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Abstract An EBIS charge breedsons by bombarding singly
charged ions with high-energy electrons [5]. The

The REXEBIS is an electron-beamion source pombarding electrons collidevith electrons bound to

developed to trap and further ionise the sometimes rare a6fls, thus further ionising these ions.After a few

short-livedisotopes thatre produced ilSOLDE for the milliseconds, the ion has been ionised to a higharged

Radioactive EXperiment at ISOLDE (REX-ISOLDE). A state.

0.5 A electron beam isproduced in amagneticfield of By introducing an EBIS into the postceleratochain,

0.2 T, and iscompressed by 2 T solenoidalfield to a the singly-chargedons are ionised to a g/A-value of

current density of >200 A/ctnThe 2 T magnetifield is  ~1/4.5, andthe length of thesucceeding.INAC can be

provided by awarm-bore superconductingplenoid, thus considerably reduced. Féne low beam energiefelivered

giving easy accessibility but naryogenicpumping. The by an on-line separator, an EBIS is in principle the only

EBIS is switched betwee0 kV (ion injection) and effective alternative. The REXEBIS has features similar to

~20 kV (ion extraction). The EBIS desigfocused on CRYSIS [6], the Stockholm EBIS, buhere are some

high injection and extraction efficiencies to the major differences and design challenges that we would like

surrounding Penning tragndRFQ in theREX-ISOLDE  to emphasise in this article. A more extensarcle

post accelerator. The design, whielguiredsimulation of  describing the REXEBIS project iforeseenfor this

a complete injection, breeding and extraction cygteyed  gutumn.

viable. Calculations of the back flow of Ar cooling gas

from the Penning trap as well a#fects of residual gas 2 REXEBIS SPECIFICATIONS

from the warm-bore vacuum chambecertified that The specificaions for the REX-ISOLDEpost

possible outnumbering of the low number raflioactive . L .
ions by Ar and residual gas can be handled. acceleratortogether with the limits set by the Penn|r_19
trap and the mass separator/LINAC, impose strict
requirements onthe REXEBIS design. The EBIShould
1 INTRODUCTION be capable to charge-breed elemavits mass A<50 to a
The construction of REXEBIS, an Electr@eam lon  charge-to-mass ratio of >1/4.5 within a confinement time
Source (EBIS), is part of Erger project, theso-called of 20 ms. This short confinement time is set by the short
REX-ISOLDE project [1,2,3], which is aopgrading of |ife-time of the radioactive nuclei. For light elements,
the alreadyexisting ISOLDE (Isotop&eparator On-Line) however, one has the possibility to useexen shorter
[4] facility at CERN. cycletime. The number of ioninjected perpulse may
Nuclear physics is now turning its attention to thevary from a few ions to Z0The lower limit is set by the
regions far away from nuclear stability, to the neutron angroduction yield alSOLDE, whereasthe spacecharge
proton drip-lines, and to physics with radioactives. To inside the Penning trap sets the upiieit. Due to few
reach these extreme regions in the nuclear chart innovatiygd costly producedradioactiveions the EBIS has to be
acceleratorconcepts have to be useahd the ISOLDE efficient, i.e. the injection and extracti@ifficiency should
community has chosen tadd apost accelerator to the pe higher than 50% [7]. Due to the statistical nature of
isotope on-line separator. This will give the physicistghe ionisation process, the inherémneeding efficiency to
access to the already large numbersotopesproduced at 3 single charge state is less than 30%. Anatson for
ISOLDE at higher energies. selecting an EBIS as part of this complagcelerator
The REX-ISOLDE is gilot project with the aim to chain is that this ionsource has proved an excellent
demonstrate an efficient scheme fowst acceleration of reliability record at MSL.
radioactive beams, produced by @mline massseparator,  To fulfil the above requirements, we have chosen a
to energies somewhat below the Coulomarrier. The designutilising a 5 keV electron beanwith a current of
ions arefirst accumulatedand cooled in aPenning trap, 0.5 A. The current density is>200 A/cnf, throughout a
then chargebred in anEBIS, andfinally accelerated in @ 0.8 m long trap region. With thesearameters the
short linear accelerator to energies betweén8 and REXEBIS trap can hold up to-6-10 charges at an
2.2 MeVlu. electron beam charge-compensation16R%6. This large
number of ions is more than ten times the maximum
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number of ions thatlue to space chargéimitations can The electrorgun will deliver a current of-0.5 A at a
conceivably beleliveredfrom the Penning trapTable 1 cathode current density of 25 A/&riThe perveance of the
displays the most dominant charge states for some typigain is0.87pA/V¥2 A 1.6 mm diameter LaB cathode

