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Preface

The Institute for Technical Physics (ITEP) is a national
and international competence centre for fusion, super-
conductivity, and cryogenic technologies. Activities
focus on the following areas:

e Technology for fusion magnets.

e Tritium process technology.

e VVacuum technology.

¢ Cryo-engineering.

¢ Development of superconductor materials and appli-
cations of superconductivity in power technology.

¢ Superconducting High Field magnets.

The work of ITEP is part of the “Fusion”, “Efficient En-
ergy Conversion and Use”, and “Astroparticle Physics”
long-term programmes of the Karlsruhe Institute of
Technology (KIT) and Helmholtz Association of National
Research Centres.

The complex and, in most cases, multi-disciplinary tasks
are accomplished by ITEP in large, unique experimental
installations, laboratories, and technical infrastructure
facilities. These are among others:

e The Karlsruhe Tritium Laboratory (TLK), a worldwide
unique laboratory with a closed tritium cycle for civil
purposes.

e The Karlsruhe Toroidal Coil Test Facility (TOSKA) for
testing large magnets for fusion and for developing
components for future fusion reactors.

e The test facility for the ITER Model Pump (TIMO) for
the development of cryo-vacuum pumps.

e The High Field Magnet Laboratory for developing
superconducting High Field magnets.

¢ The Cryogenic High-voltage Laboratory for investigat-
ing high-voltage stability of cryogenic insulation ma-
terials.

e The Cyrogenic Material Laboratories for studying
electric and mechanical properties at very low tem-
peratures.

The most important scientific results, successes in devel-
opment projects, challenges, and events of and at ITEP
in 2013 will be summarised briefly below.

We are highly pleased about the appointment of Pro-
fessor Bernhard Holzapfel from IWF Dresden as a mem-
ber of the Board of Directors of ITEP on 01 October
2013. With the support of the Helmholtz Association,
Professor Holzapfel is establishing a working group on
“Superconducting Materials”. This new working group
ideally complements the application-oriented activities
in the field of superconductivity that have been carried
out so far. Thanks to its inter-disciplinary expertise, ITEP
is now in a position to tackle research and development
problems in the complete range from materials to ap-
plication. Bernhard Holzapfel also holds the professor-

Professor Bernhard Holzapfel
from IFW Dresden was
appointed member of the
Board of Directors of ITEP
and Professor for Supercon-
ducting Materials at KIT on
01 October 2013.

ship for Superconducting Materials at the Department
of Electrical Engineering and Information Technology of
KIT.

In the Fusion Magnets field, ITEP develops, builds, and
tests high-current leads with high-temperature super-
conductors for the Wendelstein 7-X and JT60-SA fusion
projects. In 2013, the last current leads for Wendelstein
7-X were accepted by IPP to the complete extent and
according to schedule. Moreover, manufacture and as-
sembly of high-current leads for the JT60-SA project
were continued successfully. ITEP was pleased to note a
constantly increasing demand for cryogenic materials
tests, in particular for the ITER fusion experiment (www.
iter.org).

Within the framework of the ITER international fusion
experiment, the Karlsruhe Tritium Laboratory (TLK) is to
supply the work packages for water detritiation (WDS)
and cryogenic isotope separation (ISS). In 2013, the TLK
for the first time processed highly tritiated water on the
ITER-relevant scale of several kilograms. The process de-
veloped by the TLK is based on platinum-coated zeolite
beds. It reached the required exchange factor of more
than 100. This means that the concentration of isotopo-
logues was reduced by a factor higher than 100 after
processing. In addition, an in-line measurement system
was built for liquid hydrogen isotopologues and sub-
jected to extensive testing.

The Vacuum Technology Division of ITEP focuses on the
development of vacuum systems of extremely high
pumping capacity as well as on the development of nu-
merical codes, in particular for vacuum flow in the tran-
sition range. In 2013, a new divertor neutral particle
code was presented. Using this code, it was demon-
strated for the first time how the plasma behaviour in
the divertor can be influenced by the pump design. On
this basis, it will be possible in the future to considerably
improve the design of divertors. In addition, the new
process developed by ITEP to ensure high flow rates and
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a minimised inventory of the fuel cycle was established
as the reference concept for future fusion power plants.
Dr. Christian Day was appointed Project Leader of the
Work Package Tritium, Fuelling and Vacuum, one of 25
Work Packages that constitute the European Fusion Pro-
gramme.

In the area of Development of Superconductor Materi-
als, development of economically viable low-loss con-
ductor concepts suited for high currents represents a
major task. Roebel cables from coated conductors are
under development for insert coils of dipole magnets as
possible upgrade of the LHC at CERN and as strands ap-
plied in Rutherford Cables for future fusion magnets
(DEMO). Within the framework of the AmpacCity joint
project, ITEP produced a model cable. AC properties of
this cable were characterised in detail. In this way, ITEP
provided the project partner with a new modelling tool
for the design of future power cables. As regards ap-
plications of superconductivity in power technology, a
superconducting current limiter for 20 kV was installed
at the place of commissioning within the framework of
a European joint project (www.eccoflow.fp7-eu). Prior
to the set-up, it had been tested successfully. Moreover,
ITEP successfully tested a first demonstrator for a novel
type of current limitation by conventional chokes for a
superconducting application.

Work of the High Field Magnet Laboratory focuses on
the development of high-field NMR systems with high-
temperature superconductors. In 2013, ITEP produced
several high-temperature superconducting coils under a
cooperation project with industry and tested them suc-
cessfully in the high-field facilities at more than 20 tesla.
Dependence of the critical power density on the mag-
netic field direction was studied using several supercon-
ducting specimens. Within the framework of the devel-
opment of a demonstrator for a superconducting mag-
netic energy store, two superconducting coils were
wound and successfully tested for their ampacity.

The Cryo-engineering Division develops, extends, and
operates complex and large-scale cyrosystems, among
others for the KATRIN neutrino experiment or the
CulTKa current lead test facility. The CuLTKa facility was
completed in 2013 and is now available for tests of cur-
rent leads for the JT60-SA project that are planned to
start in 2014. In addition, the Cryo-engineering Division
is in charge of repair and maintenance of cryogenic fa-
cilities and of supply of KIT with liquid helium and liquid
nitrogen. Under the Suprapower (www.suprapower-fp7-
eu) European joint project, ITEP submitted the cryostat
design report according to schedule and proposed fur-
ther improvements.

Within the Karlsruhe Tritium Neutrino Experiment
KATRIN (www.katrin.kit.edu), ITEP makes major contri-
butions to the tritium loops, cryogenic supply, and su-
perconducting magnets. For the rear section of KATRIN,
ITEP researchers, together with international col-
leagues, submitted a new concept and accepted the col-
laboration’s design report. Florian Priester of the TLK
was appointed task head for this area. Moreover, major
work was performed in the area of the cryogenic pump-
ing section technology.

As regards changes of staff, the number of staff mem-
bers undergoing training and advanced education, such
as students of cooperative state universities, diploma
students, doctoral students, and trainees, continued to
further increase. In total, more than 70 persons are pres-
ently undergoing training in various disciplines at ITEP.
A terrible loss for the Institute was the decease of its
long-term staff member Gunther Dittrich. At ITEP, he
worked as an operator and was responsible for the op-
eration of the TOSKA facility.

In the field of teaching, more lectures were newly con-
ceived and introduced. In 2013, ITEP staff offered lec-
tures in the amount of more than 30 hours per week
per semester for KIT students. Numerous national and
international seminars, summer schools, and workshops
organized by ITEP complement the education pro-
gramme. In 2013, the European Summer School for
Materials and Applications of Superconductivity was
prepared and organised at KIT for the seventh time
already.

In July 2013, the celebration of the 20t anniversary of
the Karlsruhe Tritium Laboratory was combined with
the traditional summer party of ITEP. We would like to
cordially thank all helpers and participants.

Our sincere thanks go to all partners of ITEP from uni-
versities, research institutions, and industry for the very
loyal, fruitful, and successful cooperation in 2013.

Sincerely yours,

Mathias Noe Bernhard Holzapfel

Board of Directors
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New twelve-tesla magnet of the FBI facility to measure superconducting cables under realistic operation conditions.
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Results from the Research Areas

Fusion Magnets

Head: Dr. Walter Fietz

In 2013, the Fusion Magnets Division of ITEP carried out
work for the national W7-X project and the interna-
tional projects JT-60SA and ITER. In addition, the scien-
tists studied the use of high-temperature superconduc-
tors for future fusion reactors.

Development and Construction of Current
Leads for W7-X and JT-60SA

Work for Wendelstein 7-X

ITEP has developed, constructed, and tested 16 current
leads for a maximum current of 18.2 kA for the Wendel-
stein 7-X stellarator (W7-X). Thanks to the use of the
high-temperature superconductor (HTS) BiSCCO, losses
in the range below 60 K were reduced significantly, as
the HTS material does not possess any resistance in this
temperature range. After the successful test of two pro-
totypes, ITEP manufactured 14 series current leads for
W7-X and tested them successfully. Meanwhile, all cur-
rent leads have been delivered to W7-X and are pres-
ently integrated into the machine.

Work for JT-60SA

Based on the experience of ITEP in the area of HTS cur-
rent leads, the BMBF promised in 2007 to deliver current
leads for the satellite tokamak JT-60SA. In the first pro-
ject stage from 2008 to 2012, the design was made and
the interfaces were agreed upon with F4E and Japan.
Then, the layout was completed and the materials
needed for construction were purchased.

In the second project phase funded until February 2017,
fabrication of the current leads started in 2013. In total,
six current leads with an operation current of 26 kA will
be required for the TF coils. 20 current leads with a max-
imum current of 20 kA will be needed for the CS and PF
coils of JT-60SA. Based on the experience gained from
the manufacture of current leads for W7-X, all current
leads will be produced at KIT in close cooperation with

Figure 1: Components for the 26 kA current lead.

Figure 2:

Heat exchangers
with insulated
cladding tubes.

the Technology House on KIT Campus North. In the
meantime, nearly all semi-finished products have been
fabricated for the 26 kA current leads (see Figures 1 and
2). All heat exchangers are available. Assembly of the
first pair of current leads has started. It will presumably
be completed in early 2014.

Current Lead Test Facility CulTKa

Construction of the new test facility CuLTKa (Current
Lead Test Facility Karlsruhe) needed for the tests of the
26 current leads for JT-60SA, see Figure 3, was largely
completed in 2013. The facility is planned to start op-
eration in 2014. Hence, it will be available for testing as
soon as the first pair of current leads will have been
manufactured.

Figure 3: Valve box (right), control cryostat (centre),
and second valve box (rear left) in the CuLTKa test
facility.

Development of Cables Made of High-
temperature Superconductors

When impregnating high-temperature superconductors
(HTS) with an epoxy resin, the problem of a significantly
different thermal expansion of the HTS tape (see Figure
4) is encountered. This problem leads to the degrada-
tion of critical current. To adapt thermal expansion of
the epoxy to that of the HTS tape, a filler material can
be used, such as quartz sand. The Stycast epoxy cannot
be applied for impregnation, as the superconducting
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material is attacked chemically in case of direct contact.
HTS tapes impregnated with araldite and quartz sand
(1:1) do not exhibit any degradation even after several
temperature cycles.

10
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Figure 4: Critical current of an HTS tape prior to and
after impregnation with araldite / quartz sand (1:1).

While upgrading the FBI facility to measure supercon-
ducting cables up to 10 kA, ITEP accomplished the next
step in 2013: A superconducting 12-tesla split coil mag-
net of enhanced specimen volume was installed success-
fully. As a result, the available cross-section for the
specimen has been doubled (40 mm x 80 mm), such that
it is possible to test HTS sub-size specimens.

Together with CRPP (Switzerland), ITEP tested a stacked
tape cable (see Figure 5). A Roebel cable of enhanced
mechanical stabilisation is being prepared.
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Figure 5: Measurement of critical current at variable
magnetic fields and 4.2 K. The cable was supplied
by CRPP (Switzerland).

Concept of the Design of a TF Coil for DEMO
Within the framework of a doctoral thesis, the concept
of a TF coil with REBCO tape conductors is being stud-
ied for the DEMO fusion reactor. Based on existing con-
ductor concepts (CORC, TSC, Roebel-Rutherford), a he-
lium-cooled and steel-cladded conductor was selected
for the design of the winding package of the TF coil
(see Figure 6). The basis is the current DEMO design
that can be derived from the PROCESS system code. The
selected operation temperature is 4.5 K in order to op-
timally exploit the potential of HTS materials.

Based on current REBCO conductor data (see Figure 7), the
temperature margin and the adiabatic hotspot tempera-
ture in case of a quench with subsequent safety discharge
were determined. Compared to ITER, it is possible to work
with a much higher discharge time constant. This results in
an acceptable discharge voltage in spite of the higher num-
ber of turns in the winding. The temperature margin is
about 11 K and, hence, much larger than for the LTS design
with Nb;Sn.

Figure 6:

REBCO conduc-
tor design (left)
and winding
package (right)
of the TF coil for
the DEMO fusion
reactor.

The next steps envisaged are a structural analysis as well
as a hydraulic and a thermohydraulic analysis of the
REBCO conductor.

LR 1.4 .
R por| Figure 7:
=™ . 4 Critical current as
§ e a function of the
™ =l . magnetic fie
s . tic field
£ 1. "7 and operation
saq ™ - o g
r_l e = Opera’t'i‘on point— . pomt (Ieft) as
o A
RTTTTTE N e well as hotspot
[ S X ¥ T . —
. 1o ] = temperature as
Magnedicfield 0 a function of the
P e TP YR . .
| = discharge time
| constant (right)
€ wd ; = of the REBCO
o | Y, ITER hotspot criterion d t f th
£l conductor of the
g | " TF coil for the
L DEMO fusion
| Time constant reactor.
': s
t; _.;E._.;:‘ _.;l\._.-;;_ '_0_:’ ._.5 _.”'

Time (s)

CryoMaK — Cryogenic Materials Testing
Laboratory

Work for ITER

As a result of the increasing worldwide production for
ITER, an increasing number of cryogenic components
and structural materials are studied for qualification
purposes at the CryoMaK Laboratory. Meanwhile, speci-
mens of cable jackets for the toroidal and poloidal coils,
the central solenoid, and the correction coils as well as
base material of radial plate segments and neutron
shield materials with boron alloys of the cryostat have
been subjected to testing. Present studies are concen-
trating on metallic materials. Tensile tests, fracture me-
chanics tests, thermal expansion and conductivity tests
are being performed. Since October 2013, characterisa-
tion of the specific heat from 4.2 K to room
temperature has been possible in a magnetic field of up
to9T.
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ever, to increase statistics to a sufficient level, further tests
are required at room temperature and cryogenic tem-
peratures.

Figure 8: HTS wire prepared for a tensile test at
room temperature and extensometer.

Standardisation Work for the IEC

The IEC 61788 standards define various terms relating to
superconductors and specify various characterisation
methods. Among others, these documents contain basic Figure 9: Nuclotron cable: 1 CuNi pipe, 2 SC wire,
standards for classical superconductors, such as Nb;Sn or 3 NiCr wire (possibly carbon / Kevlar thread),
NbTi. As the use of high-temperature superconductors 4 Kapton, 5 glass fibres.

is gaining relevance, there also is an increasing need for
standardisation. In 2013, a series of international ex-
periments started by determining mechanical proper-
ties at room temperature (see Figure 8). Among the

participating laboratories were Daido University, RIAS, |

and Furukawa (Japan), Andong University (Korea), Uni- ol BT sample 1 _
versity of Twente (the Netherlands), NHMFL (USA), the sample 2

CEME company (Germany), and KIT’s CryoMaK Labora- 120 - Sample 3 .

tory. Commercial HTS tapes of about 4 mm in width z
were supplied for examination by AMSC, SuperPower, .
SUNAM, and Fujikura. Based on the results obtained,

the text of the standard can now be drafted and meas-
urement uncertainties can be assessed. At the 2014 “Ap-

plied Superconductivity Conference” in Charlotte (USA),

a compilation and evaluation of the results of our pro-

ject partners will be presented.

Afterwards, it is planned to extend the HTS tape meas- .
urement methods to also cover typical characterisation 180

methods at cryogenic temperatures, such as strain de- I
pendence of critical currents both in axial direction as 150 L 7K samole 1 o §
well as under bending conditions. - Samgle ) '

120 Sample 3 .

GSI — Nuclotron Cable =
When producing the nuclotron cable for the FAIR project -
(see Figure 9), the superconducting strands have to be

fixed externally on a central cooling pipe. So far, a NiCr

wire has been used for this purpose. However, it may
damage the surface of the superconducting wire. Conse-
quently, a carbon or Kevlar thread shall be applied in-

stead. In cooperation with GSI and BNG, ITEP studied two
different thread types (samples 1 and 2: Para-aramide
thread; sample 3: Para-aramide twaron thread). For this Figure 10: Mechanical behaviour under tensile load-
purpose, the researchers adapted the testing method ex- ing at room temperature and 7 K (samples 1 and 2:
isting for threads at room temperature to cryogenic tem- Para-aramide thread and sample 3: Para-aramide
peratures. In general, a tensile strength of about 100 N twaron thread).

was reached at room temperature (see Figure 10). How-

&/ mm
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Highlight:

Successful Test of He Inlet Prototypes for the
ITER TF Coils

After the successful fabrication of the first cable lengths
for the TF coils, the next production phase starts: The
cables are wound in the typical D-shape and equipped
with so-called helium inlets. Then, the cable winding
can be subjected to the temperature treatment.

Qualification of the helium inlets is a critical issue. The
original design of 2005 did not survive the required me-
chanical loads. A fatigue test aimed at reaching 600,000
cycles under alternating loading from 0.08 to 0.14%
strain had to be stopped after about 480,000 cycles due
to the failure of a weld seam.

Meanwhile, the design has been revised largely. For
this purpose, real load in operation was considered. For
the ITER-relevant loading test at 4.2 K, six prototypes

4
P

manufactured in Europe and two Japanese prototypes
were supplied (see Figure 11). Of these eight compo-
nents, ITEP tested six for up to 261,000 cycles at strains
ranging from 0.079 to 0.125%. One prototype was sub-
jected to the same strain for 600,000 cycles. Moreover,
a helium inlet was tested under extreme loading from
0.094 to 0.14% strain for 600,000 cycles. All helium in-
lets passed the test successfully without any failure dur-
ing the loading cycles envisaged. Hence, the design of
the helium inlet was confirmed in terms of structural
integrity. Production of the TF coils can now proceed to
the next phase. As the tests were successful, it is
planned to test further Japanese helium inlet proto-
types in 2014.

The rather ambitious test campaign in terms of time
and contents could only be executed thanks to the high
motivation and commitment of the CryoMaK team that
conducted these tests parallel to their routine tasks.

Figure 11:
Four European proto-
types of helium inlets
for the ITER TF coils
with a length of about
1.2 m each. On both
sides, the clamps to
mount the components
in the test facility are
Sl visible. In the centre

% (see arrow), the welded
pipe section for the
ey helium inlet is located.
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Highlight:

Work on the Current Leads for

Wendelstein 7-X Completed

For the Wendelstein 7-X stellarator (W7-X), ITEP has de-
veloped, built, and tested a total of 16 current leads.
Two prototypes and 14 series current leads were
equipped with BiSCCO superconductors (HTS) that con-
siderably reduce the cooling power required. The cur-
rent leads were designed for 18.2 kA (see Figure 12).

Short Figure 12:
Circuit Basic principle
Connection

of the current
lead test, with

4.5 Level two current

1.5KH&

TS leads being
module coupled by a
shorting link.

60 K Level
50 K He

Cu heat
exchanger

|

300K Lovel

I

Current Current

Upon the successful detailed testing of both prototype
current leads in 2010 and the approval of manufacture of
the 14 series current leads, series manufacture by KIT took
until October 2012 (see Figure 13).

T AR a1l i
Figure 13: Three W7-X current leads.
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Until March 2013, all series current leads were subjected
to acceptance tests. All tests produced reproducibly
good results.
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Figure 14: 50 K helium mass flows measured at 0.14
and 18.2 kA for five series current leads.

From 2011 to 2013, all 14 series current leads for W7-X
were tested successfully (see Figure 14). Successfully
executed tests:

SFZ 1-ABF61 + 62 (04/2011)

SFZ 1-ABF63 + 64 (09/2011)

SFZ 1-ABF65 + 66 (11/2011)

SFZ 1-ABF67 + 68 (03/2012)

SFZ 1-ABF69 + 70 (07/2012)

SFZ 1-ABF71 + 72 (10/2012)

SFZ 1-ABF73 + 74 (12/2012)

SFZ 1-ABF61 + 63 (02/2013)

Upon the delivery of the current leads to IPP, Greifs-
wald, work of ITEP for Wendelstein 7-X was completed
successfully.

f

Figure 15: Hand-over of the acceptance records of
the last current lead delivered by IPP during the
final colloquium at KIT.
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Set-up and commissioning of the magnetic current supply unit with integrated quench protection for a super-
conducting energy storage system under the EWI-LIQHYSMES project.
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Results from the Research Areas

Superconducting High Field Magnets

Head: Dr. Theo Schneider

Work of the Superconducting High Field Magnets (HFM)
Group of ITEP in 2013 mainly covered the development
of insert coils with commercial REBCO tape conductors
for High Field magnet systems with central field
strengths of 25 - 30 T. The results serve as a basis for the
extension of HOMER Il and the development of a high-
resolution 1200 MHz NMR spectrometer in cooperation
with Bruker BioSpin GmbH. Under another project with
Bruker BioSpin, work relating to the quality assurance
of NMR spectrometers with frequencies from 800 to
1000 MHz was continued. Moreover, ITEP continued to
extend and modernize the High Field laboratory. The
LIQHYSMES project was continued, the European Eu-
CARD project was completed.

LIQHYSMES

The LIQHYSMES (LIQuid HYdrogen & SMES) project fo-
cuses on an approach to balancing supply and load
variations due to fluctuating renewable sources used
for energy supply. LIQHYSMES is a hybrid storage con-
cept combining long-term storage of energy in liquid
hydrogen with short-term storage in a superconducting
energy storage system (SMES). The liquid hydrogen is
also used as SMES coolant. The storage system is made
of the MgB, superconductor. The project funded by the
EW!I hydrogen initiative is aimed at proving the func-
tioning principle by a demonstrator. The ITEP Cryogen-
ics Division carries out work relating to the heat ex-
changer and cryostat. The IKET Hydrogen Division is
responsible for studying all aspects relating to the hand-
ling of liquid hydrogen. The HFM Division of ITEP is in
charge of magnetic coil development and magnetic cur-
rent control.

The SMES coils are made of the commercially available
MgB, conductor purchased from the company of Co-
lumbus Superconductors. In this connection, the High
Field laboratory performed extensive characterisation
work as a function of the magnetic field, temperature,
and winding diameter. Design studies for the large-vol-
ume demonstrator coil were completed. Detailed con-
struction work will be finished in spring 2014.

