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One of the main topics to be investigated at the recently launched large (Asource = 1.0×0.9m2) ITER relevant
RF driven negative ion test facility ELISE (Extraction from a Large Ion Source Experiment) is the connection
between the homogeneity of the plasma parameters close to the extraction system and the homogeneity of
the extracted negative hydrogen ion beam. While several diagnostics techniques are available for measuring
the beam homogeneity, the plasma parameters are determined by optical emission spectroscopy (OES) solely.
First OES measurements close to the extraction system show that without magnetic filter field the vertical

profile of the plasma emission is more or less symmetric, with maxima of the emission representing the
projection of the plasma generation volumes, and a distinct minimum in between. The profile changes with
the strength of the magnetic filter field but under all circumstances the plasma emission in ELISE is much
more homogeneous compared to the smaller IPP prototype sources.
Planned after this successful demonstration of the ELISE OES system is to combine OES with tomography

in order to determine locally resolved values for the plasma parameters.

I. INTRODUCTION

The neutral beam injection (NBI) system of the inter-
national fusion experiment ITER1,2 is based on the pro-
duction, extraction and acceleration of negative hydrogen
or deuterium ions3. These negative ions will be produced
in a large (Asource = 1.9 × 0.9m2, 1280 extraction aper-
tures, Aextr = 0.2m2) RF driven ion source. The ITER
baseline design for this ion source is based since 2007 on
the RF driven prototype source developed at the Max-
Planck-Institut für Plasmaphysik (IPP), Garching4.
The IPP test facility ELISE5,6 ( 12 area of the ITER

source) went into operation in December 20127,8. ELISE
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FIG. 1. Schematic view of the ELISE ion source.

is part of the R&D roadmap for the construction of
the neutral beam heating systems9,10 defined by the
European ITER domestic agency F4E and represents
an important intermediate step between the prototype
source11,12 ( 18 area of the ITER source) developed at IPP

and the full ion source for ITER NBI13. Figure 1 shows
a schematic view of the ion source of ELISE: the plasma
is generated in four cylindrical drivers by inductive RF
coupling. The RF power is provided by two generators
(PRF,max = 180 kW each), the first being connected to
the upper pair of drivers and the second to the lower
pair. The plasma generated in the drivers expands into
the expansion region where it is cooled (from Te

>∼ 10 eV
to ≈ 1 eV at ne ≈ 1017 m−3, measured in the prototype
sources14) by means of a magnetic filter field. This fil-
ter field is generated by a current (IPG ≤ 5 kA) flowing
through the plasma grid (PG), the first grid of a multi
aperture extraction system5 (consisting of the PG, the
extraction grid and the grounded grid). Due to limita-
tions of the IPP high voltage system only pulsed beam
operation is possible (one beam pulse with a duration of
10 s every 180 s) during long plasma pulses (up to 3600 s).

Negative hydrogen ions are produced in ITER rele-
vant ion sources predominately on the caesiated surface
of the PG11 by conversion of impinging hydrogen atoms
and positive hydrogen ions. The conversion of neutral
atoms is the dominant channel15, but it is known from
calculations with a 1d PIC code that a certain plasma
density is needed close to the PG in order to enable the
space charge limited transport of the surface produced
ions to the extraction apertures16. It was shown in the
prototype sources that the co-extracted electron current
is reduced significantly by the filter field. A bias poten-
tial, applied to the PG with respect to the source walls
and a bias plate, is utilized for a further reduction of the
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amount of co-extracted electrons17. The magnetic filter
field can induce – in interplay with potential gradients in
the plasma, for example generated by the bias potential
– a plasma drift that strongly affects the homogeneity of
the charged plasma particles18. This drift results mainly
in an upward or downward (depending on the polarity of
the magnetic field and the potential gradients) shift of the
plasma. However, it was demonstrated in the prototype
sources by means of beam emission spectroscopy that the
negative hydrogen ion beam is much more homogeneous
compared with the plasma non-uniformity19.
In order to obtain a good transmission of the ITER

