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Abstract

We report on the construction of a hydro-
gen lon source to provide a proton beam of
about 150 mA at an energy of 50 keV. The
source 1s of the magnetic multipole type. The
ion density in the extraction plane at a dis-
charge currept of 76 A has been determined to
be 200 mA/cm from the ion saturatiom current
of a Langmuir-probe. The proton fraction in
the plasma is as high as 74 7 at this opera-
tion condition as measurad by a magnetic
momentum mass analyser. The proton fraction
in the plasma is related to plasma parameters
via a scaling equation to give reasonable
agreement.

In a spallation source neutrons are pro-
duced by bombarding a high-2Z-material target
with energetic particles, preferentially with
protons. In the Juelich project a peak current
of 200 mA of protons at a duty factor of
2.5 % is to be accelerated. The current has
to be supplied by two ion sources, each de-
livering about 150 mA dc.

To meet the requirements imposed by the
accelerator, we have coastructed a magnetic
multipole type ion source [l] to be operated
with hydrogen. Major disadvantage of the
scurce for our purposes 1s the nonproton
fraction in the extracted beam to be too high
for the source to be used withgut a bending
magnet to clean out H2 and H3 species.

We have constructed a cylindrical discharge
vessel being double walled for water cooling
with an inner diameter of 130 mm and a length
of 140 mm. The source contains 3 hairpin
shaped tungsten filaments of | mm diameter
and 8 axially arranged rows of Sm Co perma-
nent magnets on the cylinder wall. The mag-
nets are oriented radially on the rear cover.
The magnetic field at the inner chamber wall
has been 2 kOe in these experiments and can
be increased to about 3 kOe by adding soft
iron yokes. The plasma electrode is at
cathode potential to serve as reflex elec-
trode. A schematic of the source is shown

in fig. 1. The inner chamber wall is made
from stainless steel.

The essential advantage of this type of
source is that it produces a large volume
plasma of homogeneous density. The insert in
fig. | represents the ion density in the
source as a function of the source radius.
The ordinate actually is the ion saturation
current of a Langmuir-probe 2] measured at a
probe potential V_ = - 80 V with respect to
anode potential at a dischargi current of
34 A. The probe area was | mm It will be
shown in the following, that the source 1is
reasonably operated at about 75 A discharge
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Cross sectional view of the magnetic
multipole ion source. Insert shows
the ion density as function of dis-
tance from bucket axis.

The ion current density is also estimated
by polarizing the accel electrode to minus
100 V with respect to the cathode potential
thus using it as a Faraday cup. With an ex-
traction aperture of 1 e¢m” the ion current
was 130 mA which is in line with the finding
by B. Piosczyk [3] who also observed a ratio
of about 1.5 between current densities de-
termined by Langmuir-probe and direct extrac-
tion, respectively.

In addition to a homogeneous ion density
in the region of the extraction aperture the
ion source should be characterized by a high
electrical efficiency, ilonization efficiency
and proton yield.
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The electrical efficiency, defined as the
ion—curr%nt at the extraction plane per kilo-
watt dissipated power [4] is (2.10 + 0.06) A

kW for our source independent of arc vol-
tage in the regime 50 V < UA < 120 V.
The ionisation efficiency N is the

number of primary electrons necéssary to pro-
duce an ion [4] .
I
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I is the electron current emitted by the fi-
laments, 1. designates the measureable part
of the ion current, i.e. that which flows

through the plasma electrcde, n is the gas
density and Te the electron life time.
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Fig. 2 Reciprocal effective ionisation effi-
diency 1/ n ¢ Ie/I. as function
of reciproca? Sourceé pressure I|/p.
Fig. 2 shows I/re as function of p_l for
three values of arc voltage. As expected from
equ. (1) 1/ n £ is linear with 1/p for not

too high pressure and as the slope is smaller
the larger T , the electron lifetime decrea-
ses with U . The ionisation efficiency of our
source is not too good as compared with those
reported in the literature [4]. We use three
cathodes to increase source lifetime which
increases the ion loss area. It will become
clear below, that we also do not want to de-
crease ion loss in the cusp areas too much as
this also reduces plasma volume mecre than
proportional.

The proton fraction in the discharge has
been measured by a maggetic momentum mass ana-
lyser. Fig. 3 shows H , H,- and H con-
tributions in the extracted beam as” function
of arc current for arc voltags U, = 90 VvV, and
hydrogen pressure p = 4.8-10 mé‘
Representative spectra are given in fig. &4 for
Ip = 22 A, 42 A and 76 A. The proton fraction
increases with I, somewhat slower than linear
and for I, = 76 & is as high as 74 2.

We have a%so measured the contribution of
different ion species to the extracted cur-
rent as function of arc voltage at constant
arc currgat I = 22 A and source pressure

p = 510 mb’”

5 shows ion species in the extracted
function of arc voltage. H contri-
about constant at 5 + 3 Z,

Fig.
beam as
bution remains

H, increases about linear from 3 7 at 40 Vv
to 22 7 at 120 V,proton content decreases

from 42 % at 40 V to 24 7 at 120 V.

OKUMURA etal. have derived a scaling equation
on the proton - to H - ratio as a function

of plasma volume V_ and ion loss area LS [5.
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Fig. 3 Hl , H and H contents in the
extrac%ed beam”as function of arc
current I, at arc voltage U, = 90 V.
Dots represent inverse ionisation
efficiency 1/ Nggg 85 function of UA'
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The electron temperature 1in our source at
76 A arc current has been determined to be
about 5.4 eV by extrapolation of Langmuir-

probe measurements. Using parameters of our
source. their equ. (13) reads
[ = !
L
;e 2
0.19 v
P

With an estimate of V /S = 10 cm we arrive
at a protoun fraction Bt %5.4 %Z which is in
reasonable agreement with experiment if we
realize, that V_/S_ cannot be determined very
accurately, andpreaction rate coefficients
may vary with electron temperature, too.
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Fig. & Mass spectra of the extracted beam
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extracged beam as function of arc
voltage U, at
Dots représent inverse ionisation
efficiency I/neffas function of
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arc current I, = 22 A.
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