The magnetic current control system of the SMES coil
was set up and commissioned within the framework of
a bachelor’s thesis. Figure 1 shows the block diagram of
magnetic current control. To simulate later operation of
partial SMES discharge, two mains units were used for
power supply: one for a constant background current
and a four-quadrant mains unit for charge and dis-
charge simulation. The functioning principle of the
set-up was tested first using a single-layered REBCO coil
(@ =150 mm, | =300 mm) at 77 K. Project-relevant meas-
urements were made using a single-layered MgB, coil of
the same size at 4.2 K in the HOMER | facility. The MgB,
coil was operated stably along various characteristics up

Block disgram Tor magnetic currest comtral

. data o e
) Iogging
Bamp Funeticn
{’f‘."ll"r.'lrﬂl' H'.'r“:f.la
MgBa Pretection 500 & S0 A
coil circuit poswer supply povwer supphy
Magrietic cirgut —— Cidl signals Congrod signal

Figure 1: Block diagram of the magnetic current
control system of the EWI MgB, demonstrator coil.

to 95% of the I, value with frequency-depending charge
and discharge cycles. Figure 2 shows the behaviour of
the MgB, coil in case of triangular current changes with
an amplitude of 50 A and frequencies of 0.3 Hz and 3 Hz,
respectively. The quench detection system and upstream
protection circuit were also tested successfully. To im-
prove the switching behaviour of the protection system,
power thyristors can be applied as an option.
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Figure 2: Behaviour of the MgB, test coil during a
triangular charge and discharge cycle at frequen-
cies of 0.3 Hz (top) and 3 Hz (bottom), respectively.
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Infrastructure -

Extension and Modernization of Facilities
Activities of HFM mainly focus on the maintenance and
modernization of the experimental facilities JUMBO
and HOMER | as well as on the continued integration of
components into the process control system. In HOMER |,
for instance, a temperature-controlled automatic sys-
tem to heat the 20 T insert coil up to a defined limit
with overheating protection and an automatic unit to
cool down the insert coils from RT to 4.2 K at controlled
cooling rates were commissioned successfully. The prep-
aration for changing over the HOMER | heating system
to a continuous process-controlled regulator has been
carried out. Work will be completed in 2014.

For the JUMBO facility, a student of the DHBW (Baden-
Wirttemberg Cooperative State University), within the
framework of his bachelor’s thesis, designed and tested
a new temperature control system for residual resist-
ance determination of technical superconductors. The
residual resistance ratio (RRR) is an important physical
parameter. Its value among others reflects the suitabil-
ity of a copper type for use as heat exchanger material
in ITEP current leads. When constructing superconduct-
ing magnets, the RRR value influences cryogenic stabil-
ity and the quench behaviour of magnetic coils. Hence,
the RRR value is an important quality parameter in ac-
ceptance tests of superconductors for large magnet sys-
tems. The control unit is designed such that both the
I.(B) curve and the RRR value can be determined for
standard test objects with 10 cm long superconductor
samples. Currently, the system is being extended for
measuring the transition curve of superconductors.
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Figure 3: Hardware of the temperature control unit.

EuCARD

With the discovery of the Higgs boson named after the
British physicist Peter Higgs in 2012, the Large Hadron
Collider (LHC) of the CERN accelerator centre fulfilled its
most important task. For the theoretical prediction of
the Higgs particle and Higgs mechanism, Higgs and
Francois Engler were granted the Nobel Prize in physics
in 2013.

To extend knowledge, the LHC accelerator is planned to
be upgraded to higher particle energies in the long
term. In the past, these and other accelerator develop-
ment activities were coordinated under the EuCARD
project funded by the European Union. After four years,
this project ended in 2013. The LHC upgrade requires

novel superconducting dipole magnets of the 20 T class.
According to the current design, these magnets consist
of a 14 T background magnet of NbSn and a 6 T HTS
insert. A 3D FEM study relating to such a dipole of so-
called block design is shown in Figure 4.

Figure 4:

3D-FEM study of a
20 T dipole magnet
of so-called block
design for LHC
upgrade (taken from
a presentation of the
project partner

P. Tixador, CNRS,
Grenoble).

Work of the ITEP Superconducting High Field Magnets
Division concentrated on the test of HTS solenoid coils
made of a REBCO tape conductor. These coils had been
manufactured by the French project partner CNRS, Gre-
noble, as precursors of a dipole winding. Moreover, ac-
tivities focused on the characterisation of NbSn wires
for the construction of superconducting undulators at
the Rutherford Appleton Laboratory (UK).

According to the conductor characterisations, envisaged
use of NbSn as undulator material in the operation
range of 3 -5 T is possible for selected conductors only
due to mechanical and superconductivity-related insta-
bilities. The test of the HTS solenoid double pancake coil
was completed successfully. The winding of the 4 mm
wide HTS tape carried about 700 A at 4.2 K in a back-
ground field of 10 T. The Lorentz forces of about 730
MPa encountered, however, caused the conductor to
break. Hence, the test shows that a larger HTS winding
can be operated safely only, if the margin to critical pa-
rameters of the winding (critical current, tensile
strength of the HTS, etc.) is sufficient.

Work in the area of accelerator technology will be con-
tinued under the follow-up project EuCARD2.

Superconducting Undulators

Theoretical and experimental studies for an optimized
design of a superconducting undulator with a switcha-
ble period length are performed by KIT in cooperation
with the ISS and LAS. For the winding, low field-opti-
mized NbTi superconductors are applied. On the basis of
the first prototype, weaknesses can be recognised and
design adjustment carried out. For the routine calibra-
tion of the Hall probes, manufacture of a Helmholtz coil
pair was started.
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Cooperation with Industry — NMR Projects

NMR-Magnet Technology

ITEP’s HFM Division and Bruker BioSpin have been de-
veloping superconducting High Field magnets for high
resolution NMR technology with proton resonance fre-
quencies from 750-1000 MHz in a continuous long term
cooperation since 1985.

In complementary projects for NMR magnet technol-
ogy, the HFM team has supported its industrial partner
for more than 15 years in additional measures for qual-
ity assurance and worldwide commercial launch. Em-
phasis lies on the characterisation and qualification of
commercial technical superconductors by means of
high resolution E(I) measurements in the JUMBO and
HOMER | facilities. The superconductors tested differ in
their principle construction, material composition, pro-
duction process, dimensions and physical properties
that require a multitude of test configurations. Along-
side the superconductors, the scientists also character-
ise the superconducting joints made from the conduc-
tor and optimise their residual resistivity in the
pQ-range with dependence on external magnetic field
and transport current. The results of the experiments
and their evaluation are cooperation know-how and
strictly confidential.

1200 MHz NMR-Project

Bruker BioSpin and the HFM Division of ITEP have set
the target of developing together a high resolution
1200 MHz NMR-spectrometer. The proton resonance
frequency of 1200 MHz corresponds to a central mag-
netic field strength of 28.2 T. This field strength can only
be realised with HTS insert coils. The work in 2013 was
carried out according to the project schedule. Focus was
upon the physical characteristics of the best commer-
cially available REBCO tape conductor with lengths of
more than 100 m. In particular, the High Field properties
as well as the Lorentz force limit at field strengths of up
to 20 T were investigated.

In addition experiments determining the degradation
due to the effects of superfluid helium, temperature
and force cycles were carried out as well as analysis of
the anisotropy in specific angle ranges.
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R&D Work for HTS Characterisation

For the design of HTS magnetic coils under the 1200-
MHz project, extension of HOMER Il towards 30 T, and
applications at 77 K, such as transformers or current lim-
iters, anisotropy I.(B, T, ®) of the REBCO tape conductor
has to be known.

By means of the angular set-ups existing and further
developed at the HFL, the I(B, T, ®) curve of the REBCO
tape conductor was determined in the JUMBO facility at
magnetic fields of 0 — 10 T for both 77 K and 4.2 K. The
set-ups are designed such that transport currents of up
to 300 K at 77 K and of more than 1500 A at 4.2 K can
be reached. Measurements are made using original
tape conductors of about 4 - 5 mm width. Most of the
results presented in literature, by contrast, were
obtained using specially prepared “microbridges” of
reduced width.

Commercially available REBCO tape conductors were
characterised. Work focused on two types produced by
the Korean manufacturer SUNAM (without and with
brass lamination). Angular dependence was determined
at 4.2 Kand 77 K in the range of 0 — 180°. As the varia-
tions of the I(B, T, ®) characteristic are largest at an
angle of about ® = 90°, i.e. at a magnetic field perpen-
dicular to the tape normal, measurements in this range
were performed at small angular intervals of A® = 2°.
For High Field applications, measurements at 4.2 K in a
magnetic field range of 2 - 10 T were prioritised. For 77 K
applications, the magnetic field range between 0 and
1T is of particular interest due to the strong decrease of
critical current. Consequently, the I (B) dependence was
studied in detail in this range at intervals of 0.1 T.

The I, values were determined by fitting a power func-
tion to the U(l, B, T, ®) characteristics. For the mathemat-
ical fitting of all (B, T, ®) data, four fitting models were
selected and evaluated. Figure 5 presents normalised 3D
plots to reveal the best fit functions for the laminated
SuUNAM conductor and the variations of the | values as a
result of partial derivations to the angle ® and magnetic
field B.
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Figure 5: 3D fit (normalised) of the I(B, T, ®) data determined and partial derivation of the fit functions to
the angle ® and magnetic field B for T = 77 K (top) and T = 4.2 K (bottom).
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Highlight:

HTS Coil Development —

Lorentz Force Studies

Superconductors in a magnetic coil are exposed to axial
and radial forces. The radial force is proportional to the
axial field component, coil diameter, and magnetic cur-
rent applied. Axial forces are proportional to the radial
component of the magnetic field in the winding. To
determine the maximum force load, researchers carried
out experiments in the JUMBO facility and in the 15T
configuration of the HOMER | test facility. Figure 6
shows single-layered REBCO test solenoids of variable
coil length, winding number, and coil diameter. In ad-
dition, loading tests were carried out using various
commercially available REBCO tape conductors in a tri-
ple coil set. The maximum Hoop stress was determined
under a simultaneous Lorentz force for coil diameters
of 40, 80, and 150 mm, respectively.

Axial force tolerance was studied using single- and multi-
layered solenoid coils with maximum diameters of 150 mm
and coil lengths of up to 300 mm. Measurements were
carried out successfully at background fields of 14 T in su-
perfluid helium with coil currents ranging up to the con-
ductor-specific I, value. No degradation occurred. Func-
tioning of the coil (@ = 150 mm, L = 300 mm) was demon-
strated in a subsequent experiment in liquid nitrogen (see
chapter on LIQHYSMES). The coil was charged and dis-
charged in a frequency-dependent manner with transport
currents of variable characteristics and, hence, subjected
to cyclic loading. Figure 7 shows the behaviour of the coil

Figure 6:
Single-layered
REBCO solenoid
coils of variable
length and
diameter for the
experimental
facilities JUMBO
and HOMER I.

at a triangular transport current with a frequency of 3 Hz.
In the experiment, the scientists increased the current
from 50 A to 120 A. The range from 110 A to 120 A is
shown in the figure.

The resistive increase of coil voltage (green peaks) from
110 A is clearly visible. The critical current |, of the REBCO
conductor is about 111 A according to the manufacturer’s
data and HFM measurements. This good agreement shows
that the coil withstood the Lorentz force loads of the
HOMER | measurements without any damage.
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Figure 7: Behaviour of the REBCO solenoid coil at 77 K under triangular current loading in the range

from 110 A to 120 A.
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Highlight:

HTS Coil Development —

High Field Properties/High Field Behaviour

For the extension of the HOMER Il experimental facility
up to 30 T and for the cooperation project to develop
an insert coil for a high-resolution 1200 MHz NMR mag-
net system, scientists require information about High
Field properties, force tolerance, and cryogenic stability
of the commercially available REBCO tape conductors in
order to be able to develop and build insert coils meet-
ing the requirements specified.

In later application, the insert coils have to be able to
carry a magnetic current of more than 300 A at back-
ground fields larger than 20 T and cryogenic tempera-
tures below 4 K. To determine the I (B, T, ®) characteris-
tic, the HFM team performed measurements on the best
REBCO conductors at background fields of up to 20 T
and temperatures of up to 1.8 K. With the help of math-
ematical models, extrapolations were made up to 30 T.
According to the results, the higher performance of the
commercial tape conductors in terms of both I(B) char-
acteristic and cryogenic stability enables the construc-
tion of multi-layered insert coils for HOMER Il and the
1200 MHz project.

This was confirmed experimentally by multi-layered
mini solenoids with a maximum outer diameter of 48
mm, which were manufactured at the HFM workshop.
Figure 8 shows such a mini solenoid consisting of 92
windings of a REBCO tape conductor. Together with the
background field of HOMER | at 1.8 K and a magnetic
current of 525 A, the solenoid coil reached its calculated

Coil length

design field and increased the central field of HOMER |
to21T.

Figure 8: 1 T REBCO mini solenoid for the
HOMER I-20 T configuration.

Radius

Magnetic field B

Figure 9:

Magnetic field distribution of
the complete magnet system
with By .., = 21 T, consisting
of 3 NbTi and 3 (NbX),Sn coils
of the HOMER | facility

(B, = 20 T) plus one REBCO
mini solenoid coil (B, = 1 T).
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Model of the power cable in the liquid nitrogen bath.
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Results from the Research Areas

Superconducting Materials and Applications in Power

Technology

Head: Dr. Wildfried Goldacker

Superconductor Development and Applications in
Power Technology

In 2013, superconductor development at ITEP concen-
trated on the following topics:

¢ Development of low-AC-loss REBCO tape conductors
with laser-structured filaments;

Development of various low-loss high-current cables
based on high-temperature superconductors (HTS) of
the second generation (CORC, Roebel, and Rutherford
cables);

Development of stranded AC conductors based on the
magnesium diboride superconductor.

ITEP researchers optimised conductors and cables, meas-
ured their current-carrying capacities and AC losses, cal-
culated their properties with the help of numerical
methods, and correlated them with experimental re-
sults. They produced HTS Roebel cables of moderate
length in various winding arrangements, studied them,
and characterised the properties. In 2013, modelling of
both superconductors and superconducting compo-
nents using self-developed methods played an impor-
tant role. The results obtained are of pioneer character.
As regards applications of high-temperature supercon-
ductivity, research focused on a model of the HTS power
cable for the Ampac ity project in Essen. In the area of
HTS current limiters, ITEP scientists technically sup-
ported the transfer to and conditioning of the ECCO-
FLOW current limiter in the RSE test field at Milan and
at the place of installation on the island of Mallorca.
Work on an inductively coupled current limiter was
completed largely by measurements using a functional
model within the framework of a doctoral thesis. A con-
ductively cooled HTS magnet based on YBCO tape con-
ductors of the five-tesla class was designed and pro-
duced.

HTS AC Conductors and Cables for
Windings/Magnets

The filament structure of REBCO conductors is of deci-
sive importance for a major reduction of AC losses. For
some time now, ITEP has been applying a structuring
method based on a pico-second YAG laser. This method
has been optimised to achieve complete electrical de-
coupling of the filaments in the material by subsequent
heat treatment. Up to 120 filaments of about 80 pm in
width were burnt. The associated reduction of AC losses
and, hence, the effect of the post-treatment were con-
firmed. Transport currents are subject to a moderate
degradation caused by the loss of superconductor mate-
rial and the effects of inhomogeneous superconducting
layers (see Figure 1).

In addition, tapes of stranded conductor-on-round-core
(CORC) cables were provided with five filaments. The
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Figure 1: Transport currents and n values of
conductors with various numbers of filaments.
The conductor remains indifferent in case of
subsequent annealing in oxygen.

AC losses were measured by the Institute of Electrical
Engineering of the Slovak Academy of Science in Brati-
slava. Highly efficient loss reduction in the CORC geom-
etry was confirmed.

Of the few technical HTS concepts, Roebel cables made
of REBCO conductors are the most promising candidate
for use as low-loss high-current cables in windings.
These cables are of particular interest for applications
at temperatures ranging between 4 and 77 K and partly
high background fields of up to 20 T (dipole magnets
of the LHC of CERN, transformers, and rotating ma-
chines). ITEP scientists manufactured 2 to 5 m long Roe-
bel cables and measured their behaviour at low tem-
peratures in a background field (FRESCA facility at
CERN, 4.2 K, 0 to 10 T). Moreover, they systematically
studied the cable properties in terms of current-carry-
ing capacity and AC losses of the windings (pancake
and layer windings). Degradation of currents in a layer
winding and dependence of AC losses on winding den-
sity are small, as vertically oriented components of the
self-field hardly play any role. At 4.2 K, transport cur-
rent of Roebel cables exceeded that of 77 K by a factor
of 11 to 12 (measurements on ITEP cables at CERN). A
standard cable of ITEP with 10 strands of 5.5 mm in
width carried 14,000 A. In the presence of a back-
ground field, a high anisotropy of transport current by
up to a factor of 3 was observed, similar to the behav-
iour of an individual strand or outlet tape. Further-
more, permissible mechanical loading of the cable
under transverse stress caused by the Lorentz force was
studied. It was found to be about 160 MPa and, hence,
to meet the application requirements. Depending on
the requirements, transport current of the cable can be
increased by several factors through multiple strands
and extended transposition.
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Figure 2: Stranded magnesium diboride AC cable
cross-section with central Cu stabilisation and Cu
plating for improved coupling and behaviour of the
transport currents.

Magnesium diboride cables presently are of high inter-
est for AC and DC applications, as this superconducting
wire is comparably inexpensive. ITEP purchased com-
mercially available multiple-core wires from Hypertech,
produced stranded cables of various designs with cop-
per wires for external stabilisation, and measured their
transport currents and AC losses. An innovation of the
scientists was additional coupling of the strands using
electroplated copper (see Figure 2). In this area, ITEP
cooperated closely with IEE-SAS Bratislava and the Uni-
versity of Wollongong (Australia). The cable concepts
are envisaged for use as bus bars to connect magnets
(CERN), AC windings in transformers/engines, genera-
tors for wind power plants, and superconducting HVDC
power cables in the EU-funded Best Paths project, for
instance.

HTS Cables for Fusion Magnets

Based on measurement results obtained for a model
cable, the progressive concept of a Rutherford cable
with HTS Roebel strands, a candidate for future fusion
magnets, had to be revised to pevent a degradation of
the superconducting material under bending. The
measurement data allowed for a safe revised design of
the cable with a round central tube and a transposition
of the Roebel strands of about 2/3 m. The researchers
produced a cable of about 1.4 m in length for measure-
ments. The model cable concept is shown in Figure 3.

Superconducting Fault Current Limiters
Work on fault current limiters was concentrated in the
EU-funded ECCOFLOW project. In addition, an induc-
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Figure 3: Rutherford cable concept with six Roebel
strands in hexagonal geometry and a cladding tube
for mechanical stabilisation.
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Figure 4: ECCOFLOW current limiter at the ENDESA
transformer station, Palma de Mallorca.
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tively coupled superconducting current limiter was de-
veloped. Within the framework of ECCOFLOW, ITEP
supported the Nexans company in the final condition-
ing of the superconducting fault current limiter for the
field test on the island of Mallorca after the test at ERS
in Milan. Stability of the superconductor insulation spe-
cially developed by ITEP was rather positive. It remained
defect-free over all test cycles. 3.5 km of superconduct-
ing tape were encapsulated with polyamide foils at the
Nexans company using a facility developed and deliv-
ered by ITEP. Figure 4 shows the current limiter at the
ENDESA transformer station on the island of Mallorca.

Numerical Modelling of HTS Cables and
Components

ITEP developed the first time-dependent electromag-
netic 3D model of Roebel cables. It was applied for the
calculation of a 14-strand cable. Use of periodical frame-
work conditions with a reduction of the modelling do-
main to 1/n of the transposition length is important.
Figure 5 shows the calculated field distribution in a Roe-
bel cable.

Moreover, ITEP generated a 2D-3D hybrid model for
pancake windings based on Roebel cables. The scientists
combined a 2D simulation of the anisotropic current be-
haviour in the magnetic field with 3D modelling of the
contacts.

As a contribution to the power cable to be developed
under the BMWi-funded project AmpacCity, ITEP scien-
tists conceived a 2.5-D code to model the current behav-

Roebel (full 3-D)

Figure 5:
Modelled field
distribution in
a Roebel
cable.
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Normalised current density

Critical current through the inner
winding is limited in the curve

Figure 6: Calculated field distribution in a
racetrack coil.

iour and resulting AC losses and verified it successfully
by measurements on the ITEP model cable. 2.5-dimen-
sionality results from a periodic disc structure along the
cable axis. It allows the transposition of the conductors
to be considered. The model is no real 3D model, as it
does not take into account axial field components.
However, these are negligibly small. The calculation
code was made available to the industry partners in-
volved in the project. It allows for an optimisation of AC
losses and superconductor quantity in the design phase
of a power cable already.

As far as the components are concerned, a 3D model of
stacked superconductor tapes was developed. It can be
used to simulate coils of non-axisymmetric geometry,
such as racetrack coils (see Figure 6). The model assumes
the winding to be a larger conductor. It is the only
model existing to calculate such coils in three dimen-
sions. However, the model is not limited to coils. It can
also be used for cables with transposition and conduc-
tor stacks.

Superconductors in Space Research

For an experiment in the DLR plasma channel, ITEP de-
signed and constructed an HTS magnet under the COM-
BIT HGF project. This magnet is to be used for studying
whether the dreaded radio blackout occurring when
space shuttles re-enter the atmosphere of the Earth can
be mitigated by reducing the plasma density with the
help of crossed electric and magnetic fields. The magnet
system developed by ITEP consists of five double pan-
cake coils connected in series with a special low-ohmic

Figure 7: Magnet
based on HTS tape
conductors in five
double pancake
windings prior to the
application of solder
contacts with a
central field of 5 T.

contact (see Figure 7). For verification of the magnet
technology, a single double pancake was produced in
the same way, impregnated with bees wax, and meas-
ured at 4.2 K. The field of 1.32 T reached is in agree-
ment with the OPERA calculation.

Superconducting Transformer to Limit
Short-circuit Currents

ITEP developed a special computer programme for the
design of superconducting current-limiting transform-
ers. With the help of this programme and a few given
basic transformer design parameters, a superconducting
transformer can be designed and its fundamental pa-
rameters can be estimated and adapted. Moreover, the
computer programme allows statements to be made
with respect to the material costs arising, electric losses
during operation, dimensions, and the resulting trans-
former weight. In this way, the transformer design can
be optimised for the application desired and an applica-
tion-specific optimal transformer concept results.

Based on the calculated transformer parameters, the
computer programme developed by ITEP can also be
used for the transient simulation of the behaviour of a
transformer designed as a superconducting short-circuit
current limiter. This option is highly useful, as the prop-
erties of a current-limiting transformer are not trivial to
predict in case of a short circuit. These properties are
determined by numerous parameters and design-re-
lated factors.

After the development of the above computer pro-
gramme, this tool was applied by ITEP for the design of
a superconducting transformer of 577 kVA nominal
power. The transformer developed is a single-phase
representation of a 1 MVA three-phase transformer. It
has a 20 kV primary winding made of a conventional
copper conductor, a superconducting secondary wind-
ing of 1 kV nominal voltage, and an iron core operated
at room temperature. The secondary winding based on
YBCO tape conductor material is supposed to limit
short-circuit currents. During normal operation, the
secondary winding is kept at an operation temperature
of 77 K using liquid nitrogen. A sketch of the trans-
former is presented in Figure 8. In the next working
step, this superconducting transformer is planned to be
built as a laboratory demonstrator by ITEP and to be
subjected to testing.

Figure 8:

Sectional view of

a superconducting
transformer. The
current-limiting
superconducting
winding is coloured
yellow.
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Highlight:

Inductively Coupled Current Limiter

The system based on a reactance coil used so far for
short-circuit current limitation was further developed to
using high-temperature superconductors in a current
limiter concept with inductive resistance coupling. Dur-
ing normal operation, impedance of the reactance coil
is to be compensated to minimise grid feedbacks and to
enhance the stability of the electric power grid. For this
purpose, a superconducting insert made of YBCO tape
conductors is installed in the reactance coil. During sta-
tionary operation, this secondary, superconducting
winding shields the magnetic field of the reactance coil
and reduces impedance. In case of a short circuit, the
current induced exceeds the critical current of the su-
perconductor, the shield loses its effect, and impedance
increases.

Current leads

Secondary superconducting Abb. 8:
winding Am ITEP entworfener
und gebauter
Primary copper winding  Strombegrenzer
Reactance coil it induktiver
Widerstands-
einkopplung.