heating beam, temporal and spatial variations of the neg-
ative ion beam have to be kept below 10%20. As de-
scribed above, a lot of experience exists on the interplay
of neutral particle, plasma and beam homogeneity in the
prototype sources. But up to now neither theoretical nor
experimental investigations on this topic in an experi-
ment of the size of ELISE have been performed and one
of the main topics of ELISE is to close this knowledge
gap. As a first step towards fulfilling this task, prior to
optimizing the source for a high extracted negative hy-
drogen ion current (by injecting caesium), a dedicated
campaign is performed during which the influence of dif-
ferent parameters (e.g. the strength of the magnetic filter
field) on the plasma in the volume close to the PG – the
so-called boundary layer – is investigated.
After dealing with different measurement methods for

the beam and plasma homogeneity this paper describes
the setup used in ELISE for measuring the plasma prop-
erties by means of optical emission spectroscopy (OES).
The results of OES measurements taken during a scan
of the magnetic filter field strength in the caesium-free
source are shown and discussed.

II. MEASURING THE BEAM AND PLASMA
HOMOGENEITY

At ELISE the beam homogeneity will be determined
mainly by means of calorimetric and spectroscopic mea-
surements. Installed, in 3.5m distance to the extrac-
tion system, is a beam dump calorimeter (only capa-
ble of determining a rough estimate of the homogene-
ity: the beam dump is divided into four quadrants, each
containing four thermocouples and one circuit for water
calorimetry) and additionally – in 1.8m distance to the
extraction system – a tungsten wire calorimeter. The
beam dump will be replaced within the year 2013 by a
diagnostic calorimeter21. Additionally available are cur-
rent measurements in the extraction system and a beam
emission spectroscopy (BES) system, consisting of 20
lines of sight (16 aligned horizontally and 4 aligned ver-
tically) connected via optical fibers to a high resolution
spectrometer21 (ACTON SpectraPro-750i). Detected by
this spectrometer is the spectral range around 656 nm.
From the measured Doppler shifted Hα line (the wave-
length shift corresponds to the sum of extraction and

acceleration voltage), the non-shifted Hα line and the so-
called stripping peak (between the Doppler shifted and
the non-shifted Hα lines) all relevant beam properties
(e.g. beam divergence and amount of negative ion de-
struction by collisions in the extraction system) can be
determined22.

For diagnosing the plasma and neutral particle homo-
geneities in the boundary layer a diagnostic method is
necessary capable of measuring a two dimensional distri-
bution of Te, ne and the densities of all other relevant par-
ticle species (hydrogen atoms and molecules, positive and
negative hydrogen ions). This task is fulfilled by means of
OES, a non-invasive technique used as standard diagnos-
tics method at the prototype sources22. The measured
absolute radiation is evaluated using collisional radiative
(CR) models23. At IPP several CR models have been
developed for different particle species – amongst others
also the models for atomic and molecular hydrogen24–26

that will be applied for evaluating the ELISE results.
At the prototype sources several lines of sight (LOS)

are used for OES27 – resulting in LOS averaged informa-
tion on the plasma emission. If strong gradients exist in
the profile of the plasma parameters, such an approach
can result in drastically increased error bars of the re-
sults. The character of the gradients in the plasma pa-
rameter profiles in the boundary layer of ELISE is not
known yet. However, at ELISE – compared to the pro-
totype sources – a significantly larger number of LOS is
available in a crossed layout. It has been demonstrated
that this number of LOS is sufficient to determine the 2d
distribution of the plasma emission close to the PG by
means of tomography28. Since the dimension of the pix-
els foreseen for the tomographic reconstruction is small
compared to the length of the LOS, a smaller influence
of gradients in the plasma parameter profiles and thus
a significantly decreased error bar is expected when the
plasma parameters are determined by OES in combina-
tion with tomography.

Within the scope of the first operational phase of
ELISE (and also of this paper) the operation of the
ELISE OES system is demonstrated by measuring pro-
files of the plasma emission. Tomographic investigations
and an absolute evaluation of the plasma emission will
be performed in the near future.

III. INSTRUMENTAL SETUP

A. Geometry of the used lines of sight

Figure 2 consists of two schematic drawings depicting
the ELISE ion source together with the port openings
enabling diagnostics access parallel and close to the PG
as well as the respective LOS. In order to illustrate the
course of the different LOS as accurate as possible, figure
2 a) gives an axial view onto the ion source and the port
openings and figure 2 b) a horizontal view from the left
side. Additionally indicated in figure 2 b) is the axial
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FIG. 2. Port openings enabling horizontal access to the
ELISE ion source and the respective LOS. Ports to that in the
current setup a lens head mounting is attached are marked in
red, all others in grey. a) axial view b) horizontal view (from
the left side).

position of the PG.

