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Ab high cross section for stripping will influence the
stract L .
transmission as well as space charge compensation.

High perveance negative ion beams with lowlherefore an experiment is under construction in

emittance are essential for several next generatidfrankfurt to investigate the influence of various

particle accelerators (i. g. spallation sources like ESS [prameters on beam formation and transport under space

and NSNS [2]). The production, extraction and transponharge compensated conditions. Addurce has already

of these beams have intrinsic difficulties different frombeen built. It will be tested and incorporated into the

positive ion beams. Limitation of beam current andxisting LEBT line consisting of two solenoids in the

emittance growth have to be avoided. To fulfil thenear future.

requirements of those projects a detailed knowledge of

the physics of beam formation and transport is 2 |ION SOURCE

substantial. An caesium fre€ ¥¥blume source based on A h fic drawi £ th tv developed i

the high current source for ESS has been built and will h schemalic drawing of the recently developed lon

be integrated into the existing LEBT section in the nearu'ce 1S shown in figure 1.

future. To investigate the influence of beam extraction, Plasma Plasma Screening Dumping

electron dumping, focusing fields of the solenoids and chamberelectrodeelectrode system

space charge compensation on transmission and bean E rcﬁgpr?éts

emittance different beam diagnostics are available. in53|ator

Numerical simulation of beam extraction and beam

transport will be presented together with the

experimental set-up and preliminary results.

1 INTRODUCTION RS . By Grid
The production and transport of high current negative ;
ion beams is a hig key issue for future high current
accelerators. For ESS , as an example, abeldm with
70 mA at 55 keV (K=0.0035) arg] = 0.1 mmmrad is cathode
required using non liouvillian stacking schemes for the flange
accumulation rings. To reduce particle losses at high \
beam energy (above the coulomb barrier) and to —> Solenoid Filter ~Bending .
maximise the available current the beam has to be Scm magnetmagnet  Solenoid
treated carefully between the plasmaelectrode and the
first RFQ. External and internal fields can inducdrigure 1: schematic drawing of the ion source.
emittance growth, space charge forces and beam -
residual gas interactions can limit the transportable The ion source, based on the ESS-source [5], is of the
current. volume type using a gas discharge driven by a hot
Different extraction, electron beam dumping and jogathode to atomise the, lholecules. The electrons are
beam transporting schemes are under discussion [3,dially enclosed by a solenoidal field. A magnetic
each have various positive and negative aspects. tipole filter field (electrical exited) near the extraction
improve the Hto € ratio magnetic filterfields (i. g. area is used to separate slow and fast electrons and
dipoles) are used. These filterfields often in conjunctiotherefore enhance the " Hproduction [6]. To inhibit
with dipole fields for electron dumping. The quality ofinfluence on the diagnostic devices the source will be
beam extraction simulations suffers from thes@riven caesium free. This will limit the plasma density
additional fields in the low energy part of the extractorand therefore the ion current. The design value for the
The destruction of the rotational symmetry together witgurrent density delivered by the plasma was chosen to be
the space charge forces causes emittance growth a@@imA/cni a commonly reached value for caesium free
particle losses within the extraction system. Highd sources [7]. The Ho e ratio has to be above 0.02 due
residual gas pressure near the extractor together with figecurrent restrictions by the high voltage power supply.
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3 EXTRACTION SYSTEM SIMULATION
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For the ion beam formation a single aperture accel -
decel system is used. Various numerical simulations of &
the beam extraction using the IGUN [8] code have been— ©0.02 - - - - |-+~ {- -+
performed for different extraction geometries. The goal ‘ ‘ ‘
was to build a compact triode extraction system
delivering a high perveance ion beam with minimised
emittance and insensitive to plasma density variation.

The simulations have been performed for different ion ‘
current densities (0-50 mA/én different extraction 0.00 - .
voltages (4,5 and 6 kV) and aspect ratios between 0.2 0 10 20 30 40 50
and 1.2. The simulations showed that for an aspect ratio
of S =0.375 and an extraction of 3 mm diameter the
boundary conditions are fulfilled.
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Figure 3: IGUN calculations of the emittance as

250 T T T T function of the current density.
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Figure 2: IGUN calculations of the divergence angle as 0 10 20 30 40 50

function of the current density. current density [mA/cmz]

The figures 2,3,4 show the development of the bea
angle, the emittance and the brilliance for the finall
chosen extraction geometry. Fig. 2 shows the change

the divergence angle as function of the current density.delivered with 1.77 mA beam current. This will lead
For low plasma density the focus of the beam is near t a beam pervea.nce of K=0.0045 Whi(;h is app. 30 %

E\gure 4: IGUN calculations of the brilliance as
¥g{1ction of the current density.

outlet aperture. The beam is overfocused 16 mm behiﬂ?gher than required for the ESS project.

the outlet aperture. With increasing current density the

beam divergence declines to a minimum at 60 mrad  euwcoscrsee

(focus at observation point), corresponding to the matched case

matched case. At higher current density the divergence 4000V 400V ov

<
|

In Fig. 3 the corresponding emittances are shown. For
the matched case a normalised beam emittance of €
0.0011rmmmrad (4 kV) and 0.001@mmmrad (6 kV) is
reached. In Fig. 4 the brilliance as function of the current
density is plotted reaching a maximum in the matched
case.