For the verification of the concept and analysis of the
limitation behaviour, a demonstrator of 60 kVA, 400 V,
and z = 6 % was developed, built, and tested (Figure 9).
YBCO tape conductors of 12 mm width with copper sta-
bilisation were used as secondary, superconducting
winding. In total, 33 m of superconductors were incor-
porated in 22 tapes connected in parallel. Measurement
results obtained at various short-circuit currents for a
period of four half-waves are shown in Figure 10. The
superconducting current limiter reaches the same limi-
tation effect as the reactance coil. In the best case, cur-
rent is limited by 30 %.
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Figure 9: Current limiter with inductive resistance
coupling designed and built by ITEP.

Highlight:

HTS Roebel Conductor Layer Coil

For the first time, ITEP produced a layer coil with a vari-
able winding distance from a 5-m HTS Roebel conduc-
tor. Currents and AC losses were measured and calcu-
lated using a numerical model. Compared to a pancake
winding, current degradation in the self-field of the
winding is much smaller. Only at the ends of the wind-
ing can a higher influence of vertical field components
be noticed.

The figures show the coil (Figure 11), the calculated
field distribution (Figure 12), and the analysed AC cur-
rent losses (Figure 13). From the measurements ob-
tained for various geometries, an optimum combination
of low AC losses and the required winding distance for
a given magnetic field results.
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Figure 10: Short-circuit current limitation of the

demonstrator measured for various short-circuit cur-
rents and a short-circuit duration of 4 half-waves.
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Figure 11:
Layer winding
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HTS Roebel
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Figure 12: Numerical calculation of the field
distribution of the Roebel winding.
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Highlight:

AmpaCity Power Cable - Studies of the Model
Cable and Numerical Modelling

ITEP scientists characterised the KIT model cable having
a geometry equivalent to that of the power cable with
two phases as well as mutual interactions of the phases.
Using a completely newly developed code for numerical
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Figure 13: AC losses of various modifications of the
Roebel layer winding.

modelling, the measured properties were reproduced
quantitatively in 2.5 dimensions. The 2.5 D model de-
scribes the properties quantitatively and allows to cal-
culate optimised cable designs. Figure 14 shows the
functioning principle of the model. Figure 15 represents
potential optimised cable concepts. Figure 16 presents
a photo of a model cable with partial equipment.

Same price

8% less loss
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Figure 14: Principle functioning of the numerical model
with axial periodic segmentation of computation
domains and phase relationships.

Figure 15: Two cable designs with current-carrying capacities of the individual phases of 50 % (left) and
90 % (right) and a current-carrying capacity adjusted to phase 1 (left) or phase 2 (right) of the real cable.
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The photo shows the interior of the cryogenic measurement cell used for the TApIR experiment.
It is completely filled with liquid deuterium that is invisible. However, the separation layer between
both substances, which reflects the frozen neon, can be seen.
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Results from the Research Areas

Karlsruhe Tritium Laboratory (TLK)

Head: Dr. Beate Bornschein

The Karlsruhe Tritium Laboratory (TLK) is a semi-tech-
nical experimental facility, unique in Europe and
America. It has the permission to handle 40 g (1.5 *
106 Bq) tritium, 100 kg depleted uranium and rubid-
ium and krypton as test emitters for calibration pur-
poses. An experimental area of more than 1000 m? ac-
commodates more than 15 glove box systems with a
total volume of about 125 m3 serving as enclosures of
the tritium-containing experimental set-ups. The foun-
dation mission and paramount activity of the TLK is
the development of technologies for the fuel cycle of
fusion reactors. A second focus lies on the construction
of key systems for the Karlsruhe Tritium Neutrino Ex-
periment KATRIN to measure the rest mass of the elec-
tron anti neutrino. Accordingly, work is embedded in
the “Fusion” and "Astroparticle Physics” programmes
at equal shares.

Young scientists are very important for the future of the
TLK. In the past years, TLK attracted an increasing num-
ber of students and doctoral researchers by offering
interesting research projects (see Table 1). The TLK is
highly interested in providing young people with excel-
lent and balanced training that does not only cover
technical and scientific aspects, but also various soft
skills required today.

12 9

Bachelor 6
Diploma/Master 7 9 9 6 7
Doctorate 4 8 10 10 11

Table 1: Completed and ongoing theses at TLK.

The activities and results obtained in the areas of TLK
operation and infrastructure as well as in fusion re-
search and development will be outlined briefly below.
The KATRIN activities will be covered by a separate
chapter.

20t Anniversary of TLK

TLK started operation in 1993 with the delivery of 3.5 g
tritium. To celebrate its 20" anniversary, a colloquium
with a subsequent summer party was organised on July
23, 2013. Presentations provided an interesting over-
view of 20 years of TLK history, from the planning and
implementation of the project to the current operation
of the facility. Present and former staff members of the
TLK spoke about operational aspects and research-rele-

Figure 1: The beginnings of the TLK.

Figure 2: The new TLK logo.

vant topics. A highlight of the event was the presenta-
tion of the new TLK logo (see Figure 2) and the hand-
over of the associated prize to the authors. The anniver-
sary event was completed by a summer party.

TLK Operation and Infrastructure

In 2013, the conventional infrastructure facilities as well
as the tritium infrastructure systems of the Tritium Lab-
oratory were fully available to the research projects
conducted under the programmes of “Fusion” and ”As-
troparticle Physics”. The tritium storage system mainly
provided the CAPER experimental facility, used for op-
erational tasks, such as the detritiation of waste gases,
and for research and development, as well as the ex-
periments TriToP and TriReX (see chapter on KATRIN)
with tritium of high isotope purity (> 95%). The CAPER
group additionally produced special tritium gas mix-
tures for other experiments. The legal sicensing require-
ments, needed for the operational approval, were al-
ways fulfilled. No reportable events occurred.

Work of the Operations Office, the Automation and
1&C Group, and the Tritium Process Technology Group
in 2013 again focused on maintaining safe operation
of the TLK and keeping the infrastructure facilities
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available for research and development activities
under the programmes of “Fusion” and “Astro”. One
ongoing important task is the knowledge transfer to
students, working on their student research projects,
who have normally no experience on tritium handling
at the beginning of their studies. For this reason, the
operations staff provides major support in planning
the experiments and checking safety-relevant docu-
ments in detail (safety-related description, etc.) in ac-
cordance with the operations instructions.

Apart from its usual major activities, such as operation,
maintenance, recurrent inspections of the infrastructure
facilities (second enclosures, tritium storage system,
tritium transfer systems, etc.), and waste management,
the Tritium Process Technology Group had to ensure
smooth operation of the main systems of the TRENTA
facility in 2013. An important task was the repair of the
two highly expensive electrolysers after extensive fault
diagnosis. Repair covered the exchange of control units,
mains systems, and filters, diagnosis and exchange of
the electrolysis cells. Another time-consuming task was
the preparation and execution of the internal inspec-
tion of the Linde He refrigerator.

As in the previous year, work of the Automation and
I&C Group focused on the replacement of the TLK pro-
cess control system. This replacement was necessary, be-
cause the old Teleperm M system is no longer supported
by the supplier and spare parts are no longer available.
In the fourth reconstruction phase, software develop-
ment for the reconstruction of the last old automation
system AS6 was completed as planned.

For various reasons, this software development was a
big challenge. The automation system, which has to be
exchaned, controls the central tritium retention system
(ZTS) of the Tritium Laboratory. Apart from numerous
monitoring and safety functions, 32 complex, exten-
sive, and interlinked automatic flow control systems
had to be implemented. Upon their implementation,
the MAT Group developed special Labview programmes
to model the I/0O periphery and the behaviour of the
tritium retention system by simulation assemblies. This
had to be done, as the central tritium retention system
was not available for these tests. Final tests of the flow
controls will take place in the second quarter of 2014
upon reconstruction. Then, the old system will have
been dismantled completely, and the new PCS7 system
will start operation.

Set-up of the KATRIN experiment continues to require a
close cooperation with the MAT Group of the IKP, as
standardised systems and procedures are required for
the 1&C of the tritium loops. Both MAT groups devel-
oped a concept for central PCS7 project administration
and planning in the 1&C area (slow control) for KATRIN
in 2013. Apart from all stations, this concept also covers
the data networks up to data transfer to the KATRIN
experiment LAN. In this way, operation, maintainability,
and extendability will be ensured in the long term. Spe-
cial contracts, such as a license upgrade service, guaran-
tee use of up-to-date PCS7 software versions. For the
PCS7 project of the cryogenic pumping section (CPS) of
KATRIN, the MAT Group extended the PCS7-AS/OS mod-
ule library developed by the TLK, inclusive of the techni-
cal functional units (typicals).

Analytics at the TLK

Qualitative and quantitative analysis of the six hydro-

gen isotopologues H,, HD, D,, HT, DT, and T, as well as

of other tritiated compounds, such as HTO, is the major
prerequisite for handling tritium and associated with
strict requirements on experimenters and their equip-
ment. As analytics is of crucial importance to TLK, re-
search and development activities are coordinated and

executed across programmes and groups. In 2013, R&D

work concentrated on the following areas:

e Laser Raman spectroscopy of gaseous tritiated hydro-
gen isotopologues.

e Beta-induced X-ray spectroscopy (BIXS) of gaseous hy-
drogen isotopologues and liquid tritiated water (see
KATRIN chapter).

e Infrared spectroscopy of liquid hydrogen isotopo-
logues (see Highlight).

e Application of liquid scintillation as inline method to
determine the tritium concentration of water.

Parallel to the research and development activities, calo-
rimeters, ionisation chambers, and gas chromatographs
as well as existing calibration methods were further op-
timised. These instruments are used regularly and repre-
sent the backbone of analytics at the TLK. Hence, they
always have to be ready for operation. Work in 2013
focused on the cold commissioning (without tritium) of
a gas chromatograph suited for measuring hydrogen
isotopologues. This instrument is to replace a device that
is about 20 years old. After inevitable fault diagnosis and
some technical optimisations, the first satisfactory meas-
urements were made in summer 2013. In 2014, the in-
strument is planned to be installed into the correspond-
ing glove box. The necessary technical planning work
was accomplished in 2013.

R&D for ITER

Current work on the tritium loop of ITER concentrates
on the European contribution “Water Detritiation and
Isotope Separation (WDS-ISS)”. For this purpose, the
TLK develops and studies processes of water detritiation
and hydrogen isotope separation in the TRENTA facility
under the “Fusion” programme. These activities are
aimed at obtaining major data for the WDS and ISS sys-
tems of ITER and, in this way, contributing decisively to
the ITER design. Apart from this specific R&D relating to
the WDS/ISS of ITER, TLK conducts research within the
framework of tasks given by ITER and F4E. The CAPER
Group also is involved in this work.

In 2013, research in the area of ITER-relevant tritium
technologies focused on a study of the so-called capture
& exchange (C&E) method. This method consists in the
storage of highly tritiated water on zeolite catalysts
(capture) and the recovery of tritium bound in water by
isotope exchange reactions on the zeolite catalysts (ex-
change). Highly tritiated water, in which one or both
protium atoms (H) in the water molecule H,O are re-
placed by tritium atoms (T), represents a highly corro-
sive medium due to radiolysis of tritium (formation of
hydrogen peroxide H,0,). Consequently, development
of effective technologies to handle and rapidly process
highly tritiated water generated in future fusion reac-
tors, such as ITER, is important and necessary.

Based on this requirement, the Karlsruhe Tritium Labo-
ratory, together with ITER, launched an experimental
C&E programme to study the use of zeolite materials
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Figure 3: Schematic representation of the capture
& exchange method for processing highly tritiated
water (HTO) and tritium recovery.
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for the safe uptake and storage of tritiated water and
for subsequent tritium recovery by isotope exchange
reactions. Tritium recovery is an important step, as trit-
ium, together with deuterium, another hydrogen iso-
tope, is used as a fuel in fusion reactors and, hence,
represents a valuable material. Figure 3 shows a simpli-
fied schematic representation of the steps of the C&E
method.

The C&E programme was divided into three phases.
In the first phase, various zeolites were analysed for
their water storage capacity (adsorption) on a small
scale (~ 25 g) in variably dimensioned zeolite beds.
Then, isotope exchange reactions were initiated to
additionally determine their reactivity. For the first
studies, heavy water (D,0) was used instead of tritiated
water. The zeolites were impregnated with platinum
metal (Pt) acting as a catalyst for the exchange reac-
tions between the adsorbed water and the protium (H,)
exchange gas. In this way, the most effective zeolite
was identified for use in the next programme phases.

The next phase covered the detailed investigation of
the zeolite with highly tritiated water and transfer of
tritium from water to the gas phase for use in the fol-
lowing process phases. For these experiments with
highly corrosive and radiotoxic water and the 25-g zeo-
lite beds, the existing CAPER facility of the TLK had to
be modified according to complex reconstruction plans
(see Figure 5). In parallel, a new test rig was set up to
test the C&E method on the technical scale under ITER-
relevant conditions (22 kg zeolite; 2 kg stored water;
H, flow rates up to 1 m? h') with heavy water (D,0). In
the CAPER experiments with tritiated water and in the
large-scale set-up with heavy water, process parameters,
such as pressure, flow rates, and temperatures, were

Cooling systems

| Gas inlet and heating systems

Figure 4: The Zicke experiment — test set-up for
studying the C&E method under ITER-relevant
technical conditions.

varied in order to determine their influence on the
water storage capacity and isotope exchange rate
(Figure 4).

The C&E programme revealed that zeolites are suited
well for the safe temporary storage of highly tritiated
water. Thanks to the additional impregnation of zeolite
with metal catalysts for direct isotope exchange on the
zeolite, simultaneous effective tritium recovery is pos-
sible. After optimising the operation parameters, such
as temperature gradients along the zeolite reactor, it
was possible to meet ITER requirements (exchange rates
> 100; processing of up to 2 kg water) and to determine
the efficiency of the C&E method.

Figure 5: Extended CAPER facility for HTO
processing.
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Highlight:

Infrared Spectroscopy of Liquid Hydrogen
Isotopologues in the TApIR Experiment

To cover the future energy demand of mankind by low-
emission sources, research into regenerative energies is
complemented by work on making nuclear fusion tech-
nically usable. An important step towards this objective
is the International Thermonuclear Experimental Reac-
tor (ITER) that is being built in Cadarache, Southern
France.

In the burning chamber of ITER, a plasma of deuterium
and tritium is fused to helium with energy being re-
leased. To ensure a stable fusion reaction, this fusion
plasma has to be cleaned permanently. In addition, the
tritium required for fusion can not to be supplied from
outside, but needs to be bred directly in the reactor.
Impurities have to be removed from the gas flows gen-
erated by tritium extraction and plasma cleaning in the
fuel cycle, until the remaining gas flow consists of the
hydrogen isotopologues H,, D,, T,, HD, HT, and DT only.
In a downstream isotope separation system (ISS), they
are separated and the pure tritium is passed on to a
storage tank. A central element of the ISS is cryogenic
distillation. At temperatures of 23 K (-250°C), hydrogen
isotopologues are separated due to their different
melting points, in analogy to the distillation of alcohol
or the refining of petroleum. Cryogenic distillation
takes place in a column, at the bottom of which tritium,
the isotopologue with the highest melting point accu-
mulates.

In the column, tritium concentration in the liquid hy-
drogen mixture has to be monitored continuously for
process control and tritium inventory balancing pur-
poses. This may be done by infrared spectroscopy. It is
tested for applicability in the TApIR experiment at the
TLK under conditions similar to those of the ISS. The
experiment is aimed at studying absorption spectra of
liquid hydrogen isotopologues and identifying the re-
lationship between parameters of the IR spectra and
substance concentration. A big challenge is the set-up
of an experiment that reproduces physical conditions
of cryogenic distillation and can be used for tritium
measurements later on. Another challenge consists in
obtaining sufficient findings to understand in detail all
processes in the liquid hydrogen, which influence the
IR absorption spectra. Physical parameters, such as pres-
sure and temperature, influence the variable to be de-
termined, i.e. tritium concentration. Hence, complex
data analysis and sophisticated measurement routines
are required.

Fundamentals of Infrared Spectroscopy

Infrared spectroscopy and Raman spectroscopy are
based on the barbell model of two-atomic molecules.
This model considers molecules to be a system of two

a) Vibration b} Rotation

Figure 6: In the barbell model, the molecules can be
excited to vibrate (a) and rotate (b). Vibration and
rotation influence each other.

Figure 7: Cryogenic test cell of the TApIR
experiment in the vacuum tank used for thermal
insulation.

masses connected by a spring (Figure 6). Hence, they can
vibrate against each other and rotate around the com-
mon centre of mass. With the help of quantum mechan-
ics, this model can be used to calculate discrete vibra-
tion and rotation states corresponding to a precisely
defined energy. These energies depend on various mol-
ecule-specific parameters, e.g. on the mass.

These energy levels result in precisely defined energy
differences which are used by spectroscopy. The posi-
tion of a line allows conclusions to be drawn with re-
spect to the energy difference and, hence, to derive
parameters, such as the mass of the molecules studied.
From the intensities of the transitions, the concentra-
tion of the molecules involved can be derived. Both the
type and the concentration of the individual molecules
are reflected by the spectra. The underlying theory of
interactions involved in the liquid phase, however, is not
understood completely. Complex calibration measure-
ments have to be performed to determine the concen-
tration of the isotopologues from the spectrum.

Set-up of the TApIR Experiment

To study infrared spectra under conditions similar to
those of the ISS of ITER, the TApIR experiment consists
of a cryogenic test cell (see Figure 7) that can be cooled
down to about 20 K with gaseous helium. Helium is
cooled down to 14 K in a refrigerator made by Linde
(250 W refrigeration power at 16 K) with two expansion
turbines and passed on to the IR cell via stainless steel
tubes and hoses. The cell is located in an insulation vac-
uum and protected against thermal radiation by a
highly reflective foil.

To study liquefied gases by IR spectroscopy, sapphire
windows are installed on both sides of the cell. They
have to withstand low temperatures and pressures of
up to 10 bar. Figure 8 shows the test cell filled with lig-
uid deuterium and neon. The photo was taken during a
preliminary test for further experiments using neon
mixtures. The hydrogen system of the TApIR experiment
consists of two tanks for mixing, a palladium catalyst for
chemical equilibration of the gases, and a vacuum
pumping system. To analyse the gas mixtures, a Raman
spectroscopy system developed by TLK is available. It is
based on the rotation and vibration excitations of the
molecules (see also 2012 ITEP Annual Report).
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The liquefied gas samples are analysed by means of a
Fourier transform infrared (FTIR) spectrometer. This
spectrometer consists of an infrared source, a detector
cooled with liquid nitrogen, and a Michelson interfer-
ometer. By moving a mirror of the interferometer, a sig-
nal can be generated on the detector. It contains the
spectral information desired. However, these data first
have to be subjected to Fourier transformation and fur-
ther data analysis, such as background reduction, to ob-
tain the absorption spectra shown in Figure 9. The ad-
vantage of this method consists in the high resolution
over a large spectral range. It is possible to represent
two vibration bands of the hydrogen isotopologues and
to resolve the small substructure due to the rotation of
the molecules.

Calibration Measurements with H,, D,, HD

To obtain information about unknown substance mix-
tures with the help of the IR system, the latter has to be
calibrated in advance with known mixtures (in this
case, H,, D,, HD). For recording a single calibration
point, i.e. an infrared spectrum of a known gas mix-
ture, several steps are required. First, a gas mixture has
to be prepared in a tank. With the help of the Raman
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Figure 9: Transmission spectrum of liquid hydrogen
(H,, purity 6.0; yellow) and deuterium (D,, purity
2.4 + remainder HD; magenta) measured in TApIR.

measurement system available at TLK, the composition
of this gas can be determined. Then, the gas mixture is
condensed into the IR measurement cell, where infra-
red spectra are recorded (see Figure 9). Subsequently,
the gas mixture is evaporated again and measured with
the Raman system. Recording of a data point with this
routine takes about one day. To perform a complete
calibration, i.e. to derive the gas composition from the
parameters of the IR spectra, measurements at various
H,, D,, and HD concentrations are required. As an ex-
ample, Figure 10 shows the calibration curves obtained
from a data set. They reveal a quadratic increase of ab-
sorbance with deuterium concentration.

Summary and Outlook on Future Experiments
For infrared spectroscopy of liquid hydrogen isotopo-
logues under conditions similar to those of cryogenic
distillation in the ITER isotope separation system, the
TApIR test experiment was set up successfully at the
TLK. This experiment allows to measure IR spectra of
known gas mixtures in the liquid phase and to compare
them with Raman spectra of the gas phase. Recording
of a data point for calibration with this system takes
about one day. To evaluate the spectra, a new data
analysis chain was developed to filter out disturbing
effects. Now, the pure IR absorption spectra are under-
stood well. In the near future, the excellent results of
this important experiment will be published in detail.

The next steps on the way towards the development of
an analysis system for the ISS of ITER will be the set-up
of a tritium-compatible system and recording of IR
spectra for all six hydrogen isotopologues. In the long
term, it is planned to develop and test an IR spectros-
copy system to determine the isotopologue concentra-
tion directly in the reboiler of the cryogenic distillation
column.

o 1mL!

540_'-L7

£ 04l

S 4

g 0w

° 204 %Y

5 IENN

5\ -______-'" ..h

[J] - -

g "7 R

0 4 @-a—ar = = —8

ol S
00 02 04 06 08 10

D, concentration g,

Figure 10: Integrated absorbance of the lines L, to
L, in the second D, vibration band as a function of
D, concentration.
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The first mercury liquid ring vacuum pump operated worldwide.
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Results from the Research Areas

Vacuum Technology

Head: Dr. Christian Day

Vacuum systems for nuclear fusion continue to be the
clear focus of research and development work of ITEP's
Vacuum Section. In addition, remarkable successes were
reached in the European Metrology Programme as well
as in the development of methods for general vacuum
gas dynamics.

In the area of fusion, specific contracts awarded by ITER
were executed and own development work for a fusion
power plant was pursued. The ITER contracts covered
support of the manufacture of the prototype torus cry-
opump as well as thermomechanical analyses relating
to components of the ITER neutral beam injectors (NBI).
However, research and development work concen-
trated on the European DEMO programme to prepare
a high-performance fusion reactor. The liquid metal-
based vacuum pumping concept proposed in the past
year was established successfully as a reference solution
in the DEMO concept design. In the next years, it will
be our main task to develop a design of the novel vac-
uum pumps based on measurements and numerical
simulations. The European Fusion Programme was re-
organised completely in 2013 and divided into new
work packages. The Vacuum Technology Section of ITEP
will not only be responsible for fusion technology de-
velopment (vacuum/matter supply/tritium package),
but also be involved in several plasma physics activities
due to its vast expertise in the area of neutral particle
gas dynamics. This primary strategic goal was finally
achieved in 2013.

Vacuum Systems for ITER

Europe has accepted the obligation to supply all pri-
mary cryopumps to ITER. These cryopumps are of two
principle designs, i.e. cylindrical pumps for the ITER
torus chamber and very large rectangular pumps for the
vacuum vessels of the ITER neutral beam injectors. Both
designs are based on the same physical concept, namely,
cryosorption on activated charcoal.

To minimise the risks for ITER, both pump types will be
tested on the 1:1 prototype scale. Manufacture of the
prototype torus cryopump started in 2013 and will be
completed presumably in mid-2015. A major task of
pump manufacture, namely, coating of the cryopanels
that are the main components of every cryopump, will
be executed by the Vacuum Technology Section. ITER
will rely on the vast know-how gained by ITEP in the
past two decades of cryopump development.

