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Abstract

Chopper systems are used to pulse charged particle
beams. In most cases, electric deflection systems are used
to generate beam pulses of defined lengths and appropriate
repetition rates. At high beam intensities, the field distri-
bution of the chopper system needs to be adapted precisely
to the beam dynamics in order to avoid aberrations [1]. An
additional challenge is a robust design which guarantees
reliable operation.

For the Frankfurt Neutron Source FRANZ [2], an E×B
chopper system [1] is being developed which combines
static magnetic deflection with a pulsed electric field in a
Wien filter configuration. It will generate proton pulses
with a flat top of 50 ns at a repetition rate of 250 kHz
for 120 keV, 200 mA beams. For the electric deflection,
pre-experiments with static and pulsed fields were per-
formed [3] using a helium ion beam. In pulsed mode oper-
ation, ion beams of different energies were deflected with
voltages of up to ±6 kV and the resulting response was
measured using a beam current transformer. A comparison
between experiments and theoretical calculations as well as
numerical simulations are presented.

INTRODUCTION

Figure 1: Components of the deflector test stand.

Fast electric chopper systems pose a great challenge in
their technical realisation. They often suffer from sput-
tering, deterioration of insulators and high voltage break-
downs [4]. These effects become even more critical for
high intensity ion beams with currents of several mA. It is
thus important to examine the behaviour of chopper sys-
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tems under realistic conditions. For this purpose, a deflec-
tor test stand for high intensity ion beams shown in Fig. 1
was installed.

In the deflector chamber, helium beams up to 25 keV,
1 mA were deflected between two copper plates of 15 cm
length with an aperture of 7.6 cm [3]. For static beam de-
flection, voltage was applied to one plate, the other plate
being grounded. In pulsed mode operation, both plates
were oppositely charged with symmetric voltages provided
by a high voltage pulse generator.

BEAM TRANSPORT SIMULATIONS

The BENDER simulation package [5] is currently under
development. This toolkit is capable of transporting single
particles and particle distributions in external electric and
magnetic fields considering space charge forces using the
Particle-In-Cell (PIC) method. External fields are gener-
ated from an analytic description or imported from differ-
ent sources, e.g. ASCII files, or from CST Suite.

The settings of the experiments were simulated and the
results were compared to the measurements by tracking
particles through the field distribution of the deflector sys-
tem for different field intensities. The resulting beam pro-
files and deflection angles were evaluated. As particle in-
put, a measured beam distribution behind the ion source
was used. The electric field was calculated using CST EM
Studio (EMS).

STATIC BEAM DEFLECTION

Figure 2: Static deflection angle for UB = 20 kV [1]. To
eliminate influences of the plate geometry on the deflection
angle, the beam was always bent towards the right plate
by swapping charged and grounded plate for negative volt-
ages.

For an ion beam accelerated longitudinally by UB , the
deflection angle induced by a transverse electric field, cre-
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ated between two plates of distance d and deflection voltage
U , is given by [3]

α = tan−1

(
1

2

leff
d

U

UB

)
, leff =

d

U

∫ ∞

−∞
Ex (z) dz (1)

with the effective length leff of an equivalent constant field.
Deflection angles were measured using the CCD camera

mounted above the deflector chamber. The voltage-angle
dependency (Fig. 2) shows good agreement with the par-
ticle simulations and analytical calculations. For high de-
flection voltages, the beam passes the deflector plates at a
very short distance which leads to differences between sim-
ulation, experiment and analytical model.

Current Flow to Deflector Plates

Along with the beam profile and deflection angle, the
current flow to the deflector plates as well as the residual
gas pressure in the vacuum chamber were measured. In
Fig. 3, four voltage regions of characteristic behaviour can
be distinguished.
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Figure 3: Electric current to deflector plates and residual
gas pressure plotted against voltage for UB = 20 kV.

For positive deflection voltages, space charge compen-
sation electrons are pulled out of the beam which leads to
a current increase on the positive plate (I). As the electrons
are not attracted by negative potential, this does not happen
for negative voltages (1). For higher deflection angles, the
distance between the beam and the plate decreases, more
beam halo particles and residual gas ions hit the plate and
the current increases slightly (II, 2).

For high deflection voltages, beam ions impact the plate
and create numerous secondary electrons (3, 4). At pos-
itive voltages, these electrons are pulled towards the posi-
tive plate resulting in a current increase (III). In the negative
case, only some of the secondary electrons hit the opposite
(grounded) plate leading to a lower current (IV) compared
to (III).