The naming of the ports providing horizontal access
to the source volume starts with an uppercase ”X”, for
the vertical ports with a ”Y”. The second letter of the
naming represents the position of the port opening: for
horizontal ports either the left (”L”) or right (”R”) side of
the source; for the vertical ports the top (”T”) or bottom
(”B”) side. The following number represents the position
of the port in a relative coordinate system. The zero
point of this coordinate system is the center of the PG,
with positive directions towards the bottom right side of
the ion source. Additionally, the ports are arranged in
two levels with different axial position:
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FIG. 3. Port openings enabling axial access to the ELISE ion
source and the respective LOS. Additionally indicated is the
position of the PG. Ports to that in the current setup a lens
head mounting is attached are marked in red, all others in
grey.

The 28 ports of the first level are denoted as ”up-
stream” (the naming of the ports ends with a capital
”U”) and allow (in the current configuration) access to
the plasma of the boundary layer in 2.0 cm (center of the
ports) axial distance to the PG surface.

The 28 ports of the second – the ”downstream” (the
naming of the ports ends with a capital ”D”) – level cor-
respond to the gap between the extraction grid and the
grounded grid. The axial position of the three grids rela-
tive to the source body is defined by flexible spacers. By
modifying the length of these spacers the relative position
of the grids with respect to the ”upstream” and ”down-
stream” ports can be adjusted. Changing the spacers
is possible only after a complete disassembly of the ion
source and the grid stack.

Shown in figure 3 are the 21 port openings and the
respective LOS in the source back plate and the driver
back plates of ELISE, providing axial LOS perpendicular
to the PG surface.

The naming of the axial ports starts with an uppercase
”Z”, followed by a uppercase letter depicting the position
of the port: in the source source back plate (”B”) or the
driver back plates (”D”). The ports in the back plate are
numbered consecutively from ”ZB1” to ”ZB9” (see figure
3). The ports in the driver back plates are distinguished
by the number of the respective driver (1 to 4) and the
position of the port in the driver: the three different
available port positions in the driver back plates are in
the top (”T”), center (”C”) or bottom (”B”).

Mounted to all port openings of ELISE can be quartz
windows (diameter=4 cm for most of the ports, 2.5 cm for
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FIG. 4. ELISE lens head mounting equipped with three lens
heads (distance = 1.4 cm). By turning the top plate (by 90
degree) the alignment of the lens heads can be changed.

the ports in the driver back plates) in combination with
lens head mountings as the one shown in figure 4. The
lens head mountings provide space for three lens heads
(distance between the three possible positions for the lens
heads: 1.4 cm), each consisting of a casing equipped with
a SMA connector and a collimator lens (f = 12.5mm).
By turning the top plate, the alignment of the three lens
heads can quickly be turned by 90 degrees, resulting in
five different possible positions for a LOS attached to one
of the port openings. These five possible LOS are labeled
with the name of the respective port opening, followed
by a lowercase letter indicating the precise position, for
example ”c” for the center position or (for the horizon-
tal and vertical LOS) ”u” and ”d” for the LOS shifted
1.4 cm in the upstream or downstream position, respec-
tively. For example, the full name of the horizontal LOS
attached to the uppermost port on the left side of the ion
source and shifted axially 1.4 cm towards the drivers is
XL-3Uu.

The port openings and the corresponding LOS to
which in the current setup of ELISE lens head mount-
ings are attached are marked in red in the figures 2 and
3: the seven ”upstream” port openings on the left side
of the ion source, the port YB-3U and all ”upstream”
ports on the upper side of the source except of YT-3U.
The latter port opening is not available for OES since it
is equipped with a quadrupol mass spectrometer. Addi-
tionally equipped with lens head mountings are the four
central ports in the driver back plates (ZD1C to ZD4C),
four of the ports in the driver back plates close to the
driver wall (ZD1T, ZD2T, ZD3B and ZD4B) and the cen-
tral port in the source back plate (ZB5). An additional
lens head mounting at the port XL-2D is intended for in-
vestigating the gas temperature in the extraction system
(based on the evaluation of the molecular Fulcher band
emission), which is an important parameter for charac-
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FIG. 5. Schematic drawing of an upstream and a downstream
port opening, together with the position of the bias plate, the
grids of the extraction system and the size and position of a
LOS (at the lens head aperture as well as at the opposing wall
of the ion source).

terizing the destruction of extracted negative ions by col-
lision with the background gas.

