PRESENT PERFORMANCE AND FUTURE OBJECTIVES
AT ELETTRA

C.J. Bocchettand R.P. Walker, on behalf of the ELETTRA Team
Sincrotrone Trieste, 34012 Trieste, Italy

Abstract radiation power density (~¥ as 320 mA at 2GeV.
Measurements show that the beam is more staduder
The present performance of ELETTRA includiregent these conditionsnd has a significantlygreaterlifetime,
improvements is summarised. The future objectives ag h at 2.4 GeV, 100 mAompared to 32 h at 2 GeV
the developments projects that are underwagashthem  with the same current. The interest in such an operation is

are discussed. sufficiently great that a @ay periodwill be scheduled in
August for continuous 2.&eV operation. Ifthereare no
1 INTRODUCTION limits due to the increasedthermal load, a maximum

The ELETTRA 2 GeV third generatidight source is current of180 mA will be able to be supported at 2.4

nearing 5 years since the start of commissiorfidgtober GeV with the present r.f. system.

'93). ELETTRA currently operates for a relativalyge 2.2 Few-bunch Mode

number of hours per yeaand with good efficiency. In

1997 the machineperatedfor a total of 6168 hours, Apart from AcceleratorPhysics studies, untitecently

82 % of which were dedicated to user operations, with #nere has beedittle interest in using ELETTRA in
achieved efficiency of 91 %. In 1998 the machivik be anything other than the standard 90 % filling mode. Some
operated foil6528 h, 81 % for users. At the present timénterest has now been expressed in usingné-12-bunch
thereare 6operational insertiomlevices ancbne bending modes inorder to carry time-resolved studieand so a
magnet port feeding a total of 11 beamlines, of which Ifumber of exploratory tests have beearried out [1].
areopen to external usand 1 is inthe commissioning Currents of 10 to 20 mA have easily been able to be
phase. accumulated in 6 and 12 bunch modes.

Far from entering a static operations phase, a gezht . _ .
of investment is beinglaced inthe future growth and 2.3 Electromagnetic Elliptical Wiggler
improvement of the facility. In the lasyear the A novel electromagnetielliptical wiggler (EEW) was
construction of a number of major new beamlines anfstalled at the beginning of Janud®8 as asource of
insertiondeviceshas beerapproved andeveraimore are circularly polarised radiation for a new beamline [2]. The
under active consideration. In paraNeth this activity a main feature of this device is the possibility of switching
number of important machine development projects afe helicity of theradiation in either a trapezoidéd.1-1
underway which are designed tofurther improve the Hz) or sinusoidalmode(10-100 Hz). The maiinfluence
performanceand competitiveness of ELETTRA. A major on the beam that has beeobserved during the
upgrade of the injection system is alsounder commissioning of thelevice is achange in closedrbit
consideration. In the present article we firstly summarigg]. A correctionsystem consisting ddir-coredcoils and
some recent machine developmentand then present arbitrarily programmable powesupplies will soon be
further details of the development programme. operational in the d.c. modand thereafter inthe a.c.

modes.
2 RECENT DEVELOPMENTS

3 MACHINE DEVELOPMENT
2.1 Current and Energyl] PROJECTS

The substitution last summer of critical beam positio
monitor gaskets immediateownstream otthe bending
magnets with a composite steel/copper type having a
greater resistance to transverse forces has permitted apongitudinal instabilitiesare successfully controlled in
increase in beam currefiom the previous 250 mA to a ELETTRA by means of a precise adjustment and
typical 320 mA. regulation of r.f. cavittemperature$4]. A detailed study

We have also recently been re-examining thehas beercarriedout of the dependence ohigher order
possibility of operating the machine at higher energy. Th@ode (HOM) frequencyvith cavity temperature, enabling
limit is set by bending magnet power supplies. Testgemperaturetuning intervals to bedeterminedfor each
have beenperformed at2.4 GeV with a conservative cavity which avoid interaction of the HOM's with the

current of 130 mA, which has the same synchrotrolheam. Toprovide an extradegree offreedom, variable

3.1 Longitudinal and Transverse Coupled
Bunch Instabilities
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plungers (HOM frequency shifters) have alsobeen

beam positions at the two photon beaposition

installed in two cavities [5]. At the present time thamonitors (pBPM's) to less than 1 micron up to high

cavity settingsare adjusted so as tteave aresidual
longitudinal excitation, inorder to provide an increase in
beam lifetime [6] as well as to overcome transvesféects
which arise when the beam
longitudinally.

