Newsletter
2013

– With our new team
of very experienced acce
lerator engineers and phy
sicists we are now even
stronger in delivering com
plete accelerator solutions.
Page 2

Innovative accelerator
products
–

Danfysik cares
about health
–

Taming wild power
– ultrastable high
current power supplies

First Green Magnet® operating at
ETH in Zurich
Page 7-8

Particle Therapy activity opens for
new turn-key system opportunities
Page 11

Power supplies in the MW range
for ISIS and INFN
Page 15

Danfysik | editorial

Content
3

Fresh wind in the sails of the sales team

6

 ompact magnet systems and power
C
supplies for extremely bright light sources

7

Innovative accelerator products

9

 uperconducting solenoids for a FEL electron
S
gun and for HIE ISOLDE

10	
Rotating coil multipole measurement system
for large aperture magnets for RRCAT in India
11

Danfysik cares about health

12

 C and pulsed magnets for the MedAustron
D
particle therapy facility

12	Bending magnet and beam diagnostics for
the NFRI Institute in Korea
13

Ion’s still i(o)n

14

Magnet power supply for ISIS

15	
Taming wild power – ultrastable high current
power supplies

Sharpening the technological
edge of future light sources
Insertion devices and compact
synchrotron magnet systems...
p. 4
Ion's still i(o)n
Large quadrupole magnets for ISIS
p. 13

Always at your service
Service & Test team is prepared for
increasing preventive maintenance...
p. 16

15	
High current power supply for superconducing
magnets at INFN Napoli

At your service with more
people and new technology
Did you notice on the front page, that our com
pany logo has been changed? Well, it has.
The new one symbolizes the strong relation to
our parent company while still maintaining the
full integrity of DANFYSIK as a separate company.
We are proud to be a member of a company
group which has innovation and new technology
as its prime focus. And we are proud to continue
to be your supplier of particle accelerator equip
ment as we have been for almost five decades.
Over the past year we doubled our staff.
In September last year we took over 23 of our
former colleagues from Siemens Particle Therapy
with the purpose of completing the installation,
commissioning and customer service for a large
particle therapy accelerator system in Shanghai.
With our new team of very experienced acce
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lerator engineers and physicists we are now
even stronger in delivering complete accelerator
solutions. As of spring 2013 we are now a team
of 115 staff members at your service.
This spring we are launching our new
Green Magnets® solutions on the market.
I hope that you will consider this environmental
friendly technology when you plan your next
project. Besides offering dramatic reduction of
power consumption and operating costs, it also
will reduce the investment cost of infrastruc
ture, such as cabling and cooling.
If you find interest in our news and have com
ments or would like to know more, please do
not hesitate to contact our sales team which
also grew by 50% since last year.

Bjarne Roger Nielsen
CEO, Danfysik A/S

editorial | Danfysik

Fresh wind in the sails
of the sales team
They have been around for more than twenty years.

Stephane will constitute a strong sales force that is ready

They know the accelerator market better than any search

to meet our customers world-wide and make sure that

engine on the Internet. Erik Steinmann and Lars Anthon

they are offered the technologically most advanced pro

are the backbone of the Danfysik’s sales team and have

ducts at competitive prices.

been a warrant for the success of the company through

Carsten and Stephane will focus on new markets in the

the last two decades. Although diamonds never rust, a

rising economies and on new products.

generation change is around the corner.
Two new young sales managers, Carsten Pilsgaard Hansen,
Power Electronics and Stephane Lagier, Accelerator Prod
ucts have recently started with Danfysik, strengthening
the sales team. Erik and Lars are working hard on making
the transition phase as smooth as possible and introduc
ing Carsten and Stephane into the secrets of the world
of accelerator product sales.
Together with our agents and distributors around the
world, and not at least together with our most valued
Sales Secretary Jytte Jespersen, Lars, Erik, Carsten and

– "Our new sales team is looking forward to meeting old and new customers
in all parts of the world. Together with
our agents and distributors in Asia, Near
East and in the USA, we are ready to
make all customers happy, no matter
how big their projects are."
Arnd Baurichter,
VP, Sales & Marketing
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Sharpening the
technological edge
of future light sources
Wherever electron beams are applied for generating light or X-rays, Danfysik has the most advanced solutions
for magnets and magnet systems, power supplies, insertion devices and even turn-key FEL or synchrotron systems.
Our ultra-stable power supplies make it possible that the synchrotron radiation or FEL light is always rock stable
and exactly where you expect it to be.

