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Experimental Study of Fast Beam-lon

Instability at AR
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Recently a new type of ion related instability, namely fast Beam-Ion Instability
(FI11), was predicted by several reseachers for accelerators with high currents,
long bunch trains and low emittances. Even though ions are cleared by a bunch
gap and the normal ion trapping does not appear, the FII may arise during a
passage of a bunch train. lons created by bunches are accumulated rapidly within
the train. If the head bunch of the train start to oscillate due to some distur-
bance, the oscillation is resonantly coupled to that of the trailing bunches
through ions and amplified. As a result FII has very fast growth in the tail of

the bunch train.

This kind of instability might be very harmful to B-factories. For instance, the
’e—fold growth time for KEKB HER with the bunch number 500 is estimated to
be about 70 turns. Up to now FII has not been clearly observed by any experimen-
ts; therefore, experimental cross checks are highly demanded. We performed an e

xperiment in November 1996 at A R that aimed to detect FII.

In the experiment, AR was filled with 100~ 200 bunches train of 2 ns bunch
spacing and 50 bunches train of 4 ns spacing. Since the harmonic number of A R
is 640, the bunch gap was large enough to prevent usually ion trapping from being

established. In order to excite FII, nitrogen gas was intentionally leaked into

the A R vacuum chamber. The vacuum pressure was kept in the order of 30~ 80nTorr.

¥e observed the spectrum of the heam oscillation by a H P 8562E spectrum analy-
zer and recorded the vertical position of each bunch in the train on a memory

board.

The experiment was carried out in the following wav: (1) Firstly, we stored a
beam of a long bunch train with the help of the beam feedback system and kept
observing the vertical betatron sidebands of the bean by the spectrum analyzer.
As the beam current decreased, the sideband was diminidhing and eventually disa-
ppeared when the beam current became lower than a treshold; (2) then we delibera
-tely leaked nitrogen gas into the vacuum chamber. As soon as the gas was leaked
we observed strong vertical instability and the vertical betatron sidebands also
appeared on the spectrum analvzer. Then we recorded the data of the spectrum an-
alyzer and the vertical bunch oscillations of every bunch turn by turn for 1600
turns oh a memory board.During the whole experiment, we recorded totally 67 data
samples. Since the instability was excited only after we injected nitrogen gas
into the ring, we are confident the instahility that we observed was an ion-rel-

ated instability.




We extraced the vertical betatron oscillation of bunches by filtering out unne-
cessary frequency components by discrete Fourier transform and digital filter
techniques. By analyzing these oscillations, we determined the phase and the am-
plitude of every bunch every turn when it passed the observation point of the
AR.

The oscillation of bunches showed typical characteristics of FII, such as:

® the oscillation amplitude was growing from head to tail in the bunch train;

@ tha oscillation pattern in a bunch train was a traveling wave from the head
to the tail of the train;

@ the almost constant phase shift between bunches was consistent with the cou
- pled bunch instability caused by ion oscillation;

@ the sideband spectrum showed the characteristic ion oscillation frequency.

Fe conclude that we observed FII at AR
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