Mounted to each of the lens head mountings is at least
one lens head – the four central ports in the driver back
plates are equipped with two lens heads each. For the
horizontal and vertical LOS it was determined by means
of a calibration laser that the cone from which light is
collected spreads up from 5.5mm (the aperture size of
the lens heads) to approximately 3 cm along the path
from the lens head to the port opening at the opposite
source wall. This result is in good agreement with simple
geometrical optics, taking into account the focal length
of the lenses and the width of the source body (87.5 cm
horizontally and 100.2 cm vertically).

Although the described geometry of the light collection
cone is considered intrinsically during the calibration of
the OES system (described below), the broadening of the
LOS results in a decrease of the spatial resolution along
the LOS from the port opening to the plasma close to
the opposite source wall. Additionally, the position of
the axis of the LOS have to be chosen carefully: figure 5
shows a schematic drawing of an upstream and a down-
stream port opening, together with the position of the
bias plate and the grids of the extraction system. Due
to the position of the bias plate (parallel and upstream
the PG, gap between the PG and the bias plate: 7mm;
thickness of the bias plate: 6mm), the LOS shifted by
1.4 cm in the upstream directions are used. Shown in fig-
ure 5 is the size and position of such a LOS at the lens
head aperture as well as at the opposing wall of the ion
source. It can be seen that using the slightly shifted up-
stream LOS results in a distance between the center of
the LOS and the surface of the bias plate of 2.1 cm (dis-
tance between the center of the LOS and the PG surface:
3.4 cm). This distance ensures that the amount of light
originating from other sections of the plasma (e.g. the
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bright driver plasma) and being reflected into the collec-
tion cone of the LOS is low since the cone connects at no
position with the bias plate.

B. Spectrometers used at ELISE

24 optical fibres (length: 45m each) for the UV-VIS
wavelength range connect the source area of ELISE with
a switchboard in the control room. This switchboard
allows to flexibly reconfigure the combination of the dif-
ferent spectrometers to the available LOS. Additionally,
it is possible to use the switchboard in order to introduce
filters into the different optical paths. Usually, neutral
density filters (Kodak Wratten gelatin filters) are used
in order to specifically decrease the amount of light and
hence optimally utilize the dynamics of the spectrome-
ters.
Presently available at ELISE are 13 survey spectrome-

ters (PLASUS EMICON MC system, λ = 180 . . . 880 nm,
sampling rate < 15Hz) and one high resolution Echelle
survey spectrometer (LLA Instruments ESA 3000, λ =
200 . . . 780 nm, sampling rate ≈ 0.2Hz). These spec-
trometers are applied to monitor the emission of differ-
ent atomic emission lines and molecular bands, needed
for investigating the homogeneity of the plasma emis-
sion or the plasma parameters. Additionally, four fast
photo diodes (UDT-020D, sampling rate ≈ 1 kHz) are
connected to four of the axial LOS and used to monitor
the total plasma emission in the drivers. These diodes
are connected to a safety system that shuts down the RF
generators if during source operation no plasma light is
detected in the four drivers. Aim of this safety system
is to prevent possible damages on the one hand in the
drivers, caused by a too high amount of RF power cou-
pled directly into the structure and on the other hand in
the RF generators itself.
During the startup phase of ELISE five of the other

available axial LOS are used together with four of the
survey spectrometers and the Echelle spectrometer for
impurity detection in the drivers. Aim is to discover pos-
sible damages during the pulses as quick as possible. For
investigating the plasma radiation in the boundary layer,
the remaining nine survey spectrometers are available. In
the current setup of the magnetic filter field an upward
shift of the plasma caused by the plasma drift is expected.
Hence, the seven available horizontal LOS parallel to the
PG have been chosen in combination with two of the ver-
tical LOS. This configuration enables a full vertical scan
of the plasma and to roughly determine the horizontal
symmetry.

