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Abstract

profile, and two phase probes check the phase préiitally,
beam currents for the different chagjates areneasured with

The newCERN Heavy lon Linac (Linac3) accelerates ayq transformers, placed before and after the slit.

P’ beam to 4.2 MeV/u. The beam is themipped to PH*
by a carbonfoil, and, afterstripping, a 12 m filter line
prepares the beam for the injectioninto the Proton
Synchrotron BoostePSB). The filter line eliminates the
unwanted chargestates, checks the beam quality(energy,
energy spread, transversmittanceandintensity), and finally
transports the beam in the lines leading to the PSB.

The paper summarisethe transverse beam dynamics o
the line, and reports on its commissioning, especially focusi
on the experiments théd to the stripper choiceand on the
measurementperformedwith a specially developed single
pulse multislit emittance device. The operatiomgberience is
also reported.

Introduction

At the end of Linac3, the Pb ions are stripped to obtain
a beam with a magnetic rigidity of 1.16 Tm, only 16fgher
than the 50 MeV protons, whidhave incommon with the
ions (on pulse-to-pulse basis) the lotrgnsferline and the
injection into the PSB. This allows the use of theme
magnetic elements for both particlé@ptimum chargestate
and energygiving the required rigidity after stripping from
PI*"* have been determined asPlat 4.2 MeV/u [1].

A filter-stripper line (see Fig.1), 12 metdmng, between
the end of the linac and the shielding wall that separates Lin
from the transport line to the PSB, ised toselect and
optimisefor injection into the PSB thelesiredchargestate
after stripping, and tomeasurethe parameters ofhe different
leadion beams (27and 53 with the adjacent chargstates).

Measurements have to lperformed independently from PSB

operation, and on single pulse basis, to observe thbgam
stability. The desigrandrealisation of the line hadseendone
at CERN in collaboration with the INFN-Torino [2].

After the linac interdigital-Htanks, aquadrupoletriplet
focuses the beam on the stripper, then a fmmding magnet
sequenceliminates theunwanted chargstates on a slit. At
the end of the line, a deburing cavity (made at IAP-
Frankfurt) minimises theenergyspreadfor injection into the

PSB. Longitudinal beam parameters are measured at the ex

the linac by aBunchLengthand Velocity Deector (BLVD),
made atINP-Moscow [3], and by using the firstbending
magnet as a spectrometer. Horizordaatl vertical emittances

are measured in a straight line after the first bend with a sin

pulse emittance measuremelavice ofthe multislit type[4].
Five SEM-grids atdifferent positions in the line allow the
measurement of the horizonthd vertical beanposition and
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Figure 1. Layout of the filter - stripper line.
Beam Dynamics of the Filter-Stripper Line

The optics of the lindave to takecare of some critical
points. First of all, positiorandtransverse size athe beam
should not exceed the foil dimensions (20 mm diameter) in the
100 mm long longitudinal region whe the four stripper
supports ardocated. Then, the filter resolution has to be
considered, becauske transverse width othe beam spot at
the slit has to be smaller than tldéstance between two
adjacent chargstates. Moreover, the fousending magnets
have to form an achromatic systemth minimum emittance
#Fease. The matching, done with the code TRACE-3D [5], is
shown in Fig.2. It takes into account the emittaimoeease at
the stripper, as well as the change of charge state.
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The first stripping testsvere donewith carbonfoils of
surface densityl 00, 200, 30Gand400 ug/cn?. Fig. 3 shows
the correspondinghargestate distributionsneasured after the
spectrometer. They are all ¢exd around 53 in excellent
agreement with the predictions of Baron’s formula[6].

This indicates that the equilibrium thickness is

already reachedvith the 100 pg/cn? foils. Straggling is X , X
responsible for the tger energyspreadacross thicker foils. 1heS€ observatiorzan be explained by ealculation of the

esponsile for e lser energypreadacross icke fo ifemperaturd reached bythe foil during the beam pulse. The

energyspread of11% @33 against+30 keV/u ()) after energy;hat the beam' loses inside tfml as consguence of '
stripping. This is acceptablefor beam transport, since thescatte'rlng with the foil atoms, goes first tq hgatmg of the foll
energy spreadfor PSB  injection is mainlydefined by the Material (only about 0.1% goes to the strippinglettrons),

debunching cavity. Therefore 1p@/cn? (thickness of 05m) andthen isdissipated by radiatiorrdm the small beanspot

has beerkept as the nominal strippesurface density. The ©N the foil, thg conduc’;i\{ity contribution through te pum
beam energyloss across this foil, measured at the thickness being negligible. Wean representthe three

spectrometer, iAW = (130+ 10) keV/u, in good agreementcOntributions with the equation:
with the Firsov formula [7]. AW | =me dT/dt + 20 S (P-T,Y)

Since the first experiments, weticedthat foils thicker
than 200ug/cn? broke down after only a few minutes. For the
100pug/cn¥ foils, direct observations throughgaartz window
showedthat increasing the focusing on the strippsade the
beam visible on the foil asred spot. As the focusing was
further increasedthe spotturned white and the foil broke.

