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News from the CEO
radiation. MAX IV, for which Danfysik

System 9700, has been delivered to

supplied the novel compact integration

Daresbury Lab for the CLARA FEL

magnetic systems, will be inaugurated

project. Many other customers around

in June 2016.

the world benefit from Danfysik’s well-

Danfysik has supplied the magnets for

known high-stability power supplies.

the DDBA cell at Diamond Light Source.

And last, but not least, Danfysik has

Danfysik is also preparing the supply

recently completed the delivery of the

During the last year, Danfysik has

of magnets for the upgrade of the new

first two sets of Phase Shifters for the

enhanced its market position as the

ESRF storage ring.

LCLS-II project at Stanford.

ator solutions for the world’s most

The study of rare isotopes is a topic for

I hope you will enjoy reading this

advanced research, industry and health

a number of our customers, including

Danfysik Newsletter 2016.

care facilities.

Michigan State University, INFN and

leading supplier of particle acceler-

GSI with the new FAIR facility. Danfysik
Danfysik is contributing with its

is currently developing advanced mag-

technology to help major synchrotron

nets and other components for these

facilities reach new targets for the

facilities.

optical performance of synchrotron

Danfysik’s new power supply series,

2

DANFYSIK | Newsletter 2016

Best regards,

Frank Ebskamp, CEO

Industry | DANFYSIK

Ion implantation
improves the quality
of medical devices
New coating technology eases slip and reduces wear in plastic moulding tools
Easy release of injection moulded plastic parts, long

used worldwide on injection moulding tools to produce

service life of expensive moulds, and high quality of

high-precision medical devices.

finished moulded parts are extremely important
parameters for meeting the requirements for perfor-

A consortium under the Eurostars programme with

mance and productivity of modern plastic moulding.

partners from Switzerland, Spain and Denmark, including
Winther Mould Technology A/S and Novo Nordisk A/S, has

The Tribology Centre at The Danish Technological Insti-

tested, validated and confirmed the superiority of the

tute has developed a new and extremely efficient coating

CrN-SS coating when applying it to plastic moulding tools.

which combines the PVD-based coating technology with
Ion Implantation technology.

The Tribology Centre has developed several other unique
coating systems that combine ion accelerator technology

The coating is called CrN-SS (SS for SuperSlip) and is

with PVD coatings.

– "We are in a situation where
the beam time of our present
ion implanter has become the
bottleneck in our production.
So we had to place an order with
Danfysik for the Ion Implanter
Model 1090 for installation at
the end of 2016."
Lars Pleth Nielsen,
Director at the Tribology Center.
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Dipole Magnets
Number per cell:
Central field strength:
Bending radius:
Magnetic length:
Field gradient:

Type A
2
0.8 T
12.51 m
0.670 m
0.536 T/m

Quadrupole Magnets
Number per cell:
Central field gradient:

10
70 T/m

Sextupole Magnets
Number per cell:
Sextupole strength:

10
2000 T/m2

Corrector Magnets
Number per cell:
Field integral vertical:
Field integral horizontal:

2
0.008 Tm
0.008 Tm

TypeB
2
0.8 T
12.51 m
0.967 m
0.773 T/m

Magnets for a DDBA
cell at Diamond Light Source
Each Double-Double Bend Achromat provides room for one more insertion device
The addition of more bending magnets to synchrotron light

The contract for delivery of all magnets for the first cell

source storage rings reduces the emittance and thereby

was offered to Danfysik.

increases the brightness until a point where the diffrac-

The work package covered the engineering design,

tion limit is reached. At Diamond Light Source, the concept

manufacture, assembly, testing, magnetic measurement

of replacing the double-bend achromats (DBAs) with dou-

and delivery of two types of dipole magnets (with incor-

ble-double bend achromats (DDBAs) has been proposed,

porated quadrupole field), quadrupole magnets, sextupole

not only as a way of reducing emittance but also as a way

magnets (with incorporated horizontal, vertical and skew

of doubling the number of straight sections available for

quadrupole trim windings), and combined horizontal/

insertion devices. This project, in advance of a possible

vertical corrector magnets.

upgrade of the whole ring, replaces just one cell to allow
the development of a new insertion device beamline.
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The delivery was completed early 2016.

