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Status, perspectives, and lessons from FLASH 
and European XFEL 

• FLASH and European XFEL.  
• Scaling of the burst mode for high average power at 13.5 nm and 6.8 nm. 
• CW option and scaling of CW mode for high average power NGL source.   
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DESY areal view 
  

PETRA-III (left), FLASH (center), and European XFEL injector (right) 
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Experience from FLASH, TESLA, and ILC 
  

• FLASH was leading SASE FEL facility 
during last decade. 

FLASH (Free-electron -LASer in Hamburg) is a 
superconducting linear accelerator with free 
electron laser for radiation in the vacuum-
ultraviolet and soft X-ray range of the spectrum. 
It originated from the TTF (TESLA Test Facility), 
which was built in 1997 to test the technology 
that was to be used in the planned linear collider 
TESLA, a project which was replaced by the ILC 
(International Linear Colider). At FLASH 
technology for the future-project European XFEL 
is tested as well as for the ILC. Five scientific  
instruments have been in use since the 
commissioning of the facility in 2004. Second 
stage, FLASH 2 is under commissioning now. 
First lasing has been obtained in August, 2014. 
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Elements of FLASH free electron laser 
  

Laser-driven rf gun Superconducting 
accelerator  FLASH1 and FLASH2 

undulators 

FLASH consists of the same elements as European XFEL  
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Self-Amplified Spontaneous Emission (SASE) FEL  
(single pass FEL amplifier starting from shot noise) 

Ya.S. Derbenev, A.M. Kondratenko, E.L. Saldin, NIM 193(1982)415 
W. Ackermann et al., Nature Photonics, 1 (2007) 336 
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FLASH parameters 

Electron energy up to 1250 MeV 

Bunch charge 20 pC – 1 nC 

Repetition rate 10 Hz 

Pulse duration 0.8 ms 
Micropulse rep. rate 0.1 – 9 MHz 

Wavelength Range 4.2 - 45 nm 
 

Average Single Pulse Energy 
 

10 - 500 µJ 
 

Pulse Duration (FWHM) 
 

<50 - 200 fs 
 

Peak Power (from av.) 
 

1 - 3 GW 
 

Average Power (example for 3000 
pulses/sec) 
 

up to 600 mW 
 

Spectral Width (FWHM) 
 

0.7 - 2 % 
 

Photons per Pulse 
 

1011 - 1013 
 

Average Brilliance 
 

1017 - 1021 
ph./s/mrad2/mm2/0.1%bw 
 

Peak Brilliance 
 

1029 - 1031 
ph./s/mrad2/mm2/0.1%bw 

K. Honkavaara, B. Faatz, J. Feldhaus, S. Schreiber, R. Treusch, M. Vogt, Status of the 
FLASH Facility, Proc. FEL2013 Conference, New York, USA, 2013, wepso26. 
http://accelconf.web.cern.ch/AccelConf/FEL2013/papers/weps026.pdf 
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FLASH at 13.x nm 
(small charge) 

 
11.01.2013 17:24 Schneidmiller/Yurkov 

Statistical measurements with MCP detector and 
spectral measurements - summary 

Statistical run for linear regime. SASE has been killed after 4 undulator modules.  
  
Data files for linear regime:  
  
.. 17_19_29.mcp  
.. 17_19_30.mcp  
  
=================  
  
Summary of the results     
    
Radiation wavelength: 13.06 nm  
Fluctuations in the linear regime: 42%.     
Number of modes: M = 5.7    
Fluctuations in saturation: 13%.     
Saturation length: Lsat ~= 22 m  
Angular divirgence in saturation (FWHM): ~ 40 urad.  
Spectrum bandwidth in the linear regime (FWHM): 0.35%  
Spectrum bandwidth in the saturation regime (FWHM): 0.42%  
    
  
Radiation pulse length in the linear regime:    
    
L = (M  x radiation wavelength x Saturation length ) / (5 x Undulator period) ~= 40 fs (FWHM)    
  
Radiation pulse duration at full undulator length is estimated as 50 fs.   
    
rms bunch length of lasing fraction of the electron beam: 40 fs. Assuming gaussian shape of the  
 electron bunch we get an estimate for the peak current I ~= 700 A. These parameters are  
 consistent with measured properties of the radiation if rms normalized emittance is below  
 1 mm-mrad. Scenarios with deviation from gaussian shape can be discussed later.    
  