Since longitudinal stability islesirable inordernot to

frequency, and also operate on two beamlines
simultaneously [7]. The difficultywith this approach is
however the contamination of the insertiomevice

is completely stableadiation with that of thdendingmagnets upand down-

stream of the ID, which means that eventliie net
position reading is correct orthe two pBPM's, the

deterioratethe undulator radiation spectra, particularly irposition of the ID part of theadiation is not exactly

the future when the use of higher harmonic numbers arerrect. To overcomé¢hese limitations weare studying
foreseen, another methadill be needed toguarantee new kinds of pBPM's thgberform an energgnalysis of
transverse stability. For this reason a wide-bhuadch-by- the photo-electrons irorder to distinguish the higher
bunch transverséeedbacksystem isunder development. energyphotons from the IDcompared tothose of the
After a fast (500 Msample/s) analog-to-digital conversiomending magnet fringe field [8].

the inputdataflux is de-multiplexed and processed by In parallel, the possibilities for usingpgradecdelectron
digital electronics. The correction data is digitalislayed, BPM's in afeedback system are being studied. This
multiplexed, passed to a 500 Msample/s digital-to-analagvolves both thedevelopment of a new analagceiver
converter and eventually applied to the RF power and digital demodulator withigh precision/largedynamic
amplifier-plus-kicker. ~ Programmable DSP  based range, as well as a new BPM design mounted on the low
electronics is being considered for the processing block.dap ID vessels fogreatersensitivity, but withenhanced

will provide the best flexibility (e.gaccount forchanges long and short term mechanical stability [9].

in  machine operating conditions, allow the

implementation ofdifferent softwarefilters and permit 4 NEW INSERTION DEVICES
controlled behaviour in case of system saturationwahd

allow the installation ofdifferent beam (e.g. tune 4.1 Magnetic Systems

measurement, growth/damping measurementsode Six new insertiondevice modules for 3 ID straight

detection) and system diagnostieels (e.g.measurement sections are under various stages of design and

of system gain margins, .opera.t|on momt-ormg Of. SySterE?onstruction [10]. All of these will be APPLE-2 type
components). System simulations usidifferent filter

. . . devices in order to provideorizontal,circular andvertical
typesarebeing run inorder toprove the feasibility of a

“1BPM+1kicker” scheme. The BPM-kicker betatrphase polarisation for user experiments. All previous I@part
constraint should be dealt with by the digital filter, so the{{om the EEW) were based on a standatds m long

the choice of the BPM/kickepositions may bedriven support structurg, and in mc.MSes 3. such modulme- re
. . . accommodated in each straight section. Thesedemees
only by the requirements of engineering, spaceeas® of

) . - ; will be split into 2 sections rather than 3 aam@ based on
installation. The very same digital processihgrdware

could also beused on differentmachinesand/or for 2 2f2'2 m Iongs tar_ldardsgpport with mte_grated phase
N, motion for polarisation adjustment. The first 6 period
longitudinal coupled-bunch systems.

device is underconstruction; a shor?-period prototype

has already been tested and given very encouragmdts.

The second device will be reovel quasi-periodic variably-
polarised device.