research | DANFYSIK

MAX IV prepares to celebrate
midsummer with ultra-bright X-ray beams
Last year in August the MAX IV team

when the first demonstration of

announced the first passage of the

visible synchrotron radiation was

electron beam around the 500 m long

reported. Some further fine tuning

3 GeV storage ring, consisting of 20

of the machine will be done, and

seven-bend achromats based on the

insertion devices and optical beam-

very compact integrated magnet

lines will be inserted and tested

block design. A great milestone had

before the official inauguration on

been achieved just a few weeks after

the longest and brightest day of the

the installation was completed!

year on June 21, 2016. We are proud

Further and even more important

to be a major supplier of the

progress was announced less than

magnetic systems for this ground-

ten weeks later, on November 2,

breaking new accelerator system.

Present lattice
Lattice type

New lattice

DBA

HMBA

Circumference (m)

844.390

843.979

Beam Energy (GeV)

6.04

6

Beam Current (Ma)

200

200

Natural emittance (pm·rad) 4000
Energy spread (%)

0.106

147
0.095

Sextupoles and Quadrupoles
for the new ESRF storage ring
ESRF is one of the world's leading

to the possibility of building storage

particular with hard X-ray energy.

synchrotron radiation facilities and

rings with an increase in brilliance of

has been at the forefront of inter-

two orders of magnitude and a reduc-

Danfysik has won a major contract
for the supply of:

national research for over 20 years.

tion of beam size to the micrometer

- 196 short and long sextupoles also

The physical, material and biological

range. To achieve this at ESRF, a new

sciences, whether fundamental,

low emittance storage ring lattice

applied, or industrial, require more

based on a new HMBA design (hybrid

brilliant and more focused beams

multi-bend achromat), will be replac-

to penetrate the heart of matter

ing the present double-bend, achro-

with nanometer spatial resolution.

mat-based storage ring in the tunnel

The delivery scope includes engineer-

These grand challenges can only be

during the period 2015-2020.

ing design, manufacture, magnetic

addressed if cutting edge tools are

The horizontal emittance will be re-

tests and documentation. We are

provided.

duced by at least a factor of 30, with

proud to participate in the construc-

In recent years, new concepts for

consequent similar increases in X-ray

tion of yet another new 4th genera-

accelerators have emerged leading

source brightness and coherence – in

tion synchrotron radiation facility.

equipped with correction coils
(SD1 & SF2)
- 132 High gradient quadrupoles
(QF6 & QF8)
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The SECAR project
How Danfysik solutions are
taking part in studies of
rare isotopes to help
understand the mysteries
of exploding stars
Some stars undergo a violent ex-

is the

plosion at the end of their life. We

complete

know them as Novae, Supernovae,

beamline from

X-Ray bursts etc., and the processes

right after the target station.

behind such catastrophic and extreme

The beamline consists of a series of

events have obviously attracted a

dipole magnets, quadrupole magnets

lot of attendance. These explosions

and also some sextupoles and an

occur towards the end of a star’s life,

octupole. The most important part of

where the thermo-nuclear processes

the beamline is two large Wien filters

are often much more complex than in

(WF1 and WF2 on the drawing). The

our own stable sun. The study of such

beamline will be constructed in two

processes - where energy is generated

phases as shown in the table. Phase

much faster than in normal stable

2 is not yet contracted. The phase 1

stars through capture reactions in

magnets, Wien filter and beamline are

unstable nuclei, could in combination

under development/manufacturing

with traditional astronomical meas-

at Danfysik. The supply includes the

urements, lead to a better under-

design, manufacturing, testing and

Wien filter

Multipole magnets

Quadrupole magnets

Dipole magnets

standing of these explosions.

documentation of all magnetic and

Phase 1

6

11

4

1

electrostatic components and their

Phase 2

2

4

0

1

The SECAR Project (SEparator for
CApture Reactions) at the Facility for
Rare Isotope Beams (FRIB), a future
U.S. Department of Energy Office of
Science scientific user facility, at Michigan State University will play a major
role in this hot research area. The
SECAR instrument beam line will be
able to study the nuclear reactions of
proton-rich radioactive beams that are
generated from the existing (ReA3)
and coming (FRIB) installations. In this
way, it should be possible to link theoretical predictions with astronomical
observations. The SECAR instrumental
setup allows the study of reaction
rates of the nuclear species that appear at the times of the explosions.
Danfysik’s contribution to SECAR
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power supplies.