The trajectory plot for the chosen geometry delivering
a matched beam is shown in figure 5. For a current
density of app. 25 mA/cidelivered by the plasma Figure 5: Plot of the beam trajectories for the matched
generator (left side of the plot) a 4 keVhd¢am is case calculated with IGUN.

rm
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4 DUMPING SYSTEM

Residual gas ion
Solenoids (max. 0.73T) energy analyser

Negative ion extraction is always accompanied by thefoadacuw

Beam profile monitor

extraction of electrons which must be removed from the"’e““'e”“e“”e”“e”J ‘ _

beam before further acceleration. Depending on thewnsouce
extraction voltage and the electron to Iratio the
electron beam power to be dumped can be high (max.
300 W for this experiment, 7.5 kW for ESS).

The dumping system consists of a bending dipole seomscoper s
magnet (mounted in the screening electrode) and a N et
water-cooled dumping tube. The electron beam will be % Enltonce  ghoye
deflected from the Hand dumped in the water-cooled | Dedhmipensating slectiodes T oo

tube outside of the beam channel. To minimise the oo

magnetic field strength at the outlet aperture, the filter

magnet (max. 0.03 T) and the bending magnet (Magjqre 6: Schematic drawing of the experimental set-up
0.03 T) have opposite polarity and equal distance frof¥ ihe Frankfurt LEBT line.

the outlet aperture. As the measurement shows, we get a

minimised B, field strength in the plasma sheath region. thg jnfluence of the dipole magnets on the extracted
By this an undesired beam deflection in the acceleratgp,m current and the bending of the electrons have been
gap is reduced. validated. The optimisation of source performance will
start in July. After source tests on a separate test bench
5 EXPERIMENTAL SET-UP the source will be incorporated into the existing LEBT.

The presented ion source will be connected to thEhe experiments will start with a DC beam to study the
existingL ow EnergyBeamTransport (LEBT) line. The influence of the external parameters (filter fields,
details of the beamline layout are shown in Fig 6. solenoids, residual gas pressure, voltage on

LEBT of high perveance ion beams suffers from higﬁecompensation electrodes, source noise) on emittance
space charge forces. Generally two systems are us@fd fransmission. For a next step the set-up is already
electrostatic or magnetic lenses. The use of electrostaBtepared for pulsed mode operation.
lens systems has to deal with the full space charge and
therefore has limited current transport capabilities. They REFERENCES
suffer from high space charge forces causing in
conjunction with field aberrations serious emittancgl] H. Klein et. al., "The ESS Technical StudfSS-
growth. Magnetic lens systems can use space charge 96-53-M, November 1996
compensation to reduce the necessary focusing force astl B:-R. Appleton, J.B. Ball and J.R. Alonso , “The

: : National Spallation Neutron Source”, EPAC’96,
the radius of the beam in the lenses. Therefrom the Sitges, June 1996. p. 575

emittance growth due to lens aberrations and self fields; 3. \Ww. Staples et al. , “All Electrostatic Split LEBT

is reduced. Test Results”, LINAC'96, Geneva, August 1996. p.
An existing double solenoid (max. field 0.73 T) 157 . _ _

LEBT capable with the ESS scenario will be used fol#] J. Pozimski, P.GroR3, R. Ddlling, K. Reidelbach and

our investigations of high-current beam transport of E;gﬁ'gamgs"EffT'DeSE'%”S_E,{,‘,‘f'esoé?gbe'fsslggg

negative ions. Therefore different beam diagnostic \yeinfelden, PSI-Proc. 95-02 '

elements have been installed. Emittance measuremgst K. Volk, H. Klein, A. Lakatos, A. Maaser,

devices and residual gas ion spectrometer and \ \eber, An H-Source for ESS, Proceedings of
Faradaycups are available along the beampath. The the 6th International Conference on lon Source,
degree of compensation can be regulated by Whistler, Canada (1995) o

decompensating ring electrodes as well as by varying tH Ehlers et. al., "Increasing the efficiency of a

residual gas pressure in the LEBT. The measured beam mullﬂzlgsp ion source”, Rev. Sci. Instr. 53(2), 1982,

properties, e. g. tr_ansverse emittance,_ degree of SPZE Ehlers et. al., "Effect of a magnetic filter on
charge compensation support the design of the future hydrogen ion species in a multicusp ion source",
LEBT for negative ions. The beamline was designed as a Rev. Sci. Instr. 52(2), 1981, p. 1452

test bench for Fbeam transport measurements. [8] R. BeCker, W B.Herrmansfeldt, Proceedings Of the
4th International Conference on lon Source,

6 OUTLOOK Bensheim, Germany (1991)

High voltages tests as well as the generation of a
source plasma have already been performed
successfully.
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