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Abstract e
=
The results of measurements on the ELETTRArage rooi
ring which show a strondependence ahe excitation of o
transversenultibunch instabilities on the settings of the P gg
harmonic sextupolere presented. A strong correlation 57;' LT
with the coefficients involved in the non-linear tune shifts ol e
with amplitude induced by the sextupole hasbeen [ ""-X-./“—'é———‘—
observed. Sl \_\\
1 INTRODUCTION 0
In order to achieve an emittance of 7.0 nm rad atGav, T S R T R ‘\
the lattice of ELETTRA was designed to be a douigerd 0 2 4 60 80 100

achromat ofthe expandedChasmanGreen type with W

strong focussingyuadrupolesThe resulting fairlylarge
natural chromaticitiesre compensated byvo sextupole riqyre 1: Theoretical behaviour of thieree coefficients

families in thedispersive arcs. In addition, a family Oany C,, and G, as functions of the harmonic sextupole
harmonic sextupoles has beietroduced inthe dispersion settings.

free straight sections, irorder to enlargethe dynamic

apertureandthus compensate to a large extent M- e pheam is beingaffected by coherent transverse

linear effects of the chromatic ones. _ _ multibunch instabilities, to the extent that thegneven

In general, non-linear elements produce a distorsion of totally sup-pressed for appropriateettings of the
phase space distribution of the particles, accompanied b¥e§<tupole [3]. Many measurementgere performed and
non-linear tune shift with amplitude, so that twarticles ey 4 indicate a strong correlation with the behaviour of

with different amplitudes will oscillafce Wit_hdiffe_rent the coefficients G and G,. This paperpresents the main
tunes. For sextupoles, the tune shifts wamplitude eq,its of the observations, of theneasurements

appear ashigher order effects and are obtainable by performed and of preliminary simulations.
applying perturbation theory to the Hamiltonian

describingthe dynamics inthe actionandangle variables 2 MEASUREMENTS

[1]. For the purpose of this paper, only the tune shifts ) o
with amplitude due to second ordeeffects of the Modes driven bythe four rf cavities in ELETTRA are

sextupoles will beconsidered.These may beexpressed controlled bysetting thetemperatures _of the cavities [4].
according o : Most of the measurementgere made inthe presence of
horizontalcoupledbunch modes (HCBM), ithat it was
Av, = Cy 2], + Gy, 2], found quite difficult to excite vertical cgvity drivernodeg _
Av, = Cp, 2], + Gy, 2], in the range of temperatures at which the rf cavities
routinely operate. In particular, the behaviour i€BM
g 318 with the harmonic sextupole settingsiven by the
cavity HOM T3 [5], was investigated, as well as that of
HCBM 414-417 the origin of which is still a matter of
investigation. Since the horizontal instabilitiage rather
strong, with visibly large oscillations observed on the
synchrotron light beam profile monitonmeasurements
gncentrated orcorrelating the behaviour of theodes

where the subscripts xand y denotethe horizontal an
vertical planes respectivelyv, arethe non-linear tune
shifts, J the perturbedaction variableand G,, C,,, C,,
are coefficients whichdepend orthe sextupole strengths,
on the beta functions at their locatiosisd onthe relative
phaseadvancedbetweenthem [1,2]. Figure 1 shows the
theoretical behaviour of the three coefficients as functioft
of the harmonic sextupole settings ( nominal value is ﬂj'th Cur . ,

A). Figure 2 compares,Cwith the amplitude of HCBM 318
It has beenobserved inELETTRA that theharmonic @S @ function of thecurrent setting of the harmonic

sextupole S1 plays an essential role in the dynamics whefxtupole. Themode could betotally suppressed by
setting the sextu-pole below 28 A or above 90 A. The

same parabolic beha viour ag @as found for the excita-
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The major beam parameters, such as tunlesedorbit,