C. Calibration and data acquisition

The nine survey spectrometers monitoring the bound-
ary layer are absolutely calibrated. The calibration have
been performed by means of an Ulbricht sphere (Lab-
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FIG. 6. Time trace of the Hα emission during a pulse at
ELISE. Indicated are the time intervals over that average
emission values are determined representing the emission dur-
ing the beam pulse and the RF phase.

sphere USS-800C-100R in combination with a LPS-100
power supply) and considers the complete path of the
collected light – including the lens head, the optical fiber
between the ion source and the switchboard, the neutral
density filters available for the switchboard, the fiber be-
tween the switchboard and the spectrometers and finally
the spectrometer itself.

The raw spectra measured by the different spectrome-
ters during source operation are processed and calibrated
by means of a dedicated software tool installed on all
control PCs. During this process also time traces of
the emission of several lines and bands during the pulse
are saved, namely: the Balmer lines Hα, Hβ , Hγ , the
Fulcher band of molecular hydrogen, the caesium line at
852 nm, the atomic oxygen line at 777 nm and three cop-
per lines around 515 nm. Figure 6 shows – as example
– the temporal evolution of the Hα emission during a
beam pulse of 9.5 s length, surrounded by a plasma pulse
of 21.9 s length. For the first second of the plasma pulse
a peak in the emission is observed, caused by a gas puff
(pfill ≈ 1.2Pa) which is necessary for plasma ignition
(in combination with two tungsten filaments). During
the beam pulse a pronounced influence of the extraction
voltage on the plasma radiation can be seen. It is known
from the prototype sources that the strength and even
the direction of this influence strongly depends on the
plasma parameters along the LOS and how these plasma
parameters are affected by the extraction: depending on
the extraction voltage, the bias voltage, the caesiation of
the source and position of the LOS either an increased,
decreased or constant plasma emission during the extrac-
tion was observed.

In order to simplify the comparison of the plasma emis-
sion measured for different pulses – for example during
a parameter scan – two averaged values of the emission
are calculated: for the beam pulse and for the RF phase.
The respective time intervals used for determining these
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FIG. 7. Spectrum taken during one of the first pulses in
ELISE showing – besides atomic and molecular hydrogen
emission – only small amounts of impurities being present
in the plasma.

average values (the second half of the beam pulse and
1.5 s at the end of the RF phase, respectively) are indi-
cated in figure 6. In case of several beam pulses during
a long plasma pulse at ELISE, the two averaged values
of the emission (one for the beam pulse itself and one for
the RF phase directly after the end of the extraction) are
determined for each of the beam pulses.
Finally, the calibrated data and the averaged values for

the emission are integrated into the data base containing
the results of all available diagnostics of ELISE.

IV. RESULTS

The commissioning phase of ELISE was accompanied
by OES from the very first plasma pulses (pulse length:
a few milliseconds) on7. In the spectra of these first low
power hydrogen pulses besides the much stronger radia-
tion of atomic and molecular hydrogen, radiation emitted
by impurities – mainly molecular carbon, CH and oxy-
gen – could be seen. An example spectrum is shown in
figure 7. Due to a thorough bake-out process of the in-
ner surfaces of the ion source (up to 400K) prior to the
first plasma pulses, the amount of impurities was much
smaller than observed in the prototype sources (The spec-
trum shown in figure 7 is strongly overexposed by purpose
in order to clearly distinct the impurities from the sur-
rounding hydrogen radiation). During subsequent pulses
a rapid decrease of the amount of impurities was mon-
itored from pulse to pulse. Up to now the length of
the plasma pulses was extended up to several minutes
(PRF = 40 kW per generator, pfill = 0.6Pa).
After this successful startup of ELISE, first investiga-

tions on the physics in the caesium-free source have been
performed. As mentioned earlier, the magnetic filter field
in ELISE is generated by a electric current through the
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PG and thus the field strength can easily be varied. Com-
pared to the prototype sources – in which the magnetic
filter is generated by means of permanent magnets at-
tached to the side walls of the source – this possibility
enables a great experimental flexibility. As first physi-
cal investigation at ELISE a scan of the magnetic filter
field was performed (IPG was varied from 0 kA to 3.5 kA.
For IPG = 3.5 kA a maximum field strength of approx-
imately 3.3mT is reached29. For the sake of simplicity,
subsequently the current through the PG is used as mea-
sure for the strength of the filter field). The RF power
was set to 40 kW for both generators at a filling pressure
of 0.7Pa. The temporal stability of the plasma radiation
during the pulses is very good; the observed variations are
well below the error bars of the OES system (≈ 10%).
In negative hydrogen ion sources usually the radiation of
the Balmer lines Hβ , Hγ , . . . is used for determining the
plasma parameters since the more intense line Hα can be
strongly influenced by the presence of even a low density
of negative ions24. Figure 8 a) shows the vertical pro-
file of the Hβ emission – averaged as described above –
measured during the magnetic field scan at ELISE. The
measurements have been performed in a hydrogen plasma
and without extraction.

