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Sumn:arv L 

Betatron and phase instabilities have 
been observed at the CEA during multicycle 
fillin 

9 
and dc storage. The betatron instabi- 

I ities are caused by the head-tail effect and 
have been controlled with sextupoles which 
make the chromaticity zero or slightly posi- 
t ive. The phase instability at present limits 
the electronand positron current which can be 
accumulated. We have made measurements of the 
threshold currents required to observe the on- 
set of phase instabilities. These measure- 
ments show: 

a. The threshold current required to observe 
the onset of this phase instability is in- 
dependent of the number of bunches down 
even to one bunch. (Here and throughout 
this paper, current is defined as the cur- 
rent in one bunch averaged over one rf 
per i od, ie., 1 mA = 1.4 x 107,‘bunch. ) 

b. The threshold current for the onset of 
this instability first decreases with in- 
creasing bunch length, goes through a 
minimum, then increases again for long 
bunch length. 

A cavity operating at the third harmonic 
of the main accelerating system frequency, 
thus providing increased non1 inearity of the 
total rf voitage waveform (hence increasing 
the Landau dampi ngj, increased the threshold 
current for the onset of these instabilities. 

I ntroduct ion 

Tr,e CEA operates as a colliding bedin 
facility in the following way: 

Firs: positrons are injected at 145 MeV, 
accelerated to 2 GeV, and decelerated back to 
inject ion energy. During this cycle radiation 
damping reduces the phase space occupied by 
the beam thus naking injection at 60 Hz pos- 
sible. After positrons are accumulated. elec- 
trons are injected with an injection energy of 
265 MeV. The ac component of the synchrotron 
,~a~~nzt cAL,cdLlon is then tdl-ned OTT dnd tile 
beams are stored at a constant energy, ,77d 
swI tched through the bypass. 

The ri frequercy is 475 MHz and the har- 
mcnic -.uc:ber ?tO. The electron or positron 
sausage occupies about one third of the cir- 
cumference ant each contains about 120 

bunches. Betdtron and pl‘lase irstabilities 
have been cbserved in tne cycl ilg node as we1 1 
as during dc storage. 

CEA is the only high-energy storage ring 
:.di th ceramic vacuum chambers; these may have a 
significant effect on tie threshold of insta- 
bilities. 

Betatron Instabilities 

Horizontal and vertical betntron instabi- 
1 it ies have been observed as conerent signals 
on trJnsverse-position-sensitive inonitcrs <as 
!YC~ I as by obser>ding ar increase of tiie bean1 
w i d t h or height on TV monitors of the synchro- 
:rm 1 ight. Such Instability is caused by the 

head-tail effect and its characteristics have 
been described previously.i’3 The threshold 
for betatron instabilities has been signifi- 
cantly raised (to > 350 mA) by the use of dis- 
tributed sextupole magnets which keep the 
chromaticity zero or slightly positive. During 
multicycle filling it is necessary to program 
the currents in some of these sextupoles in 
order to satisfy this chromaticity requirement. 

Phase instabilities 

At present, phase instabilities during 
multicycle injection limit the maximum accu- 
mulated current to about 25 mA for positrons 
and about 350 mA for electrons. The latter 
limit is larger because of the higher injec- 
tion energy and the higher injection rate for 
electrons. The phase instabilities have been 
observed (as described in Ref. 1) to cause 
bunch lengthening as well as bunch widening 
indicating that not only the phase spread but 
also the momentum spread is increased. These 
instabilities also are observed in position 

monitor signals, as phase modulation of inten- 
sity monitor signals and as widening of the 
beam on a synchrotron-light TV image. 

Measurement Technique 

The primary method of determining the 
threshold of phase instabilities is by the ob- 
se)-vatiGn of a sideband to a harmonic of the 
rotational frequency. The sideband is sepa- 
rated from the fundamental by the synchrotron 
oscillation frequency. The signal is derived 
from a position-sensitive rf loop and is dis- 
played on a spectrum analyzer. This system Is 
very sensitive to phase instabilities and is 
able to detect an excited synchrotron oscilla- 
tion tihich is unobservable on previously men- 
tioned devices. As a matter of fact, instabi- 
lities are observed before they have any effect 
on beam lifetime. Figure 1 shows the frequency 
analysis of the signal of a single burcn given 
by a horizontal displacement monitor (the 
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Figure 1 

3sci I loscope Trace of Spectrum-Analyzed S:Jn.,l 
from Horizontal Rf Monitor 

Shoding Synclrotron Instabi I itit:\ 

765 

© 1973 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material

for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers

or lists, or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.



signal is proportional to intensity x Idis- 
placement]). The large central peak repre- 
sents a multiple (in this case the 288th mul- 
tiple) of the orbital frequency (1 .32 MHz), 
and indicates an orbit distortion at the loca- 
tion of the monitor. The first sidebands are 
displaced from the central peak by the syn- 
chrctron oscillation frequency (typically ‘X 
30 kliz). The fact that the first sideband is 
observed indicates that the instability is a 
coherent motion of the center of charge. Fre- 
quency analysis made with a beam consisting of 
many bunches gives the same result. 