The cryopanels of the torus and NBI cryopumps — first
of the prototypes, then of the series pumps — will be
coated with activated charcoal using a technology de-
veloped by the Vacuum Technology Section. For this
purpose, a semi-automatic coating facility was set up at
the Institute (manual charging and automatic coating)

in order to ensure reproducible quality. Under a first
contract in 2013, coating of 30 cryopanels for the pro-
totype torus cryopump was started. This work is associ-
ated with a complex quality assurance programme, as
ITER cryopumps are components directly connected
with the torus and, hence, have to meet highest safety
requirements (safety category 1). Figure 1 shows the
first coated panel of this series directly after the coat-
ing process and after the liquid nitrogen immersion
test.

Figure 1:
Examples
of the first
cryopanel
coating
series.

Similar to the torus cryopumps, the NBI cryopumps are
also planned to be tested on the original scale. This test
will be performed in the specially constructed MITICA
NBI test bed in Padova / Italy. The pump design was de-
livered in the past year. In 2013, engineers and physicists
worked on the thermomechanical analysis of the NBI
components in the beam path. Work concentrated on
the residual ion dump (RID), see Figure 2. This compo-
nent removes the charged particles remaining in the
beam downstream of the main neutraliser by electro-
magnetic deflection to baffle plates. Detailed design
studies covered the cooling system of the plates and the
support structure of the RID under seismic loading. In
addition, a feasible detailed design of a cooling channel
was developed and studied. Development work relating
to MITICA will be continued in 2014.

ITER Physics Programme

Under the ITER project, the design phase of components
with a very long delivery time has already expired. Vac-
uum pumps also are among the components that will
have to be ready for operation for the first plasma al-
ready. However, plasma scenarios for ITER are constantly
further developed, which always gives rise to the ques-
tion of how the pumps behave under new conditions
beyond the design basis.
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Figure 2:

The residual
ion dump of a
neutral beam
heating sys-
tem with five
parallel baffle
plates.

In 2013, the behaviour of ITER torus cryopumps in case
of massive gas inflows into the plasma vessel was calcu-
lated in detail. In particular, it was to be found out
whether cryopumps are subjected to spontaneous re-
generation (e.g. pumping surfaces are heated up by the
energies introduced with the gas flow, such that the
pumping effect is lost) or whether they can continue
pumping operation. Massive gas inflow is a deliberately
caused emergency measure to prevent local power
peaks on the first wall in case of undesired plasma dis-
ruptions. For this purpose, various gases can be used. It
was found that neon and argon exclusively ensure con-
tinuous operation of cryopumps without spontaneous
regeneration. Figure 3 illustrates effective pumping of
the inflowing gas within a period of 2 minutes using
neon as an example.

Vacuum Systems for DEMO

Within the framework of the European Fusion Pro-
gramme, the Vacuum Technology Group is responsible
for the development of vacuum systems for a power
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plant supplying electricity. Contrary to the cryogenic
vacuum pumps of ITER, the new concept developed for
DEMO is operated continuously without a cryogen. An
integrated system for the separation of the divertor off-
gas directly recycles most of the unburnt fuel, as a result
of which the tritium inventories and processing times
can be reduced considerably. This so-called DIR concept
(Direct Internal Recycling) consists of three pumping
stages. For separation, metal foils are used. They are
permeable for atomic hydrogen only and, hence, pro-
vide for a certain compression. For high-vacuum pump-
ing, a diffusion pump is applied. To make it tritium-com-
patible, it will be operated with liquid metal (mercury).
A liquid ring pump that is also operated with mercury
fluid is used as a mechanical pump for compression to
ambient pressure.

Meanwhile, this concept has been established as DEMO
reference concept. In 2013, a complete process, the
KALPUREX process (Karlsruhe Liquid Metal Based Pump-
ing Process for Reactor Exhaust Gases), was developed
to realise this concept in practice. The patent was ap-
plied for in September. The principle setup is shown in
Figure 4.

The mercury diffusion pump was proved to be suitable
for DEMO in 2012 already. This year, functioning of the
mercury-driven liquid ring pump and a metal foil was
demonstrated successfully. Hence, use of cryopumps for
DEMO will be considered only, if problems occurring
during the further development of KALPUREX cannot
be solved.

Further development of the new pump will be one of
the main tasks in the next five-year plan of the Euro-
pean Fusion Programme. These development activities
will be combined with work on the tritium systems,
tritium extraction of the breeder blanket cooling sys-
tems, and systems for matter supply (gas, ice). This will
open up interesting potentials of synergies and further
optimisation.

Modelling of Vacuum Flows

Numerical simulation of vacuum flows in a wide range
of dilution (i.e. from the viscous regime to the transition
range to free molecular flow) was advanced largely in
the past years. Depending on the requirements made,
various options are available.
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Figure 4: Inner fuel cycle of DEMO with internal
recycling.
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In 2013, activities focused on the description of neutral
particle flow downstream of the divertor in a fusion
plant. In the divertor, high temperature gradients exist,
as a result of which the plasma on the inner side is re-
converted into neutral gas at the bottom. The divertor
is one of the most important components, as it ensures
stability of the selected plasma mode and reliably re-
moves the helium produced by the fusion reaction. The
divertor is a structure open to all sides (also towards the
plasma). This gives rise to the problem that the pump-
ing speed of the connected vacuum pumps competes
with the pumping effect of the plasma. The resulting
neutral particle density in the divertor is a very sensitive
parameter that might also be used for plasma control,
if flow processes would be understood better. Develop-
ment of an own code is a first step in this direction.

In 2013, vacuum scientists succeeded in including the
complex divertor geometry (2D) into a flow code (DSMC)
and considering the plasma contour such that the density
distribution in the sub-divertor can be predicted in a
physically consistent manner. Figure 5 shows the result of
such a calculation for the ITER divertor.

These new findings were presented at the European
Plasma Physics Conference in summer 2013 and met
with high interest. On this basis, a multi-stage develop-
ment programme was launched for comparing the
new computation code with experiments in the large
European fusion machines (AUG, JET) and with calcula-
tions using other, more plasma-dominated codes for
future machines (ITER, JT60-SA, DEMO). This activity
will become another focus of the Vacuum Technology
Group.

Figure 5: Calculated
pressure distribution
(in Pa) below an ITER
divertor cassette
(top). The integral
total pressure is

2.6 Pa in this
example.
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Outgassing and Vacuum Pressure Measurement
Technology

Last year, the new OMA facility was used to measure
outgassing rates of stainless steel (as a standard mate-
rial of vacuum chambers) subjected to various surface
treatment methods. The main result obtained was that
defined heating (100 h, 400°C) is sufficient to reduce the
outgassing rate by one order of magnitude. It was of no
importance whether heating took place under vacuum
or under air.

A newly commercialised mass spectrometer (ART-MS)
was analysed for its capacity to resolve the gases of
(Index 2) and He that are located very closely to each
other in the spectrum. It was found that the new instru-
ment is not suited for this purpose, see Figure 6.

Networks and Cooperation

The KIT-coordinated VACU-TEC European network for
the development of vacuum technologies for nuclear
fusion developed well and was completed largely in
2013. The five trainees showed impressive progress. It is
planned to re-launch the very successful programme in
2015, then with emphasis on DEMO work.

The OMA outgassing facility has been included into a
programme for the comparison of various plant con-
cepts under the European Metrology Programme. In
particular, its relevance to industrial applications is
planned to be studied. In this connection, cooperation
with PTB, Berlin, and the IMT Research Institute at Lju-
bljana, Slovenia, will be extended. Within the frame-
work of a round robin test, various samples will be stud-
ied at all facilities for comparison.
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Highlight: Proof-of-principle Tests of New Vacuum
Pumps for DEMO

The major milestone in 2013 was the proof of principle
of the mercury ring pump and the metal foil pumps.
Both vacuum pumps will play a central role in the fuel
cycle of future fusion power plants (DEMO).

In fusion reactors, the hot deuterium/tritium plasma has
to be confined in a vacuum vessel with the help of mag-
netic fields. To “flush” the helium produced during the
fusion reaction out of the plasma, a mixture of deute-
rium and tritium has to be injected continuously into
the reactor. To prevent the pressure in the torus from
increasing as a result of the gas injected, the latter has
to be pumped off constantly with the help of vacuum
pumps. The pumped gas is then subjected to cleaning in
the tritium system (i.e. helium and impurities are re-
moved) and fed back into the machine.

In this cycle, the so-called inner fuel cycle, the vacuum
pumps are of high importance: They have to ensure
continuous pumping of large amounts of tritium-con-
taining gas and to work reliably and safely irrespective
of the rough ambient conditions (dust, high magnetic
fields, high neutron radiation, etc.).

Development of a new vacuum pump concept for a fu-
sion reactor with long plasma pulses was started by the
Vacuum Technology Section in 2010 already. First, stud-
ies were made to identify new, non-cryogenic, and con-
tinuously operating vacuum pumps that minimise the
tritium inventory in the pumping system and, at the
same time, reduce the complexity of the complete sys-
tem due to lacking regeneration cycles and cryoinfra-
structure. The concept developed comprises three types
of pumps: A diffusion pump used as a high-vacuum
pump, a liquid ring pump serving as a fore-vacuum
pump, and a metal foil pump for the specific pumping
of pure hydrogen. Functioning of the diffusion pump
with mercury as tritium-compatible medium was dem-
onstrated successfully in 2012. In 2013, experimental
work focused on demonstrating the functioning of the
liquid ring pump, also with mercury as a medium, and
of the metal foil pump.

The liquid ring pump that can be operated theoretically
with any liquid has never been used with a medium of
a density similar to that of mercury (13 times the density
of water). Typically, these pumps that are frequently ap-
plied in industry are operated with water, oil or various
solvents. Due to their vapour pressures, the end pres-
sure of the pump is limited to some 10 to 100 mbar.
Consequently, the expertise accumulated for ring pumps
is very far away from use envisaged in nuclear fusion.
Estimations of their capacity are subject to a very high
uncertainty. In 2012, a test pump modified for the den-
sity of mercury was developed in cooperation with in-
dustry. In 2013, this pump was installed in the THESEUS
facility for a first functional test (see Figure 7). First
pumping (Figure 8) of the THESEUS test vessel was
highly successful and exceeded all expectations. Both
the end pressure reached and the smoothness of opera-
tion (in spite of a moved mass of more than 100 kg in
the pump) were excellent. Simulation of a second
pumping stage by a reduction of the outlet pressure
resulted in an end pressure below 1 mbar, which might
be a new record end pressure for liquid ring pumps! In

Figure 7:

The mercury
ring pump
installed in the
THESEUS facility

the next step, a detailed test programme and design
activities to develop a completely tritium-compatible
pump for the JET tritium campaign in 2017 will be pur-
sued.

The metal foil pump is the key component of the fuel
cycle concept with direct internal recycling (DIR). The
pump has to separate unburnt fuel (i.e. pure deuterium/
tritium) directly at the torus and to feed this pumped
gas fraction directly back into the reactor. Due to this
direct recycling, the tritium system has to process a
much smaller gas flow and, hence, can be designed
smaller (i.e. with a smaller tritium inventory).
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Figure 8: First pumping curve of a mercury ring
pump: The 450 | dosage dome of the THESEUS
facility was evacuated to an end pressure of a few
mbar within 90 seconds at a pumping speed of
nearly 100 m?/h.

This pump mainly consists of a heated metal foil and a
plasma source. When energy-rich atomic hydrogen
(plasma) contacts the metal foil, the latter is pene-
trated. Recombination on the other side of the foil
prevents the already molecular hydrogen from flowing
back. As a result, a compression effect specific of pure
hydrogen is achieved. To study this pump effect that
has never been demonstrated for “cold” microwave
plasma so far and to analyse the influence of various
foil parameters (e.g. thickness, material, temperature),
a plasma experiment (HERMES, see Figure 9) with a
linear plasma source on the laboratory scale was set up
at ITEP.



Results from the Research Areas | Vacuum Technology

" Figure 9:

The HERMES
plasma experi-
ment at ITEP.

Top: Complete
set-up - the
plasma source is
located in the
front. Two vac-
uum chambers
are connected
to the plasma
source with the
metal foil
adapter in
between.
Bottom: The
" linear plasma
" | source with
-~ | magnetron

- ,S (background).
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This experiment mainly consists of two vacuum cham-
bers, between which a metal foil can be inserted via an
adapter. On one side, the foil is exposed to a high-fre-
quency plasma (Figure 10) from a plasma source. In the
opposite chamber of known volume, the pressure in-
creases (see Figure 11). From this increase, the gas flow
rate through the metal foil can be derived. A first test
with a thin vanadium foil already revealed a major
pumping effect. Only nine months after the start of
construction was the “first plasma” produced. The re-
sults were rather promising!

The tests of the metal foil pump and of the mercury ring
pump confirmed functioning of the pumping concept
proposed by the KIT. This success has far-reaching con-
sequences for future work in this area. It will concen-
trate on developing the individual pumps in a DEMO-
relevant design and characterising them experimentally.

Figure 10: View into the hydrogen plasma of the
linear source (centre left) with the metal foil
(centre right).
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Figure 11: Pressure increase in the vacuum chamber
behind the metal foil with and without ignited
plasma.

Preparation of the mercury ring experiment in THESEUS
and set-up of the HERMES plasma experiment within a
few months only were associated with a very tight
schedule and considerable efforts of all staff members.
We are proud of our results and hope that this success-
ful cooperation of all group members and cooperation
with other groups at ITEP will be continued in the fu-
ture.
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Turbomolecular pump of the 2-kW helium refrigerator.
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Results from the Research Areas

Cryogenics

Head: Dr. Holger Neumann

Cryogenics for Fusion

In 2013, work of the Cryogenics Group of ITEP under the
“Fusion” programme concentrated on the last series test
of current leads for the national W7-X project as well as on
the set-up of a facility to test 26 current leads for the inter-
national JT-60SA project.

Test of W7-X Current Leads in TOSKA

In February 2013, the last two of a total of 16 current
leads were tested successfully for the W7-X plasma ex-
periment. The current leads were delivered to Greif-
swald. On June 26, 2013, the project was completed by
handing over the last acceptance protocol during the
final colloquium.

Set-up of the CuLTKa Current Lead Test Facility
To test the 26 current leads for JT-60SA, the new CulLTKa
(Current Lead Test Facility Karlsruhe) test facility is being
set up and integrated into the existing cryo infrastruc-
ture of ITEP (see Figure 1). In March 2013, the transfer
lines (see Figure 3) were delivered upon successful ac-
ceptance and installed by the manufacturer (see Figure 2).
After the installation of the transfer lines in April 2013,
installation of the piping in the cryostats started. Leak
tests of the piping inside the cryostats were completed
successfully. Two cryostats have already been closed and
subjected to integral leak tests with positive results. In
early 2014, it is planned to complete the field cabling
work. After that, the facility will start operation.

Measurement of Cryovalve Operation
Characteristics

Within the framework of the current lead tests for W7-X
in TOSKA, a valve measurement section was set up to
determine the basic and operation characteristics of cry-
ovalves under operation conditions (see Figure 4). In this
measurement section, first characteristics of cryovalves at
4.5 K were determined / verified and compared with cal-
culation models. The results allow for a safer design of
cryovalves.

Figure 2: Cryo transfer line between the 2-kW
facility and CuLTKa.
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Figure 4: Operation characteristics of cryovalves.
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Cryogenics for Efficient Energy Conversion
and Use

SUPRAPOWER

In December 2012, the SUPRAPOWER (Superconducting,
reliable, lightweight, and more powerful offshore wind
turbine) EU project started. In total, nine partners are
involved (coordination: TECNALIA Research & Innova-
tion; partners: KIT, ACCIONA Windpower, Acciona En-
ergy, Columbus Superconductor, Oerlikon-Leybold Vac-
uum, Institute of Electrical Engineering, University of
Southampton, D2M Engineering). The project is aimed
at developing a superconducting generator for offshore
wind turbines of 10 MW power. Currently used wind
turbines reach a power of up to 7 MW. Increase in
power using conventional technologies reaches materi-
als-related limits in terms of size and weight. Use of su-
perconducting generators is planned to result in a
higher power, with the mass, size, and costs of the gen-
erator being minimised compared to conventional tech-
nology.

Under this project, KIT is to develop, build, and test a
cryostat suited for the superconducting coils. First, the
scientists analysed the cryostat design of the Tecnalia
company (European patent application EP 2 5251 252
A1: "Direct-action superconducting synchronous gen-
erator for a wind turbine”; December 07, 2012; PCT/
ES2009/070639) with respect to modularity, mass, and
heat input in particular. It was found that even under
most favourable assumptions the heat input for 60
coils of a superconducting generator of 10 MW
whould require about 30 GM coolers made by Oer-
likon-Leybold Vacuum. The analysis also revealed that
the maximum temperature difference between the
GM cooler head and the warmest point of more than
5 K is below the critical temperature of the supercon-
ductor, but may be critical for the current coil design
(see Figure 5). It is therefore worked on an improved
cryostat design to reduce heat input from outside and
to reduce the maximum temperature difference to
less than 3 K.

Figure 5: Temperature distribution of the supercon-
ducting coils on a copper ring for the demonstrator
with four coils.

LIQHYSMES (LIQuid HYdrogen & SMES)

For the hybrid energy storage system based on liquid
hydrogen and a superconducting magnetic energy stor-
age system (LIQHYSMES), ITEP performed further stud-
ies relating to seasonal power fluctuations. In addition,
an existing cryostat was chosen for first experiments
(see Figure 6).

The scientists drew up piping and instrumentation dia-
grams for various modes of operation and discussed
them in detail. Within the framework of a diploma the-
sis, the regenerator/recuperator part was balanced
thermodynamically. In addition, a first construction
sketch was made based on the dimensions of the se-
lected cryostat. Due to its density and thermal capacity,
lead was found to be particularly suited for use as a
regenerator material. Furthermore, optimum pressure
conditions were determined to reach a maximum lique-
faction at the given volume. For the High-field Mag-
nets Group headed by Dr. Theo Schneider, MgB, sam-
ples were characterised. Under a diploma thesis, charge
and discharge of a small coil were studied in HOMER |.
Final experiments with LH, are planned to be executed
at the hydrogen test centre of IKET. A place suited for
the experiment has already been chosen.

J“‘ = Figure 6:
A Cryostat with SMES
(MgB, coil) and

regenerator/recuperator
unit.

Cryogenic Infrastructure

In 2013 again did the Cryogenics Group ensure opera-
tion of the three refrigerators and of the helium recov-
ery systems of ITEP. In addition, extensive maintenance
and repair work was carried out.

Activities included among others:

* Repair of oil pumps in the compressor and turbine
units (see Figure 7).

¢ Revision of power switches.

¢ Extension of the helium gas return line from the
ANKA building and the VATESTA test rig.

¢ Exchange of measurement transducer cabinets and
analytical instruments.

¢ Renewal of the control of helium gas heaters and tur-

bopumps.

Removal and revision of valves (see Figure 8).

Reconstruction of the helium cleaning system.

Renewal of various cable sections.

20,000 hours of service on the V40 recompressor (see

Figure 9).

¢ Renewal of all high-pressure hoses of the recompres-
sors.
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Figure 7:
Maintenance
work on sections
of the 300-W
refrigerator.

In 2013, the 300-W helium refrigerator was in operation
for 1617 hours. Of these, 336 hours were spent for lig-
uefaction operation and 97 hours for purging as well as
for cool-down and warm-up of the system. This results
in 1184 hours of pure refrigeration time for the experi-
ments in the high-field magnet laboratory.

In 2013, the 2-kW (4.5 K) He refrigerator was run for 917
hours. Of these, 419 hours were spent for liquefaction
operation and 221 hours for purging operation as well
as for cool-down and warm-up. Hence, 277 hours were
spent for pure refrigeration for the fusion experiments.

|I,'|.II||-'|-|,I|II||.||.||..____=

____‘___.,.qmlnl,'nl'ﬂ

Figure 8: Exchange of the 2-kW-TTA cryovalves and
high-pressure cleaning system.

In total, the facilities liquefied about 176,758 | of
helium. 122,304 | were used for experiments at ITEP,
54,454 | by other institutes.

The 500-W (4.5 K) Linde refrigerator for the KATRIN ex-
periment was operated for 147 hours only in 2013. Of
these, about 62 hours were spent on purging, cool-
down, and warm-up of the facility. The refrigerator was
operated for 83 hours for acceptance tests of the third
section of the transfer line for CPS connection.

Maintenance work was performed as planned due to
the high professional skills of the cryogenics team. In
2013, no failures of the systems worth mentioning oc-
curred.

During the set-up of the CuLTKa facility for JT-60SA, the
Cryogenics Team was involved in leak tests, planning
and coordination of field cabling of the cryostats as
well as in the programming of the process control sys-
tems.

Figure 9: Revision of the He recompressor V40.
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Laser Raman system in action!
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Results from the Research Areas

KATRIN Karlsruhe Tritium Neutrino Experiment

Head: Dr. Beate Bornschein

Figure 1: Schematic representation of the KATRIN international large-scale experiment. The electrons
produced by B-decays in a high-intensity windowless molecular tritium source (WGTS, [a]) are passed
through a tritium pumping station with the active and passive elements DPS2 and CPS (b) to a system (c)
consisting of two electrostatic spectrometers (pre spectrometer and main spectrometer).

The analysed electrons are counted by a semiconductor detector (d).

KATRIN, the Karlsruhe Tritium Neutrino Experiment, is
targeted at measuring the neutrino mass with a sensi-
tivity of 200 meV/c? in a model-independent manner.
The motivation of KATRIN is the key role played by
neutrinos in astroparticle physics: On the one hand,
mass-carrying neutrinos as hot dark matter are in-
volved in the evolution of large-scale structures in the
universe. On the other hand, the neutrino mass itself
is the key to solving the problem of the origin of mass.

The experimental principle of KATRIN is based on the
precise measurement of the spectrum of electrons pro-
duced by the B-decay of molecular tritium near the
kinematic end point of 18.6 keV (maximum energy re-
leased by B-decay). For this purpose, electrons from a
windowless gaseous tritium source of highest intensity
(10" decays/second) are led adiabatically, i.e. without
changing their energy, through the 70 m long experi-
mental facility by high magnetic fields of supercon-
ducting magnets. A system of two electrostatic retard-
ing spectrometers allows for the determination of the
electron energies with a resolution of 0.93 eV (see Fig-
ure 1).

A worldwide collaboration of more than 150 scientists,
engineers, and technicians under the coordination of
KIT is currently in the process of building this key ex-
periment in astroparticle physics at the Karlsruhe Trit-
ium Laboratory (TLK). First data are expected to be
obtained in 2016. The design, construction, and suc-
cessful execution of the KATRIN experiment are associ-
ated with highest requirements on process technology,
especially tritium process technology, ultra-high vac-
uum technology, cryotechnology, and high-voltage
stabilisation technology. In addition, an adequate pro-

ject management is required to allocate manpower
and funding to KATRIN, such that the goals in terms of
time and work packages can be reached.

Within the framework of the KATRIN experiment, ITEP
is responsible for tritium process technology as well as
for cryotechnology. Several leaders of partial projects
(task leaders) in this area come from ITEP. More than
95% of ITEP’s scope of work concentrate on the so-
called source and transport system (see Figure 2). As
large amounts of tritium are used, the system is set up
completely within the TLK.

The main component is a superconducting magnet sys-
tem of 16 m in length, called WGTS (windowless gase-
ous tritium source). It contains the gaseous tritium
source in a cold beam tube at = 30 K. In addition, the
so-called calibration and monitoring system (CMS) is
located on the beam axis in the rear part, while the
transport system is installed in the front part — in the
direction of the spectrometer. The transport system
guides the tritium decay electrons to the spectrometer
and reduces the tritium gas flow into the spectrometer
system by more than 12 orders of magnitude with the
help of pumps. For this purpose, a differential pump-
ing section (DPS) with turbomolecular pumps and a
cryopumping section (CPS) at 3.5 to 4 K are operated.
Both the DPS and the CPS are superconducting mag-
netic cryostat systems of 7 and 9 m in length, respec-
tively. They are manufactured by external companies
with the support of teams from IKP, IEKP, ITEP, and
PMQ.