ions that are bred for 20 ms in the REXEBIS. will be used. Figure 1 shows an EGUN simulation of the
beam propagation in the gun region.
Table 1. Peak charge state at 20 ms breeding time. 108.166 EVRAD IAL EXCESS ENER G Y,RPPLE=24.347%, OMEG ALO MEG AP =214
Eiement Charge_state OA MAX RENTDENSITYKDAXIS;334 Alcm*2 AT Z=156 GAUSS

60 /

uNa +9 ////

Mg +9 o /%

1Ar +11 %%J

Ca 12 L

HKr +16

sRD +18 Figure 1. Cylindrical geometry simulation of thelectron
beam in the gumegion. One unit of length corresponds to

3 SOLENOID 0.1 mm.
The superconductingmagnet will provide a 2 T 4 INNER STRUCTURE

magnetic field, both for focusing of the electron beam and
to facilitate trapping at ion injection. To optimise the The inner structure consists dfift tubes, a support
performance ofhe EBIS, the magnetifield straightness, Structure and NEG strips. All these elemeants placed in
homogeneity andstability must becarefully controlled. UHV and close to room temperature (warm bef °C).
We havedeveloped asimple method to verify théeld We have chosen to manufactunest of thesedetails in
straightnessandfound the tracedcentral field-line to be titanium due to its gettering property. To further improve
within a cylinder of radius0.1 mm for the full EBIS pumping efficiency, we haveconsidereddrilling holes
length (-800<z<800 mm). The axifiéld has aspecified radially in the drift tubes.
homogeneity of 0.3% over400 mm, and we measured The drift tubes have mdius of5 mm. The REXEBIS
the homogeneity to be within 0.25%. Thepecified hasthreetrapping tubes: 100, 23@nd 464 mm long
relative field stability is 5-10h™. with 2 mm spacing, whicltcan be combined to trap
The REXEBIS has a warm bore, i.e. the inaginder lengths of 100, 230, 332, 464, 686d 798 mm. With a
containing the drift structure iseld atroom temperature, full length the charge trapping capacity for a 16fctron
despite the cryogenic temperatures of $hperconducting Peam compensation amounts to 8 dl@ctrical charges.
solenoid. We chose thisoncept to avoid the memory The electron beam energy will lsekeV, andthe beam
effect in which gases frozen to a cryogenic surface may f@dius 0.25 mm. The potential depth of #lectronbeam
enter the vacuum by the thermahd from the electron Will amount to107 V, which is significantlylarger than
beam going astray. Furthermore, keeping teeuum the potential ripple £5 V) caused bybeam scalloping.
chamber at room temperature enhances the accessibility/@9s are injectedwith a ~10us long pulse from the
the inner structure, and should allgeodreliability. The Penning trapand are ejected byheir inherent kinetic
main difficulty with this concept is tosubstitute the e€nergy upon lowering the end-tube trap potential.
inherently efficient cryogenic pumping fromaald bore Utilising this method, virtually noextra energyspread
with NEG pumpsand turbo-moleculapumps positioned ~ Will be introduced.

