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Abstract 
The Karlsruhe Institute of Technology (KIT) constructs the linear electron accelerator FLUTE and operates 
the 2.5 GeV KIT-synchrotron for studies in accelerator physics, the development of accelerator technologies, 
the generation of coherent THz radiation, and for the provision of synchrotron radiation spanning a wide 
spectral range from infrared to hard X-rays. The FLUTE facility is currently being set up in cooperation with 
DESY and PSI. The KIT-synchrotron is based on a 0.5 GeV booster synchrotron and a 2.5 GeV storage ring. 
Since 2015, it serves two research communities, accelerator physicists as well as synchrotron radiation users. 
The accelerator technology platform (ATP) unites and coordinates the activities of KIT-institutes and brings 
together research groups. It thus contributes to advanced accelerator research and technology as well as to 
dedicated detector development and technology.  
Recently, at the KIT synchrotron the beamline CAT-ACT for the study of catalysts as well as of radioactive 
materials with activity levels well above exemption limits has started operation successfully. Radiation safety 
aspects are described.  
The radiation protection protocols, the radiation monitors as well as control hard and software is configured 
such that a single team of radiation protection officers is able to supervise safe operation of both accelerators, 
beamlines and experimental stations. In addition, a rigorous protocol for annual safety assessments for each 
of the facilities and laboratories at FLUTE and the KIT-synchrotron has been put into place. 
 
Introduction 
KIT, the Research University in the German Helmholtz Association, is both a research center within the 
Helmholtz Association as well as a university of the federal state of Baden-Württemberg with more than 
25,000 students and 3,000 doctoral students. KIT employs over 9,300 people and disposes of an annual 
budget of about 860 M€. KIT is focusing its profile towards fundamental research and application field of 
society’s interest like energy, mobility, and information technologies.  
The accelerator FLUTE is currently being set up and is scheduled to commence operation in 2017 [1, 2]. 
FLUTE consists of a 7 MeV photo-injector gun driven by a 6 mJ titanium-sapphire laser, followed by a 
41 MeV S-band linac, and a D-shaped chicane to compress bunches.   
The KIT-synchrotron is based on a 0.5 GeV booster synchrotron and a 2.5 GeV storage ring [3]. It has been 
operated successfully for 12 years as a user facility, the Angströmquelle Karlsruhe ANKA, and serves today 
two missions: test facility for accelerator physics studies and provision of synchrotron radiation for 
experiments of KIT institutes and their collaborating partners. The KIT-synchrotron delivers synchrotron 
radiation to all beamlines for typically 100 days annually. Special operation with only a single beamline 
taking advantage of special accelerator setting, i.e. single bunch or low-alpha operation, and the 
commissioning of insertion devices, is delivered for 24 days annually.  
One of the outstanding research missions on KIT beamlines is conducted by the Institute for Nuclear Waste 
Disposal (INE) studying radioactive materials at the beamlines INE and CAT-ACT [4]. In addition, the KIT-
synchrotron is increasingly being used for beam physics experiments [5] and the development and testing of 
novel accelerator components and insertion devices [6, 7, 8].  
The team responsible for radiation protection and safety has a long standing experience due to the continuous 
operation of the KIT-synchrotron, which started in 1999. The work is coordinated by personnel of the 
Institute of Beam Physics and Technology (IBPT) and supported by personnel of adjacent institutes at KIT. 
 
FLUTE 
The new FLUTE facility (abbreviation derived from its German name: Ferninfrarot Linac- und Test-
Experiment) will serve as an accelerator test facility for a variety of accelerator physics and THz research.  
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The core accelerator consists of a laser-driven photo-injector, a linear accelerator (linac) and an electron 
bunch compressor to provide ultra-short electron bunches (see figure 1). This compact versatile linear 
accelerator will also provide coherent radiation in ultra-short, very intense, light pulses spanning the 
terahertz (THz) and far-infrared spectral range and beyond. FLUTE will also provide an infrastructure for 
pico-second and femto-second electron and photon beam studies to enable future application-oriented 
research from materials to life sciences and innovative technology solutions such as advanced electron and 
photon beam diagnostics. 
The facility is installed in a hall, which has served already many years as experimental hall of a cyclotron. 
For  and neutron dose measurements three online dose rate meters and long term dose assessment with 
thermo-luminescence detectors (7LiF-TLD for , 6LiF/7LiF TLD in 30 cm-spheres for neutrons) is in place. 
A personnel safety system using PILZ hard- and software and defined procedures assure the safe operation 
and adherence to access protocols. The activation of components, i.e. the linac has been in operation at PSI 
before, air activation, and the generation of dark currents due to high RF field strength has been assessed [8]. 
The regional regulating council (Regierungspräsidium Karlsruhe) has granted a preliminary approval for the 
operation of the FLUTE electron gun and the assessment of possible X-ray emission of RF structures due to 
high electric field gradients. Safety of a frequency-tripled 6 mJ titanium sapphire laser of class 4 has been 
assessed and corresponding measures, such as laser goggles, laser shutters and warning signs, restricted 
access etc. have been put in place.  
 

