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Abstract

The Low Energy Beam Transport (LEBT) section at the

accelerator-driven neutron source FRANZ [1] consists of

four solenoids, two of which match the primary proton beam

into the chopper. The remaining two solenoids are intended

to prepare the beam for injection into the RFQ. In the first

commissioning phase, the LEBT successfully transported

a 14 keV He+ beam at low intensities [2]. In the current

commissioning phase, the beam energy is increased to the

RFQ injection energy of 120 keV. In the upcoming step, the

intensity will be increased from 2 mA to 50 mA.

Beam dynamics calculations include effects of different

source emittances, position and angle offsets and the effects

of space charge compensation levels. In addition, the behav-

ior of the undesired hydrogen fractions, H+2 and H+3 , and their

influence on the performance within the RFQ is simulated.

INTRODUCTION

A LEBT can satisfy several tasks within an accelerator.

While the most important task is the transport of the beam

at low energy from the ion source into the downstream RFQ,

which expects well defined beam properties at the injection

point, another important aspect is the matching of the beam

properties, the “RFQ injection parameters”, which are usally

given by the twiss parameters αTwiss, βTwiss, γTwiss and the

emittance ε.

A possible additional task within a LEBT is to apply a

time structure to the beam. A time structure is necessary

to reduce the duty cycle of the RFQ or to provide the time

structure required for the experimental needs.

Furthermore, beam diagnostics are an important task to

ensure the required specifications and quality of the beam.

If the desired beam ion cannot be delivered in one fraction

from the ion source, as, for example, for hydrogen beams, the

LEBT should separate the unwanted fractions. Otherwise,

these would be lost in an uncontrolled way within the RFQ

or the later beamline, where high loss rates are intolerable.

This work will focus on the fraction separation within the

FRANZ LEBT and gives an outlook on planned projects at

the MYRRHA LEBT. Additionally the sucessful separation

of an hydrogen beam at a solenoidal separation channel will

be described.

FRACTION SEPARATION

Proton sources usually provide three fractions of charged

hydrogen: H+, H+2 and H+3 . However, an RFQ is able to

accelerate only one mass-to-charge ratio. Therefore, the two

unwanted fractions have to be filtered by the LEBT in order
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Figure 1: Schematic view of the FRANZ LEBT.

to reduce their impact on the further accelerator. To perform

this task, there are several possible solutions.

Dipole Separation

It is possible to separate the fractions with a dipole magnet,

as is done for example at the SARAF LEBT [3].

+O separation efficiency up to 100 %
+O controlled dumping of separated beam possible

−O does not preserve beam symmetry
−O does not preserve space-charge compensation
−O small angle mismatches can lead to large offsets

Collimation System

Another possibility to separate the species is to exploit

the momentum-dependent focusing of a solenoid in order

to move every fraction to a different radius. A subsequent

collimator system can scrape the fractions at high radii.

+O preserves beam symmetry
+O preserves space-charge compensation

−O separation efficiency always <100 %
−O produces secondary particles
−O losses cause “hot spots”

Wien Filter

A third possibility is a Wien filter [4] composed of a

magnetic dipole and an electric deflector. Particles that

satisfy the Wien-ratio can pass, all others will be deflected.

+O preserves beam symmetry
+O controlled dumping of separated beam possible
+O separation efficiency up to 100 %

−O space-charge compensation is not preserved
−O complex to design and construct

FRANZ LEBT

The FRANZ LEBT (Fig. 1) consists of two sections. The

first section ranges from the source to the chopper system,

the second section from behind the chopper system to the

entrance of the RFQ.

The first section has to transport the beam from the ion

source into the chopper system. Between solenoid 1 and
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Figure 2: FRANZ LEBT with a collimation system. The upper panel shows the transmission for each fraction, H+ in green,

H+2 in yellow and H+3 in red. In addition, the energy deposition of the beam losses of all fractions accumulated is given in

black. The lower panel shows the envelopes for the three fractions using the same color-scheme as in the upper panel.

solenoid 2, a faraday cup is mounted for diagnostics. In sec-

tion I, the separation of fractions is done by collimating the

beam either in the transport channel itself or at a collimation

system which is mounted before solenoid 2. This section

also matches the beam into the downstream chopper system.

The chopper system [2] is based on the principle of a Wien

filter [4]. By default, the beam is deflected by a magnetic

dipole field into a beam dump. For every pulse the magnetic

field is superimposed by an electric field, which cancels

out the magnetic deflection and the beam can pass straight

through the system. This superposition fulfills the Wien-

ratio and can therefore work only for one particular particle

speed. A massless septum system [5] increases the deflection

of the unwanted beam into a following beam dump while

the straight beam is unaffected.