The complete beamline

SECAR INSTRUMENT BEAMLINE

Danfysik's new System 9700 modular
power supply was chosen along with
the well-known System 9100 to be
the primary power supplies for the
CLARA project.

System 9700 for the CLARA
project at Daresbury, UK
CLARA - Compact Linear Accelerator for Research and Applications
Using particle accelerators to generate electromagnetic
radiation has proved to be an invaluable tool for scientific

System 9700 switch mode power supply

experiments.

Output power 250, 300 and 350A/60V

The CLARA project is the latest generation of light sources

Unipolar versions

and aims to pave the way for a state-of-the-art FEL facility for the UK and international R&D. The ultimate aim is
to develop a normal conducting test accelerator that can

Stability 10 ppm
19” rack mount 6U power supplies

deliver approximately 250 MeV electron beam energy able
to generate longitudinally and transversely bright electron bunches. These will be used in the experimental pro-

System 9100 switch mode power supply

duction of stable, synchronised, ultra-short photon pulses

Output power 50-200A/60V

of coherent light from a single pass FEL using techniques

Unipolar and bipolar

directly applicable to the future generation of light source
facilities. It is foreseen that the CLARA beam will be used
for testing other advanced concepts such as beam-driven

Stability 10 ppm
19” rack mount 3U height

wakefield acceleration.
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Phase shifters
for the LCLS-II project
The upgrade of the Linac Coherent

periods. During the autumn of 2015

from a high-coercivity NdFeB grade.

Light Source (LCLS) at SLAC, Stan-

the design of the phase shifter was

The remaining 51 phase shifters and

ford, USA to a tunable X-FEL, LCLS-II,

completed at Danfysik and one proto-

spare parts are expected to be deliv-

has prompted the demand for install-

type device with two sets of magnet

ered during 2017.

ing Phase Shifters (PS) between each

arrays, a short and a long period,

of the undulator segments of both

was successfully manufactured and

The phase shifters have a movable

the soft X-ray and the hard X-ray

tested.

gap to facilitate tuning of the phase

lines.

between each of the undulator seg-

Phase shifters have one centre

The phase shifters are of the

ments when the magnetic fields of

undulator period and two half end

pure-permanent-magnet type, built

the undulator segments are changed.
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SXR

HXR

Gap range:

10 – 100 mm

10 – 100 mm

Length:

82.5 mm

49.5 mm

Photon energy range:

200 – 1300 eV

Phase integral range:

750 - 3,814 T mm
2

1.0 – 25 keV
3

84 - 490 T2mm3

research | DANFYSIK

Hardware for providing very
low energy antimatter
The main dipole magnets for CERN’s Extra Low Energy Antiproton Synchrotron (ELENA)
The ELENA (Extra Low ENergy Antiproton) synchrotron at CERN
will be used for cooling of the 5.3 MeV antiprotons delivered by
the Antiproton Decelerator (AD) and further decelerating the antiprotons down to 100 keV. The physics programme consists of
trapping antiprotons to create antihydrogen atoms after recombination with positrons. The ultimate physics goal is to perform
spectroscopy on these antiatoms at rest and to investigate the
effect of the gravitational force on matter and antimatter.
The specification for the main 4.7 tons laminated dipole magnets of ELENA calls for high field homogeneity over a large
beam space (66 x 48 mm2), low remnant field, low eddy current
effects, and high repeatability of the field during acceleration
and deceleration pulses. The six main dipole magnets plus one
reference/spare magnet were delivered to CERN in January.