Spectrum bandwidth of the radiation is pretty close to that generated by monochromatic electron  
 beam (natural SASE bandwidth). Thus, lasing part of the beam is not disturbed by chirp  
 (due to beam formation procedure or collective effects).       
    
  

J. Roensch-Schulenburg, E. Hass, A. Kuhl, T. Plath, M. Rehders, J. Rossbach, G. Brenner, C. 
Gerth, U. Mavric, H. Schlarb, E. Schneidmiller, S. Schreiber, B. Steffen, M. Yan, M.V. Yurkov, 
Short SASE-FEL Pulses at FLASH, Proc. FEL2013 Conference, New York, USA, 2013, tupso64. 
http://accelconf.web.cern.ch/AccelConf/FEL2013/papers/tupso64.pdf 

http://ttfinfo.desy.de/TTFelog/show.jsp?dir=/2013/02/11.01_a&pos=2013-01-11T17:24:08
http://ttfinfo.desy.de/elog/XMLlist?file=/TTFelog/data/2013/02/11.01_a/2013-01-11T17:24:08-16.xml&xsl=/elogbook/xsl/elog.xsl&picture=true
http://ttfinfo.desy.de/TTFelog/data/2013/02/11.01_a/2013-01-11T15:56:59-00.JPG
http://ttfinfo.desy.de/TTFelog/data/2013/02/11.01_a/2013-01-11T16:48:17-00.JPG
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European XFEL: present status 

Underground construction is finished in 2012.  
Installation of equipment is going on.  
Start of operation: 2016. 

Start-up configuration: 
17.5 GeV 
Burst mode (10 Hz x 0.6 ms) 
27000 pulses per second 
3 undulators 
0.05nm – 5 nm 
6 user stations 

http://www.xfel.eu/organization/company/shareholders/
http://www.xfel.eu/organization/company/shareholders/
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European XFEL: Accelerator consortium 

H. Weise, Proc. IPAC2014 Conference, weib03,  
http://accelconf.web.cern.ch/AccelConf/IPAC2014/papers/weib03.pdf 
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European XFEL: Industrial production of accelerator 
components and undulators 

H. Weise, Proc. IPAC2014 Conference, weib03,  
http://accelconf.web.cern.ch/AccelConf/IPAC2014/papers/weib03.pdf 
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DESY: Very successful transfer of SRF technology from 
laboratory to industry in the framework of XFEL project 

• average delivery of 8 cavities per week reached  
• in total more than 400 cavities delivered until mid-2014  
• Very few non-conformities, i.e. some rejected cavities 
• re-treatment (mostly only HPR) successful and done for all cavities showing some gradient 

potential, i.e. even if European XFEL specs. are met  

    

25.10.13       

as received 
  

after re-treatment 
    

data 
analyzed 

  
accepted w/o 
re-treatment 

  
re-treatment done / 
to be done 

  

Emax 
  

usable gradient 
  

Emax 
  

usable gradient 

  

Zanon 
  

67 
  

40 
  

18 / 9 
  

(27,7 +- 7,5) MV/m 
  

(24,4 +- 7,3) 
MV/m 

  

(30,0 +- 5,0) MV/m 
  

(27,6 +- 5,1) 
MV/m 

  

RI 
  

46 
  

32 
  

5 / 9 
  

(32,6 +- 7,1) MV/m 
  

(27,7 +- 7,1) 
MV/m 

  

(34,3 +- 4,8) MV/m 
  

(30,4 +- 4,4) 
MV/m 
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European XFEL: First equipment in the tunnel 

H. Weise, Proc. IPAC2014 Conference, weib03,  
http://accelconf.web.cern.ch/AccelConf/IPAC2014/papers/weib03.pdf 

Accelerating module rf gun and multi-beam klystron 
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FLASH technology: scaling of burst mode to high 
average power 13.5 nm  NGL source 

E.A. Schneidmiller, V.F. Vogel, H. Weise and M.V. Yurkov, 
Journal of Micro/Nanolithogrphy, MEMS, and  MOEMS 11(2), 021122 (2012). 
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FLASH technology: scaling of burst mode to high 
average power 6.8 nm  NGL source 

