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INFRARED 

5 – 230 µm 

NEUTRONS 

0 – 30 MeV 

BREMSSTRAHLUNG 

0 – 17 MeV           

 XRAYS 

10 – 100 keV 

POSITRONS 

0.2 – 30 keV 

ELBE - Center for High-Power Radiation Sources 

electron beam energy / MeV 8 – 40 

average beam current / µA 1600 

bunch charge / pC 

        - thermionic injector 

        - SRF photo injector 

 

100 

100 (1000) 

minimal Bunch length/ ps 0.2 
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superconducting linear 

accelerator 1 (LA 1) 

superconducting linear 

accelerator 2 (LA 2) 

thermionic  

DC-Gun RF-Buncher 1 RF-Buncher 2 

superconducting  

RF-Gun 

thermionic DC-Gun 

Triode 
pulse length  500ps → 11cm 
Cathode voltage  250 kV DC 
Bunch charge up to 100 pC   
beam current 1.6 mA 

4 ns-10 μs 500 ps 

e-beam 

anode 

pulsed  

control grid 

(voltage border) 

hot cathode 

heater 

Ibeam 

pierce-electrode 

-250 kV -125 kV 0 V 

e-beam 250keV 
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superconducting linear 

accelerator 1 (LA 1) 

superconducting linear 

accelerator 2 (LA 2) 

thermionic  

DC-Gun 

superconducting  

RF-Gun 

Buncher 

+∆E 

-∆E 

drift space 

~ 5 m 

~ 500 ps 

~5 ps 

standing wave 

- bunch compression from 11 cm (500 ps) to ~1 mm (5 ps) 

RF-Buncher 1 RF-Buncher 2 
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RF-Buncher 1 RF-Buncher 2 
superconducting linear 

accelerator 1 (LA 1) 

superconducting linear 

accelerator 2 (LA 2) 

thermionic  

DC-Gun 

superconducting RF-Gun 

electron beam 
10 kW, 1 mA 

 bunch charge up to 1 nC (now ~100 pC) 

superconducting  

RF-Gun 

LASER 

1 W, 262 nm 

3.5 TESLA cells 
CsTe- photo cathode 



Mitglied der Helmholtz-Gemeinschaft Seite 8 
Michael Kuntzsch    |    m.kuntzsch@hzdr.de    |     Institut für Strahlenphysik   |   www.hzdr.de 

RF-Buncher 1 RF-Buncher 2 

superconducting accelerator modules 
superconducting linear 

accelerator 1 (LA 1) 

superconducting linear 

accelerator 2 (LA 2) 

thermionic  

DC-Gun 

2x10kW SSA 

Bruker 

250 keV,  

1 mA, v/c=0.74 

e- 

20 MeV . 1 mA  

= 20 kW, v/c~1 

e- 

two 1,3 GHz 9-cell TESLA Cavities 

in 1.8 K helium vessel 
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User beams at ELBE 

electron 

beam 

coherent IR  

4 – 280 µm 

(polarized) 

Bremsstrahlung 

0 – 17 MeV           

quasi mono- 

chromatic X-rays 

10 – 100 keV 

pulsed neutrons    

0 – 30 MeV 

pulsed, mono-energetic 

positrons  0.2 – 30 keV 

(MePS) 

Free Electron Laser 

channeling 

radiator  

foil  

Pb target 

W moderator 

• radiation physics 

• radiobiology 

• solid state physics:  

• material defects research  

• nuclear physics 

• nuclear astrophysics 

• fusion & materials research 

• nuclear physics  

• transmutation research 

• materials research 

• biophysics, biochemistry 

• environment 

electrons   0 – 40 MeV 

• radio biology  

• materials research 

• laser-plasma physics  

Gamma induced  

Positron Spectroscopy 

(GiPS)  

coherent THz  

100µm-3 mm X-rays 

12-20 keV 

CTR/CDR 

Superradiant 

undulator   

Thomson 



Mitglied der Helmholtz-Gemeinschaft Seite 10 
Michael Kuntzsch    |    m.kuntzsch@hzdr.de    |     Institut für Strahlenphysik   |   www.hzdr.de 

Introduction 
 ELBE-accelerator 
 Recent upgrade 

 

RF-Infrastructure 
 High-Power RF 
 analogue LLRF controller 
 µTCA-based solution 

 

Stability analysis 
 Diagnostics 
 Arrival-time jitter behavior 
 Beam based feedback 