THE DELIVERY TO ELI-NP COMPRISES
Aperture
Short Solenoid Magnet:

Magnetic Length

60 mm		 180 mm

Long Solenoid Magnet: 		 310 mm		 2848 mm
36 Quadrupole Magnets (6 types): 		 30 mm		 100 - 300 mm
8 Dipole Magnets (5 types): 		 30 mm		 200 - 2300 mm
22 X/Y Correctors (5 types): 		 70 mm		 170 mm
8 Single Plane Correctors (2 Types): 		 148 mm		 150 mm

Extreme Light Infrastructure
– Nuclear Physics
All the magnets for the ELI-NP project have now been

Following successful completion of the system tests

designed, manufactured, tested, documented and

in Frascati, the units will be shipped to the final site in

delivered for installation and have been provisionally

Romania.

integrated in the system at INFN Frascati.
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Danfysik makes the optical elements
for the SPES project at INFN-LNL in Italy

SPES beam intensities
(fission on UCx)
after the Ion-Source (1+)

December 2015 Danfysik won the

a high intensity proton beam (energy

Danfysik's delivery includes dipole

contract for the delivery of the SPES

of 40 MeV and current of 200 µA) on

magnets, quadrupole magnets, sole-

project beam transport magnets and

a direct target UCx. In this way, it is

noid magnets, corrector magnets and

electrostatic elements. SPES (Selec-

possible to produce up to 1013 fis-

electrostatic multipoles, all including

tive Production of Exotic Species) is

sions per second generating bundles

vacuum chambers and support stands.

a project to develop a radioactive ion

of neutron-rich radioactive isotopes

The elements demand high field

beam that is part of the Road Map

that can reach the target intensity

quality, and therefore require 3D field

INFN for the development of Nuclear

equal to 109 particles per second.

modeling and advanced field mapping

Physics in Italy.

SPES primary goal is the production

with comprehensive documentation.

of neutron-rich radioactive nuclei
The SPES project is based on the pro-

with masses in the range 80-160 by

duction of radioactive beams through

uranium fission.

the ISOL method, or by the impact of

High stability power supply for
SC magnets at VECC, India
Danfysik are manufacturing two High Stability Magnet Power

detection system, tuneable threshold voltage for quench

Supplies with output 300 A, ±10 V for a HTS based conduc-

detection and the validation period of quench detection.

tion-cooled steering magnet for a VECC project in India.
The high energy beam (max. beam rigidity 3.3 T/m) from
the superconducting cyclotron needs to be steered, both in
horizontal (Bx) and vertical (By) direction and will be energized independently. The Danfysik Magnet Power Supplies,
Model 854 will be designed and developed to have all the
special features needed for this application including quench

10
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Danfysik Model 854
Linear transistor bank regulated
Output power: 0-300 A, ±10 V
Stability: 10 ppm
Quench protection: 4-ch quench detector
Fast DC breaker

Power supplies for new neutron
spin-echo spectrometer at Institut
Laue-Langevin, France
The new high-intensity spectrometer will provide up to 50

Typical applications for WASP will be

times higher data rates compared to IN11C and at the same

• Study of the motion of biological functional groups

time the resolution will be better than currently available.

• Diffusive dynamics in incoherent scatterers

This is achieved by a fundamental change in the magnetic

• Dynamics in molecular magnets

coil layout, which gives the instrument its name: wide

• Dynamics of 1d and 2d confined molecules

angle spin-echo (WASP).

• Development of new models for systems near the
glass transition

WASP will be optimised for studying the diffusion of atoms

• Small samples (magnetic or other)

and spin excitations on atomic and molecular length scales
of 0.1-10 nm. With regard to the data rate, WASP will be

Danfysik Model 859 switch mode power supply is

10-100 better than present day spin-echo spectrometers.

designed to power the coils at the WASP spectrometer.
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High current
ion sources in service for 30 years
Today, the Model 921A is still a very popular ion source within research and industry
More than thirty years ago the

tions in particle accelerator injection,

rial, preferred ionization state, and/or

CHORDIS ion source was developed at

ion implantation, isotope separation

extraction system. Every source type

GSI in Darmstadt by Roderich Keller

ion beam mixing, sputtering, fusion

can easily be adapted to new tasks

et al 1). The main purpose was to

plasma diagnostics, etc.

by replacing individual components.

provide a versatile source of heavy
ions for the then planned first heavy

Three different source versions are
A magnetic multipole/reflex (“bucket”)

available depending on the properties

ion synchrotron at GSI, SIS. However,

configuration of the discharge cham-

of the charge material: a gas/vapour

it was clear from the beginning that

ber allows the creation of a quiet, cold

version for gasses and materials with

the source had many other potential

and stable plasma of large cross sec-

a low melting point, an oven version

applications, and in 1986, GSI entered

tion with densities suitable to form

for materials with a melting point of a

a licence and technology transfer pro-

high-current, high-brightness ion

few hundred degrees C, and a sputter

gram with Danfysik in order to further

beams. Beam currents are well repro-

version for charge materials with a

develop and introduce the ion source

ducible and stable. The discharge can

very high melting point.

