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Abstract.
The comparison of measured to calculated data of foil acceleration experiments on KALIF
showed discrepancies which made a reinvestigation of the beam characteristics produced by
the Be-Diode necessary. It was shown that the peak power density achieved in the focus is
only 0.15 TW/cm2 rather than the 0.25 TW/cm2 quoted earlier. In addition a most likely time
history of the proton power density with a FWHM pulse duration of 60 ns in the focus is de-
rived. The experiments led to a new description of the operating principle of this diode which
has been confirmed by particle-in-cell-simulations. As a result of these considerations sugges-
tions for a new design of the diode are derived and investigated by simulations.

Introduction.
In foil acceleration experiments performed at the high power pulse generator KALIF the light
ion beam produced in an ion diode impacts on a thin foil target placed in the focal plane of the
diode [1]. For the interpretation of this type of experiment theoretical models are under devel-
opment which need the ion beam characteristics as input data. Due to unexpected large differ-
ences between calculated and measured acceleration data [2] also the beam characteristics

were considered as a possible error source. These differ-
ences were found to be especially pronounced in accel-
eration experiments carried out with the B 0 diode
(Fig. 1). Therefore the characteristics of the beam pro-
duced by this diode type were reinvestigated in a set of
new experiments. This paper describes the results of
these experiments and their consequences for the under-
standing of the diode's operating principle.
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Measurement of the focused beam properties.
1. The peak proton power density ppp in the focus is
determined by

( 1 )

where <IP> is the mean proton current calculated from
the count rates of an activation target of an area At
placed in the focal plane. In the energy range of KALIF

Fig. 1: Cross section of the Be-diode
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lithium fluoride on copper or - outside the focus - also carbon are used. The coefficient fr
accounts for the radial distribution measured in nuclear reaction experiments on boron foils,
while the coefficient f| describes the time evolution of the current, i e. the ratio of the current
in the diode at peak power to the mean diode current (=mean current weighted with the yield-
function of LiF-Cu-activation). The voltage Vd>p is the diode voltage at the mid radius of the
diode at the moment the electrical power in the diode reaches its maximum and is determined
by applying inductive correction terms to the voltage measured at the water/vacuum interface
or to the voltage measured by a vacuum voltage monitor. The main result of 16 activation
measurements, which are described in detail in [3] is that the peak proton power density in the
focus ranges from 0.1 to 0.19 TW/cm2 with a most probable value of (0.15 ± 0.05) TW/cm2

only instead of the 0.25 TW/cm2 quoted earlier [4]. This reduction is mainly caused by
sensitivity differences in different batches of LiF-targets.

2. Since foil accelerating experiments and LiF/Cu activation measurements cannot be carried
out at the same shot attempts were made to relate the LiF/Cu activation results to the
measured voltage or current at the diode. The electrical signals measured near the diode are
consistent with all other diagnostics of the KALIF generator and are also in agreement with
transmission line calculations. Therefore they are considered as reliable. But there is a lack of a
clear relation between the peak proton power density found in activation experiments and all
other diagnostics (Fig. 2).
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Fig. 2: Comparison of the mean
currents from activation and electrical
measurements

The fraction of the mean proton current collected in
the activation target was between 22% and 33% of the
mean diode current < Iout > and from 36% to 63% of the
mean ion current ( Ioui - Iin ) This means that only
about a third of the total electrical energy flowing into
the diode is transferred to protons with energies above
the 500 keV activation threshold of LiF and that most
of the diode current Iout is due to either protons of
lower energies or heavier ion species or to electron
losses. The even larger spread in the fraction of the
mean ion current might indicate that in addition also
the focusing properties - described by the coefficient fr
- do not remain constant. This is clearly demonstrated
by quite different peak proton power densities
measured in experiments with very similar electrical
characteristics and vice versa. All these observations

mean that for a shot showing ,,normal" electrical signals no possibility exists to reduce the
experimental uncertainty of the peak proton power density achieved in the focus.

