
Program Matter and Technologies 

Close ties to other program topics and sub-topics 

Sub-topic 3:  

ps and fs photon and electron beams 
Networking and Joint Developments between Helmholtz centers and beyond 

DESY, HZB, HZDR, KIT             Presenter: H. Schlarb, B. Steffen 

2012 – 2017 Annual Meetings Location # P. 

2012, Aug 21-22 1st ARD-ST3 Annual Meeting DESY/Hamburg 50 

2014, Feb 26-27 2nd ARD-ST3 Annual Meeting HZDR 53 

2015, Jul 15-17 3rd ARD-ST3 Annual Meeting 

Tutorials: M. Dohlus, CSR- & Radiation-Beam Interaction 

F. Ludwig, Electromagnetic Compatibility (EMC), Distortion and Noise Reduction 

KIT 63 

2016, Jul 13-15 4th ARD-ST3 Annual Meeting 

Tutorials: J. Bahrt, Insertion Devices - Beam Dynamics and Development 

E. Bründermann, M. Gensch, IR/THz laser and light sources using materials vs. 

relativistic electrons 

S. Pfeiffer, Low Level RF Control Systems 

HZB 58 

2017, Jul 19-21 5th ARD-ST3 Annual Meeting 

Tutorials: J. Rossbach, Introduction to FEL Physics 

P. Schmüser, Ambiguities in bunch shape reconstruction from spectroscopic data 

M. Krasilnikov, Beam dynamics in RF photo-injector 

DESY/Zeuthen 75 

2018, Jul  6th ARD-ST3 Annual Meeting HZDR 

Accelerator Test Facilities 

Networking Activities & Know-how Transfer & Education 

Joint Technology Developments 

• Advantage: access to test facilities covering a 
broad range of beam parameters and bench-
marking possibilities 

• Complementary infrastructures  
• Preparing the technology for next-generation 

accelerators  

KARA storage ring: highest 
repetition rates and radiation 
source tests 

FLUTE: development and testing of ultra-short 
bunch diagnostics with large dynamic range 

SINBAD: Linac for novel acceleration research (LPWA, 
THz acceleration, Accelerator o a chip) and the 
development of accelerator technologies.   

PITZ: 
understanding 
and control of 
longitudinal 
and transverse 
phase space 

TELBE: quasi-cw instrumentation with high 
data throughput acts as lighthouse for 
future quasi-cw upgrades (e.g. XFEL) 

High BW pickup for Bunch Arrival-time Monitors 
(DESY/HZDR/TU Darmstadt) 
Test as ELBE, installed at FLASH and XFEL 

EO laser assembly by ST3 
researchers from DESY & KIT 

DESY/KIT/PSI common development of   
Electro-Optical bunch Detection  
(laser, beamline optics, KALYPSO detector) 

E-bunch arrival time at XFEL 
measured with EOD and BAM 

Single shot measurement of a bunch train 
at XFEL with 1.12 MHz intra-train rate 

Common MicroTCA.4 based LLRF control at DESY/HZB/KIT/HZDR 
Hardware assembly and commissioning, exchange of firmware, test of 
feedback algorithms, adoption of software for different control systems 
and automation needs 

KAPTURE and KALYPSO high throughput 
DAQ systems for electro-optical and THz 
diagnostics with up to 500 MHz 
repetition rate (KIT/DESY/HZDR) 

Unified Control Software Development 
Increasing work needed for software and 
automation. ChimeraTK allows reusability in 
different facilities (DESY/KIT/HZDR) 

ELBE optical synchro-
nization system, an 
adapted copy from 
FLASH (DESY/HZDR) 

Project: 

Measurement of the

longitudinal bunch shape
with electro-optical
techniques in an electron

accelerator

This project aims at the realization and use

of a high resolution electron bunch length

and shape detection system. It is based on

electro-optical techniques and measures

the transient electric field of the electron

bunch. Special care must be taken for the

system to be suitable for the specific

operation conditions at the new linear

accelerator currently being designed at KIT.

The goal of this project is to design new

diagnostics for short bunches and to 

further the understanding of beam

dynamics effects.

Researcher: 

Andrii Borysenko

Andrii studied physics in

the Taras Shevchenko

National University of Kyiv,

Department of Nuclear

Physics and Engineering.

In 2010 he obtained his bachelor’s degree

and was a participant in a summer student

program at the Institute for Nuclear Physics

of the Research Center Jülich. There he

worked on developing a track-finder

software for processing the data from the

PANDA detector (component of the 

FAIR facility).

After that Andrii enrolled in the master’s

program in Nuclear and High Energy

Physics in the Taras Shevchenko National

University of Kyiv. During this time he had a

two-month internship at the Max Planck

Institute for Nuclear Physics. There he

gained experience with the investigation 

of beam-target interactions at the storage

ring. He graduated in 2012 with

specialization in “Nuclear physics,

high-energy, and particle physics”.

Project: 

Precision determination of

electron beam energy with
Compton backscattered
laser photons at ANKA

One of the most important parameters of a

storage ring is the electron beam energy

and has to be known very accurately. So far

at ANKA, the method of resonant

depolarization is used to determine the

energy at around 2.5 GeV precisely.

At lower beam energies, however, this

method becomes cumbersome and

alternatives have to be found. One such

method is the detection of Compton

backscattered photons. A setup for such an

energy determination will be developed on

the booster of ANKA at an energy level of

500MeV as a method study.

Researcher: 

Cheng Chang

Cheng studied physics at

Peking University (China)

and continued as a master

student in the Institute of

Heavy Ion Physics in the field of accelerator

physics. He attained a bachelor of science

in physics and a master of engineering in

nuclear technology and applications, both

from the physics department of Peking

University in China.