Fig. 1 - The layout of the accelerator FLUTE with an S-band klystron, a 7 MeV electron gun, a 41 MeV 
linac, a bunch compressing section, the beam dump, and a THz beamline [1, 2]. 

 
KIT-synchrotron 
The KIT-synchrotron consists of a 53 MeV microtron for pre-acceleration of initially 90-keV electrons, a 
500-MeV booster synchrotron and the 2.5 GeV storage ring KARA (Karlsruhe Research Accelerator). In the 
storage ring, the electrons' kinetic energy is ramped from 0.5 GeV to 2.5 GeV. The injector is operated at a 
repetition rate of 1 Hz. Typically injection into the storage ring takes place up to twice on a workday.  
Five straight sections of KARA are equipped with insertion devices delivering high brilliance synchrotron 
radiation. Figure 2 shows the superconducting undulator SCU15 installed in the storage ring [7]. A long-
standing development within IBPT in cooperation with the industrial company Babcock Noell GmbH 
focuses on superconducting undulators, with a new superconducting insertion device with 20 mm period 
length (SCU20) currently being tested and planned to be installed in 2017. Nineteen beamlines are operated 
which are primarily devoted for KIT in-house research. 
Measurements of integrated dose are conducted using thermo-luminescence dosimeters (TLDs) for X-ray as 
well as neutron doses. The dosimeters are read out twice a year and serve to verify compliance with the 
maximum allowed annual dose of 1 mSv/a. In addition, at least six dose rate stations provided by Berthold 
Technologies are used to monitor dose rates mainly during injection. A limit of 2 µSv/4h is fixed as the 
allowed additional dose during injection and operation of the accelerator complex.  



 
The beamline CAT-ACT 
The recently commissioned beamline CAT-ACT at the KIT synchrotron is preferentially dedicated to 
chemical and material science at two in-line experimental stations, the station ACT allows radionuclide 
research with X-ray spectroscopic techniques. The Institute for Nuclear Waste Disposal (INE) operates the 
experimental hutch ACT. Long-term safety assessment of proposed deep geological repositories for high-
level, heat producing nuclear waste disposal is the main mission of the institute. At both the INE-beamline 
and the ACT experimental station material with radioactivity levels exceeding the exemption limit by six 
orders of magnitude for most -emitting isotopes, and 105 times the exemption limit for Pa-231 can be 
handled. A group of radiation protection officers specialized in handling the allowed quantities of radioactive 
material takes care of the evaluation of possible hazards and supervises experiments.  
 
Radiation protection and safety 
Radiation protection officers responsible specifically for accelerator radiation protection are supervising 
accelerator operation. Their duties comprise an on-call service, supervision of building and infrastructure, 
PLC control systems, monitoring radiation dose, approval of work with radioactive calibration sources, 
review of safety aspects of experiments, preparation and support for reviews and certifications of radiation 
protection installations and procedures by authorized experts (TÜV Süd), and provision of documentation to 
the governing institutions.  
All employees with duties in safety or radiation protection meet once every month. The regular meeting 
serves to exchange information on current issues and activities, distribute specific tasks and prepare 
communication with the regional regulating council.  
 

 

Fig. 2 - The superconducting 
undulator SCU15 installed inside 

the 2.5 GeV storage ring. The 
device with a period length of 

15 mm and a total of 100 periods 
generates a peak field on axis of up 

to 0.73 T for a vacuum gap of 
7 mm, which corresponds to a 
maximum undulator deflection 

parameter K=1.0 [7]. 
 
Formal risk assessments 
Since the personnel is entitled to work under safe and healthy conditions, German law presumes the 
conduction of formal risks assessments for every work place on an annual basis. The risk assessment is done 
with the locally responsible person. It is a multi-step analysis comprising of the preparation of the assessment, 
the identification of risks and hazards, its assessment, the definition and implementation of measures, the 
assessment of the impact of measures, documentation, and continuous follow-up. It proved to be very 
efficient to keep accidents to a minimum. The procedure follows standardized protocols and evaluates all 
possible topics relevant to safety. In addition to the assessment, the individual responsibilities are clearly 
defined, communicated, and documented. Safety and radiation protection instructions for all personnel of the 
facilities are given by the experts and responsible employees on an annual basis. No project, task or work 
item can be conducted without prior instructions for the visiting scientists and engineers. Escape and rescue 
planning is discussed and implemented.  
 
