when that bunch passes through and
then a voltage corresponding to the phase error amplitude of the next bunch should be
built up before it approaches, so that the bunches can be damped individually. This Vp
is reduced adiabatically. In this course, the phase of the combined RF voltage relative to
the main RF voltage which is the same as the bunch center phase relative to the main
accelerating voltage decreases adiabatically also. Finally, Vp is reduced to zero and the
bunch center approaches to ¢, (generally at injection ¢, = 0) of the main accelerating
voltage adiabatically and the injection error is eliminated.

In RHIC, for protons, Vi = 12 kV. If A¢ = 5° the required Vp is 1050 volts, which
is an acceptable value. If we use two wideband cavities, the impedance is 10012, the total
power will be about 5 kW. For gold ions, the RF voltage is much higher, about 215 kV.
The required voltage to shift the RF phase of 5° is too high, about 18.8 kV. In this case,
we can only use the damping cavity to reduce the energy error and swallow the bunch area
increase. This means that, when gold ions are injected, the damping cavity voltage is in

phase with the main accelerating voltage and controlled by the %, where ¢ is the phase



of the bunch center relative to the main cavity, when protons are injected, the damping
cavity voltage is 7/2 out of phase and its amplitude is determined by the bunch center

phase error amplitude and then reduced to zero adiabatically.