The tritium loops (inner loop, outer loop) for con-
trolled tritium gas supply and a tritium purity above
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95% are also shown in Figure 2. Simultaneous stable
supply and removal of tritium gas by pumping results
in a stable gas column density in the beam tube of the
WGTS (tritium source).

The status of activities will be outlined in the
following paragraphs.

WGTS

In 2013, the WGTS demonstrator was dismantled suc-
cessfully. In parallel, nearly all still lacking assemblies
of the WGTS were completed. All planned magnet
tests were completed, such that the WGTS cryostat can
now be mounted. In cooperation with the industry
partner Research Instruments (Bergisch Gladbach), a
detailed assembly concept was developed and an as-
sembly hall was prepared. The assembly of the KATRIN
source will start in January 2014 and be completed by
summer 2015.

Preparation of the external support systems, by KIT in
particular of the cryogenics supply, quench detection,
and magnet control systems, proceeded according to
schedule. All systems will be ready for operation in
early 2015.

DPS2

After a failure of the protection diodes of DPS2-F in
2011, it was no longer possible to repair the system
with a reasonable expenditure. It was therefore de-
cided in 2012 to newly construct the DPS with the indi-
vidual magnet systems and a beam tube developed
and to be manufactured by the KIT. The tender and
order procedure for the magnets was accomplished in
2012. In spring 2013, the contract was extended to

Figure 3: New concept of the differential pumping
section of KATRIN. The five superconducting mag-
nets and the five pumping chambers can be seen.

cover a sixth magnet of identical design for the rear
system. In 2013, work concentrated on supervision of
the manufacture of the six magnetic modules by the
company of Cryomagnetics Inc., Oak Ridge (USA) as
well as on the construction of the base frame and
beam tube system. Particular attention was paid to the
reusability of the already manufactured instrumenta-
tion of the beam tube (FTICR).

The base frame and beam tube are currently being
manufactured by TID-DGT-TEC and are planned to be
completed in early 2014. The first three magnet mod-
ules — two of which have already been manufactured
— will be delivered in January 2014, the remaining
three modules in April 2014. After the acceptance tests
at KIT, the DPS2-F will be assembled.

CPS

The CPS (Figure 4) is being built by ASG, Genoa. Fabri-
cation is accompanied by an inter-institute project
team of KATRIN. In 2013, quality assurance work fo-
cused on the supervision of magnet modification and
control of the individual fabrication steps by welding
inspection and leak tests. For this purpose, KIT con-
tracted external staff. Major milestones were the suc-
cessful cold test of the modified magnets after the leak
test and the successful leak test of the assembly of all
beam tubes and magnets. In parallel, the modified
protection diode stacks for the superconducting mag-
nets were tested successfully in an ITEP cryotest rig at
4.2 K. The seven control cabinets for cryooperation of
the CPS were delivered and accepted successfully.

Figure 4: View into the CPS. The individual beam
tube sections and the helium reservoir are visible.
The protection diodes are planned to be installed
below the tank (green, blue).
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Assembly of the CPS at Genoa will take another few
months. According to the current schedule, the CPS is
planned to be delivered to the KIT in October 2014.

Cryofacility and Cryotransfer Line

Work in 2013 focused on supporting the fabrication of
the third part of the cryotransfer line and the third
valve box required for the cryogenic connection of the
CPS. Meanwhile, fabrication has been completed. The
components have been delivered and assembled.

Tritium Loops

The tritium loops of KATRIN are developed and built at
the TLK, among others within the framework of bach-
elor, diploma, and doctoral theses. In 2013, work fo-
cused on the set-up of new test experiments and on
the continuation of measurements in the TriToP (Trit-
ium Test of Pumps) experiment. The important new
test experiment TriADE (Tritium Adsorption Desorption
Experiment) will be presented as a highlight in this an-
nual report.

In 2012, a Leybold MAG W2800 turbomolecular pump
(TMP) with magnetic bearings was tested successfully in
long-term operation at an integral tritium flow rate of
~ 1 kg in TriToP. After this test, the pump was disman-
tled. In 2013, the experiment was modified for testing
the Pfeiffer HIPACE300 turbomolecular pump with hy-
brid bearings. This type of pump is planned to be used
in the WGTS and DPS to reach the prevacuum required
for the MAG W2800 pumps.

Tritium purity in the KATRIN tritium loop is to be con-
trolled continuously with the help of laser Raman spec-
troscopy (LARA). As in the year before, work in 2013
focused on the calibration of the system, investigation
of optical windows and coatings for KATRIN, as well as
on the further development of the automatic analysis
method of Raman spectra for the later long-term op-
eration of KATRIN.

For the optical windows, an optical coating method
was identified. Compared to the standard coating pro-

Figure 5: Design of the rear section of KATRIN.

cess used so far, it promises to provide a better resist-
ance to tritium and the inert atmosphere in the glove
boxes. This is planned to be verified in 2014.

In addition, an alternative approach to the LARA in-
stallation was demonstrated successfully: Instead of
using the existing design of the measurement cell, suit-
ability of a capillary with an inner reflective coating
was studied. This cell design could in a far higher sig-
nal yield, as the effectively used Raman volume is in-
creased considerably. A corresponding test set-up,
called CLARA (capillary Raman system), was commis-
sioned successfully. The principle was demonstrated
with tritium. After promising first results were ob-
tained, the set-up is planned to be studied systemati-
cally and improved in 2014.

Rear Section

The rear section, also called CMS (calibration and mon-
itoring system), has to cover the important task of
calibrating the complete KATRIN system. For this pur-
pose, it is planned to install an electron gun in the rear
section. It is presently being developed by the KIT to-
gether with a collaboration partner at the University
of California in Santa Barbara (UCSB). The KIT contri-
bution to the rear section also covers the development
and the set-up of the primary system (inclusive of the
beam tube) and the secondary enclosures as well as
integration into the infrastructure systems of the Trit-
ium Laboratory. In December 2013, the KATRIN col-
laboration approved of the proposed design (Figure 5).
Currently, the set-up of the system at the Tritium Labo-
ratory is being prepared.

In parallel, so-called BIXS systems (Beta Induced X-ray
Spectrometry) are being integrated into the rear sec-
tion. The BIXS systems serve to precisely determine the
intensity of the gaseous source in the WGTS cryostat
(0.1% in < 100 s). This parameter is directly considered
in the later analysis of the KATRIN data and, thereaf-
ter, directly influences the measurement accuracy of
the neutrino mass. In cooperation with the University
of Mainz, KIT studies potential candidates for a so-
called KATRIN rear wall. The rear wall defines the elec-
tric potential of the tritium source and, therefore, has
a major impact on the uncertainties of tritium mass
determination. In addition, other components, such as
piezoelectric actuators, glass fibres, and glass fibre
feed-throughs, as well as concepts for the specific il-
lumination of surfaces in the vacuum system with UV
light are analysed for tritium compatibility and suita-
bility for use in the rear section.
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Highlight:
Beta-induced X-ray Spectrometry to Determine
Tritium Activity on Surfaces

Introduction

Within the framework of the KATRIN experiment, re-
searchers carry out a precise energy analysis of electrons
produced by the beta decay of tritium in order to derive
the neutron mass with a sensitivity of 200 meV/c2. For
this purpose, the electrons are guided from the source
through the 70 m long KATRIN facility by high magnetic
fields. The energy of the electrons is determined with
the help of an electrostatic retarding potential that has
to be overcome by the electrons in order to be finally
counted by the detector.

On the spectrometer side, the end potential is deter-
mined by an adjustable high voltage in the range of
18.6 kV and has to be stable in the ppm range. The start
potential of the electrons in the source is defined
among others by the voltage at the rear wall (RW). The
RW is a gold-coated disc that represents the electric end
component of the source in the direction of the Calibra-
tion and Monitoring System (CMS) (far side from the
spectrometer). The material properties of the RW
largely influence the sensitivity of KATRIN.

Inside the KATRIN source, tritium may adsorb on the
surface of the RW and change the material properties,
in particular emission work, during the measurement
time of KATRIN. Change of emission work directly af-
fects the value of the start potential of the electrons in
the source and, hence, influences the sensitivity of
KATRIN. The change depends on the amount of tritium
adsorbed and on pressure, time, and temperature.

The TriADE Experiment

The Tritium Adsorption Desorption Experiment (TriADE)
is aimed at studying tritium adsorption on RW candi-
dates under close-to-KATRIN conditions. To measure the
amount of tritium adsorbed on the solid, the so-called
BIXS method is used. Beta-induced X-ray spectrometry
(BIXS) uses the X-radiation produced by the adsorption
of beta electrons in solids or liquids. These X-rays can be
used for material analysis or activity control. As X-radi-
ation has a much longer range than the electrons from
beta decay, the detector can be placed outside of the
specimen chamber. Consequently, it is not influenced by
the conditions in the specimen chamber. A beryllium
window separates the specimen chamber from the de-

Silicon
drift detector

Gold-coated
recipient

Detector
electronics

Beryllium
window

Specimen holder Specimen

Figure 6: CAD drawing of the main components of
TriADE.

Figure 7:

Beryllium specimen
for TriADE
measurements.

tector in terms of vacuum technology. It is highly trans-
parent for X-rays and, at the same time, ensures a small
leak rate of tritium.

To measure RW candidates under close-to-KATRIN
conditions, tritium partial pressures of 10> mbar to
103 mbar at a maximum tritium purity (> 95%) have to
be reached in TriADE. Background impacts due to trit-
ium adsorption on the specimen holder and recipient
have to be minimised. The specimen has to be stabilised
in a wide temperature range. Figure 6 shows the CAD
drawing of the TriADE specimen chamber and detector
chambers. The specimen can be exchanged by remov-
ing the rear flange. The specimens may be made of any
material that can be manufactured in the form of me-
chanically stable discs of about 7 cm in diameter and
0.1 to 5 mm in thickness.

Specimen temperature is stabilised in the range from
-100°C to +200°C with an accuracy of + 2°C by a cold
gas system or a heating sleeve. Heat is transferred via
the flange on which the specimen holder is mounted.
The specimen holder itself is made of copper for better
heat conduction. To prevent the process gas from
being impurified and reduce background sources due
to adsorbed tritium, the recipient (Figure 8), specimen
holder, and beryllium window are coated with gold.
Moreover, the complete system can be heated up to
200°C. The rear wall of KATRIN will be heated up to
temperatures of 150°C. A four-stage pumping system,
consisting of a metal bellows pump, a scroll pump, and
two serial turbomolecular pumps, ensures total pres-
sures of < 10° mbar.

The spacings of the specimen holder, beryllium window,
and SDD are chosen such that the detector is reached by
X-rays from the specimen and the surface of the gold-
coated beryllium window exclusively, without scatter-
ing. The beryllium window serves as a collimator and
limits the angle of aperture of the detector to the diam-
eter of the specimen.

Figure 8: Gold-coated TriADE receptacle.
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A silicon drift detector is used as an detector. Compared
to conventional semi-conductor detectors, silicon drift
detectors have a large active surface area of 25 to 100
mm? and a low intrinsic background (= 5 x 10 1/s) and
high energy resolution (125 eV FWHM at 5.9 keV). This
is the prerequisite for an efficient detection of low-en-
ergy X-rays (< 18.6 keV). Moreover, this type of detector
does not require any cooling with LN2, but is cooled
thermoelectrically to -55 °C.

TriADE Measurement

A TriADE measurement can be divided into several
phases: Upon the insertion of a specimen into TriADE,
the recipient is heated up for about two weeks. Then,
the desired temperature is set on the specimen and sta-
bilised with the help of the cold gas system or the heat-
ing sleeve. The specimen is exposed to the tritium par-
tial pressure between 10 and 10" mbar for a specified
period of time. Afterwards, the recipient is pumped
down to a pressure of < 10° mbar. With the help of the
X-ray detector, adsorption measurements are made. Fig-
ure 9 shows a typical BIXS spectrum.

To quantify the amount of tritium adsorbed on the
specimen surface, the events in the spectrum are added
and a count rate is determined. This count rate is com-
pared with the expected count rate obtained by Monte
Carlo simulations for a certain amount of tritium on the
specimen. The minimum amount of tritium that can be
detected on the specimen is determined largely by the
intrinsic detector background. Simulations with Penel-
ope in 2009 revealed that tritium adsorption on the
specimen of less than 1 atomic layer can be detected.
Hence, the KATRIN requirement for the rear wall (cover-
age by less than 1 atomic layer) can be verified for the
first time. This has not yet been possible with any other
system.
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Figure 9: BIXS spectrum of a gaseous tritium source
recorded by a silicon drift detector. A continuous
bremsstrahlung spectrum is superposed by material-
specific fluorescence lines.

After the BIXS measurement, the specimen temperature
can be increased. Using the mass spectrometer, it can be
determined at which temperatures tritium is desorbed
from the specimen. This allows conclusions to be drawn
with respect to the binding energy. As an alternative, it
can be studied whether purge gas mixtures can be used
to decontaminate the specimen and hence, the RW in
the later KATRIN facility.

First measurements were made using a gold-coated be-
ryllium specimen, as this KATRIN-relevant material com-
bination is of high interest. It is also planned to use this
set-up for later measurements of fusion-relevant mate-
rials, such as breeder blankets or materials used for
tritium process technology.

Status and Outlook

The TriADE experiment (Figure 10) was set up under
two doctoral and one diploma theses in 2012/2013. In
2014, first important tritium measurements will be
made and evaluated within the framework of a master’s
thesis. With the help of these measurements, it will be
possible to identify an appropriate RW candidate for
KATRIN and to quantify the tritium adsorption-related
systematic uncertainty of the KATRIN tritium gas source.

L T B T TR T T o B S )

Figure 10: CAD of the TriADE experiment with the
pumping station (coloured blue), core components
(green), instruments and manual valves (brown),
mass spectrometer and the corresponding volume
(magenta), as well as the specimen holder (yellow).
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Awards and Prizes

2013 turned out to be an eventful and fruitful year for
ITEP. The Institute and its staff were granted several
prizes in various areas.

KIT Innovation Award NEULAND

Product-oriented idea: Professor Steffen Grohmann of
ITEP and the Institute for Technical Thermodynamics
and Refrigeration (ITTK) was granted the second prize
in the category “Competition of Ideas” of the KIT In-
novation Competition “NEULAND 2013". Within the
framework of his project “Mass flow sensor”, Grohm-
ann develops a completely novel measurement principle
to determine mass flow of fluids. It is based on energy
conservation. In the NEULAND innovation competition,
KIT employees are requested to submit project ideas
that are based on KIT know-how and aimed at transfer-
ring technologies. After the first round, six ideas and
transfer projects were granted awards in two categories
in March 2013. An independent jury of industry repre-
sentatives selected the winners based on the criteria of
creativity and innovation level, proximity to the market
and market size as well as benefit for the society.

i oL

Professor Steffen Grohmann (left) received the
award certificate from KIT President Professor
Eberhard Umbach.

AMS — Arbeitsschutz mit System

Safety at work: ITEP is the first scientific institute in Eu-
rope, whose Safety at work management system was
recertified. In April 2013, ITEP was granted the certifi-
cate "AMS - Arbeitsschutz mit System” (systematic
safety at work) by the accident insurance company VBG
and the Unfallkasse Baden-Wurttemberg (UKBW). The
safety at work management system of the Institute was
reviewed according to national and international stand-
ards and found to fulfil all criteria established by the
German Institution for Statutory Accident Insurance and
Prevention. Implementation of the safety at work man-

agement system by ITEP had been associated with big
challenges, in particular in connection with new tech-
nologies, for which a generally valid state of the art
does not yet exist.

. ¥ = \
Uwe Marx, Head of the Prevention Section of
the VBG District Administration Ludwigsburg,
and Wolfgang Kurz, Head of the Prevention Section
of UKBW, handed over the certificate to the Head
of Institute Professor Mathias Noe (from left to
right). On the right, KIT Vice President for Human
Resources and Law, Dr. Elke Luise Barnstedt,
is visible. (Photo: KIT)

Exemplary Building in the District of Karlsruhe

Exemplary research environment: The new building of
ITEP was granted a prize for “Exemplary Building in
the District of Karlsruhe 2006-2013"” by the Chamber
of Architects in Baden-Wurttemberg. The building on
KIT Campus North (building 410) was designed by the

The ITEP
Building

. seen from
the front
and the
inner
courtyard.
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Architectural Office of Behnisch Architekten and
opened officially in July 2011 after a construction pe-
riod of 15 months. The entrance area is rather spa-
cious and covered by a skylight. Offices are located on
the neighbouring two floors. The basement accommo-
dates laboratory rooms that open onto a green court-
yard. The jury was convinced in particular by the light
and open atmosphere of the building. With the “Ex-
emplary Building” award, the Chamber of Architects
in Baden-Wurttemberg wishes to sharpen the aware-
ness for building culture in everyday life. Criteria are
the external design, dimensions and proportions of
the construction, internal room layout, as well as inte-
gration into the urban context and environment. The
prize honours the joint commitment of architects and
owners.

EnergyCampus Competition of Ideas

Excellent young researchers: Florian Erb, KIT, reached
the second place in the Competition of Ideas “Energy-
Campus 2013" for his thesis on “Superconducting DC
generators for compact and efficient wind turbines.”
With this competition, the Foundation for Energy and
Climate Protection in Baden-Wirttemberg wishes to
support young scientists at the state universities. The
heading of the competition in 2013 was “Security of
supply with renewable energies”. Criteria for the eval-
uation of the theses were the originality of scientific
work, excellent results, research and technology trans-
fer as well as the quality of the presentation. At a sym-
posium in November 2013 at the University of Ulm, the
prizes were handed over.

Florian Erb of ITEP, KIT, reached the second place in
the EnergyCampus competition of ideas. The first
prize was won by Kathrin Menberg, KIT Institute
for Applied Geosciences (AGW).

DKV Studies Award

Award for diploma thesis: For her diploma thesis writ-
ten at ITEP, Carolin Heidt was granted the DKV Studies
Award in November 2013. This award granted by the
Deutscher Kalte- und Klimatechnischer Verein — DKV
(German Association for Cryogenic and Air Condition-
ing Technologies) honours excellent student projects
and diploma theses in the fields of cryotechnologies
and air conditioning technologies. Carolin Heidt's di-
ploma thesis focused on “Studies relating to the safety
of liquid helium pressure vessels.”

Carolin Heidt at the awards ceremony with the
supervisor of her diploma thesis, Professor Dr.-Ing.
Steffen Grohmann (second from the left), as well
as Dr.-Ing. Josef Osthues (left, Chairman of the
DKYV) and Professor Dr.-Ing. Ullrich Hesse (right,
Deputy Chaiman of the DKV).
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Lectures, Seminars, Workshops, Summer Schools

Lectures

KIT-Fakultat Elektrotechnik und Informationstechnik
Supraleitende Systeme fiir Ingenieure (Noe, Neumann,
Siegel) WS 12/13-13/14

Supraleitertechnologie (Noe) SS 13

Superconducting Materials for Energy Applications
(Grilli, Noe) SS 13

Seminar Project management for engineers (Noe, Day,
Grohmann) SS 13

KIT-Fakultat far Chemieingenieurwesen und Verfah-
renstechnik

Vakuumtechnik I (Day, Varoutis) WS 12/13-13/14
Kryotechnik (Neumann) WS 12/13-13/14

Kaltetechnik A (Grohmann) WS 12/13-13/14
Kaltetechnik B (Grohmann) SS 13

KIT-Fakultat Maschinenbau

Fusionstechnologie A* (Bornschein, Day, Fietz, Weiss)
WS 12/13-13/14

Magnet-Technologie fiir Fusionsreaktoren (Fietz, Weiss)
SS 13

Vakuumtechnik und Tritiumbrennstoffkreislauf (Born-
schein, Day, Demange) SS 13

KIT-Fakultat Physik

Messmethoden und Techniken in der Experimental-
physik (Bornschein) SS 13

Hauptseminar Astroteilchenphysik: Neutrinos und
dunkle Materie (Bornschein) WS 12/13-13/14 und SS 13

Leibniz Universitat Hannover — Fakultat Elektrotechnik
und Informationstechnik

Neue Komponenten der elektrischen Energiever-
sorgung* (Noe) SS 13

House of Competence

Blockseminar (4 Tage) Wissenschaftliches Schreiben
und Prasentieren fur Physiker (Bornschein) WS 12/13
und SS 13

Blockseminar (4 Tage) ,Erstellen wissenschaftlicher
Publikationen in der Physik” (Bornschein, Schldsser , Fi-
scher) WS 12/13

Mikromodul Physik/Geophysik (HoC in Kooperation mit
Physikpraktikum) (Bornschein) WS 12/13-13/14

Duale Hochschule BW - Fachbereich Maschinenbau
Konstruktionslehre (Bauer) WS 12/13
Arbeitssicherheit und Umweltschutz (Bauer) SS 13
Thermodynamik 1 fiir Maschinenbauer (Neumann)
WS 12/13-13/14

Thermodynamik 2 fiir Maschinenbauer (Neumann)
SS 13

* with participation of ITEP

Seminars / Summer Schools / Workshops

4™ ITEP Young Scientists Seminar
14.-17. Januar 2013, Kristberg, Osterreich

VDI-Seminar Kryotechnik
27. Februar — 01. Marz 2013, Karlsruhe

CIGRE Working Group Meeting D1.38*
23.-27. April 2013, Peking, China

7. Karlsruhe-Dresden Doktorandenseminar zur Supra-
leitung*
19.-20. Juni 2013, Colditz

3" KIT Fusion PhD Student Seminar*
19.-20. Juni 2013, St. Martin

7t ESAS Summer School on Materials and Applications
on Superconductivity
29. Juli - 2. August 2013, Karlsruhe

7t International Summer School on Fusion Technologies*
2.-13. September 2013, Karlsruhe

CIGRE Working Group Meeting D1.38*
18. September 2013, Genua, ltalien

VDI Seminar Cryogenics
9.-11. Oktober 2013, Karlsruhe

Haus der Technik Seminar Kryostatbau
16.-18. Oktober 2013, Karlsruhe

KSETA Doktorandenworkshop 2013*
16.-18. Oktober, Freudenstadt
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Doctoral Theses — Master- and Diploma Theses —

Bachelor Theses

2013 Doctoral Theses (*completed)

Martin Babutzka (TLK)
Entwicklung, Aufbau und Integration des Calibration
und Monitoring Systems (CMS) am KATRIN-Experiment

Christian Barth* (FUSION)
High temperature superconductor cable concepts for
fusion magnets

Wescley Batista de Sousa (SUPRA)
Transient simulations of superconducting devices

Christoph Bayer (FUSION)
Characterization of high temperature superconductor
(HTS) cable for large scale HTS magnet coil application

Olga Borisevich (TLK)
Simulation and experimental study of a multi-stage per-
meation process for tritium recovery in breeder blanket

Florian Erb (SUPRA)
Entwurf supraleitender Windkraftgeneratoren

Sebastian Fischer (TLK)
Laser Raman Spectroscopy for the KATRIN Experiment

Patthabi Vishnuvardhan Gade (FUSION)
Optimization of High Temperature Superconductor
(HTS) cable concepts for high current capacity to be
used in HTS coils for future fusion reactors

Thomas Giegerich (VAKUUM)
Entwicklung eines Vakuumpumpkonzepts fur zukinf-
tige Fusionsreaktoren

Cristian Gleason-Gonzalez (VAKUUM)
Modelling of rarefied neutral gas flow

Robin GroBle (TLK)

IR-Spektroskopie an flussigen Wasserstoffisotopen und
Entwicklung einer Methode zur Bestimmung der Triti-
umkonzentration im Brennstoffkreislauf von ITER

Carolin Heidt (KRYO)

Experimentelle Untersuchungen und Modellierung von
Storfallen in Flussighelium-Kryostaten und die Aus-
wirkungen auf das Schutzkonzept

Sebastian Hellmann (SUPRA)
Technologieentwicklung fur supraleitende strombe-
grenzende Transformatoren

Zoltan Kollo6 (TLK)
Further Development of Tritium analytic devices

Philipp Kriiger (SUPRA)
AC Loss characterization of HTS devices for power ap-
plications

Robert Michling (TLK)
Performances Assessment of Water Detritiation Process

Oliver Nackel (SUPRA)
Untersuchungen strombegrenzender Spulen

Florian Priester* (TLK)
Tritiumtechnologie fur die fensterlose WGTS von
KATRIN

Enrico Rizzo* (FUSION)

Thermal-fluid dynamic and electrical optimization of
high temperature superconductor current leads for
fusion magnet systems

Marco Rollig (TLK)
Tritiumanalytik bei KATRIN

Simone Rupp (TLK)

Development and investigation of a tritium-compatible
capillary Raman system and a mixing loop for all hydro-
gen isotopologues

Kerstin Schénung (TLK)
Aufbau Rear-System von KATRIN

Magnus Schldsser* (TLK)
Accurate calibration of the Raman system for the
Karlsruhe Tritium Neutrino Experiment

Master- and Diploma Theses 2013
(*completed)

Alexander Beck*

Entwicklung und Test einer Analysesoftware fur das
Tritium-Absorptions-Infarot (TApIR)-Experiment zur Un-
tersuchung der IR-Absorption in fllssigen Wasserstoff-
isotopen.