Elliptically polarizing undulator
for SPEAR
A 2.1 m long 140 mm period length,
elliptically polarizing undulator (EPU)
for the SPEAR BL05 beamline at SSRL
was designed, built and tested by
Danfysik. The EPU is made from pure
permanent magnet arrays of SmCo
magnets. Hall probe and flip coil
measurements were performed at 5
different gaps for the two transverse
and for the two circular polarizations.
Phase errors and phase error repro
ducibilities are well within 4°.
The device is equipped with ESRF
style tune correctors. It will emit
photons from 7.4 eV at the BL05
beamline of the SPEAR facility,
where it will be used for ARPES ex
Elliptically polarizing AppleII device for SSRL/SLAC

periments on emergent phenomena
in quantum materials such as high-Tc
superconductors.
In-vacuum undulator for NSLS-II
The Inelastic X-ray Scattering
beamline (IXS) at the new NSLS-II

– "We have found good agreement with the Danfysik
flip coil measurements and will be proceeding with
chamber installation and final EPU installation this
September during the SSRL summer down."

light source of Brookhaven National
Laboratory (BNL) will be equipped
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Andy Ringwall from SLAC

editorial | Danfysik

Electro-magnetic wiggler for the HZDR, Dresden Rossendorf

Undulator for the FELIX free electron laser

with a Danfysik-designed 22 mm period length in-vacuum

The nominal pole gap is 103 mm. The device has a period

undulator (IVU) which is currently being built. The NdFeB

length of 300 mm and achieves K values between 0.5 and

magnet-based hybrid undulator is going to be operated

7.8, and phase errors below 2.2° at operating currents

at a minimum gap of 5.5 mm, resulting in a peak field of

between 35 A and 625 A.

1.096 T and a corresponding K-value of 2.09.
All coils are powered by Danfysik Model 854T (16 kW and
At the IXS beamline, the IVU will produce X-rays for

6.5 kW) and Model 9100 power supplies.

high-resolution studies of vibrational dynamics and
excitations in condensed matter systems.

The ELBE wiggler will be used by scientists, primarily in

As a new feature, all permanent magnets were TiN

the fields of semiconductor physics and biology, benefit

coated in-house in Denmark.

ting from the extremely intense and narrow band THz FEL
radiation emitted by the wiggler resonator.

Electro-magnetic wiggler for ELBE
A 2.5 m long electro-magnetic wiggler for the ELBE THz

2.8 m long undulator for FELIX

facility was shipped to the Helmholtz Center in Dresden

A 2.8 m long undulator has been designed, manufactured,

Rossendorf (HZDR) in Germany. The wiggler consists of

and tested for the FELX free electron laser at the FOM

18 pole pairs supported on massive beams that again are

Institute, now hosted by the Radboud University in Nijme

supported by a C-shaped frame.

gen, the Netherlands.
The minimum magnetic gap for the undulator is 22 mm.
The magnetic structure accommodates 42 full-size pe
riods. A pure permanent-magnet type (PPM) design was
chosen. SmCo magnets with a remanence field of 1.05 T
were chosen for the magnet array. Peak fields of 0.483 T
were obtained, corresponding to a peak K value of 2.93.
FELIX users are mainly coming from the bio-molecular and
molecular dynamics communities, and use FELIX’s intense
In-vacuum undulator
for NSLS-II

THz and Infrared light for the study of e.g. protein struc
tures and reaction dynamics.
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Compact magnet systems and power
supplies for extremely bright light sources
Magnet technology at the cutting edge:
Compact magnet technology for storage rings of the MAX IV type
On their hunt for ever brighter and more compact syn

ring show that all magnets built so far meet both magnetic

chrotron light sources, the MAX IV designers in Lund,

and mechanical specifications. The mechanical tolerances

Sweden, made a big leap towards the ultimate, diffraction

of ± 0.02 mm were kept across the entire length of the

limited light source. Their approach is based on integrat

magnets. New concepts for Hall mapping and rotating

ing as many magnetic functions into compact magnet

coil measurements were developed for this project, which

systems and hence keeping both the magnetic apertures

show unprecedented levels of stability. Furthermore, a

small and increasing the number of bending magnets

high degree of automatization is implemented, allowing

around the storage ring. The latter decreases the electron

for rapid and effective measurement cycles.

beam emittances and hence the beam sizes while at the
same time decreasing the overall real-estate footprint.