3.2 Beam Lifetime

The lifetime in ELETTRA is very stronglynfluenced
by the Touschek effect [6]. When complete bestability
is achieved a deterioration tfe lifetime can therefore be 4.2 Vacuum Chambers
expected. A ThirdHarmonic cavity is beinglesigned in
order toimprove the lifetime, without compromising the
transverse emittance or energy spread. A comparat
study of the technology to use (normal cuper-
conducting) will be concluded durirthe summer. Within
this context a feasibility study has been performed with
analysis of the geometry suitable for a supenducting
single mode cavity.

3.3 Closed Orbit Stability

A lot of effort has gone on over the pdetv years to
develop alocal feedbacksystem inorder to stabilise the
beam on each individuddeamline. The final result was
successful in that the systerould stabilise themeasured

A first 4.8 m longnarrowgap, pump-free, Ivacuum
vessel was installed in ELETTRA in August '97. The
e . :
chamberwas made of machinedstainless steel halves,
welded together, with aninternal(external) apertures of
15(17) mm. Unfortunately the experience with this
an . N
chamber was negative: aftelang conditioning time the
vacuum leveland beam lifetime improvedhowever a
higher gammaradiation remainedwhich forced the
removal of the chamber. Various laboratory telsése
since beencarried out but no clear explanation has
emerged so far for thebservedeffects. On the othdrand
a simplerpump-free chamber fathe EEW, based on a
seamless stainless-steel elliptical tubepnditioned
quickly without difficulties [11]. For the future IDs,
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another technique is being investigatbdsed on an
Aluminium extrusion which provides a higherechanical
accuracy together with much lower cost, with

The specification for an upgrade to the injection system
is thereforecompatibility with the maximunenvisaged

thestorage ring operational enerd@.4 GeV), with the

advantage of higher conductivity which will be useful fopossibility of performing a top-up injection. The two

future smaller gap vessels. A first vessel usder
construction, with internal(external) dimensionsld{17)
mm.

The production of circularly(and even more so
vertically) polarised radiation is @otential problem in
ELETTRA due to the heatload onthe 10 mm high
radiationslot in thedownstream bendinghagnet vessel.
Calculationshaveshown that the existingxternalwater

options thatarebeing studied are an upgrade tie linac
injector, by means of a recycling schemaed abooster
synchrotron.

A boostercould beconvenientlylocated inthe open
space orthe inside of the storage ring buildingeaving
allowance for shieldingtc., a machine with a maximum
radius of around 25 m can be accommodated, which
allows an energy of 2.5 GeV to be comfortably reached. A

cooling of the stainless-steel vessel is not sufficient in tlomsting of the building modifications, the boostand the

case ofthe lower energy undulatowsith high K values.
To overcomethis problem a newAluminium vacuum

changes to the injection system is presently bearged
out to be in a position tanake a decision on whether to

vessel has been designed and the first chamber is presepthceed at the end of this year.

under construction.

5 FEL DEVELOPMENT PROJECT
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least between 350 and 190 nm, while still permitting the

operation of other synchrotraadiationbeamlines. Initial
operation will be at 1 GeV, although highenergy
operation will also bexplored,most probably in a 4-
bunch mode (depending othe choice of optical cavity

length).

6 INJECTION SYSTEM UPGRADE

Looking beyondthe machine developmentiiscussed

above, it isclearthat the major remaining limitation to

the continuing improvement of theerformance of
ELETTRA is thefact that the beam has to ligected at
1 GeV and ramped to 2GeV. Despite theoperational

improvements [1] toreduce the injection time to a
important

minimum there are still a number of
consequences of the present arrangement:

» the possibility of implementing IDs witlsmaller
gaps is severely compromised sinttgs would imply
reducedlifetime, a morefrequentinjection, and hence a
greater percentage of time lost;

» a major limitation to theclosedorbit stability that
can be achieved isthe thermal cycling thatoccurs.
Injection at full-energy opens the possibility refyular or
top-up injection inorder to maintain constanthermal
conditions. Inaddition, if this can be achieved with

undulators close@dnd beam shutters open, the thermal

load on optical elements is also kept constant.
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