Ao 1 g 1% dispersion and chromaticitiegere measured asfanction
a0 O 1 . 0 i of the harmonic sextupole settings. No significant
e Aden] ’ . 180 changes were noticed ithese quantities, with the
200 . exception of the horizontal chromaticity, which for the
2500 ¢ - 1By measurement of figure 2 was found to vemgm 0.1 for
0 30005 § the setting of | = 28 A to 1.6 for | = 90 A (botlurrents
b f 3 1 -0= are values for which the mode was suppressHu} effect
-3500 | ? is not expected to béhe majorcause for the suppression
P 1 of the mode. In fact, nchange inthe excitation level of
00 ; the mode was noticed when the horizontal chromaticity
500 o S g was set to 1.6, by using the chromaticitgrrecting
£ 04O S0 0 80 X sextupoles. Since the value of,Gilso depends on the

settings of the chromaticitycorrecting sextupoles,
investigationswere carriedout in order to confirm the
eading role of ¢ in the phenomenon against that of the
horizontal chromaticity. The resultsevealedthat the
suppression ofexcited modesusing the chromaticity
correcting sextupolesrequired horizontal chromaticities
which could be even greater than 7 times theropasured
when the suppression washievedusing the harmonic
sextupole. The values of Qnstead inthe two situations
of suppression of thenodeswere computed to belmost

Figure 2: Comparison of the amplitude of HCBM 31
with C;; as functions of the harmonic sextupole settings

tion levels of HCBM 414, although in thsasethe two
currentvalues of the sextupole for which timode was
totally suppressed were found to be differénthile the
peak of the excitation level of theodeswas always
found to be at the setting of 60 A, investigatioegealed
that the twoboundary currentalues of the sextupole at. ;
which themodes can be suppressdéebend onthe beam identical. L

. - Low frequencies in the spectrum (below 100 Hz) have also
current, on the modes excited, on the filling pattern and gn :

o . T een observed, associatedth the presence of the

the presence ofess of longitudinal instabilities. It was

. . .. transverse modesWhereas in some situationsthere
noticedthat the stronger the mode, the higher the f||||ng ears a well defined peak at léwquency, inothers the
percentage and the lower the longitudinal excitativase, bp P Y

: . whole backgroundhoise levelincreases byl-2 orders of
the wider was therange ofthe sextupole settings for : . .
: : . magnitude.Wheneverwell definedlow frequencieswere
which the modes were excited. This namely transiaties ; .
L . . noticed, measurements on the spectamalyzer inzero
requiring higher absolute values for, @ order toachieve

the suppression of the horizontal modes. While thSé)anmode ofthe unstablesideband showed periodicities

dependence on the beam current and on the part corresponding to the peakseasured irthe low frequency

excited reflects the ‘strength’ of the driving fortke one spectrum  rangeDetailed mvestlgatlo.ns N anarrow
- frequency range arounthe unstablesidebandwith an
on the filling patternand onthe presence ornot of

o : ., ..appropriate sweepingime showed a fine structure
longitudinal modes is thought to be due to how ‘well’ the dicating that thesideband was moving with the

dnvmg forcg manages to couple to th‘? peam s modes. Tlna%asured low frequency. It is believed thathis scenario
coupling efficiency of a transverse driving foraaay be

diminished by a gap within the bunch train, by ththe mode is shifting along theimpedance experiencing

different arrival times of the bunchasdpossibly also on el\];f:r:(ti?;ll real):gdo:????;g:rier?:r:;n 0; OI]E imtljl:]gr!]c:
the density of the bunches. y 9 d yrang '

. . The beam then losesoherence and islampeduntil the
It has to be stronglynderlinedthat even in the total ) ) :
o ! coherence builds up again. Increasing the absolute value of
absence of longitudinal modes, confirmed by

measurements of the full longitudinal spectrum, it waCll by lowering the sextupolecurrent changed the

found that the amplitudes of thexcited transversmodes iﬁnigﬁs zn?et:c? |tur?;';att))(laisr‘wl?‘sgigdthztrisc‘a?t?:\edsnz tﬁe
follow the same trend of € with the harmonic sextupole d ysp ' 9

. . . - harmonic sextupole influence the values of the low
settings, excluding thus anyinterference oflongitudinal S
: i . requenciesFigure 3 shows theependence othe low
modes in the mechanism by which the sextupole may bé

: ) . . . requenciedoth on the harmonic sextupole settings and
influencing the dynamics. This was a particularl . .