The profile of the Hβ emission consists of two max-
ima, corresponding to the LOS positioned directly in the
downstream projections of the plasma generation vol-
umes in the drivers. Without magnetic field for the up-
per pair of drivers (LOS XL-2Uu) only a slightly higher
plasma emission is observed than for the lower pair (LOS
XL+2Uu), Fsymm. = εXL−2Uu/εXL+2Uu = 1.10. This
asymmetry is comparable to the error bars of the OES
system and thus the emission profiles can be considered
as symmetric. Minima occur in the center and close to
the side walls of the ion source. From the shape of the
profile it can be deduced that the plasma expansion out
of the drivers into the expansion region is very localized.
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However, the path of the central LOS, XL0Uu, traverses
on its complete path the surface of the bias plate (see
figure 2). All other LOS traverse partially the bias plate
and partially – along the groups of the extraction aper-
tures – the PG. This closer distance of the LOS XL0Uu
to a surface can result in slightly different plasma param-
eters and consequently also a different plasma radiation
along the LOS. Additionally, the influence of the bias
voltage on the electrostatic potential distribution in the
ion source and consequently also on the fluxes and den-
sities of charged plasma particles is expected to be high.
Since the bias is applied to the PG only (i.e. the bias
plate is a non-biased surface), slightly different plasma
parameters seen by the LOS XL0Uu – resulting in the
observed central minimum – fit into the picture.

With increasing strength of the filter field the plasma
emission close to the PG is reduced on the whole – as
can be seen also in figure 8 a). Additionally, the shape
of the profile is modified by the magnetic field: up to
IPG = 0.4 kA the slight enhancement of the radiation in
the upper part of the ion source compared to the lower
part almost vanishes and the profile is symmetric. For
IPG = 2.0 kA a more intense emission is observed in the
lower part (Fsymm. = 0.78) and for IPG = 3.5 kA the
radiation profile again is significantly more symmetric
(Fsymm. = 0.86).

In order to investigate in more detail the influence of
the magnetic field on the plasma radiation, plotted in fig-
ure 9 is the dependence of the plasma emission measured
along the seven horizontal LOS against the strength of
the magnetic filter field. In principle, the data shown in
this figure is identical to the one in figure 8, but a larger
number of values over the magnetic field variation is used.
The most pronounced asymmetry (Fsymm. = 0.73, cor-
responding to an asymmetry of about 36%) occurs at
IPG = 1.4 kA – this means that the plasma emission in
ELISE is much more homogeneous compared to the pro-
totype sources19. For source operation with caesium an
even more homogeneous plasma emission is expected: in
the prototype sources the plasma is getting more sym-
metric with increasing source performance30 – the latter
being correlated with an increasing amount of caesium in
the plasma.

Considering experience gained at the prototype
sources, it is expected that the magnetic filter field in-
fluences the plasma in several ways: first, it is expected
that the field cools down the plasma. Without mag-
netic filter (IPG = 0kA) the plasma is assumed to be
ionizing, i.e. the intensity of Hβ correlates mainly with
the electron density, the electron temperature and the
density of atomic hydrogen31. For purely ionizing plas-
mas decreasing the electron temperature leads to a lower
plasma emission due to reduced probabilities for direct
excitation of the hydrogen atom by electron collision and
dissociative excitation of H2 into the excited states of the
atom. However, if a plasma gets cold (Te below a few eV,
also depending on the ionization degree and the electron
density) the influence of recombining excitation processes
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FIG. 9. Dependence of the magnetic filter field strength on
the Hβ emission measured along the horizontal LOS of ELISE.

