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Abstract

At KIT (Karlsruhe Institute of Technology) we are cur-

rently constructing the compact linear accelerator FLUTE

(Ferninfrarot Linac Und Test Experiment). This 41 MeV

machine is aimed at accelerator physics and synchrotron

radiation research, using ultra-short electron bunches. The

electrons are generated at a photo-cathode using picosecond

long UV laser pulses. A magnetic chicane is used to com-

press the bunches longitudinally to a few femtoseconds [1,2].

This contribution describes both the magnet design, in

particular the optimization of the chicane dipoles based on

finite element method (FEM) simulations, as well as the

implementation of a magnet measurement system.

INTRODUCTION

Many important questions from solid state physics to bio-

logical applications demand an analysis within a wide spec-

tral range from THz to IR. These wavelengths are difficult

to cover with high intensity using ring-based light sources.

However, if the bunch length is comparable to or smaller than

the desired wavelength, the electrons start to emit coherently,

yielding a significant increase in flux [3].

To study bunch compression down to the fs-range, to

study the influence on the generation of CSR (coherent syn-

chrotron radiation), and to further the development of related

diagnostics, a linac-based test accelerator named FLUTE

(Ferninfrarot Linac Und Test Experiment) is currently un-

der construction at KIT. The planned top-level parameters

are listed in Table 1. For more information about FLUTE

and the planned experiments, please refer to [1, 2] and the

references therein.

Table 1: FLUTE Design Parameters

Linac Energy 41 MeV

Repetition Rate 10 Hz

Bunch Charge 1 pC - 3 nC

Pulse length 1 fs - 300 fs

To achieve the desired flexibility for experiments and the

strong compression, a D-type bunch compressor is foreseen,

cf. Fig. 1. As a detailed analysis of the future experiments

depends on a precise description of the magnetic lattice used,

OPERA [4] finite element simulations have been carried out

for the chicane dipoles [5]. Particular emphasis has been put

on the comparison of the calculated fringe fields with the

analytical treatment used in the ASTRA [6] tracking code;

and the calculation of the expected multipole components.

The results are presented in the following section.

To measure the real field distribution of said magnets a

measurement system featuring both a 3D Hall-probe and a

stretched-wire set-up has been installed [7]. It is described

in detail in the subsequent section.

Figure 1: Schematic of a D-type bunch compressor. Parti-

cles with higher energy (blue) receive a smaller deflection in

the dipole magnets (i.e. travel along a shorter path ) than par-

ticles with a lower energy (red). For the correct initial energy

distribution along the bunch, a bunch length compression

can be achieved.

DIPOLE MAGNET DESIGN

Design Considerations

To allow maximal flexibility for future beam dynamics

studies, the dipole magnets have to cover a large parame-

ter range regarding beam energy and deflection angle, as

listed in detail in Table 2. Two basic options are considered:

a compact C-type and a wider, mechanically more stable

H-type dipole magnet, cf. Fig. 2.

Table 2: Magnet Design Parameters

Electron beam energy 40 - 50 MeV

Deflection angle 0 - 15◦

Magnetic field 0 - 120 mT

Magnet length 200 mm

Pole distance 45 mm

Transverse good field region C-type 76 mm

Transverse good field region H-type 240 mm

Figure 2: Possible C-type (left) and H-type (right) dipole

magnet designs. The magnetic field strength within the

magnet is indicated by colour map. For the C-type magnet,

the magnetic field on axis is also illustrated

For the C-type magnets investigated, the transverse good

field region (i.e. the area where the on-axis field does not
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change by more than a given fraction of the design field)

is chosen as the sum of the calculated beam size plus the

maximal beam deflection offset within the magnet (corre-

sponding to 15◦ deflection angle). However, for operation

at small deflection angles, this would make it necessary to

make the two central C-type dipoles (and the beam pipe) of

the D-chicane movable, cf. Fig. 1.

Stationary H-type dipoles with a transverse good field

region wide enough to also cover the maximal displacement

of the beam in the second and third dipole are currently

under investigation (∼160 mm beam displacement for 15◦

deflection angle and a distance of 500 mm between the outer

and inner dipoles).

Comparison OPERA to ASTRA

The optimisation and error studies for the FLUTE bunch

compressor chicane [8] are primarily based on the ASTRA

tracking code [6]. In ASTRA, magnet fringe fields can be

approximated using the analytic equation

By (d) = B0

(

1 + exp

(

4d

Dgap

))

−1

, (1)

with d the normal distance from the magnet edge and Dgap

the height of the magnetic gap.

However, for the relatively short and weak magnets fore-

seen for FLUTE, this approximation leads to a noticeable

difference in the integrated field used by ASTRA and the one

calculated by OPERA [4], as illustrated in Fig. 3. To achieve

the same integrated dipole field (i.e. the same beam deflec-

tion angle), one can either adjust the length of the dipoles

or the maximal field. For a more favourable ratio between

constant field and fringe field, we have chosen the latter op-

Figure 3: Comparison between the calculated fringe field in

OPERA and the analytical approximation used by ASTRA,

cf. Eq. 1. B0=114 mT, physical magnet edge at z=100 mm.

Similar results have been reported e.g. in [9].

tion. Tracking simulations in OPERA confirm that we now

indeed attain the same beam deflection. The adjusted C-type

dipole model has been used for all further investigations.

Multipole Studies

The magnetic multipoles have been determined from the

magnetic field components calculated on a circle of 6 mm

around the (and orthogonal to) the reference trajectory (s)

for an on-energy particle. As an example, the quadrupole

strength along s is illustrated in Fig. 4.