: ) . " n the beam current for a fixed setting of the sextupole of
important point to confirm, alsbecausghe cavities are

located inthe dispersive arc. Furthermore, it wiasind, 60 A. The lowfrequenciedit extremely well to asecond

by measuring full longitudinal spectra as a function of th%rder polynomial ‘as a function of the sextupole,

harmonic sextupole settings, that the excitation level Bfesentmg a maximum where the absolute value;oiC

any longitudinal instabilitiesdid not depend on the minimum.
sextupole.
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75: . 2@ 30 3 CONCLUSIONS
70 o o Ibeam [mA] 5 All measurements which have been performed indicate that
[ 4250 there is a strong correlation betweehe levels of
65+ d _ excitation of transverse coupled bunch instabilitied the
I 0 =3 . . . . . . .
- | g coefficients involved in the non-linear turshift with
L60 | o 200 . . .
=1 E amplitude induced by sextupoles. Theoretical
5 f . 2 = investigations with simulations of the cavityansverse
[ 1 150 HOMs are beingundertaken irparallel on both theffect
50 L " g of the harmonic sextupole on the internal distributions of
t amplitudes within a bunchndits effect onthe dynamics
45 b O b b e 100 when the bunchesare considered asmacroparticles.
0 0 %0 f[gg] 0 8 % Particular attention is beingaid onthe non-linear tune

shift with amplitude, which has astraightforward
Figure 3: Low frequencies associated to transverséependence othe coefficients G, and G, One of the
instabilities as functions of the harmonic sextupolByPOthesis which is beingonsideredor the phenomenon
settings and of beam current for a fixed setting (I = 60 A)iS that of an induced tune spread among the

macroparticles. A tracking progranused also for the
Another measurement that wasnsiderechecessary was design ofthe transversefeedbacksystem(6], whichtakes
to confirm thateffectively the horizontal tune shift with iNto accountsextupoles, HOMs in the cavitiemd the
amplitudeAv, follows the same behaviour as,CFor radiation damping, has beewuleveloped. The first
this purpose, the horizontal tuspread of a 1 mA beam preliminary results in the horizontal plane vyield a
in single bunchmodewas measured as function of the confirmation of thedependence ofhe excited modes on
sextupole settings, by exciting the beam with a constdh€ harmonic sextupqle settings. Amplltudespaftlcl_es
amplitude using the spectruranalyser of the tune are found to grow until a certain final levekound which

measurement system. A good agreement was found. ~ the amplitudes of the particles then perfoostillations.
Both the final levelandthe amplitudes of the oscillations

Table 1: Amplitudes of vertical modes vs. harmonic Performed once the latter is reached are found to increase as
sextupole settings the harmonic sextupole is set to give smaller absolute
Setting | VCBM VCBM VCBM VCBM values of G,, indicating effectively that the mode
A] 167 [dB] | 246 [dB] | 344 [dB]| 422 [dB] becomes morexcitedwhen G, is smaller in absolute

30 167 163 170 373 value, as observed in the measurements.
g(ls 168.16 10.8 11.0 235847 4 REFERENCES
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excitation levels of the instabilitieslepend on the
harmonic sextupole, one would expectesanancement of
the vertical modes for lower settings of the sextupole and
suppression for higher ones. Table 1 illustrates the
amplitudes of the modes disnction of the settings. In
particular, during the measurement, it waaticed that
trying to set the harmonic sextupole to 27 A4 € 0 for
26 A ) , the vertical instabilitygrew strongerwith an
evident vertical beansize blow up on thesynchrotron
light beam profile monitorand subsequentoss of 100
mA of beam current.
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