Miroslav Dimov

Untersuchungen zur Entwicklung eines Prototyp-Sen-
sors fur ein neues thermisches Messverfahren zur Durch-
flussmessung

Daniel Fischer*
Gasabgabeeffekte beim Abpumpen von Fusionsreaktoren

Amit Grover*

Development, construction and test of a flexible sup-
port structure for multi-layer insulation in a flexible
cryogenic transfer line
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Enno Heits
Supraleitende Miniaturbahn

Yannick Ille*

Untersuchung eines Versuchsstandes zur Charakte-
risierung von superpermeablen Metallfolien mittels
Wasserstoffplasma

Daniel Kraft*
Auslegung eines Rekuperators/Regenerators fur LH2-
Speicherung

Sebastian Mirz

Untersuchung des Ir-Absorptionsverhaltens fltssiger
Wasserstoffisotopologe von der Weglange und der Or-
tho-Parabesetzung

Simon Niemes*

Messung des Bramsstrahlungsspektrums von tritiiertem
Wasser mit einem Siliziumdriftdetektor am Tritiumlabor
Karlsruhe

Simon Otten
Transverse pressure of IC in coated Conductor Roebel
Cables

Manuel Pitsch
Auswertung von Netzzustanddaten - Chancen und
Optimierungspotentiale

Clio Saglietti*
Experimental and computational study of vacuum gas
flows through short tubes and bellows

Vera Schafer*

Charakterisierung des ,,Coating Test Experiments” zur
Verbesserung der Langzeitstabilitdt und der Reprodu-
zierbarkeit

Fabian Schneck*
Untersuchung des Adsorptionsverhaltens von Tritium
an Oberflachen und Implikationen fur KATRIN

Hendrik Seitz

Entwicklung eines optimierten Kapillar-Raman-Systems
fur das KATRIN-Experiment zur Bestimmung

von Gaszusammensetzungen mit hoher Sensitivitat

Rodrigue Tchoumbe*

Berechnung und Untersuchung notwendiger Modifika-
tionen fur den Einsatz von Quecksilberring-Vaku-
umpumpen in der Fusion

Bachelor Theses 2013
(*completed

Tim Brunst*

Durchfihrung von Messungen mit einem Lumineszenz-
standard zur Kalibrierung des Laser-Raman-Systems flr
KATRIN

Julia Dusold*

Charakterisierung der Amptek X-123 Si-PIN Diode und
Identifizierung von Mineralien mithilfe des Amptek
Mini-X Rontgensystems

Max Gortz*
Messung von Quench und Ruckkahlzeiten verschiedener
Supraleiteranordnungen in flussigem Stickstoff

Felix Heil
Aufbau und Inbetriebnahme der Magnetversorgung
eines supraleitenden Energiespeichers

Roxana Helm
Simulation von Generatoren fiir Windkraftanlagen

Yannik Horstensmeyer
Simulation von Quecksilberdampfstréomungen durch
das DUsensystem von Diffusionsvakuumpumpen

Patrick Kabrhel
Experimentelle Untersuchungen des transienten Uber-
gangs an Bandleiter in flissigem Stickstoff

Thomas Karcher
Entwicklung eines Pumpenventils fur eine tritiumkom-
patible Vakuumpumpe

Milena Kesenheimer (IKET)
Untersuchungen zur Kavitation in einem passiven Riick-
strombegrenzer

Dustin Kottonau*

Wirtschaftlicher Vergleich von konventionellen und
neuartigen Energielbertragungssystemen auf unter-
schiedlicher Spannungsebene

Alexander Kraus*
Modellierung und Messung von IR-Absorptionsspektren
flussiger Wasserstoffisotopologe

Michael Mai*
Berechnung einer kalten Gasreinigungskolonne zur
Aufreinigung des Abgases von Quecksilberringpumpen

Manuel Mungenast*
Aufbau, Programmierung und Visualisierung einer Tem-
peraturregelung mit einer Steuerung Simatic S7-1200
und einem Touch-Panel

Pakari Oskari
Untersuchung von Beta induzierter Atom Emission

Kevin-Davis Richler

Aufbau, Inbetriebnahme und erste Testmessungen mit
einem Ortho/Para-Konverter fur flussige Wasserstoffiso-
topologe

Sebastian Senft
Untersuchung von Glasfasern auf ihre Tauglichkeit in
einer Tritiumumgebung

Sebastian Wozniewski
Relative Kalibrierung der IR Absorptionsspektren gegen
H,, HD und D, Konzentration
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ITEP Colloquies

24.01.2013

26.03.2013

23.04.2013

29.04.2013

30.04.2013

14.05.2013

04.06.2013

18.06.2013

02.07.2013

24.07.2013

17.09.2013

24.09.2013

Cryogenic Properties Assessment at
CCMAS

Dr. Chuan-Jun Huang Chinese
Academy of Sciences; FUSION

Potenzial interdisziplinarer Forschung
Neuromarketing, oder: was verbindet Su-
praleitung mit einem ,,guten?” Glas Wein
Dr. Goldacker; SUPRA

Fordermoglichkeiten der DFG
Stabsstelle FOR; Administration

Auxiliary Cryogenic systems for SST-1 and
Recent developments

Naresh Gupta; Institute for Plasma
Research (India); KRYO

High-Power Stirling-Type Pulse Tube
Cryocooler for Operation near 80 K

Jiuce Sun Zhejiang; University Hangzhou,
China; KRYO

Untersuchungen zur Sicherheit von
Flassig-Helium-Druckbehaltern
Carolin Heidt; KRYO

LIQHYSMES - ein multifunktionales
Hybrid Energiespeicher-Konzept
Michael Sander; KRYO

Messung des Bremsstrahlungsspektrums
von tritiiertem Wasser zur Konzentrati-
onsbestimmung mit einem Siliziumdrift-
detektor

Simon Niemes; TLK

Berechnung eines mehrstufigen Gas-
kuhlers zur Aufreinigung des Abgases
von Quecksilberringpumpen

Michael Mai; VAKUUM

Hochtemperatur-Supraleiter-Kabelkon-
zepte fur Fusionsmagnete
Christian Barth; FUSION

ITEP Guide - eine Orientierungshilfe fur
neue Mitarbeiter/innen
Réhnisch/Meinzer; Administration

Simulation von Quecksilberdampf-
stromungen durch das Diisensystem von
Diffusionsvakuumpumpen

Yannick Hérstensmeyer; VAKUUM

01.10.2013

08.10.2013

12.11.2013

19.11.2013

26.11.2013

03.12.2013

11.12.2013

Experimental and computational study of
vacuum gas flows through short tubes
and bellows

Clio Saglietti; VAKUUM

Kryoventilprasentation
Fa. Stohr; KRYO

Auslegung eines Rekuperators/
Regenerators fir LH2-Speicherung
Daniel Kraft; KRYO

Gasabgabeeffekte beim Abpumpen von
Fusionsreaktoren; Untersuchung eines
Versuchsstandes zur Charakterisierung
von superpermeablen Metallfolien
mittels Wasserstoffplasma

Daniel Fischer, Yannik llle; VAKUUM

Aufbau und Inbetriebnahme der
Magnetstromversorgung eines supra-
leitenden Energiespeichers

Felix Heil; HFM

Angle-Dependent U(l)
HTS Measurements
Pauline Leys; HFM

Optimization of High Temperature
Superconductor current leads for nuclear
fusion applications

Enrico Rizzo; FUSION
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ITEP Chart of Organization (January, 2013)

INSTITUTE FOR TECHNICAL PHYSICS (ITEP)
Collegial Direction: Prof. Dr.-Ing. M. Noe

Prof. Dr. B. Holzapfel
Representative: Dr. W. Fietz

Head of Administration: Dipl.-Ing. K. Bauer

Tie-in workshop
in conjunction with IK
and |EKP (University)

.
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High-field Applications in Development for Technology Karlsruhe
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Representative: Head of Operations:
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Tritium Balance
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AC Losses & i el
Galculations > Cryoinfrastructure High-voltage Vacuum Physics
Licdelng Technolo
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Personnel Status (30.11.2013)

Total

University graduates

Engineers and technicians

Others

Pre-doctoral students

Diploma students

DH students

200

Apprentices

54 Trainees

63 additionally, during 2013

28 Guests

23 Trainees

16  Student assistants

10 Term Papers, bachelor theses

13

14

23

20
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Personnel Changes in 2013

Newly Recruited
(Excluding Trainees, Guests,
and Student Assistants))
Melanie Bacher

Wescley Batista de Sousa
Axel Bénisch

Flavio Brighenti

Tim Brunst

Andras Bukki-Deme
Daniel Fischer

Marius Frank

Eric Freynhagen

Max Gortz

Felix Heil

Carolin Heidt

Enno Heits

Marvyn Hellmann
Roxana Helm

Bernhard Holzapfel
Yannick Horstensmeyer
Yannik Ille

Patrick Kabrhel

Thomas Karcher

Dustin Kottonau
Michael Korevaar
Daniel Kraft

Michael Mai

Simon Otten

Oskari Pakari

Kevin-Davis Richler
Hendrik Seitz

Jiuce Sun

Thorben Wahl
Sebastian Wozniewski

Hong Wu

Leaving

(Excluding Trainees, Guests,
and Student Assistants)
Catalin-Gabriel Alecu
Martin Babutzka

Christian Barth

Sabrina Gerl

Manfred Jung

Benedikt Kuffner

André Opitz

Rolf Simon

Rodrigue Tchoumbe

Michal Vojenciak

Robert Wagner
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Trainee / Student assistants

Trainee 2013 (* completed) Student assistants 2013

Katharina Battes
Thomas Giegerich*
Benedikt Kuffner

Xavier Lefebvre

Ochoa Guaman Santiago

Michael Schrank

Daniel Barth
Alexander Beck
Sebastian Della Bona
Sylvia Ebenhoch
Felix Heil

Florian Kassel
Manuel Klein
Kyriaki Koutrouveli
Alexander Kraus
Simon Kudella
Sebastian Mirz
Simon Niemes
Sashank Pappu
Manuel Pitsch

Clio Saglietti
Matthias Schaufelberger
Vera Schafer
Florian SchleiBinger
Fabian Schneck
David Schneider

Pia Schulz

Jasmin Seeger

Sascha Singer
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Guest Researcher

Guest Researcher

Jérome André
21.10.-31.12.13 Gast aus Traineeprogramm
GOTP-GIRO, Saclay, Frankreich

Dr. Gheorghe Bulubasa

01.07.-31.07.13 National Institute of R&D for
Cryogenic and Isotopic Technologies,
Valcea, Rumanien

Dr. Jiwen Cen

23.09.-15.03.14 Guangzhou Institute of Energy
Conversion, Chinese Academy of
Sciences, Peking, China

Dr. Chuanjun Huang
22.01.-25.01.13 Chinese Academy of Science,
Peking, China

Dr. Rongjin Huang
22.01.-25.01.13 Chinese Academy of Science,
Peking, China

Dr. Timothy James
21.04.-09.05.13 Universitat Swansea,
Wales, GroBbritannien

Prof. Kenzo Munakata
28.10.-31.10.13 Faculty of Engineering and Resource
Science, Akita University, Japan

Alina Niculescu

17.07.-26.07.13 National Institute of R&D for
Cryogenic and Isotopic Technologies,
Valcea, Rumanien

Dr. Yoshinori Ono
07.10.-31.03.14 National Institute for Materials
Science, Tsukuba, Japan

Catalin Petrutiu

13.05.-07.06.13 National Institute of R & D for
Cryogenic and Isotopic Technologies,
Valcea, Rumanien

National Institute of R & D for
Cryogenic and Isotopic Technologies,
Valcea, Rumanien

18.11.-06.12.13

Alexandre Serrand
18.11.-13.12.13 Gast aus Traineeprogramm
GOTP-GIRO, Saclay, Frankreich

Prof. Dr. Helmut Telle
22.04.-26.04.13 Universitat Swansea,
Wales, GroBbritannien
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Memberships in relevant Technical and Scientific

Organizations

Kai Bauer

¢ Member of the Helmholtz Management Academy

* Member of the , Arbeitssicherheit und Umweltschutz”
working group

e Member of the committee of culture of study at the
Baden-Wurttemberg Cooperative State University
Karlsruhe

¢ Member of the examination board of the Baden-
Warttemberg Cooperative State University Karlsruhe
in the programmes Mechanical Engineering and Busi-
ness & Engineering

Beate Bornschein

¢ Member of the ,International Steering Committee” of
the ,International conference on Tritium Science and
Technology”

e Member of the ,Executive Committee of IEA Nuclear

Technology for Fusion Reactors Network Co-ordinator

for EU network trainee programme 'TRI-TOFY"

Member of the KATRIN Executive Committee

Member of the KATRIN Collaboration Board

Coordinator Source and Transport Section of KATRIN

Member of the Scientific Technical Assembly of KCETA

Member of the Executive Board of KSETA (KHYS-Steer-

ing Committee)

¢ Representative member of CRYS at KIT (Council for
Research and Promotion of Young Scientists)

e Member of Publication Committee of the KATRIN
collaboration

Christian Day

¢ Member of the Executive Board of the German
Vacuum Society (DVG)

¢ Vice-President of the ,Fachverband Vakuumphysik
und -technik der Dt. Physikalischen Gesellschaft
(DPG)”

e Project Leader ,Tritium - Fuelling - Vacuum” of the
European Fusion Programme EUROFUSION

¢ Project management of the field Tritium-Fuelling-
Vacuum in the European Fusionprogram
EUROFUSION

e Co-ordinator of the VACU-TEC Goal oriented
Training Programme, EFDA (GOT).

¢ Spokesperson Topic ,Vakuum und Tritium*”,
Deutsche DEMO Initiative

¢ Rarefied Gas Dynamics Conference Series (RGD),
member in the International Advisory Committee

¢ International Symposium of Fusion Nuclear
Technology (ISFNT), Member of the International
Programme Committee

¢ Associated Expert of the Indian Vacuum Society (IVS)

¢ Chartered Engineer of American Vacuum Society
(AVS)

Walter H. Fietz

¢ Member of International Organizing Committee of
Symposium of Fusion Energy

¢ Head of Task Force Magnets in KIT Program Fusion

¢ Member of KIT-Senate

Francesco Grilli

e Board member International HTS Modelling working
group: http://www.htsmodelling.com

¢ International advisory board member of the 4% Inter-
national Workshop on Numerical Modelling of High
Temperature Superconductors, 11.-14.5.2014 Bratis-
lava, http://www.elu.sav.sk/htsmod2014/get.html

Wilfried Goldacker

* Vice-President of Board of Directors ICMC (Interna-
tional Cryogenics Materials Conference)

e Mitglied der Kommission Elektrotechnik, Elektronik-
und Informationstechnik im DIJN und VDE, Referat
K184 ,Supraleiter”

¢ Advisory Board CESUR Universitat Ankara (Centre of
Excellence for Superconductivity Research)

e Board member ICEC24-ICMC Conference, Twente
7-11. Juli 2014

e Program Committtee Member ICSM-Conference

Antalya 2014

Program Board Member EUCAS-2013, Genova

Member Executive Board of Eucard-Il (EU-Projekt)

Member and KIT-Representative of Network Wind

Energy, Rostock

Steffen Grohmann

* Vice-chairman of ,Normenausschuss NA 016-00-07 AA
«Flissighelium-Druckbehalter-Sicherheitseinrichtun-
gen gegen Druckuberschreitung”

e Member of the ,Verein zur Férderung der Luft- und
Kaltetechnik e V.”

e Member of the KATRIN Executive Board and KATRIN
Publications Committee

e Member of the Institute of Refrigeration (lIF/IIR),
Commission A1: Cryophysics, Cryoengineering

Volker Hauer

¢ Ko-ordinator des Arbeitsbereiches 'Fuel Cycle Model-
ling' des Europaischen Programms Physik in der Kern-
fusion

e Research Excellence Grants' Organiser in the Euro-
pean Metrology Program (EMRP-IND-12-REG3)
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Reinhard Heller

¢ Applied Superconductivity Conference, Member of
International Program Committee

¢ Magnet Technology Conference, Member of Interna-

tional Program Committee

Computation of Thermo-Hydraulic Transients in Su-

perconductors (CHATS-AS), Board member

DKE/DIN K 184 — Superconductor

International Electrotechnical Commission (IEC TC90)

— Superconductivity — Member WG 12 - “Supercon-

ducting Power Devices-General Requirements for

Characteristic Tests of Current Leads designed for

Powering Superconducting Devices”

Holger Neumann
* Board member of the ,Deutscher Kalte- und Klima-
technischer Verein e.V. - DKV"

Bernhard Holzapfel

e European Society for Applied Superconductivity
(ESAS), Secretary

Karlsruhe School of Elementary and Astroparticle
Physics, Member of Executive Board

Applied Superconductivity Conference, Board mem-
ber

European Conference on Applied Superconductivity,
Member of International Program Committee
Superconductivity for Energy Conference, Member of
International Advisory Committee

Superconductor Science and Technology, Member of
Advisory Board

Mathias Noe

e European Society for Applied Superconductivity
(ESAS), President

Engitech Scientific Committee Member of Science
Europe

Subprogramme Coordinator of Superconducting
Magnetic Energy Storage (SMES) of the European
Energy Research Alliance (EERA) joint Program on
Energy Storage

International Council of Large Electric Systems
(CIGRE), Convenor of Working Group D.1.38 “Emerg-
ing Test Techniques Common to High Temperature
Superconducting (HTS) Power Applications”
International Energy Agency, Implementing Agree-
ment for a co-operative programme for assessing the
impacts of high-temperature superconductivity on
the electric power sector, German representative
Fusion for Energy (F4E) — Member of Technical Advi-
sory Panel

Association Steering Committee Euratom-KIT, Member
Karlsruhe School of Elementary and Astroparticle
Physics, Member of Executive Board

International Conference on Magnet Technology,
Member of International Organizing and Scientific
Program Committee

Applied Superconductivity Conference, Board member
European Conference on Applied Superconductivity,
Member of International Program Committee

e Degree course Energy Engineering and Management
of Hector School, Program Director

¢ Advisory Panel of the periodical Physica C, Member

¢ |EEE Transactions on Applied Superconductivity for
Large Scale Applications, Editor

* Smart Grid Plattform Baden-Wurttemberg, Participant

¢ Industrial Association Superconductors, Guest member

¢ Helmholtz Program Efficient Energy Conversion and
Use Program, Spokesperson Topic Superconducting
Components

e Member of Administrative Board of the Heinrich
Hertz Society

Rajanikumar, Ramalingam
¢ Advisory Committee, 2" International Conference on
current Trends in Engineering and Management

Sonja Schlachter

¢ Member of the ,Executive Board of Superconductor
Science and Technology” (SUST) in the Institute of
Physics (IOP) UK

Manfred SiBer

¢ Chairman in the DIN Standards Committee NA 016-00-
07 AA ,Flussighelium-Druckbehalter — Sicherheitsein-
richtungen gegen DruckUberschreitung”

Anne-Kathrin Weber

e Member of the KIT Convention

* Member of the examination board of the “Baden-
Wirttemberg Cooperative State University Karlsruhe”
in the Faculty Business Administration & Engineering

e Member of the Appointment Committee of the
"Baden-Wurttemberg Cooperative State University
Kalrsruhe”

Klaus-Peter Weiss

¢ DKE - German Commission for Electrical, Electronic &
Information Technologies in the DIN and VDE Depart-
ment K 184 "Superconductors”, Representative Chair-
man

e |EC International Electrotechnical Commission/Technical
Comittee 90 ,, Superconductivity” Mitglied

¢ Sprecher der Arbeitsgruppe “Magnet Design” innerhalb
der deutschen Koordination der Fusionsforschung fur
DEMO

Jiirgen Wendel

¢ Founding member and longtime member of the execu-
tive board of the “Deutschen Gesellschaft fur Flussigs-
zintillationschromatographie e.V. (DGfS)”, treasurer

e Course instructor at the Fortbildungszentrum fur
Technik und Umwelt (FTU) for the Programmes Radia-
tion Protection and Radiochemistry
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*cited in Thomson Reuters

Bagrets, N.; Barth, C.; Weiss, K.-P.

Low temperature thermal and thermo-mechanical pro-
perties of soft solders for superconducting applications.
International Conference on Magnet Technology (MT
2013), Boston, Mass., July 14-19, 2013

Bagrets, N.; Fischer, E.; Sugita, K.; Walter, W.; Weiss, K.-P.
Mechanical properties of carbon wires at low tempera-
tures.

Cryogenic Engineering Conf. and Internat.Cryogenic
Materials Conf. (CEC-ICMCQ),

Anchorage, Alaska, June 17-21, 2013

Bagrets, N.; Bayer, C.; Weiss, K.-P.

Thermal and thermo-mechanical properties of soft
solders for superconducting applications.

7t Mechanical and Electromagnetic Effects in Supercon-
ductors Workshop (MEM 2013), Aix-en-Provence,
France, March 12-14, 2013

* Bagrets, N.; Goldacker, W.; Jung, A.; Weiss, K.P.
Thermal properties of REBCO copper stabilized super-
conducting tapes.

IEEE Transactions on Applied Superconductivity,
23(2013) S. 6600303/1-3
DOI:10.1109/TASC.2012.2233268

* Barth, C.; Bagrets, N.; Weiss, K.-P.; Bayer, C.M.; Bast, T.
Degradation free epoxy impregnation of REBCO coils
and cables.

Superconductor Science and Technology, 26(2013) S.
055007/1-10

DOI:10.1088/0953-2048/26/5/055007

* Barth, C.; Weiss, K.-P.; Vojenciak, M.; Schlachter, S.
Electro-mechanical analysis of Roebel cables with diffe-
rent geometries.

Superconductor Science and Technology, 25(2013) S.
025007/1-9

DOI:10.1088/0953-2048/25/2/025007

Battes, K.; Hauer, V.

Influence of the pre-treatment on outgassing.
Frihjahrstagung DPG, Sektion Kondensierte Materie,
Fachverband Vakuumphysik und Vakuumtechnik,
Regensburg, 10.-15. Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), VA 3.1

Battes, K.; Day, C.; Hauer, V.