The contract for the 12 magnet systems for the 1.5 GeV

The former keeps the magnets compact and reduces elec

SOLARIS synchrotron light source was signed in December

trical power and water consumptions.

2012, marking the day of the largest contract, Danfysik
ever was awarded by a Polish customer.

Danfysik is manufacturing 60 magnet systems for the 3 GeV
MAX IV storage ring and all 12 magnets for each of the

The last 3 GeV magnet system is going to be delivered end

1.5 GeV storage rings at MAX IV and at the new SOLARIS

of 2013, the last SOLARIS magnet end of April 2014, and the

facility being built in Krakow, Poland. Each magnet systems

last MAX IV 1.5 GeV magnet system end of August, 2014.

integrates up to 12 separated magnetic functions, like di

For exciting the two rings (1.5 GeV and 3 GeV) Danfysik

poles, quadrupoles, sextupoles and octupoles in one yoke,

Model 859 power supplies will be used.

some of which are machined into the yoke and others are

The Model 859 converter is a high stability / high effi

inserted into precision machined mating slots.

ciency switch mode converter with IGBT technology.
The output power goes from 11 kW and up to 165 kW.

The first test results on the 2.5 m long M1, 2.5 m long M2
and 3.3 m long U3 magnet systems for the 3 GeV storage
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Innovative
accelerator
products

Danfysik values environment friendly
technology. We are proud to present
the first close to zero energy consuming accelerator magnet of our
new Green Magnet® product line that
was developed in-house.
Our magnet experts apply superconducting magnet technology of the
future. The first commercial high
temperature superconducting (HTS)
accelerator magnet based on second
generation HTS has recently been designed, built and delivered by Danfysik.

The first Green Magnet® at ETH Zurich

a footprint that often requires building structures of the

– revolutionizing carbon dating?

size of a gym hall. AMS facilities also need skilled acceler

When two German hikers found the famous Iceman Ötzi

ator experts to be operated.

in September 1991 in the Italian Alps, they could not

At the Eidgenössische Technische Hochschule (ETH) in

know what they had discovered. Until C14 dating using

Zürich, the group of Hans Arno Synal is committed to

accelerator mass spectrometry (AMS) unraveled that Ötzi

downsize AMS by developing compact single room ma

had been resting peacefully and well preserved for more

chines that easily can be fitted into normal sized labora

than 5300 years in the ice of the central Alps. From that

tory environments. Their MICADAS system only requires

moment it was clear that Ötzi was one of the most spec

laboratory floor space of 2.3 x 3 m2 including power

tacular archaeological finds of the recent years.

supplies, supports and a vacuum system.

Archaeologists routinely use carbon dating at accelerator

A big leap towards a table-top AMS system was made

laboratories around the world that have specialized within

when the ETH group installed the first compact, close to

this field. Traditionally, the AMS machines evolved from

zero power consuming Green Magnet® from Danfysik at

former ion accelerators used in nuclear physics and have

one of their compact MICADAS facilities.
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Green Magnet® at ETH, Zürich

Green Magnets®, based on permanent magnet technology

C-shaped 1 T magnet for testing at the ASTRID2 facility at

were developed by a Danfysik lead consortium consisting

ISA, Aarhus University. The purpose of the test magnet is

of ISA at Aarhus University, Aarhus School of Engineering,

to evaluate the potential of the new Green Magnet® Tech

Aalborg University and Sintex, a Danish supplier of perma

nology to be used for other close-to-fixed-field applica

nent magnets. The project was co-financed by the Danish

tions such as Synchrotron Radiation storage rings.

