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Abstract _nearly ~zero absolute vertical ch_ror_naticit_y_ZZ:O)
increasing to over 120 mA fé=+2. This instability has

A new 500 MHz fifth harmonic RF system has recentioeen attributed to the transverse mode-coupling (TMC)
been installed on the Super-ACO storage ring with theghenomenon|[2].
goal of reducing bunch-length for Free electron laser Next non current limiting multibunch longitudinal
(FEL) and time-resolved synchrotron radiationinstabilities (MBLI'S) occur in 24 bunch mode with total
experiments. Bunches have been shortened by factdinseshold currents around 30 mA. These result in large
between 2 and 3.5. This is accompanied by several namplitude phase oscillations (>1.5 ns) with many
coherent instabilities. In particular, a single-bunchmodulation sidebands present around all revolution
transverse instability causing vertical beam dimensioharmonics.
blow-up occurs for positive chromaticity at around 10 In one and two bunch modes a series of longitudinal
mA. This instability is highly sensitive to lattice non-instabilities (LI's) occur which are manifested in the
linearity’s but rather insensitive to chromaticity althoughfrequency domain by™2 3 and/or 4 order sidebands
very strong vertical chromaticity does at least partialljthe order refers to the approximate multiple of the
cure it. Longitudinal coherent instabilities begin at lessynchrotron frequency) around revolution harmonics.
than 2 mA per bunch. They are manifested by complekypically the thresholds are around 35, 40 and 50
bunch phase and shape oscillations at frequencies closartd/bunch respectively for the three orders although
the synchrotron frequency and its harmonics as well as byeir exact values have varied somewhat. We believe that
low frequency (several hundred Hz) phase and lengthese LI's are essentially single bunch phenomena
variations. We describe various experimental resultsecause the bunch current thresholds are very close for 1
concerning these phenomena, including double sweemd 2 bunch operation.
streak camera bunch profile observations, as well as ourFinally measured bunch length as a function of current
attempts to understand them in terms of collective effecis presented in figure 1.
theory.
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1 INTRODUCTION

The new 500 MHz fifth harmonic RF system which
was installed on Super-ACO in early 1997 (see ref. [1]s .
for a general description) has allowed us to obtain bunch *° .o . ematation: 1004500 Mz
shortening factors in the expected range of 2 to over 3% .5 -
However this bunch length reduction has resulted ing /
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numerous new collective instabilities both in the z
transverse and longitudinal phase planes. 50
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2 NORMAL MODE OBSERVATIONS ° Bunch current [mA]
(SINGLE 100 MHZ CAVITY) Figure 1: Super-ACO bunch length curves

Before describing experimental observations with the
harmonic cavity in bunch shortening mode we will begin 3 BUNCH SHORTENING MODE
by quickly surveying the principal collective effects OBSERVATIONS
observed on Super-ACO in normal mode (before

harmonic cavity installation or with the cavity detuned). In the bunch shortening mode the harmonic cavity is

First a current limiting single bunch vertical instabilityphased to increase the RF focusing slope and excited t0 a

(SBVI) is observed with a threshold of about 30 mA ayoltage between 30 .and 300 kv. This corresponds to
synchrotron frequencies between 20 and 42 kHz.

* Work supported by CNRS-CEA-MENESR.
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3.1 Transverse stated hypothesis.
Although these results help to understand the effect of
One of the most marked phenomena observed in thisidulators on the instability, they give no indication as to
mode is a new SBVI with 2 regimes which we will referits physical origin. With regard to this point we dispose

to respectively as NSBVI-I1 and NSBVI-II. of the following additional information. The existence of
the instability is independent of beam charge sign
NSBVI-I : (normally €). Nor does it depend on the presence of non-