The calculated multipole distributions have been inte-

grated from −∞ to 0 (the center of the magnet) and from

0 to +∞. This allows to generate thin lenses for the beam

tracking simulations, to be included right before and after

the dipole.

The possibility to perform tracking simulations using the

complete calculated field map in ASTRA or elegant [10] is

currently under investigation.

Figure 4: Quadrupole component of the dipole magnet, cal-

culated along the reference trajectory for a beam energy of

41 MeV and a deflection angle of 9.4◦. As the beam enters

orthogonal to the magnets edge and exits under an angle,

the difference in strength and the opposite signs can be un-

derstood (beam traveling towards larger s). Fluctuations are

attributed to numeric noise.

MAGNET MEASUREMENT SYSTEM

Based on [11, 12], a magnetic measurement system has

been installed recently [7]. It consists of 2 times 2 linear

stages with 100 mm travel mounted in the xy-plane, and one

linear stage with 500 mm travel mounted in z-direction. The

system, assembled on a vibration damped, non-magnetic

optical table can serve for both 3D Hall-probe and stretched-

wire measurements. A detailed component list is given in

Table 3.
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Table 3: Magnet Measurement System Main Components

100 mm stages Newport M-ILS100CC

500 mm stage Newport M-IMS500CCHA

Rotation stage Newport UTR80A

Optical table Newport M-RPR-N-46-8,

Newport S-2000A-428

Nanovoltmeter Keithley 2182A/E

Switch, Scanner Card Keithley 7001, 7168

3D Hall-probe Arepoc AXIS-3

Hall-Probe Measurements

The measurement system features a 3D Hall-probe, capa-

ble of measuring the magnetic field components in x, y and

z direction simultaneously. As illustrated in Fig. 5, the probe

itself is mounted in a carbon rod. A rotation stage allows the

precise adjustment of the Hall-probes to the horizontal and

vertical field components, respectively.

Figure 5: Hall-probe measurement system

First measurements have been carried out, characterizing

the FLUTE electron gun solenoid. The results from the

factory acceptance test have been reproduced.

Stretched-Wire Measurements

A stretched-wire system has been implemented, details

of which are illustrated in Fig. 6. First measurements have

been conducted successfully. The detailed analysis of the

achievable resolution is still ongoing.

SUMMARY

At KIT, the test accelerator FLUTE is currently under

construction. It will feature a D-type bunch compressor for

a bunch compression down to femtoseconds. To allow a

detailed analysis of future experiments, two dipole magnet

scenarios have been derived and studied via FEM simula-

tions.

A magnet measurement system featuring both the option

for 3D Hall-probe and for stretched-wire measurements has

been installed successfully.

Figure 6: Mounting of the stretched wire. At one end, the

wire is clamped to an electrically isolated sledge, fine ad-

justments to it tension can be made via a micrometer screw

pulling on a spring (top drawing). At the other end, the ten-

sion is measured electrically (s-shaped sensor in the bottom

drawing). Coarse adjustments can be made via movement

of the z-stage. At both ends, the wire is guided through

a Sorbothane ® block for vibration damping (black). The

return wire (not shown) can be attached to the top part of

the clamps.

ACKNOWLEDGMENT

The authors like to express their deep gratitude for the

great help received from colleagues at the ANKA light

source, in particular from K. Abel, D. Acikkol, S. Gerstl, A.

Gies, N. Glamann, A. Grau and D. Saez de Jauregui.

6th International Particle Accelerator Conference IPAC2015, Richmond, VA, USA JACoW Publishing
ISBN: 978-3-95450-168-7 doi:10.18429/JACoW-IPAC2015-WEPMA040

7: Accelerator Technology
T09 - Room Temperature Magnets

WEPMA040
2851

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

15
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.



REFERENCES

[1] M. J. Nasse et al., Status of the Accelerator Physics Test

Facility FLUTE, TUPWA042, IPAC15, these proceedings.

[2] M. J. Nasse et al., FLUTE: A versatile linac-based THz source,

Rev. Sci. Instrum. 84, 022705, 2013.

[3] A.-S. Müller et al., Far Infrared Coherent Synchrotron Edge

Radiation at ANKA, proceedings of PAC05, 2005.

[4] Opera, http://operafea.com/

[5] S. Schulz, Auslegung von Dipolmagneten für den FLUTE

Bunch Compressor, Bachelor’s thesis, KIT, 2015.

[6] K. Floettmann, ASTRA A Space Charge Tracking Algorithm

Version 3.0, User Manual, 2014.

[7] M. Sauter, Aufbau eines Messstandes zur Charak-

terisierung der Multipol-Komponenten von FLUTE-

Strahlführungsmagneten, Bachelor’s thesis, KIT, 2015.

[8] M. Weber, Fehlerstudien für das Ferninfrarot Linac- Und

Test-Experiment, Master’s thesis, KIT, 2014.

[9] E. Branlard, On the implementation of a 3D space charge

algorithm to understand and further study the physics of linear

accelerators, Fermilab-Supaero technical report, 2009.

[10] M. Borland, User’s Manual for elegant, Advanced Photon

Source, 2012.

[11] G. Le Bec et al., Stretched wire measurement of multipole

accelerator magnets, Phys. Rev. ST Accel. Beams 15, 022401,

2012.

[12] L. Walckiers, Magnetic measurement with coils and wires,

arXiv:1104.3784, 2011.

6th International Particle Accelerator Conference IPAC2015, Richmond, VA, USA JACoW Publishing
ISBN: 978-3-95450-168-7 doi:10.18429/JACoW-IPAC2015-WEPMA040

WEPMA040
2852

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

15
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.

7: Accelerator Technology
T09 - Room Temperature Magnets