National Advanced Technology Foundation.
The idea behind Green Magnets is to reduce the total cost
of ownership of accelerator magnets, which generally
are dominated by costs for electric power, water cooling
and costs for infrastructure. For MICADAS, a fixed-field,
B=0.43 T, bending magnet was designed using fully tem
perature compensated Green Magnet® technology.
The MICADAS green bending magnet is more compact
than its electro-magnetic predecessor, free of forced
water cooling and has only small low current, air-cooled
trim coils for magnetic fine tuning. The achieved temper
ature stability of the magnetic field was ± 50ppm in the
temperature range between 15ºC and 25ºC. The achieved
magnetic homogeneity was <10-3 and all other magnetic
and mechanical tolerances were similar or better com
pared to an electro-magnet.
The Green Magnet® at ETH has been operating flawlessly
for many months. Danfysik is currently designing a

8
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– "The Green Magnet® is running
in our MICADAS. We had no problems
to tune the system with the new
magnet and operate the system
in this configuration since then.
From our measurements we can
conclude that the magnet is
behaving very nicely and we can
achieve very similar performance
as with the conventional magnet."
Hans-Arno Synal
ETH, Zurich

research | Danfysik

Superconducting solenoids for a FEL
electron gun and for HIE ISOLDE
In order to unravel the mysteries of how matter has come

The superconducting coils will be passively quench pro

about and in order to improve our understanding of phe

tected by diode/resistor shunts connected to subdivisions

nomena found in exotic nuclei, the ISOLDE facility at CERN

of each coil. The passive protection circuit desing is based

is being upgraded with a superconducting linac, which will

on quench scenario simulations in the Opera QUENCH

increase the energy at which radioactive nuclei can be

software package. The solenoids will be delivered by

studied up to 10 MeV/n. The first upgrade phase will make

the middle of March, 2014.

energies up to 5.5 MeV/n available for Physics in early
2015. Danfysik was awarded the contract for designing,

A High Temperature Superconductor (HTS) compact

manufacturing and testing four superconducting sole

solenoid for the superconducting electron gun of the

noids with magnetic center fields of 7.9 T and integrated

WiFEL free electron laser was delivered to the University

fields of 13.5 T m for the low-beta cryo-modules of the

of Wisconsin, Madison. The magnetic tests performed in

HIE ISOLDE linac. The coils will be wound from layers of

the Danfysik test cryostat on the 150 mm long and 300

NbTi wire of different dimensions. The solenoids have iron

mm diameter B = 0.2 T HTS solenoid with an inner bore of

yokes and they will be mounted inside liquid helium ves

91 mm, demonstrated that the solenoid met all magnetic

sels and fiducialized prior to test and magnetic character

performance specifications in the temperature interval

ization at Danfysik. Since the solenoids will be integrated

between 5 K and 70 K.

into the cryo-modules, next to the superconducting cavi

The proximity of the SC cavity puts high demands on

ties, the magnetic design has to make sure not to exceed

the magnetic field at the location of the cavity, 146 mm

fringing fields of 18 mT. The solenoids including the yoke,

upstream from the center of the solenoid. At nominal

have an outer diameter of 200 mm,

operation current the fringing field at the cavity position

a length of 310 mm and a bore of 31 mm.

was 2.5 mT, or about 10 % of specification and the residual

2

field could be canceled by a small forward current and
limited to < 1 μT.

– "I want to take the opportunity
to commend, and thank, Danfysik
for seeing the project successfully
through to completion.
Thanks for a project well done."
Michael Green, University of Wisconsin, Madison

HTS solenoid for WiFEL at the
University of Wisconsin, Madison

9

Danfysik | research

Rotating coil multipole
measurement system
for large aperture magnets
for RRCAT in India
A large aperture rotating coil measurement system for
measuring harmonics in multipole magnets of up to 7 tons at
the Raja Ramanna Centre for Advanced Technology (RRCAT)
in Indore, India has been designed, manufactured, tested and
shipped by Danfysik. The system was delivered with five
2 m long measuring coils with diameters ranging from
64 mm to 276 mm, which were glued into 2.5 m long coil
tubes supported by a glass re-enforced epoxy cross struc
ture. Our new coil design reduces the vibrations in the coil
and improves the possibility to check the coil position.
The system is equipped with a motor driven, automated
magnet alignment system, a digital coil pick-up signal in
tegrator, several DCCTs for precision current measurement
and a 6-axis precision measurement arm for accurate and
reproducible magnet alignment.
The harmonic bench was designed to perform with accura
cies of integrated main harmonics of ± 3·10-4 and of ratios
between integrated fields of multipole components and the
main component at the major coil radius of ± 3·10-4.
An angular phase absolute accuracy better than ± 0.1 mrad
was to be reached. After successful tests with a 310 mm
aperture diameter, 5 t quadrupole magnet, which was
kindly made available by RRCAT, our test and project
teams proudly concluded that all specifications were met.
Positioning accuracy of alignment targets with respect
to coil axis of ± 0.03 mm was achieved and the magnetic
center was positioned with respect to the rotation axis
with a precision of ± 0.03 mm.
The bench will be used to measure the field harmonics
of quadrupole and sextupole magnets for the INDUS
synchrotron facility and a proton accelerator.
This order was handled by our agent/distributor
Transact India Corp, India.
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– "It was a pleasure working with
the Danfysik team on the ambitious
Harmonic Bench project. The entire
team was committed to accomplish
the task and were very responsive.
The unique feature of the bench – it
can measure the integrated magnetic
field and field harmonics of multipole
magnets weighing up to 7000 kg."
Kailash Ruwali,
RRCAT, Principle Investigator