The first regime presents a threshold close to 1fero dispersion in the harmonic cavity. It is also
mA/bunch which is independent of the chargensensitive to the absolute value of tune, on both sides of
configuration (1 bunch, 2 equidistant bunches, 2 adjacetite integer. However the distance to the coupling
bunches). It is manifested by a vertical excitation of theesonancew-v,) does appear to influence the intensity
beam image as well as by a self-excited line in thef the instability although in a way that is difficult to
transverse beam spectrum at a frequency slightly abodefine. Finally the instability is insensitive to
that of the vertical tunev(). This frequency does not chromaticity for values between 0 and +2.5. It does
correspond to that of a head-tail mode even taking inttowever disappear for very strong chromaticities (on the
account the current variation of the frequencies of theseder of 5) but this effect may be due to a change in tune
modes. The amplitude is not constant but oscillates spread due to the very strong sextupole excitation rather
low frequency. No parameter (tunes, chromaticitythan to the chromaticity as such.
transverse non-linearity’s, harmonic voltage) has been These results permit to exclude several mechanisms,
found to change significantly the threshold current whickuch as an interaction between the beam and extraneous
always lies in the 8 to 10 mA range. However some afharged particles, a synchro-betatron instability or an
these parameters strongly influence the intensity of thestability due to the narrow band resistive wall
instability and can under certain circumstances renderirhpedance. Finally the relative insensitivity to
undetectable. In particular the instability has never beahromaticity renders an explanation in terms of azimuthal
observed for harmonic voltages below about 32 kWhead-tail modes problematic.
corresponding to a synchrotron frequency of 20 kHz. At present the origin of this instability remains
Note that the synchrotron frequency in the normal modaysterious. Our only means of combating it is a very
is 14 kHz, therefore well below this threshold. strong increase in vertical chromaticity but this results in

The state (open or closed) of the 4 Super-AC@ reduction in dynamic aperture and thus in beam
undulators strongly influences the behaviour of thédfetime.
instability. When all 4 undulators are closed, we observe
a very large vertical beam blow-up (roughly a factor oNSBVI-II :

10 compared to a flat beam). In the FEL configuration, The second regime appears at a threshold current close
with only 1 undulator closed, this blow-up is only about &0 30 mA/bunch. Its principal characteristic is that the
factor of 3 with regard to a flat beam. Finally when almode head-tail -1\-v) becomes self-excited. This
the undulators are open, the instability has never beeagime appears to correspond to the mixing of the 0 and -
observed. 1 head-tail modes. At a current of 40 mA, the two lines

We adopted the working hypothesis that the effect dfecome indistinguishable and injection saturates. In this
the undulators might be due to the effective verticadituation increasing the vertical chromaticity from 2.5 to
octupolar component which they introduce[3]. If this4 leads to a sudden separation of the two lines and a
component is opposite in sign to that of the machine, tlealming of the instability giving place to NSBVI-I.
presence of undulators would tend to reduce the overallThese observations seem compatible with the TMC
octupolar component and thus the non-linear tune spreadechanism already observed on Super-ACO in normal
leading to less Landau damping and a greater tendencynimde. The only difference is the need for somewhat
instability. Unfortunately the natural octupolarhigher chromaticities in order to calm the instability at a
components of the machine are not well known. given current.

In order to test this hypothesis semi-quantitatively we o
installed an octupolar lens on the machine and observés2 Longitudinal

beam behaviour as a function of its excitation level and of \aasurements of bunch length as a function of current
undulator  configuration. The octupole stronglyage with a dual sweep streak camera (DSSC) for an
influences beam behaviour, allowing stabilisation with 4,2+ nic voltage of 156 kV are shown in figure 1.
undulators. However it could not destabilise the beamsoryunately when observed as a function of time the
without undulators. A detailed analysis of these resuli§,ches oscillate in a complex fashion. On a several ms
has led to the conclusion that there exists a set gfescale, one observes semi-periodic low-frequency
octupolar coefficients for the machine which are q.ijations (LFO's) of 1, 2 3* and 4 bunch profile
compatible with the experimental observations and the ments. The most con,1monly observed waveform
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shape is sawtooth-like. Usually risetimes are much fastenpedance. In order to obtain a rough preliminary
than falltimes. Frequencies vary between several tens iaipedance model we have made impedance calculations
Hz and about 300 Hz. The amplitude of LFO's variewith ABCI[4] on 2D approximations to some of the
widely as a function of bunch current and harmonienajor discontinuities of the Super-ACO vacuum
voltage. Second moment variations typically range frommhamber. The main contribution included in this model is
5 to 20 % and bunch centroid phase variations from 3 tbat of the 16 circular pumping chambers located between
30 ps. elliptical beam pipes, 2 of which occur in each straight
On a faster time scale we observe high frequencgection.
oscillations (HFQO'’s), with frequencies close to multiples Simulations performed with this impedance model give
of the synchrotron frequency. Many different forms ofeasonable agreement to the bunch lengthening curves
oscillation have been observed but most are difficult tfig. 1). Note that because of the uncertainty in passing
categorise. Some forms seem to suggest phaem 2D to 3D results, a single overall scaling factor
oscillations of parts of the bunch within an envelopelose to 1 was applied to the impedance used in these
which does not oscillate. For currents above about fimulations in order to fit the low current bunch length of
mA/bunch, these rapid oscillations are sporadidhe 100 MHz curve. In addition, certain features of the
appearing on some DSSC images but not on others. \Weserved instabilities such as low current thresholds,
believe that this sporadic nature is related to the LFO®oubled synchrotron frequencies and partial phase
but the large difference in time-scale has not allowed @scillations are also reproduced. Agreement is currently
straightforward confirmation of this hypothesis. Belowbest for currents below the 8 mA/bunch inverted
this "inverted" threshold HFO’s are present constantlythreshold.
although their forms and amplitudes still oscillate, and
their amplitudes are somewhat larger than for slightly 5 CONCLUSIONS
higher currents. The LFO’s remain present however.