The second section transports the beam from the chopper

system into the RFQ. Diagnostics are realized by a current

transformer and an optical beam tomography unit [6]. Sec-

tion II will adapt the beam to the RFQ injection parameters

and match it into the RFQ.

Separation by Collimation System

To study the behavior of the three hydrogen fractions in

the FRANZ LEBT, simulations have been carried out to

estimate the filter capabilities of the LEBT with and without

a collimator system in front of solenoid 2.

Fraction separation without the collimator system works

well, the H+2 fraction is reduced to 27 % of its inital value and

the H+3 fraction is reduced to less than 0.2 %. The mounting

of a collimator reduces the H+2 fraction to 9 %. Another

advantage of a collimator is the reduction of losses on the

deflector plates. This helps to avoid sparks between the

plates. The calculation results with the collimator system

are shown in Fig. 2. The transmission, the power deposited

by beam losses and the envelopes are depicted.

Separation by Wien Filter

The Wien-ratio has to be adjusted to one mass-to-charge

ratio for a given particle energy. As long as the mass-to-

charge ratio is different for each fraction, the E × B chopper

will also separate the fractions. It is possible to operate the

chopper system with static fields. Then, a DC-beam can be

transported and the E×B chopper will separate the fractions.

Numerical and experimental studies of the separation effi-

ciency are planned at the FRANZ LEBT.

During the commissioning phase, the E × B chopper will

be used to measure the fraction ratio of the used source at

different energies. Furthermore, comparisons between the

separation by the solenoidal channel and the separation by

the E × B chopper are planned.

Additional it is possible to study the effect of unwanted

fractions on the RFQ injection and transport.

Io
n 

So
ur

ce

D
ia
gn

os
tic

s

H
V
 C

ho
pp

er

RFQ

So
le
no

id
 1

Wb

 Ib

=

=

30 keV

5 mA

Ei
nz

el
Le

ns

Re
pe

lli
ng

 / 

   
 C

ol
lim

at
in

g 
C
on

e

So
le
no

id
 2

C
ol
lim

at
or

 S
ys

te
m

1500 mm460 mm 400 mm

D
ia
gn

os
tic

s

Figure 3: Schematic view of the MYRRHA LEBT.
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MYRRHA LEBT

The fraction separation at the MYRRHA LEBT (Fig. 3)

is based on a two-step separation. The first separation is

realized by a collimator system between the first and second

solenoid. This is similar to the collimation in the first section

of the FRANZ LEBT. The second separation is based on the

mismatch of the RFQ injection parameters for the undesired

fractions.

In a future study, investigations on the effectiveness of the

fraction separation are planned as well as an optimization of

the beam transport and matching. Additionally, the influence

of wrong fractions on RFQ transport will be studied.
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Figure 4: Schematic view of the test separation channel.

EXPERIMENTAL TESTS OF A

SEPARATION CHANNEL

To prove the fraction separation at low energies with a

solenoid, a collimation channel has been set up for injection

tests at the Figure-8 experiment in Frankfurt [7]. In this ex-

periment, the injection of an ion beam with a solenoidal sep-

aration channel into a toroidal transport channel is studied.

For this purpose, a proof-of-principle experiment consisting

of a hydrogen ion source, a solenoid and an insulated drift

tube with a collimating aperture at the end was built. The

setup is shown schematically in Fig. 4. For variable focusing

strengths of the solenoid, the loss current on the drift tube

and the current in a faraday cup downstream the collimation

aperture were measured. In Fig. 5, the separation of the

fractions depending on the strength of the magnetic field in

the solenoid is visible.

CONCLUSION

A LEBT has to perform several important tasks. The

beam transport, the matching into the RFQ and additional

tasks like diagnostics, time structures or fraction separation

might or must be done at low energies. In this contribution,

a special focus was put on fraction separation in the LEBT.

Three main possibilities were described for fraction sepa-

ration: a dipole, a collimation system and a Wien filter.

The fraction separation in the FRANZ LEBT was sim-

ulated and the positive effect of a collimation system was

confirmed.

Finally, an experiment was shown, which proves the abil-

ity of a solenoidal transport channel to separate the beam

fractions.

Figure 5: Resulting current direct from the source in FDC 1

(black) and the current in FDC 2 (blue) for several field

strengths of the solenoid. Red shows the loss current on

the insulated drift tube. The source was not optimized for

proton production. Image by courtesy of Heiko Niebuhr [7].
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