to other applications and markets.

be run in continuous or pulsed mode,
depending on the intended applica-

Today, the Model 921A is still a very

The ion source was originally mar-

tion. The discharge can be tuned to

popular ion source with several appli-

keted by Danfysik as the Model 920

optimize the content of the multiply

cations within research and industry.

High Current Ion Source, and due to

charged ions.

For more detailed information,

later developments and optimisations

please check our website, or contact

it has now changed name to Model

The model 921A ion source has a

921A. It is a versatile ion source for

modular design thus providing flexi-

the production of high current and

bility in the choice of suitable source

high brightness ion beams for applica-

components for a given charge mate-

12
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our sales team at sales@danfysik.dk

1)

 . Keller, P. Spädtke, and F. Nöhmayer,
R
Proc Int Ion Engineering Congress, Kyoto, 25 (1983)
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Injection Kicker system for SIS100 at GSI/FAIR
The main particle accelerator for

a PFL (pulse-forming-line) network of

and the complete kicker system will be

FAIR (Facility for Antiproton and Ion

5.7 Ω impedance and will be charged

delivered for installation in 2018.

Research) which is under construction

up to 80 kV. A pulse current of 6.2 kA

at GSI Helmholtzzentrum für Schwer-

is needed to reach the required cen-

ionenforschung in Darmstadt, will be

tral field of 0.12 Tesla. The specified

the SIS100 synchrotron.

pulse rise time is 130 ns and the pulse

A kicker magnet system is required

length will be variable from 0.5 µs to

for the injection of ion beams into

2.0 µs by a termination thyratron. The

the synchrotron. The system consists

pulse repetition frequency is 4 Hz.

of six kicker magnets of the window

The matching resistors are immersed

frame type providing a total deflec-

in circulating oil for insulation and

tion angle of 7.5 mrad. The modules

cooling purposes. Up to 2.2 kW power

are installed in a 2.15 m long vacuum

must be cooled from each resistor.

vessel equipped with NEG pumps

The kicker project will be implemented

and ion pumps to match the vacuum

by a consortium consisting of the Ger-

requirement of <10-11 mbar.

man company Ampegon PPT GmbH and

Each kicker module will be driven by

Danfysik A/S. The first module of the
series will be ready for testing in 2017

Kicker Magnet System for
SIS100 with six individual
window frame type, ferritebased kicker magnets

More magnets for the
injection into and extraction from SIS100
The present heavy ion synchrotron,

rently under construction at

SIS18, has been the well proven

Danfysik.

“work horse” of the GSI accelerator
complex for many years.

Six large resonant sextupole mag-

As a part of the FAIR comprehensive

nets are required for the slow ex-

accelerator facility it will act as the

traction system of SIS100.

pre-accelerator for the new large

Each of these will be placed in one

main synchrotron, SIS100.

of the six warm straight sections in
between the cold superconducting

A new large dipole magnet is required

magnet sections of the synchrotron.

to provide beams from SIS18 to
the SIS100 and to the experimental

The laminated sextupole magnets

facilities at GSI.

provide a nominal maximum sextupole field of 2x105 T/m2, and must be

The magnet will act as a switching

ramped from zero up to maximum

magnet for angles of ±7.5° and thus

within 75 ms.

(together with the straight through

Each magnet has a weight of ap-

line) provide three-way beam branch-

proximately 1.7 tons. The sextupole

ing in the new beamline.

magnets are being constructed at

The 18 tons heavy magnet is cur-

Danfysik.