 

Summary and Outlook 
 Summary 
 Further steps regarding µTCA-LLRF 



Mitglied der Helmholtz-Gemeinschaft Seite 11 
Michael Kuntzsch    |    m.kuntzsch@hzdr.de    |     Institut für Strahlenphysik   |   www.hzdr.de 

Solid State Amplifier 

10kW transmitter presented at  

SRF Berlin October 2009 

 42U cabinet 

 WR650 waveguide  output on top 

 water cooled power modules 

 water cooled driver 

 built in 24kW 28V power supply 

Start Development 1/2009; Prototype 9/2009 
courtesy: Hartmut Büttig, HZDR 

(now SigmaPhi) 
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CAVITIES 1 – 4 
DRIVEN BY  
A PAIR OF 10kW 
BRUKER SSPA 
 
SRF-GUN with  
one 10 kW SSPA 

courtesy: Hartmut Büttig, HZDR 

Installation at ELBE 
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9000

1275 1280 1285 1290 1295 1300 1305 1310 1315 1320 1325

Power (W) 

Frequency (MHz) 

Bandwidth  RF power at Pin=-3dBm 

courtesy: Hartmut Büttig, HZDR 

~ 10 times  
higher RF bandwidth! 

Solid State Amplifier- Bandwidth 
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SSPA – Bandwidth – and the result 

 Pickup Signal at Cavity C4 

p-Mode 

p-2 Mode 

E. Vogel: High gain proportional RF control stability at TESLA cavities,  
Phys. Rev. S.T.-Acc. and beams, 10,052001 (2007) 
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Attenuation >-70dB at Pi-1; -60dB at Pi-2 
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courtesy: Hartmut Büttig, A. Buechner, HZDR 

LLRF-Controller Modification 

 

 Hardware- Redesign of the LLRF-Controller 

 Loop filters with notches in both loops (amplitude, phase) 

 Stable operation with modified controllers 
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Analogue Controller 

courtesy: A. Büchner, HZDR 

Reference in 

Cavity 

Pickup 

SSPA 
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µTCA.4 Controller 

Courtesy: C. Schmidt, DESY 

 Transition to µTCA.4- based solution  

 strong collaboration with DESY (MSK) and ISE 

 four test runs at ELBE since 2012 (Hardware, Software and Firmware) 

 November 2015 “all-µTCA-control” of ELBE LLRF 

(4x SRF-cavities, 1.3 GHz-NRF-Buncher, 260 MHz-NRF-Buncher) 

 Main player: Igor Rutkowski  see talk tomorrow 
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Beam diagnostics 
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Techniques for pump-probe synchronisation of fsec radiation pulses. 

IEEE Particle Accelerator Conference (PAC), Vols 1-4 (2005), S. 2541-2545. 
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DC-Gun vs. SRF-Gun – fast arrival jitter 

Thermionic Injector SRF Gun 
B 
A
M 

DC Gun Modul 1 Modul 2 

SRF Gun 

THz Undulator 
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Feedback – first attempt 

 proof of principle with analogue controller (feedforward-scheme) 

 suppression of 50-Hz-Line 

 reduction from 300 fs RMS to 20 fs RMS 
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Feedback – future structure 
 incorporating compression-, arrival-time-, beam-energy- diagnostic 

 changing amplitude and phase of NRF- and SRF- cavities 

 NRF-Cavities can be used for high-bandwidth stabilization (suppressing gun-jitter) 

 PhD-student vacancy for implementing beam-based feedbacks into µTCA  

LLRF-control at ELBE 
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 ELBE is running as a user facility since more than 10 years 

 replacement of CW-Klystron by solid state amplifiers 

 for highly time resolved experiments improvement of phase and 

amplitude stability needed 

 transition from analogue to digital LLRF ongoing 

 reliable operation of all 6 cavies (4 SRF and 2 NRF) during test run 

in November 2015 

Summary 

DOOCS-Panels while operating 
all 6 ELBE- cavities in parallel 
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 long-term test of µTCA.4-system at ELBE during user run (2016) 

 integration into ELBE- control system WinCC (using OPC-UA ???) 

 

 

 

 

 

 

 

 training of ELBE staff for µTCA.4 hardware and software! 

 integration of beam based feedback systems 

 integration of drift compensation module  
(compensating for drifts in detector path) 

 

 

 

 

 

Outlook 
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Thank you… 

…to the ELBE-team... …and all partners. 
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