3. Time history and composition of the beam.
With the observations described above a precise and reliable time history of the proton power
density in the focus cannot be established on basis of the measured currents and the voltage at
the diode. Therefore the curve achieved by scaling the peak proton power density from
activation measurements of 0.15 TW/cm2 to the peak of the ion power in the focal plane
should be considered as a best estimate only ( Fig. 3 ).The fast rising leading edge is due to
'bunching' of the protons: lower energy protons start earlier in time and reach the target
together with protons born later but accelerated to higher energies. This sharp rise was also
observed by the foil accelerating experiments [1]. The steep increase also can be seen by
magnetically insulated Faraday cups placed on different radial positions behind the cathode
(Fig. 4). The delay of 1 Ins in the cup signals from different radii is related to the turn on cha-
racteristics of this diode.
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8 Fig. 3. Proton power density and energy in
?T the focus, estimated from electrical signals

Indications on the composition of the ion
beam were achieved from experiments
where 6 jim thick aluminum foils were
placed some millimeters in front of the
Faraday cups. The signals of unfiltered and
filtered Faraday cups show no significant
difference for most of the time. This indi-
cates that the ion beam does not contain a

significant fraction of carbon ions. This result, which is also confirmed by time-of-flight meth-
ods may be due to the dense plasma between the vanes, where carbon ions may have been ab-
sorbed.

100
time [ns]

150 200

0.6

o

0.4

c

T3

I
o.o

MFC1
r=50mm

100 time [ns] 200

With the focused power density reduced to
0.15 TW/cm2 and the spread of ±0.05
TW/cm2 a much better agreement was
achieved between calculated and measured
foil acceleration data [5]. However the
pulse length is certainly not below 60 ns
and could not be reduced to half as sug-
gested in [2], which in [5] is now accepted
by theory. The rather large experimental
uncertainty in the determination of the peak

Fig. 4. Averaged signals of Faraday cups at diffe- proton power density is limiting the verifi-
rent radial positions cation of impact target codes as well as the
determination of e.g. equation of state data used in these codes. It seems to be not possible to
generate ion beams with better reproducibility with this B©-diode. The following paragraph
tries to give an explanation for this and gives hints to improve the situation.

Operating principle of the present Be-diode.
In addition to the measurements reported so far the sum of the operating experience with this
diode includes the following observations: The diode operates best if the voltage pulse starts
with a 60 ns long precursor of 100 kV before rising to its final value of 1.0 to 1.6 MV. During
this precursor no ion emission is observed; ions are only emitted after a voltage of 1 MV is
achieved. The ion emission starts first at the inner part of the anode as shown by Faraday cup
results and confirmed by an enhanced erosion at the inner edge of the anode, and due to the
observed damage pattern most of the electron losses occur at one side of the 6 posts at the
back side of the anode. Combining these results the diode's operation can be described in four
phases:

First, electron emission starts on all surfaces where the field strength is sufficient during the
voltage 'foot'; electrons from the vanes impact on the plastic anode inlay and start to produce
an anode plasma; plasma formation starts also at the rear side of the anode. Second, while the
voltage rises electron losses increase, especially at the anode support posts, where the insulat-
ing Be -field is partly balanced by the current flowing through the posts. These posts act as 6
electron diodes. In the third phase the current of the 6 electron diodes generates the Be-field
that insulates the front ion diode. Ion current is produced for about 60 ns. Neutralizing elec-
trons are taken from the plasma at the vanes. Finally expanding plasmas in the 6 electron di-
odes as well as the ion diode short out the gaps; the ion emission stops. The magnetic energy
decays according to its L/R time constant - completely decoupled from the KALIF-generator.
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In this process the field emission edge is not essential because most of the electrons come from
the vanes and are lost in the 6 electron diodes. Therefore the field emission edge (Fig. 1) was
removed in three consecutive steps with no decrease of the diode performance.

Particle-in-cell-simulations and a new design of the Be - Diode.
Simulations using the two dimensional, stationary code BFCPIC2D [6] reported earlier sup-
ported the assumption, that most of the electrons emerge from the field emission edge, since it
was the area of the highest electric field. The vanes appeared as flat surface with much less
field. The 6 posts could not be modeled in two dimensions; however the current flowing
through them was treated correctly. Fig. 5 shows the electron current density distribution.
Omitting the field emission edge enhanced the electron emission at other parts of the surface,
especially at the vanes. But the diode maintains its function as Fig. 6 shows. The values for
electron and ion current obtained by the simulations do not show detailed agreement with the
measured numbers, but they show, that omitting the field emission edge does not drastically
change the properties of the diode. Since the 6 posts acting as electron diodes suffer the most
serious damage and moreover, can be treated only with tricks in the PIC-code a design was
suggested (Fig. 7), where these posts are replaced by a solid ring, while their task - providing
the B© - field - is maintained by a specifically designed electron diode placed in the back of the
diode close to the axis, where the damage is less serious and replacement of parts is easier.
This has also the advantage, that two parameters can be adjusted separately: The geometry,
especially the gap distance of the electron diode adjusts the insulating Be-field, while the gap
between anode and vanes adjusts the ion current. Experiments on this diode are under way.
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