The 1.7 tons sextupole will be
ramped from 0 to 2x105 T/m2
within 75 ms
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Always at your service
On-site or in-house training programs held by experts in their field
The Danfysik Customer Service

Supplies. On-site training allows you

flexible delivery options that include

Department now offers training in

to train as many or as few employees

a customized combination of inter-

operating Danfysik equipment for

as you need to significantly reduce

active classroom training and hands

our customers. The training program

expenses and minimize staff down-

on training. Planning the courses

can be delivered when and where the

time. All training and learning will

around your individual training needs

customers want it - at the office,

focus on your Danfysik products and

ensures that your most important

on-site or in-house at Danfysik in

the specific items causing issues for

goals are met and produces immediate

Taastrup, Denmark.

you. It also gives the participants the

results.

opportunity to benefit from hearing
Bringing the training on-site is a

a consistent training message and a

The training is held by experts from

cost-effective solution if you have

productive learning experience that

the customer service department

several employees or teams who

encourages greater understanding of

who can draw upon their personal

would like to develop the skills

each other’s role.

knowledge and experience.

to operate your Danfysik Power

The training course programs and

This allows the training to focus

materials are delivered tailor-made

on real-world challenges and

to your individual training needs with

the attendees will get updated
knowledge about best practices.
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Treatment with particle therapy
in Marburg started
On 11 November, the Marburger Ionenstrahl-Therapiezentrum (MIT) officially opened, after
the first patient treatment with particle therapy had started in the last week of October.
MIT is a result of the collaboration between the Heidel-

accelerator, a 20 m synchrotron ring and beam transport

berger Ionenstrahl-Therapiezentrum (HIT) of the Univer-

to four treatment rooms – as well as power supplies,

sitätsklinikum Heidelberg and Röhn Klinikum. The particle

vacuum systems, beam diagnostics and control systems.

therapy treatment uses protons or carbon ions (and is

A very stringent quality control system is deployed to

prepared for other ion species such as Helium). Particle

ensure that the correct energy levels and doses are

therapy is a very precise treatment method, that kills the

delivered with milimeter precision.

cancer cells with very little effect on the surrounding
tissue – and can be used to treat cancers that do not
respond effectively to traditional x-ray treatment.
The particle accelerator equipment (the engine of the
particle therapy facility) has been desiged, manufactured
and sourced, as well as integrated, installed and commissioned by Danfysik, in close collaboration with Siemens
Health Care. The equipment installation is very similar
to the one at the Shanghai Proton and Heavy Ion Center,
where the treatment of patients began in 2014.
The particle accelerator consists of ion sources, a linear

– "We are very happy that MIT
has started to treat patients, and
that the capacity to offer particle
therapy with protons and carbon
ions now is doubled in Germany.
We congratulate MIT on this
important milestone."
				Frank Ebskamp,
				CEO of Danfysik
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Our sales team – Your gateway
THE DANFYSIK SALES TEAM IS YOUR GATEWAY TO TECHNICALLY AND ECONOMICALLY
COMPREHENSIVE SOLUTIONS TO YOUR REQUIREMENTS.
Our large technical staff is working in the sales “back

Experience our competence in your next project –

office” to service our customers in providing technical

just contact us in sales.

solutions incorporating new technologies that are at
the forefront of accelerator technology development
in systems and components.
Our customers benefit from our experience in the design
and manufacture of both specialized and standard
products for a wide range of accelerator applications.
This also enables us to provide high quality technical
knowhow and offer workable technical solutions with
high reliability and quality – at an affordable price.

– " When you contact our sales
team, you are also in contact with
Danfysik’s entire specialized staff
of engineers and physicists and
their extensive experience within
accelerator technology."
Henning Bach Christensen
VP, Sales & Marketing

Facts
Company Address

Production facilities

Danfysik A/S

Gregersensvej 7-8

Gregersensvej 8

DK-2630 Taastrup
Møllehaven 29

benefit your business.

DK-4040 Jyllinge

To hear more, please contact our sales team at
sales@danfysik.dk or our service team at

www.danfysik.com

service@danfysik.dk
Sales

Service

Phone: +45 7220 2400

Phone: +45 7220 2403

Fax: +45 7220 2410

Fax: +45 7220 2410

Email: sales@danfysik.dk

Email: service@danfysik.dk

Ownership and workforce
Danfysik A/S is 100% owned by the Danish
Technological Institute and employs around 110 staff.

www.gebet.dk · 91815 · 04.16 · 2000

Denmark

Danfysik would like to talk to you about how
our competence in accelerator technology could

DK-2630 Taastrup