Investigation 

The dependence of the strength of this 
instabi 1 ity on beam energy and bunch length 
has been investigated. The threshold current 
Ith at which the instability could just be ob- 
served was measured for different accelerating 
rf voltages (see Fig. 2). The parameter that 
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Figure 2 

Threshoid CurrenL vs 
Synchrotron Osci 1 lation Frequency 

‘was measured was the synchrotron osci 1 lation 
frequency, F,, ;Yhich is related’ to peak rf 
voltage, V, (F, = v’V, 7 . Fron the synchrotron 
irrquency, the bdnch length, ‘5, expressed in 
i I- phase angle (radians) was calculated, as- 
sLming that at the threshold conventional 
t,eory apolies and that there is as yet no 
significant effect of the instability on bunch 
iangt-i: 

(Ref. 4) 

where t.(,E/E) = .COO27 x E(GeV) is the I/e 
energy spread calculated from the measured 
beamrri:th; AM = . 0327 is the momen turn co~rp~c- 
t ion factor, and F = 475.7 MHz is the accel- 
erating frequency. For the CEA: 

1 = $+$i-E(GeV) = I/e bunch half length 
5 

In Figure 3 the threshold current is 
plotted vs bunch length. 
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Figure 3 

Threshold Current vs Bunch Length 

At the threshold the growth rate of the 
phase instability must be approximately equal 
to the sum of the radiation and Landau damping 
rates (c1 = aR + aL) . The latter can be esti- 
mated from the bunch length and the nonlinear- 
i ty of the rf voltage: 

e2Fs (Hz) 
“L (set-‘) = ,6 

and uR (see-‘) = 4.4 [E(GeV)] 3 for the CEA.’ 

tiL dominates. The quantity (u/Ith) is then a 
measure of the strength of the instability and 
is plotted in Fig. 4. The strength (o/It,) at 
first increases with increasing bunch lergth 
but then becomes smaller again for very long 
bunches. This is consistent with instabilities 
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Figure 4 

Growth Rate vs Bunch Length 
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resulting from a short-range force of the beam 
induced fields. Similar results at different 
beam energies show that the instability thresh- 
old is approximately proportional to the third 
power of energy, as has been previously re- 
ported.’ 

We can estimate what field strength IS 
necessary to produce the measured growth rate. 
A longitudinal electric field with a radial 
dependence such that the field strength 
changes a few hundred volts/turn if the bunch 
energy changes by l%, would be sufficient. 

Beam-Induced Fields 

The interaction of the beam wlth the 
ceramic vacuum chamber wall seems to be par- 
ticularly large in the CEA. The image cur- 
rents in the ceramic chamber wall produce a 
defocusing effect in the vertical plane (Fig. 

5) f which depends only on the peak circulating 
current (i.e. independent of the number of 
bunches), and is of a strength consistent with 
the assumption that only electric fields (no 
compensating magnetic fields!) act. These 
fields are so strong that it is easy to imag- 
ine the existence of the much smaller radially- 
dependent longitudinal field necessary to 
drive the phase instability (especially con- 
sidering that half of the CEA vacuum chambers 
have radially-dependent gap height). 
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Figure 5 

Vertical Betatron Frequency vs Beam 
Current. Particle energy is 240 MeV. 

Damping Technique 

Ways to improve the current limit as 
given by the phase instability have been ex- 
plored. To increase the Landau damping due to 
the nonlinearity of the accelerating rf volt- 
age, we operate at the lowest possible rf 
volLage ho that the bunch is very long. 

In addition, the Landau damping has been 
increased by adding a special cavity operating 
at a 3rd harmonic (1427 MHz) of the accelerat- 
ing rf, thus further increasing the nonlinear- 
ity of the voltage seen by the bunch. 

This cavity is cut-lposed of d series of 
six cylindrical chambers coupled so that suc- 
cessive resonators have a pi-mode voltage re- 
lationship at the operating frequency. The 
individual resonators operate in the TM010 
in, 0 r: e . The cavity has a large aperture (3$ in.) 
and a remotely-controlled inductive slug vhich 
tunes the tLvo central resonators. The shunt 

impedance is 3.4 megohms and the loaded Q is 
about 10,000. The cavity is excited to sev- 
eral hundred watts, phaseable and synchronous 
with respect to the accelerating rf. 

The effect of this cavity on the thresh- 
old current was measured and is shown in Fig. 6. 
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Thresh0 I d Current of the Phase lnstabil ity 
vs Vol t age of the Third Harmonic Cavity. 
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Figure 6 

The optimum phasing of the Landau voltage 
(i.e. the phasing that increased the instabi- 
lity threshold) was such as to add to the main 
accelerating voltage. By adjusting Landau 
cavity voltage phase 180” from optimum so that 
nonlinearity of total rf voltage is reduced, 
the threshold was decreased. The magnitude of 
the Landau voltage was determined from the 
measured change in synchrotron osci 1 lation fre- 
quency as the Landau cavity was powered either 
in or out of phase. Lack of adequate power 
source limited the improvement from the Landau 
cavity to Q 30%. 
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