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Abstract physics experiments heavy gases such asekelocally

injected into the storage ring increasing the Igraksure
Observation and analysis of various collec#¥fects at by at least two orders of magnitude.

ELETTRA are presented including transverse effects while
in multibunch mode and in the absence ofongitudinal 2 ION TRAPPING
instabilities, few bunch mode cancellation and ion The ultrahigh vacuum of ELETTRA being of tioeder

_trapplng. Results ofecent measu_remen_ts of the_ "M%t 0.1 (without beam) to 1.5 nTorr (2 GeV, 320 mA) is a
impedance arshownand acomparison ismade with

earlier measurements poor medium for ion trappingnd effects wereseenonly
' during the commissioning (1993) when the vacuum was
1 INTRODUCTION low. In _order to _study the machinand b_eam behaviour _
under high localised pressures from various gases, ranging
ELETTRA has entered its fourth year of routine from H to Ar, tests were made with a gas infusion system
operation for experimental use. For nominal operation @ one of ELETTRA's straight sections[1]. To study ion
initial electron beam current of 320 mA with 90% fl”lngtrappmg we have |Oca||y injected Ar with |atemj|mping
of the maximum bunch number of 432 iigected at 1 to create apressurebump of theorder of 75 nTorr.
GeV and subsequentlyamped inenergy to 2GeV, the Observation of beam characteristics such as beam size and
nominal operation energy for users. The large number |getime were carriedout for various beamfillings,
bunches and the high currents in the machine give rised@rents and energies. The Figures 1, 2 below show some
coupledbunch instabilities thalhoweverdue tothe Iarge pre”minary results especia”y on the increase of beam
machine acceptance anddamping mechanisms only as a function of filling and current.
seldom lead to a beam loss. In the majoritycageshere
is a deterioration of the photon beam qualégcompanied . I

by an increase of the lifetime. 5
ELETTRA can provide any number of bunches starting £
from single bunch. Up to now no user Haeninterested B
in single bunch operatiortiowever lately many users §
. . o
have shown interest in the scalled few bunch mode 5 100%
whereby from 4 up to 24 bunchesare stored 3 0%

. . . . S1 -
symmetrically in the machine. Due to the lawpedance s2. sz T beam filling
of the machine ( longitudinally less than 0 and v

. . S1= Argon with local pressure 75 nTorr and 100 mA beam current
transversely IeSS that zomkn ) relatlvely hIghCurrentS S2= Argon with local pressure 75 nTorr and 50 mA beam current
. S3= Nominal pressure 3 nTorr and 100 mA beam current
pel’ bunCh can be Stored befOI'SIng|e bunCh effeCtS S4= Nominal pressure 3 nTor and 50 mA beam current

strongly manifest themselves. It is interestingnttice
that except for the usual bunch lengthening other Eigure 1: Vertical beam size as a function afrrent,
single buncheffects such as head tail and/or mode filling and local gas pressure at 1 GeV.

coupling are observedor single bunch currents up to 40
mA. Since users usuallyeedcurrents below 20 mA per
bunch, single bunch instabilitiemre not at present our
main concern.

In the few bunch operationamode the machine in
principle can sufferffrom multibunch instabilities. It has
been shown during machine experiments that if the
number of bunches is less equal to 18self cancellation
of dangerousavity high order modes (HOMs) can be s2
achieved rendering the beam veitgble. Thismechanism
fails in case of a larger number of bunches.

Other collectiveeffectslike ion trapping were never
clearly observed underormal operating conditiondue to
the ultrahigh vacuum of ELETTRAEvidence of ion
trapping was confirmed only when during machine

vertical beam size (microns)
N
o
o

energy (GeV)

S1 = 75 nTorr local pressure Argon

S2 = 3 nTorr nominal pressure - no Argon

Figure 2: Vertical beam size as a functioncofrent,
energy and local gas pressure for 100% filling.
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Theincrease in vertical beam size with beamrent
that occurs only with high local pressure and 100% filing 4 FEW BUNCH INSTABILITIES

andwhich is large at low energy, isvidence of ion  g| ETTRA can be filled toany combination obunch
trapping. Nochange inthe beam spectra neither any, mper including strange fillings such as half ring

particular lowfrequencybeam oscillationsvere observed. ., ntinuous filled accompanied with a singlefew bunch

While injecting weencountered éemporary saturation at i, the empty other half. Such a filling urrently under
about 100 mA in 100% filling but nesuddentotal or

- study.
partial beam losses. Users lately became interested ihe few equidistant
bunch operation. With a small number of buncfexger
3 TRANSVERSE MULTIBUNCH coupled bunch modes are involved. As the number of the
INSTABILITIES bunchesdecreases itmay well occur that some mode

cancellation occurs rendering the beam very stable even at
1 GeV. Beam stability at 1 GeV is not our maioncern,

but this is relevent for the SR FEL[4] project forherent

light at 1 GeV that requires few, very stable bunches.

The control of multibunch instabilities viemperature
tuning at ELETTRA hasbeen described in[2, 3].
Although it cannot fully compete witfeedbacksystems
that are to be built [4] the cavitgmperaturecontrol has S
given verygood results. Ingeneral we can temperature ===, | ,
tune the cavities to a setting where almost no longitudin | _ I

excitation exists for a certain current range. |
i .