i.e. thepowerproduced by &eam of current that loses the
energy AW is equal tothe sum of theincrease in thermal
energy of the stripper materigh¢being its massind specific
2 heat) and of the radiated power, expressed bythe Stefan-
! Boltzmann relation for the emission from a surf&cee is the
] emissivity (0.75for Carbon)and o the Stefan-Boltzmann
constant. The factor 2 takes into account the fact that energy is
radiatedfrom both sides ofthe foil. After a time usually
) shorter than the beam pulse lengfh, converges to the
1 B3 m Tk . equilibrium temperaturel can be neglected TT,):
1
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- The highesttemperature iseached athe centre of the
Al %\5#5& beam distribution, where thecurrent density di/dS is
s maximum. ®@nsidering a gaussian beam distribution in the
transverse planell/dSconverges t&/2TXII¥L/ with | the total
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i beam currenand XLIy[Jthe rms dimensions of the beam.
. : Introducing this value into (1), one obtains the maximum
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Figure 3. Charge state distribution after stripping for Taking the Linac3 beam parameters, |88 of P?"* and
increasing stripper thickness. 130 keV/u energy loss, for a round beam of madiusr,,, we

obtain thetemperature afunction of beanradius of Fig. 4.
Theincrease inbeamdivergenceinside the stripper foil TRACE-3D calculations give,,,=1.6mm, indicating that the
leads to anemittance growth that habeen evaluated by temperature ofhe stripper of 10Qug/cn? comes close to the
measuring the increase in beam size at the SEMadped the temperature ofarbon sublimation, 4100 Kassumed as the
stripper position, first without strippegnd then with two maximum that the foitan stand. Small reductions iheam
foils of increasingsurfacedensity. Themeasured data havesize or imperfections in the foibould breakit, while only a
been linearly fitted to the beam size calculated by TRACE-3Bmall increase in beam size brings temperature down to a
taking as first input to theodethe emittanceand the Twiss safevalue. Since thenergyloss AW is proportional to the
parameters measured without the foil, and then emittances witipper thickness, thicker foils reach higher temperatures. The
increasing divergence at the stripper position. The result wasofurs observed on the foil before breaking correspond well to
Agle = (6= 2) % for the nominal stripper thicknedarger the peakemissionwavelength at thesalculatedtemperatures.
than calculated,but smaller than the 10%oreseen in the In conclusion, one has téind a compromisebetween the
design report [1]. lifetime of the foil, requiring a large bearsize, and the
A Model for Stripper Breaking minimisation of theemittanceagrowth due to the increase in
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divergence,that instead requires amall beam sizeThis
compromise has bedound easily at Linac3 sincemittance |
growth is not a very critical issugarge PSB acceptance), ancgmuu
foil lifetimes are now of the order of 2/3 months. r-
The formula (2), with theneeded changes in the ™
parameters, indicates agll that an AJO, stripper (melting | 2L
T=2345 K, £=0.2), considered as aalternative to Carbon | {
because it is easier tproduce andmore homogeneous inF_ 5 Emitt lots at detect tion fof’Pb
thickness, would not withstand the temperatures induced by e © > Emitance piots at detector position Tork
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Linac3 beam. An emittanceplot at thedetectorposition is shown in
12000 Fig. 5and asummary of themeasuredralues for PH* is in
— 100ma/cmA Table 1. Measurements for Phare not very precise, since the
10000 1 /e - ; -
detector is placed befothe ion separatiomevertheless the
——300mg/cmA . . S
8000 T o total (4 x rms) horizontal emittancater stripping hasbeen
6000 + Csublimation estimated to be ~10%mm mrad.
4000 + M &,/TT (unnorm.) g,/T (unnorm.) AW
2000 + mm mrad mm mrad [keV], 20
0 ; ; ; ; 9.7 9.9 +30
0 1 2 3 4 5 Table 1: Measured beam parameters at Linac3 output (b 27

rms beam radius (mm) Conclusion

The matching of the linandthe strippingwere easier
than foreseen,the best results beingbtained with a
100ug/cn? carbon foil. The current transmission of the line is
Single Pulse Transverse Emittance Measurements almost 100% (max. 80A of P**), andthe beam quality is

_ ) ) ) ) good for the injection to the PS Booster. The linac shows an
A single pulse emittance measuring device veagired 10 excellent pulse-to-pulse stability.
checkthe pulse to pulse stability of the linac. Wkoose a

multislit plate with a scintillatorscreenand CCD camera

readout. Particles traversing thelits producelight on the Our thanks go to C.Dutriatl.Bernard, G.Martini and
scintillator and aspecialtriggered CCD cameracaptures and G Molinari for their continuous assistancduring the
digitises the imagevery 1.2sec, the repetitiomate of the commissioning, ta.M.Quesada wherovided uswith some
linac. Specialsoftware reconstructthe emittance from the theoreticalbackgroundand to K.Langbein for helpingduring
digitised image and calculates the Twiss parameters [4]. measurements.

Starting from nominal emittance valuasd orientations, This paper isdedicated tothe unforgettable P.Tétu. His
preliminary simulationsvere needed taransport the beam to legacy of scientificand human experiencewas essential to

the steerers, were made by working experience.

CCDs’ saturation waavoidedusing a fasexposure time References
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Figure 4. Linac3 stripper temperature from (1) as function of rms
beam radius for two different Carbon foils.
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