editorial | Danfysik

Danfysik
cares about health
Danfysik has widened its activities within its health

capabilities in one system makes it one of the most ad

care businesses. In September 2012, Danfysik and

vanced particle therapy facilities in the world.

Siemens agreed on a long term contract for the instal
lation, commissioning and for second-line service of the

Danfysik is now completing the commissioning and setup

Shanghai particle therapy facility.

of the accelerator after the finalisation of the installation.

As part of the agreement, Siemens sold its Danish particle

First commissioning results with proton and carbon beams

therapy operations to Danfysik, while the overall parti

in all treatment rooms have indicated that all design specifi

cle therapy system responsibility remains with Siemens.

cations are going to be reached. The Commissioning is running

Danfysik took over 23 employees, as well as production

24 hours a day in order to keep the tight schedule.

facilities at the former Siemens premises in Jyllinge.
Danfysik has regained its former system expertise
within turn-key acceerators. Our system know-how will
be beneficial to our customers both within healthcare
and in other areas within research and industry, wher
ever turn-key solutions may be of interest, e.g. in the
world of synchrotron radiation, free electron lasers, or
ion beam applications.
The Shanghai Proton & Heavy Ion Therapy Center
(ShaPHIH)
The design of the synchrotron based particle therapy
accelerator for the Shanghai Proton & Heavy Ion Therapy
Center (ShaPHIH) was originally optimized by Danfysik,
before all Danfysik particle therapy activities were sold
to Siemens in 2008.
The fact that the (ShaPHIH) accelerator technology
combines heavy ion (up to carbon) and proton treatment
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DC and pulsed magnets for the
MedAustron particle therapy facility
Danfysik was awarded several con

synchrotron are going to be deliver in

tracts for building a large variety of

spring and summer 2013, respectively.

different types of magnets and pulsed

MedAustron is based on a 25 m dia

power supplies for the new particle

meter synchrotron with a linac

therapy facility MedAustron in Wiener

injector and four ECR ion sources.

Neustadt, Austria. Most of the 43

The accelerator system accelerates

magnets being designed, manufac

carbon ions up to 450 MeV/n and

tured and tested, belong to the family

protons to 250 MeV (800 MeV for

of special magnets like injection-,

research). The accelerator system has

dump- and tune-bumpers, choppers,

been designed in collaboration with

and septa. In total five pulsed power

CERN and PSI in Switzerland and the

supplies are also part of the delivery.

CNAO particle therapy facility in Italy.

Previously, Danfysik had delivered

MedAustron plans to start treating

three solenoid magnets, four bending

patients in 2015. When reaching the

magnets and six quadrupoles for the

level of full operation, the MedAus

low energy and medium energy beam

tron team hopes to treat 1,400

transport lines. Seven MEBT corrector

patients per year in three treatment

magnets and six sextupoles for the

rooms.