(recombination of atomic ions and dissociative recombi-
nation of molecular ions) increases. Below Te = 1 eV in
most cases a plasma is purely recombining, i.e. the influ-
ence of direct and dissociative excitation on the popula-
tion density of excited states is negligible. The excitation
probabilities for recombining processes can be very large
compared to the probabilities for direct or dissociative
excitation24. Additionally, the electron temperature de-
pendence of excitation by recombination usually is very
weak. Taken the described effects together, a reduction
of electron temperature can result in an increased plasma
radiation.

The second expected effect of the magnetic field on the
plasma is the previously mentioned plasma drift, strongly
influencing the vertical distribution of plasma density
and temperature - and consequently also of the plasma
emission.

Taking into account the effect of both the expected
plasma cooling and the plasma drift, the results shown
in figure 9 can be explained at least qualitatively (as-
suming that the reaction of the plasma on the filter
field in ELISE in general is comparable to the proto-
type sources): with increasing field strength the plasma
as whole is shifted upwards by the plasma drift. Up to
IPG = 0.4 kA the effect of this shift is strongly over-
lapped by an overall decrease in the emission, caused by
the decreased electron temperature. For increased filter
field strength, IPG < 1.5 kA, the reduced electron tem-
perature and the plasma shift result in a strong increase
of the role of recombining processes in the lower part of
ELISE. Result is an increased Balmer emission mainly in
the lower LOS XL+3Uu, XL+2Uu and XL+1Uu. In the
upper half of the ion source, the effects of plasma cooling
and the drift (the latter increases the plasma density in
the plasma volume observed by the LOS) mostly com-
pensate mutually and the Balmer emission is more or
less constant. For further increased filter field strengths
(up to IPG = 3.5 kA), finally the plasma radiation in
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the complete boundary layer is determined by recombin-
ing processes. The excitation in the hydrogen atom no
longer depends to a large extend on the electron temper-
ature. The decrease of the plasma emission observed in
the lower part of the ion source for these strengths of the
filter field is mainly caused by the plasma drift.
The described qualitative explanation of the influ-

ence of the magnetic filter on the plasma radiation is in
principle agreement with first preliminary quantitative
evaluations of the measured plasma radiation – indicat-
ing a distinct plasma cooling caused by the filter field
(from Te ≈ 4.5 eV at IPG = 0kA to Te ≈ 1.0 eV at
IPG = 3.5 kA, ne around 1017 m−3).
The present results demonstrate that the OES system

of ELISE has gone successfully into operation and first
physical investigations have been performed in a caesium-
free source. More quantitative evaluations will be per-
formed in the next future; such evaluations will be based
on locally (and not LOS averaged) resolved values of the
Balmer radiation determined by applying tomography to
OES results. The existing CR model for atomic hydrogen
can then be applied in order to determine locally resolved
values for the electron density, electron temperature and
particle densities. As soon as a sufficient amount of cae-
sium will be present in ELISE to create a powerful nega-
tive hydrogen ion beam, this setup enables to investigate
the correlation between plasma and neutral particle ho-
mogeneity with the beam homogeneity.

V. CONCLUSIONS

The OES system at the large RF driven negative
ion test facility ELISE has gone successfully into oper-
ation. Available for OES are 77 port openings, of which
presently 24 are equipped with lens head mountings. 24
optical fibers between the ion source, a switchboard as
well as 13 survey spectrometers and a high resolution
survey spectrometer allow to customize the setup very
flexibly.
First results prove a more or less symmetric vertical

profile of the plasma radiation in caesium-free opera-
tion without magnetic filter field. The profile depends
on the strength of the magnetic filter field. During a
magnetic field scan the maximum vertical asymmetry of
the plasma emission was around 36% which means it is
much more homogeneous compared to the smaller IPP
prototype sources. An even more homogeneous plasma
emission is expected for source operation with caesium.
For high field strengths – i.e. for the filter field that will

later be used in the caesiated source in order to suppress
the co-extracted electron current as much as possible –
the determined emission asymmetry (around 14%) lies
only slightly above the error bars of the OES system.
The successful startup of the ELISE OES system is

a very important step towards full investigations of the
correlation between plasma homogeneity and beam ho-
mogeneity: such investigations require (besides precise

measurements of the beam homogeneity) locally resolved
knowledge of the plasma parameters in the boundary
layer, determined by applying tomography to OES re-
sults.
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H. Falter, M. Fröschle, R. Gutser, B. Heinemann, C. Martens,
P. McNeely, R. Riedl, E. Speth, A. Stäbler, and D. Wünderlich,
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