Summary 
KIT operates two accelerators for research. The KIT-synchrotron serves users of KIT as well as cooperating 
partners as a source for X-ray to THz light and as a test facility for accelerator research. The linear 
accelerator FLUTE will generate coherent THz radiation and is a versatile and flexible accelerator research 
facility. Radiation protection officers and officers responsible for general safety work hand in hand to assure 
a safe work environment and safe working conditions.  
 
 



References 
[1] M. J. Nasse, M. Schuh, S. Naknaimueang, M. Schwarz, A. Plech, Y.-L. Mathis, R. Rossmanith, P. 
Wesolowski, E. Huttel, M. Schmelling, and A.-S. Müller, “FLUTE: A versatile linac-based THz source”, 
Rev. Sci. Instrum. 84, 022705 (2013), http://dx.doi.org/10.1063/1.4790431 
[2] M.J. Nasse, A. Bernhard, I. Birkel, A. Böhm, A. Borysenko, S. Hillenbrand, N. Hiller, S. Höninger, S. 
Marsching, A.-S. Müller, R. Rossmanith, R. Ruprecht, M. Schuh, M. Schwarz, B. Smit, S. Walther, M. 
Weber, P. Wesolowski, R.W. Assmann, M. Felber, K. Flöttmann, C. Gerth, M. Hoffmann, P. Peier, H. 
Schlarb, R. Ischebeck, B. Keil, V. Schlott, L. Stingelin, “STATUS OF THE ACCELERATOR PHYSICS 
TEST FACILITY FLUTE”, Proceedings of IPAC2015, Richmond, VA, USA 
[3] D. Einfeld, R.A. Babayan, J. Bast, I. Birkel, G. Buth, K. Cerff, S. Doyle, A. Gies, M. Hagelstein, U. 
Herberger, S. Hermle, F. Holstein, E. Huttel, M. Jäkel, A. Krüssel, M. Kuper, M. Lange, Y.L. Mathis, W. 
Mexner, H.O. Moser, E. Pellegrin, F. Perez, M. Pont, U. Ristau, H. Schieler, R. Simon, R. Steininger, R. 
Stricker, S. Voigt, R. Walter, E. Weimar, A. Weindl, “STATUS OF THE 2.5 GeV LIGHT SOURCE 
ANKA”, Proceedings of EPAC 2000, Vienna, Austria 
[4]A. Zimina, K. Dardenne, M. A. Denecke, D. Doronkin, E. Huttel, H. Lichtenberg, S. Mangold, T. 
Pruessmann, J. Rothe, Th. Spangenberg, R. Steininger, T. Vitova, H. Geckeis, and J.-D. Grunwaldt, “CAT-
ACT – a new highly versatile X-ray spectroscopy beamline for catalysis and radionuclide science at the KIT 
synchrotron light facility ANKA, Rev. Sci. Instrum. 2017 (submitted), 
[5] E. Roussel, C. Evain, S. Szwaj, S. Bielawski, A. Borysenko, N. Hiller, A.-S. Müller, P. Schönfeldt, J.L. 
Steinmann, “ELECTRO-OPTICAL MEASUREMENTS OF THE LONGITUDINAL BUNCH PROFILE IN 
THE NEAR-FIELD ON A TURN-BY-TURN BASIS AT THE ANKA STORAGE RING”, Proceedings of 
IBIC2015, Melbourne, Australia 
[6] A. Bernhard, J. Gethmann, S. Casalbuoni, S. Gerstl, A. W. Grau, E. Huttel, A.-S. Müller, D. Saez de 
Jauregui, N. J. Smale, A. V. Bragin, S.V. Khrushchev, N. A. Mezentsev, V. A. Shkaruba,V. M. Tsukanov, K. 
V. Zolotarev, P. Ferracin, L. Garcia Fajardo, Y. Papaphilippou, H. Schmickler, D. Schoerling, P. Zisopoulos, 
„A CLIC DAMPING WIGGLER PROTOTYPE AT ANKA: COMMISSIONING AND PREPARATIONS 
FOR A BEAM DYNAMICS EXPERIMENTAL PROGRAM“, Proceedings of IPAC2016, Busan, Korea 
[7] S. Casalbuoni, A. Cecilia, S. Gerstl, N. Glamann, A.W. Grau, T. Holubek, C. Meuter, D. Saez de 
Jauregui, R. Voutta, C. Boffo, Th. Gerhard, M. Turenne, and W. Walter, „Characterization and long term 
operation of a novel superconducting undulator with 15 mm period length in a synchrotron light source”, 
PHYSICAL REVIEW ACCELERATORS AND BEAMS 19, 110702 (2016)  
[8] P. Wesolowski, E. Bründermann, M. Hagelstein, E. Huttel, A.-S. Müller, R. Ruprecht, M. Schuh, M. 
Schwarz, O. Zwernemann, “Ab initio method for dose estimation in a linear electron accelerator“, Radsynch 
2017 proceedings.  
 