Review and measurement of outgassing rates of stain-
less steel and polymers.

19t Internat.Vacuum Congress (IVC-19), Paris, F,
September 9-13, 2013

Battes, K.; Day, C.; Hauer, V.

Tokamak exhaust gas composition measurement via dif-
ferent mass spectrometers.

11t International Symposium on Fusion Nuclear Tech-
nology (ISFNT 2013),

Barcelona, E, September 16-20, 2013

Bayer, C.; Barth, C.; Gade, P.V.; Heller, R.; Weiss, K.-P.

FBI — Measurement facility for high temperature super-
conducting cable designs.

International Conference on Magnet Technology (MT
2013), Boston, Mass., July 14-19, 2013

Bayer, C.; Bagrets, N.; Barth, C.; Goldacker, W.; Weiss, K.-P.
Low resistive soldering joints for HTS tapes.

7t Mechanical and Electromagnetic Effects in Supercon-
ductors Workshop (MEM 2013), Aix-en-Provence,
France, March 12-14, 2013

Beck, A.; Grossle, R.

First calibration of TApIR (tritium absorption IR-spectro-
scopy).

Fruhjahrstagung DPG, Sektion AMOP, Fachverband
Molekulphysik, Hannover, 18.-22. Marz 2013
Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), MO 11.5

Beck, A.; Grossle, R.

First measurements with TApIR (tritium absorption
IR-spectroscopy).

Frihjahrstagung DPG, Sektion AMOP, Fachverband
Molekulphysik, Hannover, 18.-22. Marz 2013
Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), MO 11.6

Bekris, N.

Surface analysis techniques for the study of plasma wall
interactions.

3rd EIROforum School of Instrumentation (ESI 2013), Ge-
neve, CH, May 27-31, 2013

Borisevich, O.; Demange, D.; Kind, M.

Zeolite membrane cascade for tritium extraction and
recovery systems.

10t International Conference on Tritium Science and
Technology (TRITIUM 2013),

Nice, F, October 21-25, 2013

* Bornschein, B.; Day, Chr.; Demange, D.; Pinna, T.
Tritium management and safety issues in ITER and
DEMO breeding blankets.

Fusion Engineering and Design, 88(2013) S. 466-471
DOI:10.1016/j.fusengdes.2013.03.032
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Commin, L.; Antusch, S.; Baumgartner, S.; Goldacker, W.,;
Lukits, P.; Rieth, M.; Bolich, D.; Hoffmann, M.
Assessment of copper based materials fr the water-
cooled divertor concept of the DEMO European fusion
reactor.

25t Symposium on Fusion Engineering (SOFE 2013), San
Francisco, Calif., June 10-14, 2013

Commin, L.; Antusch, S.; Baumgartner, S.; Goldacker,
W.; Lukits, P; Rieth, M.; Bolich, D.; Hoffmann, M.
Assessment of copper based materials fr the water-
cooled divertor concept of the DEMO European fusion
reactor.

Proceedings of the 25" Symposium on Fusion Enginee-
ring (SOFE 2013), San Francisco, Calif., June 10-14, 2013
Piscataway, N.J.: IEEE, 2013 ThPO-15

ISBN 978-1-4799-0171-5
DOI:10.1109/SOFE.2013.6635275

Day, C.; Haas, H.; Hanke, S.; Hauer, V.; Luo, X.; Scanna-
piego, M.; Varoutis, S.

20 years experience in designing and testing customized
cryopumps — A review.

Cryogenic Engineering Conf.and Internat.Cryogenic
Materials Conf. (CEC-ICMCQ),

Anchorage, Alaska, June 17-21, 2013

Day, C.

20 years of customized cryopumps in fusion research.
24t National Symposium on Cryogenics (NSC 2013),
Ahmedabad, IND, January 21-24, 2013

Day, C.

A two-lecture shourt course on cryopumps.

24t National Symposium on Cryogenics (NSC 2013),
Ahmedabad, IND, January 21-24, 2013

Day, C.; Giegerich, Th.

Exhaust pumping of DT fusion devices — Current state-
of-the-art and a potential roadmap to a power plant.
25% Symposium on Fusion Engineering (SOFE 2013), San
Francisco, Calif., June 10-14, 2013

Day, C.

ITER — Der Weg zu einem Fusionskraftwerk.
Bad Honnefer Industriegesprache,

Bad Honnef, 17. Juli 2013

Day, C.

Kryovakuumtechnik und Kryopumpen.

Kryotechnik: Grundlagen und Arbeitstechniken, Ent-
wicklungsstand, -tendenzen,

Anwendungen ; VDI-Wissensforum, Karlsruhe, 27. Feb-
ruar — 1. Marz 2013

Day, C.; Giegerich, T.

Non-cryogenic pumps for DEMO. (eingeladen)

21t Congress 'Materials, Interfaces, Processes: New Chal-
lenges for Future

Applications', Catania, I, May 15-17, 2013

* Day, C.; Giegerich, T.

The direct internal recycling concept to simplify the fuel
cycle of a fusion power plant.

Fusion Engineering and Design, 88(2013) S. 616-620
DOI:10.1016/j.fusengdes.2013.05.026

Day, C.; Hauer, V,; Igitkhanoy, J.; Kalupin, D.; Valovic,
M.; Varoutis, S.

Towards a physics-integrated view of the fusion fuel cycle.
11t International Symposium on Fusion Nuclear Tech-
nology (ISFNT 2013),

Barcelona, E, September 16-20, 2013

Day, Chr.

Kryotechnik und Kryopumpen.

Jousten, K. [Hrsg.]

Wutz Handbuch Vakuumtechnik

Wiesbaden: Springer Vieweg, 2013 S. 523-577
ISBN 978-3-8348-1745-7

Demange, D.; Fanghanel, E.; Fischer, S.; Le, T.L.; Priester,
F.; Rollig, M.; Schlésser, M.; Simon, K.H.

CAPER as central and crucial facility to support R&D
with tritium at TLK.

10t International Conference on Tritium Science and
Technology (TRITIUM 2013),

Nice, F, October 21-25, 2013

Demange, D.; Fanghénel, E.; Gramlich, N.; Le, T.L.;
Moosmann, H.; Simon, K.H.; Wagner, R.; Welte, S.
Integration of a micro-channel catalytic reactor in
CAPER to study highly

tritiated water handling and processing.

10t International Conference on Tritium Science and
Technology (TRITIUM 2013),

Nice, F, October 21-25, 2013

* Demange, D.; Borisevich, O.; Gramlich, N.; Wagner, R;
Welte, S.

Zeolite membranes and palladium membrane reactor
for tritium extraction from the breeder blankets of ITER
and DEMO.

Fusion Engineering and Design, 88(2013) S. 2396-2399
DOI:10.1016/j.fusengdes.2013.05.102

* Dremel, M.; Pearce, R.; Strobel, H.; Hauer, V.; Day, C,;
Wikus, P.; Papastergiou, S.

The new build to print design of the ITER torus cryopump.
Fusion Engineering and Design, 88(2013) S. 760-763
DOI:10.1016/j.fusengdes.2013.02.026

* Drotziger, S.; Buscher, K.-P.,; Fietz, W.H.; Heiduk, M.;
Heller, R.; Hollik, M.; Lange, C.; Lietzow, R.; Moennich,
T.; Richter, T.; Rummel, T.

Overview of results from Wendelstein 7-X HTS current
lead testing.

Fusion Engineering and Design, 88(2013) S. 1585-1588
DOI:10.1016/j.fusengdes.2013.01.104

* Fietz, W. H.; Fink, S.; Kraft, G.; Scheller, H.; Weiss, E.;
Zwecker, V.

High voltage testing of ITER prototype axial breaks.
IEEE Transactions on Applied Superconductivity,
23(2013) S. 4200604/1-4
DOI:10.1109/TASC.2012.2234177

Fietz, W.H.; Fink, S.; Fuhrmann, U.; Mdller, R.; Urbach,
E.; Zwecker, V.; Brummer, A.; Oberstarr, R.; Wildner, C.;
Wimmer, F.; Woelfl, K.

Mass production of the superconducting magnet system
for the JT-60SA.

International Conference on Magnet Technology (MT
2013), Boston, Mass., July 14-19, 2013
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* Fietz, W. H.; Barth, C.; Drotziger, S.; Goldacker, W.;
Heller, R.; Schlachter, S. I.; Weiss, K. P.

Prospects of high temperature superconductors for
fusion magnets and power applications.

Fusion Engineering and Design, 88(2013) S. 440-445
DOI:10.1016/j.fusengdes.2013.03.059

* Fink, S.; Fietz, W.H.; Kraft, G.; Scheller, H.; Urbach, E.;
Zwecker, V.

Paschen testing of ITER prototype cryogenic axial breaks.
Fusion Engineering and Design, 88(2013) S. 1475-1477
DOI:10.1016/j.fusengdes.2012.11.028

Fischer, S.; Schénung, K.; Rolli, R.; Schafer, V.; Sturm, M.
Investigation of durability of optical coatings in high
purity tritium gas.

10t International Conference on Tritium Science and
Technology (TRITIUM 2013),

Nice, F, October 21-25, 2013

Gade, P. V.; Bayer, C,; Franza, F,; Heller, R.; Weiss, K.-P.
Conceptual design of a toroidal field coil for a fusion
power plant using high temperature superconductors.
23nd International Conference on Magnet Technology
(MT 2013), Boston, Mass., July 14-19, 2013

Giegerich, T.; Day, C.

A metal foil vacuum pump for the fuel cycle of fusion
power plants.

Frihjahrstagung DPG, Sektion Kondensierte Materie,
Fachverband Vakuumphysik und Vakuumtechnik, Re-
gensburg, 10.-15. Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), VA 1.2

* Giegerich, T.; Day, C.

Conceptuation of a continuosly working vacuum pump
train for fusion power plants.

Fusion Engineering and Design, 88(2013) S. 2206-2209
DOI:10.1016/j.fusengdes.2013.05.019

Giegerich, T.; Day, C.

The KALPUTREX-Process — A new vacuum pumping pro-
cess for exhaust gases in fusion power plants.

11t International Symposium on Fusion Nuclear Tech-
nology (ISFNT 2013),

Barcelona, E, September 16-20, 2013

Giegerich, T.; Day, C.

The THESEUS facility — A test environment for the torus
exhaust vacuum pumping

system of a fusion power plant.

25t Symposium on Fusion Engineering (SOFE 2013), San
Francisco, Calif., June 10-14, 2013

Giegerich, T.; Day, C.

Theoretical and experimental investigation of metal foil
vacuum pumps for pumping and separating hydrogen.
19t International Vacuum Congress (IVC 2013), Paris,
France, September 9-13, 2013

Gleason-Gonzalez, C.; Varoutis, S.; Day, C.

Divertor region gas kinetics: an engineering approach.
40t European Physical Society Conference on Plasma
Physics (EPS 2013), Espoo, SF, July 1-5, 2013

Gleason-Gonzalez, C.; Varoutis, S.; Day, C.

Simulation of neutral gas flow in a tokamak divertor
using direct simulation Monte Carlo method.

11t International Symposium on Fusion Nuclear Tech-
nology (ISFNT 2013),

Barcelona, E, September 16-20, 2013

GroBle, R.; Beck, A.; Bornschein, B.; Fischer, S.; Kraus, A.;
Rupp, S.

First calibration measurements of an IR absorption spec-
troscopy system for liquid hydrogen isotopologues.
10t International Conference on Tritium Science and
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Karlsruhe, 9.-11. Oktober 2013

Neumann, H.

Heat transfer to cryogenics — cooling techniques
VDI-Wissensforum 'Cryogenics’,

Karlsruhe, 9.-11. Oktober 2013

Neumann, H.

Thermal insulation.
VDI-Wissensforum 'Cryogenics’,
Karlsruhe, 9.-11. Oktober 2013

Neumann, H.

Thermische Isolation.

Kryotechnik: Grundlagen und Arbeitstechniken, Ent-
wicklungsstand, -tendenzen,

Anwendungen; VDI-Wissensforum,

Karlsruhe, 27. Februar — 1. Marz 2013

Neumann, H.
Thermodynamische Grundlagen.
Seminar Kryostatbau, Karlsruhe, 16.-18. Oktober 2013

Neumann, H.
Vakuum- und Sicherheitstechnik.
Seminar Kryostatbau, Karlsruhe, 16.-18. Oktober 2013

Neumann, H.

Warmeubertragung an Kryogene. Kihltechniken.
Kryotechnik: Grundlagen und Arbeitstechniken, Ent-
wicklungsstand, -tendenzen,

Anwendungen; VDI-Wissensforum,

Karlsruhe, 27. Februar - 1. Marz 2013

Noe, M.; Goldacker, W.; Holzapfel, B.

From 2G conductors to practical conductors — What
needs to be improved?

European Conference on Applied Superconductivity
(EUCAS 2013), Genova, |,

September 15.-19, 2013

Noe, M.

Opportunities of high-temperature superconducting
power equipment.

Vortr.: Max-Planck-Institut fur Festkorperphysik, Stutt-
gart, 9. Juli 2013

Noe, M.

Superconductivity as a key technology from small elec-
tronics to large magnet applications.
Academy-Industry Matching Event on Superconducti-
vity, Madrid, E, May 27-28, 2013

Noe, M.

Supraleitende Betriebsmittel fir die zukunftige Energie-
versorgung. Stand der Entwicklung und Perspektiven.
Institutskolloquium, Elektrotechnisches Institut des
KIT, 18. November 2013

Noe, M.

Supraleiter-Transformatoren. Mit hoher Effizienz und
mehr Sicherheit in die Zukunft.
Leistungstransformatoren im taglichen Betrieb,
Gelsenkirchen, 2.-3. Dezember 2013



Publications | “Efficient Energy Conversion” Program

Noe, M.; Sarmiento, G.; Arlaban, T.; Manzanas, R.; Tro-
peano, M.; Funke, R.; Kovac, P; Yang, Y.; Mondesert, B.
Suprapower, a new project towards high power wind
generators using superconductivity.

12t International Workshop on Large-Scale Integra-
tion of Wind Power into Power

Systems, London, October 22-24, 2013

* NUrnberg, A.; Schneider, T.

Lorentz angle measurements as part of the sensor R&D
for the CMS tracker upgrade.

Journal of Instrumentation, 8(2013) C01001
DOI:10.1088/1748-0221/8/01/C01001

* Prikhna, T.; Eisterer, M.; Weber, H.W.; Gawalek, W.;
Chaud, X.; Sokolovsky, V.; Moshchil, V.; Kozyrev, A,;
Sverdun, V.; Kuznietsov, R.; Habisreuther, T.; Karpets,
M.; Kovylaey, V.; Noudem, J.; Rabier, J.; Joulain, A.;
Goldacker, W.; Basyuk, T.; Tkach, V.; Dellith, J.;
Schmidt, C.; Shaternik, A.

Pinning in MgB2- and YBaCuO-based superconductors:
Effect of manufacturing pressure and temperature.
IEEE Transactions on Applied Superconductivity,
23(2013) S. 8001605/1-5
DOI:10.1109/TASC.2013.2237736

Ramalingam, R.; Neumann, H.

Characterization of fiber bragg grating sensor in a
high speed rotating pipe.

20. Internationale Fachmesse fur Sensorik, Mess- und
Pruftechnik 'Sensor und Test',

NuUrnberg, 14.-16. Mai 2013

Ramalingam, R.; Nast, R.; Neumann, h.

Distributed torsional strain measurement using em-
bedded fiber bragg gratings array in a 2" generation
high temperature superconductor tapes.

Cryogenic Engineering Conf.and Internat.Cryogenic
Materials Conf. (CEC-ICMC),

Anchorage, Alaska, June 17-21, 2013

Ramalingam, R.; Neumann, H.

Measurement of temperature distribution in multi-
layer insulations between 77 and 300 K using fiber
Bragg grating sensor.

Iniewski, K. [Hrsg.]

Smart Sensors for Industrial Applications

Boca Raton : Taylor & Francis, 2013

(Devices, Circuits, and Systems)

ISBN 978-1-4665-6810-5

Ramalingam, R.; Boguhn, D.; Fillinger, H.; Schlachter,
S.l.; SuBer, M.

Study of robust thin film PT-1000 temperature sensors
for cryogenic process control applications.

Cryogenic Engineering Conf.and Internat.Cryogenic
Materials Conf. (CEC-ICMC),

Anchorage, Alaska, June 17-21, 2013

Ramalingam, R.

Study of strain transmission of surface bonded FBG
based long range displacement sensor for cryogenic
application.

Deutsche Kalte-Klima-Tagung, Hannover,

20.-22. November 2013

Ramalingam, R. K.; Langhans, O.; StBer, M.

Robuste Pt1000-Temperaturfihler fur kryogene An-
wendungen in der Prozessmesstechnik.

Annual Meeting of the Deutscher Kaelte und Klima-
technischer Verein 2012 / Deutsche Kaelte-Klima-Ta-
gung 2012, Warzburg, November 21-23, 2012
Proc.Vol.1S. 39-50

Red Hook, N.Y.: Curran Associates, 2013

ISBN 978-1-62748-271-4

Ramalingam, R. K.; Langhans, O.; StBer, M.; Boguhn, D.
Untersuchung von Pt1000-Fuhler fur die Anwendung
bei kryogenen Temperaturen.

Verfahren und Gerate in der Temperatur und Feuchte-
messtechnik (TEMPERATUR 2013),

Berlin, 5.-6. Juni 2013

Ramalingam, R.K.; Langhans, O.; StuBer, M.
Untersuchung von PT1000-Fuhler fur die Anwendung
bei kryogenen Temperaturen.

Temperatur Tagung, Berlin, 5.-6. Juni 2013

Ramalingam, R. K.; Langhans, O.; StBer, M.
Untersuchungen von Pt1000-Fuhler fur die Anwen-
dung bei kryogenen Temperaturen.

Verfahren und Gerate in der Temperatur und Feuchte-
messtechnik: TEMPERATUR 2013,

Berlin, 5.-6. Juni 2013

Tagungsband S. 79-83

Braunschweig: PTB, 2013

Sander, M.; Gehring, R.; Neumann, H.

LIQHYSMES - Spectral power distributions of imbalan-
ces and implications for the SMES.

European Conference on Applied Superconductivity
(EUCAS 2013), Genova, |,

September 15-19, 2013

Schlachter, S.I.; Brand, J.; Goldacker, W.

HTS magnet and cryogenic system for radio blackout
mitigation experiment.

25t Space Cryogenics Workshop, Girdwood, Alaska,
June 23-25, 2013

Schlachter, S.1.; Brand, J.; Goldacker, W.; Fillinger, H.;
Kario, A.; Ringsdorf, B.; Walschburger, U.

Radiation blackout mitigation experiment with HTS
magnet.

Cryogenic Engineering Conf.and Internat.Cryogenic
Materials Conf. (CEC-ICMC),

Anchorage, Alaska, June 17-21, 2013

Schneider, T.

Supraleitende Hochfeldmagnete.

Kryotechnik: Grundlagen und Arbeitstechniken, Ent-
wicklungsstand, -tendenzen,

Anwendungen; VDI-Wissensforum,

Karlsruhe, 27. Februar - 1. Marz 2013

Schneider, T.; Klaser, M.

Temperaturabhangigkeit des kritischen Stroms techni-
scher Supraleiter.

Deutsche Kalte-Klima-Tagung,

Hannover, 20.-22. November 2013
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Schrank, M.; Reiner, A.

Auslegung eines Gasanwarmers fur kryogenes Helium.
Deutsche Kalte-Klima-Tagung,

Hannover, 20.-22. November 2013

Schrank, M.; StBer, M.

Compilation of an uncertainty budget for cryogenic
temperature measurement.

Funaki, K. [Hrsg.]

Proc.of the 24 Internat.Cryogenic Engineering Conf.,
Internat.Cryogenic Materials Conference 2012, Fuku-
oka, J, May 14-18, 2012

Tokyo: Cryogenics and Superconducting Society of
Japan, 2013 S. 307-310

ISBN 978-4-9906959-0-3

Schrank, M.; StBer, M.

Gasdurchflussmessung in der Kryotechnik.

Annual Meeting of the Deutscher Kaelte und Klima-
technischer Verein 2012 / Deutsche Kaelte-Klima-
Tagung 2012, Wirzburg, November 21-23, 2012
Proc.Vol.1S. 51-68

Red Hook, N.Y.: Curran Associates, 2013

ISBN 978-1-62748-271-4

Sirois, F.; Grilli, F; Laforest, M.; Wan, A.

Potential and limits of numerical modelling for
supporting the development of HTS devices.
European Conference on Applied Superconductivity
(EUCAS 2013), Genova, |,

September 15-19, 2013

* Souc, J.; Gémory, F; Kovac, J.; Nast, R.; Jung, A,;
Vojenciak, M.; Grilli, F.; Goldacker, W.

Low AC loss cable produced from transposed striated
CC tapes.

Superconductor Science and Technology, 26(2013) S.
075020/1-5

DOI:10.1088/0953-2048/26/7/075020

Stemmle, M.; Merschel, F.; Noe, M.; Hobl, A.

Ampac ity - Installation of advanced superconducting
10 kV system in city center replaces conventional 110
kV cables.

International Conference on Applied Superconducti-
vity and Electromagnetic

Devices (ASEMD2013),

Beijing, China, October 25-27, 2013

Stemmle, M.; Merschel, F.; Noe, M.; Hobl, A.

Ampac ity - Installation of advanced superconducting
10 kV system in city center replaces conventional 110
kV cables.

Proceedings of the International Conference on Ap-
plied Superconductivity and Electromagnetic Devices
(ASEMD2013), Beijing, China, October 25-27, 2013
Piscataway, N.J. : IEEE, 2013 S. 323-326

ISBN 978-1-4788-0070-1

Stemmle, M.; Merschel, F.; Noe, M.; Hobl, A.

Ampac ity project Advanced superconducting 10 kV
system replaces conventional 110 kV cble system in city
center.

2013 CIGRE Canada Conference,

Calgary, CDN, September 9-11, 2013

Stemmle, M.; Merschel, F.; Noe, M.; Hobl, A.

AmpaCity project — Worldwide first superconducting
cable and fault current limiter installation in a German
city center.

International Electricity Conference & Exhibition
(CIRED 2013), Stockholm, S,

June 10-13, 2013

* Stenvall, A.; Siahrang, M.; Grilli, F.; Sirois, F.
Computation of self-field hysteresis losses in conduc-
tors with helicoidal structure using a 2D finite element
method.

Superconductor Science and Technology, 26(2013) S.
045011/1-10

DOI:10.1088/0953-2048/26/4/045011

* Stenvall, A.; Grilli, F; Lyly, M.

Current-penetration patterns in twisted superconduc-
tors in self-field.

IEEE Transactions on Applied Superconductivity,
23(2013) S. 8200105/1-5
DOI:10.1109/TASC.2012.2228733

* Stenvall, A.; Tarhasaari, T.; Grilli, F.; Raumonen, P;
Vojenciak, M.; Pellikka, M.

Manifolds in electromagnetism and superconductor
modelling: Using their

properties to model critical current of twisted conduc-
tors in self-field with 2-D model.

Cryogenics, 53(2013) S. 135-141
DOI:10.1016/j.cryogenics.2012.06.005

SuBer, M.

Druckabsicherung von He-Kryostaten oder welche
MaBnahmen sind erforderlich um ein Druckentlas-
tungssystem als eine sehr zuverlassige Sicherheitsein-
richtung zu bewerten.

Vortr.: Helmholtz-Zentrum Berlin, 27. Februar 2013

SuBer, M.
Kryogene Mess-, Regel- und Sicherheitstechnik.
Seminar Kryostatbau, Karlsruhe, 16-18. Oktober 2013

SuBer, M.