The oscillations remain persist at least until 2 mA/bunch From a_practical standp_om_t_ the phenomena we
. describe can represent a significant problem for FEL
However for 2QuA/bunch the beam is stable. : o
o . . . operation. Nonetheless because of the stabilising effect
Longitudinal beam spectra typically show ill-defined

sidebands covering frequencies up to about 80 kHz fro(r)r%c the FEL on the electron beam, stable FEL operation as

. . . user light source has been achieved for harmonic

the revolution harmonics but with broad double-peake : .
. . voltages up to 150 kV with bunch shortening factors up
maxima near 1 and 2 times the synchrotron frequenc

The lower frequency peak of the first order side-banlg) 2 and significant gains in performance _compared to
normal mode operation[5]. FEL operation is also

often corresponds to the frequency of those HFO'’s which sible, though currently less stable, at voltages up to

) S : S
present internal phase _OSC|IIat|0ns while the second peﬁ]ﬁe 300 kV maximum with bunch shortening factors close
is close to the theoretical synchrotron frequency. The

difference between these two peaks varies but is of t ®crom a theoretical point of view the observed

order of several kHz. . A -
. instabilities possess many unusual characteristics, such as
For harmonic voltages above about 150 kV, th?/er low threshold currents, inverted thresholds and
amplitude of both HFO’s and LFO’s tend to increase y '

markedly and the first and second order sidebanégsensmw.ty o parametgrs n _very_broad ranges which
: make their comprehension difficult in terms of the usual
become much more strongly excited.

o concepts of coherent effects theory. We hope that further
The observed longitudinal phenomena are clearly ver : . . )
rogress on simulations, using more refined (hopefully

complex. We have attempted to present a broad summ ) impedance models will lead to insight into the
of observed behaviour. Although this general description b 9
X . . mechanisms of these phenomena.
seems quite reproducible many details of the phenomena
vary significantly from run to run in ways which are
currently not well understood. Although we believe that REFERENCES _ _
these phenomena are predominantly single-bunch 4] G. Flynnet. al, "A New 500 MHz Fifth Harmonic

i hili RF System for Super-ACQ", This conference.
nature, their lack of complete reproduc@lllty Would'ten 2] M.-P. Level, et. al, "Collective Effects on Super-
to suggest that narrow-band machine impedance's m ACO" EPAC'S8. Rome. June 1988.

also play a role. [3] R.P. Walker, "Wigglers", CERN Accelerator School
Fifth Advanced Accelerator Physics Course, CERN
95-06 pp. 807-835, 1995.
4 LONGITUDINAL SIMULATION [4] Y.H. Chin, "User's Guide for ABCI Version 8.7",
RESULTS CERN SL/94-02 (AP), 1994.

We have used an FFT based longitudinal particle if?) Eiegfgﬁreﬂgsghg ?alrjgt?r:-Ac\iv?thSg)nra%earﬁigr?ic':rl'\e’le—i
celll.code in an attempt tq upder;tand .t.h'e naturg and Cavity”, This confergnce. 9
origin of the observed longitudinal instabilities. This of
course requires knowledge of the longitudinal machine
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