E.A. Schneidmiller, V.F. Vogel, H. Weise and M.V. Yurkov, 
Journal of Micro/Nanolithogrphy, MEMS, and  MOEMS 11(2), 021122 (2012). 
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J. Sekutowicz, Feasibility of DF upgrade for  XFEL, 
KEK, April 15th, 2013 

Two scenarios for the DF upgrade of XFEL 

1. Lower cost scenario; the injector section stays as for the nominal 
operation and DFs < 20-25%. 

2. Higher cost scenario; the injector section will be equipped with new cw-
cavities and 12 present CMs will be moved to the end of ML. 

Facility Operation 
mode 

Energy 
[GeV] 

Eacc ML 
[MV/m] 

RF-pulses Max DF  
[%] Length [ms]  Rep. Rate [Hz] 

LCLS pulse 14.7 0.003 120 0.036 

SACLA pulse 8 0.003 60 0.018 

Swiss-FEL pulse   5.8 0.003 100 0.03 

XFEL sp 17.5 1.380 10 1.38 

XFEL cw 7.6 7  - - 100 
XFEL lp 10 10 560  1 56 
XFEL lp 14 15 250  1 25 

J. Sekutowicz et al., Proc. FEL2013 Conference, tuocn04,  
http://accelconf.web.cern.ch/AccelConf/FEL2013/papers/tuocno04.pdf 
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J. Sekutowicz, Feasibility of DF upgrade for  XFEL, 
KEK, April 15th, 2013 

New operation modes require a cw operating electron injector  

  R&D activity in collaboration between: JLab, BNL, SLAC, HZB, NCNR, DESY. 
  Our goal is a 1 mA-class  SRF photoinjector with a superconducting  
cathode.  
  Pb cathode (Tc = 7.2 K, Bc = 80 mT) was proposed in 2005. 

J. Sekutowicz et al., Proc. IPAC2013 Conference, tupea003,  
http://accelconf.web.cern.ch/AccelConf/IPAC2013/papers/tupea003.pdf 
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Marc Ross: Application of TESLA/XFEL/ILC SRF 
Technology for CW FEL: LCLS-II 

 Talk at Accelerator-IMSS-AAT Joint Seminar: LCLS-II project at SLAC, 2014-04-14 

J. Galayda, Proc. IPAC2014 Conference, tuoca01,  
http://accelconf.web.cern.ch/AccelConf/IPAC2014/papers/tuoca01.pdf 
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FLASH technology: scaling of cw mode  
to high average power NGL source 

ERL scheme similar to that of the year 2000 can be used. Key features of the proposal: 
• CW injector.  
• Superconducting CW energy recovery linac (1 GeV, 10 mA average current). 
• Self-amplified spontaneous emission (SASE) FEL as radiation source (EUV, 10 kW average 

power). 
• Application of the undulator tapering will allow to reduce average beam current, or to increase 

output power.  
C. Pagani, E.L. Saldin, E.A. Schneidmiller, M.V. Yurkov, Nucl. Instrum. And Methods A 463 (2001) 9. 
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Summary 

• SRF accelerator technology and SASE FELs are developed at DESY for 20 years in the 
framework of TESLA/FLASH/XFEL/ILC projects.  

• Both, burst and cw options reached mature status. 17.5 GeV linac for the European XFEL is 
being built using burst technology. CW option developed at DESY will form base for 
construction of 4 GeV cw linac at LCLS-II. 

• All elements of the accelerators are produced by industry. An experience stored during 
construction of the European XFEL provides solid base for estimation of the cost of future 
industrial high power accelerators.  

• The physics of SASE FEL is well understood, and experimental results are in good 
agreement with theoretical predictions. However, undulator tapering still requires more 
experimental experience. Relevant studies are planned to be performed at FLASH2.  

• Both, burst and cw options allows to construct high average power (multi-kW) FEL as a 
source for the next generation lithography. 

• The main concern of the future developments of high power systems is reliable prediction of 
the electron beam properties taking into account different physical effects like nonlinearities 
of collective fields, coherent synchrotron radiation, and space charge. While we can safely 
scale the output power to higher levels, the problem of beam halo seems to be an issue.  
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