Low temperature measurement and control technique.
VDI Wissensforum Cryogenics,

Karlsruhe, 9.-11. Oktober 2013

SuBer, M.

Massflow measurement in cryogenic facilites.
Vortrag am Le centre CEA de Saclay,
Gif-sur-Yvette, F, June 13, 2013

SuBer, M.

Messunsicherheit und Temperaturauflésung in der
kryogenen Temperaturmessung.

Deutsche Kalte-Klima-Tagung,

Hannover, 20.-22. November 2013

* Vojenciak, M.; Grilli, F; Stenvall, A.; Kling, A.; Gold-
acker, W.

Influence of the voltage taps position on the self-field
DC and AC transport characterization of HTS supercon-
ducting tapes.

Cryogenics, 57(2013) S. 189-194
DOI:10.1016/j.cryogenics.2013.08.001
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*cited in Thomson Reuters

Antoni, M.; KATRIN Collaboration

Kontinuierliche MMagnetfeldiberwachung am KAT-
RIN-Hauptspektrometer mit einem Sensornetz.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik, Dresden, 4.-8. Méarz 2013
Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 108.5

Babutzka, M.; Bornschein, B.; Priester, F.; Réllig, M.;
Schneck, F.

Tritium adsorption and desorption measurements
using beta-induced x-ray spectroscopy for KATRIN.
19t Internat.Vacuum Congress (IVC-19), Paris, F,
September 9-13, 2013

Bornschein, B.; Sturm, M.; KATRIN Collaboration
Status of the tritium neutrino mass experiment KATRIN.
10t International Conference on Tritium Science and
Technology (TRITIUM 2013),

Nice, F, October 21-25, 2013

Erhard, M.; KATRIN Collaboration

Ein Jahr Messungen am KATRIN Monitorspektrometer.
77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Physik der Hadronen und Kerne, Dres-
den, 4.-8. Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), HK 66.4

Fischer, S.; Schafer, V.

COATEX: Testing optical coatings for resistance against
tritium.

Frihjahrstagung DPG, Sektion AMOP, Fachverband
Molekulphysik, Hannover, 18.-22. Marz 2013
Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), MO 18.8

Fischer, S.

Status of the windowless gaseous tritium source of
KATRIN.

15t International Workshop on Neutrino Telescopes,
Venezia, |, March 11-15, 2013

Gil, W.; Bolz, H.; Jansen, A.; Muller, K.; Steidl, M.;
Hagedorn, D.

Test of by-pass diodes at cryogenic temperatures for
the KATRIN magnets.

Cryogenic Engineering Conf.and Internat.Cryogenic
Materials Conf. (CEC-ICMCQ),

Anchorage, Alaska, June 17-21, 2013

Glick, F; KATRIN Collaboration

Chaotic motion of stored electrons in the KATRIN main
spectrometer.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8.Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 99.2

Goérhardt, S.; KATRIN Collaboration

Ausheizphase des KATRIN Hauptspektrometers.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8.Mérz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 108.8

Grohmann, S.; KATRIN Collaboration
Sensitivitatsuntersuchungen zur Detektion von sterilen
keV Neutrinos mit einem KATRIN-artigen Experiment.
77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8. Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 99.6

* Grohmann, S.; Bode, T.; Hotzel, M.; Schén, H.; SuBer,
M.; Wahl, T.

The thermal behaviour of the tritium source in KATRIN.
Cryogenics, 55-56(2013) S. 5-11
DOI:10.1016/j.cryogenics.2013.01.001

Hag, M.; KATRIN Collaboration

Uberblick tiber die Methoden der KATRIN Datenanalyse.
77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8. Méarz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 102.6

Harms, F.; KATRIN Collaboration

Betrieb des KATRIN Fokalebenendetektors.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8. Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 74.4

Haussmann, N.; KATRIN Collaboration
Prozesssteuerung und Datenanalyse am Monitorspekt-
rometer des KATRIN-Experiments.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8. Méarz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 102.8
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* James, T. M.; Schlésser, M.; Fischer, S.; Sturm, M.;
Bornschein, B.; Lewis, R.J.; Telle, H.H.

Accurate depolarization ratio measurements for all di-
atomic hydrogen isotopologues.

Journal of Raman Spectroscopy, 44(2013) S. 857-865
DOI:10.1002/jrs.4283

* James, T. M.; Schlosser, M.; Lewis, R.J.; Fischer, S.;
Bornschein, B.; Telle, H.H.

Automated quantitative spectroscopic analysis com-
bining background subtraction,

cosmic ray removal, and peak fitting.

Applied Spectroscopy, 67(2013) S. 949-959
DOI:10.1366/12-06766

Jansen, A.; KATRIN-Collaboration

Verbessertes Design der Schutzdioden fur supralei-
tende Magnete im KATRIN-Experiment.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Physik der Hadronen und Kerne, Dres-
den, 4.-8.Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), HK 52.31

Kraus, M.; KATRIN Collaboration

Stabilitdt und Verteilung der Prazisions-Hochspannung
fur die KATRIN Spektrometer.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8.Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 108.6

Leiber, B.; KATRIN Collaboration

Testmessungen mit nicht-axialsymmetrischem Magnet-
feld am KATRIN-Monitorspektrometer.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Physik der Hadronen und Kerne, Dres-
den, 4.-8.Mérz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), HK 66.5

Murra, M.; Brown, E.; Rosendahl, S.; Cristescu, I.; Huh-
mann, C.; Fieguth, A.; Weinheimer, C.

Distillation column for XENON1T dark matter project.
77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Physik der Hadronen und Kerne, Dres-
den, 4.-8.Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), HK 58.1

* Priester, F.; Bornschein, B.

TriTop — a compatibility experiment with turbomolecu-
lar pumps under tritium atmosphere.

Vacuum, 98(2013) S. 22-28
DOI:10.1016/j.vacuum.2012.09.006

Réllig, M.; KATRIN Collaboration

Tritiumnachweis per beta-induzierter Rontgenspek-
troskopie (BIXS).

77. Jahrestagung der DPG und DPG-Frihjahrstagung,
Fachverband Physik der Hadronen und Kerne, Dres-
den, 4.-8.Mérz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), HK 43.4

Rosendahl, S.; Brown, E.; Cristescu, |.; Fieguth, A.;
Huhmann, C.; Murra, M.; Weinheimer, C.

Efficiency measurements of a pre-seperation stage for
the krypton distillation

column for the XENON1T experiment.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8.Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 107.7

Rovedo, P.; KATRIN Collaboration

Myon-induzierter Untergrund am KATRIN Hauptspek-
trometer.

77. Jahrestagung der DPG und DPG-Frihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8.Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-

schaft, R.6, B.48(2013), T 75.3

Rupp, S.; James, T.M.; Telle, H.H.; Schl6sser, M.; Born-
schein, B.

Enhanced sensitivity of Raman spectroscopy for tritium
gas analysis using a metal-lined hollow glass fiber.

10t International Conference on Tritium Science and
Technology (TRITIUM 2013),

Nice, F, October 21-25, 2013

Rupp, S.; KATRIN Collaboration

Raman spectroscopy for the windowless gaseous
tritium source of the KATRIN experiment.

14t International Workshop on Weak Interactions and
Neutrinos (WIN 2013),

Natal, BR, September 16-21, 2013

Schams, S.; KATRIN Collaboration

Anwendung von Markov-Chain Monte Carlo Metho-
den in der KATRIN Datenanalyse.

77. Jahrestagung der DPG und DPG-Frihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8. Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 102.7

Schldsser, M.; Rupp, S.; Seitz, H.; Fischer, S.; Bornschein,
B.; James, T.M.; Telle, H.H.

A sample-free calibration method for quantitative
ra-man spectroscopy of hydrogen isotopologues.
Frahjahrstagung DPG, Sektion AMOP, Fachverband
Quantenoptik und Photonik,

Hannover, 18.-22. Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), Q 43.17

* Schlésser, M.; Rupp, R.; Seitz, H.; Fischer, S.; Born-
schein, B.; James, T.M.; Telle, H.H.

Accurate calibration of the laser raman system for the
Karlsruhe tritium neutrino experiment.

Journal of Molecular Structure, 1044(2013) S. 61-66
DOI:10.1016/j.molstruc.2012.11.022

* Schlosser, M.; James, T. M.; Fischer, S.; Lewis, R. J.;
Bornschein, B.; Telle, H.H.

Evaluation method for Raman depolarization measu-
rements including geometrical effects and polarization
aberrations.

Journal of Raman Spectroscopy, 44(2013) S. 453-462
DOI:10.1002/jrs.4201
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* Schlésser, M.; Seitz, H.; Rupp, S.; Herwig, P.; Alecu,
C.G.; Sturm, M.; Bornschein, B.

In-line calibration of Raman systems for analysis of gas
mixtures of hydrogen isotopologues with sub-percent
accuracy.

Analytical Chemistry, 85(2013) S. 2739-2745
DOI:10.1021/ac3032433

Schénung, K.

Charakterisierung und Aufbau eines Calibration and
Monitoring Systems (CMD) fur das KATRIN Experiment
und Durchfihrung erster Messungen.

Kolloquium der Carl-Zeiss Stiftung,

Oberkochen, 20.-21. November 2013

Schénung, K.

Entwicklung des Calibration and Monitoring Systems
des KATRIN-Experiments zur Bestimmung der Neutri-
nomasse.

Jahresbericht der Carl-Zeiss-Stiftung fur das Geschafts-
jahr 2011/2012 (Februar 2013) S. 54

Schénung, K.; Babutzka, M.

Entwicklung und Durchfiihrung von Testexperimenten
fur die Rear Section des KATRIN-Experiments.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8. Méarz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 99.7

Schwarz, J.; KATRIN Collaboration

Status des KATRIN Fokalebenendetektors am KIT.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Physik der Hadronen und Kerne, Dres-
den, 4.-8.Mérz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), HK 43.5

Stallkamp, N.; KATRIN Collaboration
Magnetfeldoptimierung des LFCS Luftspulensystems
fur das KATRIN Hauptspektrometer.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8.Mé&rz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 108.7

Sturm, M.

KATRIN, an experiment for determination of the
v-mass: status and outlook.

8™ Internat.Workshop on the Dark Side of the Univers
(DSU 2012), Armacao de Buzios, BR, June 10-15, 2012

Thimmler, T.; KATRIN Collaboration

Inbetriebnahme und Testmessungen des KATRIN Spek-
trometer und Detektor Systems.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8. Marz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 99.1

Thummler, T.; KATRIN Collaboration

Status and commissioning of the Karlsruhe tritium
neutrino experiment KATRIN.

Fleming, B. [Hrsg.]

11* Conf.on the Intersections of Particle and Nuclear
Physics (CIPANP 2012),

St.Petersburg, Fla., May 29 — June 3, 2012

Melville, N.Y.: American Institute of Physics, 2013
S. 94-98

(AIP Conference Proceedings; 1560)

ISBN 978-0-7354-1188-3

Trost, N.; KATRIN Collaboration

Untergrund durch gespeicherte Elektronen. Simulation
und Messvorbereitung am KATRIN-Experiment.

77. Jahrestagung der DPG und DPG-Friihjahrstagung,
Fachverband Teilchenphysik,

Dresden, 4.-8. Méarz 2013

Verhandlungen der Deutschen Physikalischen Gesell-
schaft, R.6, B.48(2013), T 99.3
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Invited Papers

Beate Bornschein

¢ B. Bornschein, ,Schreibbildung in der Physik — erste
Erfahrungen am Schreiblabor des HoC". Interdiszipli-
nare Tagung Wissenschaft schreiben, 09.—11. Oktober
2013, Universitat Karlsruhe

¢ B. Bornschein, ,Das KATRIN Experiment” 02.10.2013
Ministerium far Umwelt, Klima und Energiewirtschaft
in Stuttgart, Abteilung ,Kernenergielilberwachung,
Strahlenschutz”

e B. Bornschein ,Determination of Neutrino Mass -
Seven Decades of Tritium Beta-Decay Experiments”
06.12.2013, Gemeinsamen Seminar des Forschungs-
schwerpunkts Teilchenphysik des Instituts fur Kern-
physik der Universitat Munster

Christian Day

e Chr. Day, ,,20 years of customized cryopumps in fusion
research”, 24" National Symp. Cryogenics, Ahmeda-
bad, Indien, Januar 2013.

Chr. Day, ,,Non-cryogenic pumps for DEMO “, 21t Va-
cuum Congress, Catania, Italien, Mai 2013.

e Chr. Day, ,Exhaust pumping of DT fusion devices —
Current state-of-the-art and a potential roadmap to a
power plant”, Symp. On Fusion Engineering, San
Francisco, CA, US, Juni 2013.

Chr. Day, ,ITER — Der Weg zu einem Fusionskraft-
werk”, Bad Honnefer Industriegesprache der DPG,
Bad Honnef, Juli 2013.

Wilfried Goldacker

¢ \W. Goldacker, Anna Kario, Francesco Grilli, Andrea
Kling, Michal Vojenciak, Andrej Kudymow, Christian
Barth, Bernd Ringsdorf, Sonja | Schlachter. “High Cur-
rent Low Loss 2G HTS ROEBEL- and Rutherford
Cables”, MRS-Tagung San Francisco, 1.-5.4.2013

Reinhard Heller

¢ R. Heller, “Representative device builder points of
view — current leads”, special session at European
Conference on Applied Superconductivity 2013,
Genoa, 15.-19.9.2013

Bernhard Holzapfel

¢ B. Holzapfel ,Supraleitende Materialien fir die Ener-
gietechnik”, DGM Fachausschuss Werkstoffe der Ener-
gietechnik, Oktober 1%, Jalich

¢ B. Holzapfel ,Epitaxial Ba-122 and 11 Thin Films and
Heterostructures — Basic Properties and Application
Aspects”, International Symposium on Superconducti-
vity, November 19%, Tokio, Japan

¢ B. Holzapfel ,Epitaxial Ba-122 and 11 Thin Films and
Heterostructures — Basic Properties and Application
Aspects”, International Workshop on Novel Supercon-
ductors and Super Materials 2013, November 21%,
Tokio, Japan

Anna Kario

e A. Kario, M. Vojenciak, A. Kling, A. Jung, F. Grilli,
V. Zermeno, B. Ringsdorf, R. Nast, U. Walschburger,
J. Willms, S.1. Schlachter, W. Goldacker, S. H. Hossain,
J. H. Kim (University of Wollongong, ISEM), “Super-
conductivity activities towards application at Supra
group”, UOW Wollongong, 20.02.2013

Mathias Noe

e M. Noe, E. Marzahn ,Hochtemperatur-Supraleiter
Kabel”, 81. Kabelseminar, 26.-27. Februar 2013, Leib-
niz Universitat Hannover

e M. Noe “European project SUPRAPOWER for HTS
wind generator”, CIGRE WG D1.38 Workshop on High
Temperature Superconductors (HTS) for Utility Appli-
cations, April 26t 2013, Peking, China

e M. Noe “Fault Current Limiter Concepts and Applica-
tions”, CIGRE WG D1.38 Workshop on High Tempera-
ture Superconductors (HTS) for Utility Applications,
April 26t 2013, Peking, China

e M. Noe “High Temperature Superconductor Power
Applications”, May 15t 2013, CERN Accelerator School,
Erice, Italy

¢ M. Noe ,Widerstand zwecklos — Supraleiter erobern
Smart Grids"”, May 22" 2013, Talkkit, Karlsruhe

¢ M. Noe “Superconductivity as a key technology from
small electronics to large magnet applications”, Aca-
demia - Industry matching event — Fostering collabo-
rations in Superconductivity, May 27t-28t% 2013,
Madrid, Spain

e M. Noe “History and Prospects of Applied Supercon-
ductivity Technology for Fusion Magnets”, June 19t
2013, PhD Student Seminar, St. Martin, Germany

¢ M. Noe “Opportunities of High-Temperature Super-
conducting Power Equipment”, July 9t 2013, MPI Col-
loquium Stuttgart

e M. Noe “Status of Development of Superconducting
Fault Current Limiters (SCFCL)"”, European Summer
School on Superconductivity 2013, July 29t — August
2", 2013, Karlsruhe, Germany

¢ M. Noe “Superconductivity in the power grid, world-
wide: trials and opportunities”, High-temperature
superconducting workshop at CIGRE D1 meeting, Sep-
tember 11t 2013, Brisbane, Australia
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¢ M. Noe, W. Goldacker, B. Holzapfel ,From 2G to Prac-
tical Conductors — What Needs to be Improved?” Eu-
ropean Conference on Applied Superconductivity
EUCAS 2013, 15.-19. September 2013, Genova, ltaly

¢ M. Noe , Supraleitende Betriebsmittel fur die zukunf-
tige Energieversorgung - Stand der Entwicklung und
Perspektiven” ETI Kolloquium, 18. November 2013,
Karlsruhe

e M. Noe ,Supraleiter-Transformatoren — Mit hoher
Effizienz und mehr Sicherheit in die Zukunft” Netz-
praxis, 7. Fachtagung Energie, Leistungstransforma-
toren im taglichen Betrieb, 2. und 3.12. 2013, Gelsen-
kirchen

Matthieu Scannapiego

e M. Scannapiego, ,R&D and design of the cryogenic
vacuum pumps for ITER”, IUVSTA Workshop on large
vacuum devices, Ahmedabad, Indien, Mérz 2013.

Magnus Schlésser

e M. Schlésser, How one measures the neutrino mass
and why one needs raman spectroscopy for it ...
Vortr.: Instituto Pluridisciplinar, Universidat Com-
plutense de Madrid, E, May 9, 2013

Stylianos Varoutis

¢ St. Varoutis, , Transient rarefied gas flow through short
channels at arbitrary pressure ratios”, Frihjahrsta-
gung DPG, Dresden, Marz 2013.
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Publications

Patents Held

(* Neue Schutzrechtsanmeldungen in 2013
** Schutzrechtserteilungen mit Wirkung fur Deutsch-
land in 2013)

Strombegrenzer mit elektrischen Ventilen zum
Begrenzen des KurzschluBstromes in einem
elektrischen Leistungsstromkreis

Jungst, Klaus-Peter; Kuperman, Grigory

DE 1149452

us 6654222

Verfahren zur Steuerung der Netzgerdte zum
Laden der Energiespeicher eines Leistungs-
modulators und Leistungsmodulator zur
Durchfiihrung des Verfahrens

Jungst, Klaus-Peter; Kuperman, Grigory

DE 10036519

Strombegrenzer zur Strombegrenzung

im Fehlerfall

Jingst, Klaus-Peter; Kuperman, Grigory; Noe, Mathias
DE 102004058633

EP 05791533.2-1231

us 7327542

Planar-helischer Undulator

Beckenbach, Max; Eisele, Matthias; Klaser, Marion; Leys,
Pauline; Lott, Bernd; Schneider, Theo

DE 102006056052

us 8134440

Kryostat mit einem Magnetspulensystem, das
eine LTS- und eine gekapselte HTS-Sektion um-
fasst

Klaser, Marion

DE 102006012508

EP 07723071.2-1231

us 8255023

Kryostat mit einem Magnetspulensystem, das
eine unterkiihlte LTS- u. eine in einem separaten
Heliumtank angeordnete HTS-Sektion umfasst
Schneider, Theo

CH 1999764

DE 102006012511

FR 1999764

GB 1999764

us 8255022

Anlage zur supraleitenden magnetischen
Energiespeicherung, elektrolytischen
Wasserzerlegung und wassersynthetisierenden
Strombegrenzer

Gehring, Rainer; Sander, Michael

DE 102007042711

Stromversorgung und Verfahren fiir eine
gepulst betriebene induktive Last
Gehring, Rainer; Jingst, Klaus-Peter;
Kuperman, Grigory; Noe, Mathias

DE 102008053679

EP PCT/EP2009/005909

Verfahren zur Herstellung einer Verbindungs-
struktur zwischen zwei Supraleitern und
Struktur zur Verbindung zweier Supraleiter
Drechsler, Antje; Goldacker, Wilfried; Oomen, Marijn;
Rabbers, Jakob Johan; Schlachter, Sonja

DE 102009043580.8-34

Vorrichtung zur Strombegrenzung mit einer
veranderbaren Spulenimpedanz
Noe, Mathias; Schacherer, Christian

DE 102010007087.4-34
EP 10805601.1-2222
JP 2012-551507

us 13/577,272

WO PCT/EP2010/007837

Massenstromsensor und Verfahren zur Bestim-
mung des Massenstroms in einem Rohr
Neumann, Holger; Ramalingam, Rajini K; StiBer, Manfred
DE 102010012924.0-52 **

EP 11714215.8-2209

us 13/637,262

Vorrichtung zur Speicherung von Wasserstoff
und von magnetischer Energie sowie ein
Verfahren zu ihrem Betrieb

Neumann, Holger; Sander, Michael

DE 102011013577 **

EP 12712218.2-1556

us 14/004,370
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Isolierter Hochtemperatur-Bandsupraleiter

und Verfahren zu seiner Herstellung

Brand, Jorg; Elschner, Steffen; Fink, Stefan; Goldacker,
Wilfried; Kudymow, Andrej

DE 102011107313.6

EP 12737485.8-1564
JP PCT/EP2012/002847
KR PCT/EP2012/002847
us 14/130,708

Vorrichtung und Verfahren zur Bestimmung
des Massenstroms eines Fluids

Grohmann, Steffen

DE 102011120899.6

WO PCT/EP2012/005051

Supraleitende Magnetanordnung
Kruger, Philipp

DE 102012106211.0

WO PCT/EP2013/002026

Verfahren und Vorrichtung zur kontinuierlichen
Wiederaufbereitung von Abgas eines Fusions-
reaktors

Day, Christian; Giegerich, Thomas

DE 102013109778.2 *

Axialer, kryotechnisch geeigneter Potential-
trenner

Fink, Stefan; Friesinger, GUnter

DE 1196711

Verfahren zur Herstellung einer Verbindungs-
struktur zwischen zwei Supraleitern und
Struktur zur Verbindung zweier Supraleiter
CA PCT/EP2010/064415

CN PCT/EP2010/064415

EP PCT/EP2010/064415
JP PCT/EP2010/064415
KR PCT/EP2010/064415
us PCT/EP2010/064415

WO PCT/EP2010/064415

Verfahren zur Herstellung von Metall- oder
Keramik-Mikrobauteilen

HauBelt, JUrgen; Piotter, Volker; Ruprecht, Robert; Finnah,
Guido; Johann, Thomas; Schanz, Gerhard; Holstein, Nils
EP 03790808.4
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Contact

Karlsruhe Institute of Technology (KIT)
Institute for Technical Physics
Hermann-von-Helmholtz-Platz 1

D-76344 Eggenstein-Leopoldshafen, Germany

Phone:  +49 (0) 721/608-direct dialing
E-Mail:  First Name.Family Name@kit.edu

www.itep.kit.edu

Head
Prof. Dr.-Ing. Mathias Noe (-23500)
Prof. Bernhard Holzapfel (-26000)

Deputy Head
Dr. Walter Fietz (-24197)

Secretariat
Marion Gilliar (-23501)
Melanie Bacher (-23527)

Emeritus Professor
Prof. Dr. Peter Komarek (-22652)

High-Field Magnets
Dr. Theo Schneider (-22344)

Cryo-Engineering
Dr. Holger Neumann (-22625)

Development and Power Technology
Applications of Superconducting Materials
Dr. Wilfried Goldacker (-24179)

Head, Karlsruhe Tritium Laboratory Dept.
Dr. Beate Bornschein (-23239)

Administration
Kai Bauer (-23705)

Fusion Magnets

Dr. Walter Fietz (-24197)

Dr. Reinhard Heller (-22701)
Dr. Klaus-Peter Weiss (-23919)

Vacuum Technology
Dr. Christian Day (-22609)

KATRIN Coordination at ITEP
Dr. Beate Bornschein (-23239)
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