Bending magnet and beam
diagnostics for the NFRI
Institute in Korea
In order to analyze the ion beams from an ECR ion source, developed at the
National Fusion Research Institute (NFRI) in Daejeon, Korea, an analyzing
bending magnet beam line is currently being built. Danfysik was recently
awarded the design, manufacture, test and delivery of a double focusing
90º bending magnet with power supply, slits and a Faraday Cup.
The compact magnet is designed to produce a magnetic field of 0.9 T at a bend
ing radius of 400 mm, edge angles of approximately 27º, and a gap of 60 mm.
The order is being handled by our agent and distributor Hanmac in Seoul.
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Quadrupoles for the ISIS neutron
spallation source at Rutherford
Appleton Laboratory
For the refurbishment of the ISIS 1 transport beamline, the Rutherford Appleton Laboratory near
Didcot in Oxfordshire, UK, has ordered 10 large aperture Q13 quadrupole magnets with Danfysik.
The total mass of the Q13 type quadrupole is approximately 5.4 tons, the effective magnetic length
is 567 mm and the aperture diameter 310 mm. The magnets will produce magnetic field gradients
of 8 T/m, corresponding to pole tip fields of 1.24 T.
ISIS produces neutrons and muons for a large number of research applications mainly within
nanoscience, microbiology and biochemistry.

Ion’s
still i(o)n
Traditionally, ion beam applications of all kinds have
been working bees for Danfysik since the company
was founded almost 50 years ago. Danfysik is com
mitted to take the lead within accelerator technology
for ion beam facilities regardless of their sizes.
From table-top to large high power ion accelerator
installations, we will provide state-of-the-art accel
erator products for the most demanding customer.
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Magnet power
supply for
ISIS facility
at Rutherford
Appleton
Laboratory
Danfysik has signed a contract with Rutherford
Appleton Laboratory to conduct the design and
manufacturing of a huge 1.44 MW DC power supply.
The DC power supply will replace the existing
power supply as part of the ongoing upgrade of
the proton synchrotron at Rutherford Appleton
Laboratory.
The new DC power supply is being designed to operate
with DC output voltage in the range 90-1800 V and
output currents 40-800 A with a long term stability
< 50 ppm.
The output current is intended to drive a huge
“White Circuit” booster ring consisting of 10 mag
nets and 10 chokes with associated capacitors for
a 50 Hz operation. Due to the “White Circuit”
working principle the power supply can look into
an inductive, resistive or capacitive load with reac
tive currents up to 50 Arms. To ensure proper op
eration it is essential for the power supply also to
incorporate output filters both passive and active
to cope with parasitic resonance phenomena.
To achieve the required huge output power with
high efficiency > 92% IGBT controlled output con
verters is being used based around Danfysik’s
System 8500 Model 859 technique. The high out
put voltage is achieved by connecting two convert
ers in series working symmetrically around earth.
This also minimizes the cable voltage rating require
ments.
14
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Taming wild power
– ultrastable high
current power
supplies

High current power
supply for superconducing magnets
at INFN Napoli

No matter how much current you need for your mag

Istituto Nazionale di Fisica Nucleare (INFN), Napoli

nets, Danfysik power supplies deliver high DC power

section, has placed an order for a 20 kA / 25 V –

with ultimate stability and reliability. In addition,

10 kA / 50 V power supply of the Danfysik Model 855.

we apply state of the art switch mode technology

This high current power supply, with a long term

for most efficient power conversion.

stability better than 100 ppm, will be used to energize
a CIC solenoid and for testing of superconducting
dipoles at NAFASSY facility.
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Always at your service
Modern accelerators are operated almost around the clock

At the CLS booster in Sascatoon, Canada, all power

and every day of the year, regardless of their application.

supplies were serviced after 10 years of operation.

Up-time requirements are ever increasing, often exceed

“After successfully having maintained and updated

ing 95%. In order to free resources at our customers’

all power supplies, CLS indicated that they also might

organizations, we continuously develop our service

be interested in preventive maintenance of their booster

and maintenance activities at Danfysik.

magnets” mentions Christian Pilegaard and looks forward

Due to an increasing demand for test and maintenance

to the next successful service operation.

services, Danfysik’s Service & Test department has grown
and today employs 12 people.
A service contract has recently been signed with the CNAO
particle therapy facility in Pavia in Italy. The service con
tract includes annual preventive maintenance visits,
72 hours on-site emergency response time, and a dedicated
phone hotline, both within normal and extended hours.
At INFN Frascati in Italy the Danfysik service team pre
ventively maintains 163 magnet power supplies in a
two to three year cycle.

– "We are offering our customers
fast response service and preventive maintenance contracts, because
we want them to use their valuable
resources for whatever their accelerators are made for: science, industrial
production, or clinical patients."
Christian Pilegaard
VP, Customer Service & Test
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Danfysik would like to talk to you about how our
Phone: +45 7220 2400
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