at relatively poor conductance outside the solenoid.
5 ELECTRON COLLECTOR

4 ELECTRON GUN A cylindrical iron shield surrounds the copper collector.

The electron gun is oifnmersedtype, positioned at The ironreduceshe magneticfield drastically inside the
0.2 T. This design is uncomplicated, relatively in- collector, causing the electron beam égpand rapidly
sensitive to axial disp|acement' Curramdcurrent-density onto the collector surface. The design of the collector is
is easy to controlandthe design iswell proved in EBIS tailored to the electron impact angle so thatack-
constructions. Apart from a modest electrenrrent Scattering is minimised (see Figure 2). Simulations show
compression, the mairdrawback is the unavoidable that the fraction of electrons that re-entered the trap region
scalloping(periodicalbeamdiametervariations along the is about 0.25%. The collector has a large opetomgrds

beam propagation) which we hapmved isinsignificant the combined injection/extraction beamptics. This
for the working of the REXEBIS. minimises ionbeam aberrationand increasespumping
conductance.
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The collector isplaced at a-2000 V potentialrelative

to the cathode,yielding that the0.5 A electroncurrent . s ’

dissipatesl000 W atthe collector surfaceThe power ¢ ¥
density in theaffectedregion of the collector is below ©0
8 mA/cnt. Estimations of out-gassing caused ddgctron i soe
bombardment yields a rest gas pressure inside the collect ¥ £, A’
of the order of 18" mbar. £ 1 !

Figure 2. EGUN simulation of the absorbed electrdream.
One unit oflength corresponds t6.25 mm. Only the upper
cylindrical part of the collector region is shown.

6 HIGH VOLTAGE SWITCHING

The REXEBIS is situated at &0 kV potential during
injection, allowingcaptured of coole®0 keV ionsfrom
the Penning trap. The potential decreased toabout
20 kV during the breedingtime (figure 3). The RFQ is
optimised for an iorenergy of5 keV/u, which with the

EBIS output g/A~1/4.5 gives an ion extraction voltage o&

around 20 kV.

u KV
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Figure 3. REXEBIS platform potential relative ground
during two cycles.

<5 Vripple

breeding breeding

5-18ms

7 VACUUM AND REST GAS
SPECTRUM

The REXEBISrequires arextremely good residual gas

pressure (1® mbar) inside the trap region tavoid a
complete outnumbering of tHfew radioactiveions. The
backbone inthe pumping system is one turbmlecular
pump oneach side othe EBIS. These two pumpsill
together with a hexagonal pattern of NEG stnipplace
the needsfor cryogenic pumping (traditionallysed in
cold bore EBIS).

The main vacuuntoncernsare out-gassing from the [5]
inner structure and gas load from the electron collector d

to the impacting electrons. Moreover, thevédl be an
argon gas load from the Penning trap, which haargan
buffer gas pressure of 1®mbar. A 7-stagedifferential

pumpingtransferline will provide an argon pressure of

~10™ mbar inside the REXEBIS.

016 018 0z 022 024 02 028 03 032 ‘EI34
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Figure 4. Calculatedg/A spectrum showing thebsolute
number of extracted residuand radioactive ions per
pulse. Breedig time 13 ms 10 000 inected*Na ions.
Figure 4 shows aalculated g/Aspectrum agroduced
from rest gas, gas from the collectordinjectedcharge-
bred ions. It is clear that the ions of interest may display a
much lower intensity than nearby rest-gas peaksnake
a clean beam of the isotopes of interest, a reaparator
is clearly needed.
Table 2 summarises the design properties of the
EXEBIS.
Table 2: The REXEBIS design parameters.

Maximum central magnetic field 20T
Electron gun type (Semi-immersed LaB
Electron beam current | 0.46 A
Electron beam current density >200 Afcm
Electron beam energy-E 5000 eV
Electron gun perveance P 0.87 ANV
Electrons re-entering the trap <0.25%

Trap length <0.8 m
Trap capacity (10% compensatiof)~6-10 C
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