In the completeabsence oflongitudinal instabilities, | 3
achieved at eV andfor beam currents of therder of T st ... .. 1. .. ... ... ... ... B f

sl

less than 150 mAtransverseanstabilities maymanifest m." e ——— e
themselvesdue to the lack ofLandaudamping. In the & & = o =
majority of cases the machine suffers a deterioration of

beam quality rather than a bedoss. These transverse == LGNS, CEY Srpllilg e R
instabilities are either generated by transverse higller "*%
modes of the cavities (TCBI) or are resistive-wall like the
cannot becured bytemperaturduning. Incase of TCBIs =
cavity temperaturéuning canalso beused tocontrol the E

excitation since total TCB¢limination is possible with ' =dt. . ... . . T.. . .0 .00y =I
the present settings though with vergrrowmargins. To
additionally minimise transverse effects a betatron tun¢ |

shift is induced[5] and up t0150 mA the machine is Figyre 4 Uppér pictu;é@;)"gg;,'v's“t'h'e'“|Ongitu(ﬁ]a|

e e R l

B
¥

instability free. . spectrumwherethe coupledbunchmodes 1 ( 8 and 3 (
Eho o osiBaste,E 3 overiep: "o 13.5") excited byHOMs. Lower picture (4b) shows the
spee e Yi. 759,855 aByrma same modes whemode cancellation occufpoth modes

below 0.5 ) with 4 bunches at 1 GeV.
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Figure 3: Low frequency beam spectrum in the
absence ofiongitudinal but in thepresence ofstrong  rigire 5:Mode cancellation for four bunches at 1 GeV
TCBI excitation at 2 GeV and 130 mA. (sideband at -94 dBm).

Studying the beam dynamics ihe presence obnly & a5 aom  war 15 ao NG+ —
transverseinstabilities, preliminary measurements arc:s* | [ | o
madewith only the transverse mode n=318 excited. Ar~ |
interesting observation from these measurements is 1 | * &%
first evidence of low frequency oscillations of 16 Hz an L
-60 dB in the absence of longitudinal excitatemd in the =t ‘W]

CoRRA|

presence obnly the n=318transverse HOM (Figure 3). L/LRW

Spectra taken after the mode was shifted/danspafirmed — cewren sz a1 1 RCTI

S BW 1.8 kHz VBW 1 kHz ENTY @ sec

the fact that the n=318 was generating thscillations. Figure 6: Mode cancellation breaks fodié rentfilling
More studies will follow to better understand this effect. pattern (6 bunches) (side band at -45 dBm).
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The probability of CBM (coupled bunch mode)
cancellation is higher when fewer bunches are stdreid.
happens when aoupled bunch mode nsamples the

HOMs of the cavities in such way that the sum of th

growth rates over all HOMs becomes negativezeno.

After carefultuning of thetemperature of the cavities

longitudinal mode cancellation has beesbservedfor 6
and 18bunches at 2 GeV, but most important for
equidistant bunch operation at 1 Gedth a total current

of 100 mA, as shown in Figures 4 and 5. In Figure 6 t
break down of the cancellation is shown when 6 bunch

with the same total current were injected.

5 SINGLE BUNCH MEASUREMENTS

The transverse impedance can be extracted from pultibunch

measurements of the betatrdrequency shifts with
current. Measurements fdt.52 MV peak accelerating
voltage at 3 different energies are shown in Figure 7.
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Figure 7: Variation of vertical tune with singleunch
current at 3 different energies; 1,2, 2.3 GeV

From the initial slope of guadraticfit (Figure 7), the
effective transverse impedance can dmived using the

( )
dl

At short bunch lengths thenpedance isreduceddue to

7]‘0 R B ZT eff
2no Ele

the incomplete overlapping of the beam spectrum with
the impedancecurve. For a gaussian distribution the

reduction is given by the relation | eff = 2y 0y ) 2
|ZylT where wy is the resonancefrequency ofthe Q=1

resonator modebnd o, is the bunch length. For the

measuredunch length at small currents, i®=18.5 ps

at 1 GeVandusing the theoretical values for tlather
energies the transverse broad band impedance is found:

|ZyIT from 1.0GeV datx 150 K2/m
|ZyIT from 2.0GeV datx 176 K2/m

|ZyIT from 2.3GeV datx 180 K2/m
to be compareavith |Z,|t =130 kQ/m [6], the value

found during the early days of ELETTR#ommissioning.

L{ound is <0.70Q.

I?ﬁmedance of0.75 Q. As previouslyno

In the mean time six out of twelve straight sectibage
been replaced by alow gap vacuumchamber thus
increasing the chambersut off frequencyfrom 2.2 GHz
corresponding to an effective radius b =23 mm ) to 2.6
Hz (corresponding to an effective radius b =18 mm ).
Using the approximation [Z|= (2R/K?) |Z/np for a
circular geometry théroad bandongitudinal impedance
Measurements of bunch length in
1997 revealed aroad bandongitudinalimpedance of 0.6
Q while the measurements of 1994 [6] gave an
significant
Gariation of the horizontalnd synchrotron tune with
current could be observed.

6 CONCLUSIONS

instabilities at ELETTRA can be
controlled to a satisfactory level bsimple temperature
tuning of the rf cavitiesTemperaturduning canalso be
used to almost completely eliminate longitudinal
instabilities ( in fact for currents below 150 mA complete
elimination hasbeen achieved) and/or teelectively
excite a transverse mode. In thmesence ofonly
transverse excitation preliminaryevidence of low
frequencyoscillations have been observed. lime few
bunch mode by carefullytuning the cavitiesmode
cancellationand thus stabilityeven at 1 GeVhas been
achieved.

lon trapping was observed by creating a pressure bump
in a straight section. Filled with Argon the logakssure
was as high as 75 nTorr. Further use of ékperimental
set up [1] will help in betteanderstandinghe beam and
machine behaviouunder locally elevated pressures of
various gases.

Measurements indicatihat thetransverseimpedance
of the ring has increased by ~30% since first
commissioning. Such an increase may be attributed to the
installation of many low gap vacuum chambers.
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