During his master degree Cheng gained

experience in designing a Compton

backscattering (CBS) X-ray source based

on Superconducting technology and an

energy recovery linac. This work involved

both analytical calculation and simulation,

mainly concerning electron beam-laser

interaction including a laser pulse storage

cavity. He also has a broad work experience

related to superconducting accelerator

physics and engineering issues such as

Cs2Te photocathode fabrication,

superconducting cavity tuning, and 

Radio Frequency (RF) studies and

applications, etc.
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K A R L S R U H E R  I N S T I T U T  F U R  

T E C H N O L O G Y  ( K I T )

KIT was founded on October
1st, 2009 by a merger of
Forschungszentrum
Karlsruhe and Universität
Karlsruhe. KIT bundles the
missions of both precursory
institutions:

A university of the state of

Baden-Wuerttemberg with teaching

and research tasks and a large-scale

research institution of the Helmholtz

Association conducting

program-oriented provident research

on behalf of the Federal Republic of

Germany. With ~8,000 employees,

more than 18,000 students and an

annual budget of ~700 M  , one of

the largest research and teaching

institutions worldwide was

established with the potential to

assume a top position worldwide in

selected fields of research.

The Institute for Synchrotron radiation

at the KIT is responsible for the

operation and expansions of the

storage-ring based light source

ANKA. Research and development in

Accelerator Physics currently under

way at ANKA includes the

optimization of coherent THz

radiation production in the storage

ring with the use of low momentum

compaction optics. A broad research

program on the characterization of

coherent THZ radiation as well as on

the properties of the low alpha mode

has been established including both

single particle dynamics issues as

well as collective effects. These

activities are also part of a longer

term effort towards the realization of a

state-of-the-art LINAC based coherent

THZ source currently under design:

the TBONE (THz Beam Optics for

New Experiments) facility.

Installation of the EO monitor into the UHV system of the ANKA storage ring in October 2012. 

Electro-optical crystal (GaP) mounted on movable arm.
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Combining turn-by-turn THz 
detection and EO profile 
measurements for short 
bunches in storage rings with ST3 
technologies: YBCO detectors, EO 
detection, KAPTURE and 
KALYPSO.  

New fast simulation code “Inovesa” for studies of the 
longitudinal phase space of ultra-short bunches and the 
micro-bunching instability in storage rings (HZB/KIT)  

The ‘snapshot method’: a new experimental way 
for extremely fast mapping of short-bunch 
instabilities in storage rings based on the KAPTURE 
DAQ system and ultra-fast THz detectors (HZB/KIT). 

Ultra-fast YBCO single and multi-pixel THz 
detectors (UVSOR, DELTA, DIAMOND, 
SOLEIL, HZB, KIT)  

A superconducting THz 
undulator for the European 
XFEL (DESY, HZDR, KIT)  

White paper on THz pump facility @ XFEL:  

“….only accelerator-based sources provide 

the wide tunability together with high intensity 

and repetition rates beyond 100 kHz, that will 

enable a broad application at European XFEL 

on the most interesting scientific problems in 

the field….. “ 

Superconducting undulators 
as commercial product 

Topical Workshops within the Network: 

On Longitudinal Diagnostics for FELs  

(at PSI, DESY, KIT, STFC) 

On ChimeraTK software  

(at DESY, KIT, HZDR, HZB) 

On SRF controls and CW operation  

(at HZDR) 

On MicroTCA.4 (at DESY) 

PhD and Master Theses within the Network: 

Dr. Nicole Hiller 2013 at KIT 

with work at DESY and PSI 

Tobias Götsch 2013 at KIT 

with work at HZB 

Dr. Michael Kuntzsch 2015 at Uni Dresden  

with work at HZDR and DESY 

Dr. Igor Rutkowski 2015 at Uni Warsaw 

with work at DESY and HZDR 

Maciej Grzegrzolka 2015 at Uni Warsaw 

with work at DESY and HZDR 

Dr. Bertram Green 2017 at KIT  

with work at HZDR 

PhD: Adrii Borysenko 2018 at KIT  

with work at DESY 

holger.schlarb@desy.de,  bernd.steffen@desy.de,  paul.goslawski @helmholtz-berlin.de,  m.gensch@hzdr.de,  erik.bruendermann@kit.edu,  anke-susanne.mueller@kit.edu 

Pulse-resolved DAQ at quasi-cw SRF driven photon sources 
tested at quasi-cw TELBE test facility: 
already implemented in user operation at TELBE & THz-FLASH 
demonstrator for XFEL under development (EUCALL) 

On-chip THz spectrometer for BCM   
tested at quasi-cw TELBE test facility 
implementation foreseen at ELBE, 
FLUTE, FLASH, XFEL 0.0 0.2 0.4 0.6 0.8 1.0
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MicroTCA.4 based Laser 
Synchronization and Optical Link 
Stabilization (70+ units in operation at  
DESY/KIT/HZDR) 

ST1: SRF Technologies 

ST4: Novel Accelerator Concepts 

ST3: ps and fs photon and electron beams 

• CW instrumentation  

• SRF field regulation 

• High rep. detectors & control 

• Beam dynamics 

• Automation/Feedbacks 

• Ultra short pulse diagnostics 

• Beam dynamics & simulation 

• Synchronization 

• NRF field regulation 

• Fast Feedbacks 

• 1D detector 

• Ultra fast readout 

• Ultra broadband 

• High speed DMA 

• Data acquisition 

• Data analysis 
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