The beam hitting the plate leads to desorption of gas
molecules from the plate surface. Thus, the residual gas
pressure increases significantly at high voltages. The same

explanation applies for the peaks at deflection voltages of
±2.0 kV, where the beam grazes the beam pipe at the exit of
the deflector chamber under a very small angle and causes
desorption in a large area.

Beam Profiles

Figure 4: For negative deflection voltages, a halo structure
is visible (20 keV beam travelling upwards). Left: UL =
0 kV, UR = −7.5 kV. Right: UL = +7.5 kV, UR = 0 kV.
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Figure 5: Profiles of the beams shown in Fig. 4.

The potential on the deflection plates has a strong im-
pact on beam transport. This leads to the development of a
halo structure for negative voltages (in the left subimage of
Fig. 4 and 5). Due to the greater beam width, the current
rise in Fig. 3 is slower for negative deflection voltages than
for positive ones.
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Figure 6: Measured beam center and FWHM width.

To allow for a quantitative characterisation of beam pro-
file and width, the maximum luminance position (beam
center) and full-width-half-maximum (FWHM) were cal-
culated from the camera images. The beam center motion
in Fig. 6 corresponds to the deflection angle in Fig. 2. The
FWHM is larger for negative voltages.
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PULSED MODE OPERATION

Symmetric deflection pulses with repetition rate of
250 kHz and amplitudes up to ±6 kV were applied to the
positive and the negative deflector plate, respectively. Pulse
and resulting beam structure were analysed using a fast
beam current transformer (BCT).
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Figure 7: Deflection pulse (lower curve, only positive volt-
age shown) and BCT response (upper curve).

The main deflector pulse in Fig. 7 is followed by a post-
pulse which has no effect on the beam as it is very small.
It might however influence electrons in the system which
could lead to additional signals in the BCT. To eliminate
effects of RF sent from the plates to the BCT, the signal
without beam (RF only) was subtracted from the measured
data.

The resulting signal in Fig. 7 shows the beam leaving
the BCT aperture for a duration of 0.3 ns. Due to the fi-
nite beam radius, the edges in the BCT signal are not ver-
tical, but extend over a few nanoseconds. The beam leaves
the BCT between 0.3 ns and 0.4 ns and re-enters it between
0.7 ns and 1.0 ns.

When applying a potential to the beam dump, the beam
signal changes notably. This is due to the time dependency
of space charge compensation conditions. Electrons pass-
ing the BCT from various directions at different times over-
lay with the beam signal. It is planned to perform addi-
tional particle simulations and measurements considering
time-dependent space charge compensation and secondary
electron effects.

Time-Of-Flight Measurements

The flight time of the ions from the plates to the BCT can
be measured by observing the delay between the peak in the
deflector pulse and the center of the beam pulse plateau.
This was done for helium beams with energies between
12 keV and 25 keV over a flight distance of 38.3 cm.

The measured data in Fig. 8 lie slightly above the ana-
lytical curve. Possible explanations include uncertainty in
the flight distance due to the deflector field not being to-
tally symmetric around the deflector plates and variation of
beam energy due to the potential between the plates.
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Figure 8: Time-Of-Flight measurements.

CONCLUSION

The behaviour of a fast chopper system for intense ion
beams was investigated under realistic conditions. Helium
beams of up to 25 keV, 1 mA were deflected with static and
pulsed electric fields. In the static case, deflection angles
of 38◦ were achieved. In pulsed mode operation, the beam
was chopped using 12 kV, 250 kHz pulses. The deflec-
tion angle and Time-Of-Flight measurements are in good
agreement with analytical calculations and numerical sim-
ulations done with the new simulation tool BENDER.

It was observed that beam focusing depends on the de-
flection voltage and space charge compensation level. The
focusing elements however cannot be adjusted in real-time
at 250 kHz frequency. To overcome this limitation and
avoid further space charge compensation issues, such as
current flow to the deflector plates, sputtering and release
of secondary particles, the present FRANZ chopper design
includes an electric repeller field which keeps compensa-
tion electrons out of the deflector chamber and stabilises
the space charge state of the beam.

After 250 hours of beam time, insulators of the plate
mounting were coated with a metal layer from the cham-
ber wall and plates. It is thus important to protect insula-
tors from sputtering to extend the life time of the system.
This can be done by changing the insulator geometry, im-
proving beam dynamics and using materials with a lower
sputter yield.
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