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FLASH Facility 2020 – two beamlines act in tandem 
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FLASH delivers >5000 XUV and soft X-ray pulses per second  
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FEL Radiation Parameter FL1 / FL2 

Wavelength range (fundamental)     4.2 – 51 nm  /  4 – 90 nm 
Average single pulse energy            1 – 500 µJ   /  1 – 1000 µJ 
Pulse duration (FWHM)                            < 30 – 200 fs 
Peak power (from av.)                                      1 – 5 GW 
Pulses per second                                          10 – 5000 
Spectral width (FWHM)                           0.7 – 2 % / 0.5 – 2 %  
Photons per pulse                                        1011 – 1014  
Average Brilliance                                        1017 – 1021  B* 
Peak Brilliance                                             1028 – 1031  B* 

 

FLASH1 FLASH2 



TESLA Linear Collider Project 

• TESLA Test Facility (TTF) was constructed in the mid 1990’s  
at DESY to test the feasibility of superconducting accelerator  
technology in the framework of  the TESLA Linear Collider project 
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e+ e- Linear Collider with integrated X-ray Free-Electron Laser 
7.12.1995 

The TESLA Road Map  
by Bjørn Wiik 1997 

https://tesla.desy.de/ 
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e+ e- Linear Collider with integrated X-ray Free-Electron Laser 
7.12.1995 

Bjørn Wiik 1997 

Der “Integrierte Röntgenlaser”  
wird European XFEL 
 
TTF2 wird FLASH 
 
TTF als Test-Anlage für beide  
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The TESLA Collaboration 
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Increase cavity gradient from 5 to 25 MV/m - Reduce costs by a comparable factor  
 

Improved material quality check 

New cavity preparation procedures 

•  1400 ºC annealing with a titanium getter 

•  ultra-pure, high pressure water rinsing 

•  high peak power processing 

Common effort of almost all laboratories 
using s.c. accelerating cavities, e.g. 

•  (CERN), Cornell, DESY, INFN, (KEK),   
   Saclay, TJNL  
•  53 partners from 12 countries 
 
 

 
 

H. Weise   ESFRI XFEL Workshop 30./31.10.2003  



TESLA Test Facility 
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From a conceptual design report to reality 

• TTF goes into Hall 3 

flash.desy.de/ -> Reports -> TESLA Reports 1995 

https://flash.desy.de/sites2009/site_vuvfel/content/e403/e1644/e1259/e1260/infoboxContent1768/tesla1995-01_CDR.pdf


First electron beam accelerated by TESLA type cavities –  
8 mA within 800 µs at 10 Hz with 217 MHz beam achieved 
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First electron beam accelerated by TESLA type cavities – 
Pulse of 800 µs at 10 Hz with 217 MHz beam achieved 
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From a Test Bed for TESLA to a VUV Free-Electron Laser 
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TTF1  VUV-FEL  with Injector II   –   1998 to 2002 

Halle 3 

125 m 

Kryo-
Anbau 



TTF1 VUV-FEL with Injector II   –  1998 to 2002 
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Laser → Cathode → RF-Gun → Capture Cavity → Bunch Compressor BC1 → Module →  
Bunch Compressor BC2 → Module → Collimator → Undulator → Experiment → Beam Dump 



TTF1 VUV-FEL with Injector II   –  1998 to 2002 
 

Siegfried Schreiber | FLASH2020+ Kick-Off Meeting | 3-July, 2020  

Laser → Cathode → RF-Gun → Capture Cavity → Bunch Compressor BC1 → Module →  
Bunch Compressor BC2 → Module → Collimator → Undulator → Experiment → Beam Dump 

Control Room 

GUN 

Cathode 

Booster 

BC1 

ACC1 

Laser 



TTF1 VUV-FEL with Injector II   –  1998 to 2002 
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Laser → Cathode → RF-Gun → Capture Cavity → Bunch Compressor BC1 → Module →  
Bunch Compressor BC2 → Module → Collimator → Undulator → Experiment → Beam Dump 

From Electron Beam to Radiation to Experiments 



TTF1 VUV-FEL – for the 1st time worldwide SASE in VUV 
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Form a test bed for the TESLA linear collider to a VUV free-electron laser 

Aug 1999 – Nov 2002 
Operated in a wavelength range of  80 nm – 120 nm  
to demonstrate the feasibility of SASE FELs   
in the VUV range for photon experiments 

109 nm Feb-2000 



TTF1 VUV-FEL – ended its operation in Nov 2002 
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Start of the construction of TTF2 and the VUV-FEL Facility 

TTF1 switched off 18-Nov-2002 06:57 h 



From TTF1 to TTF2 – from a Test Facility to a User Facility 
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Extension of the linac to 1 GeV with the goal to produce SASE down to 6 nm for user experiments 

NIMA 375 (1996) 269 



Towards FLASH 
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From Hall 3 through a TESLA/XFEL Prototype Tunnel to the Experiments – crossing  PETRA 

Tunnel as a  
TESLA/XFEL mock-up 

Experimental Hall 
for EXPO2000 



FLASH for World Exhibition 2000 – Switch on the Light 
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Tunnel and experimental hall for EXPO 2000 with lots of fun 
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Construction of TTF2 and the VUV-FEL 

Siegfried Schreiber | FLASH2020+ Kick-Off Meeting | 3-July, 2020  

Filling Tunnel 



Construction of TTF2 and the VUV-FEL 

Siegfried Schreiber | FLASH2020+ Kick-Off Meeting | 3-July, 2020  

Filling Tunnel 



Construction of TTF2 and the VUV-FEL 

Siegfried Schreiber | FLASH2020+ Kick-Off Meeting | 3-July, 2020  

Filling Tunnel 



Building TTF2 and the VUV-FEL 
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TTF2 VUV-FEL / FLASH – the 1st FEL in the XUV – 2004 to 2013 
 • Constructed in 2003-2004 

• Regular User operation started summer 2005 
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More modules, new undulators, new experimental hall 

First lasing 32 nm 
in January 2005 

13 nm in 
April 2006  

5 MeV 127 MeV 700 MeV 370 MeV 

Laser 
RF Gun 

FEL Experiments Bypass 

Fixed gap undulators 

5 modules powered by  
3 RF-Stations 

April 26, 2006 



FLASH is entering the water window in 2007 
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Energy upgrades to achieve smaller photon wavelengths 

6.5 nm in 
October 

2007 

• Exchange 3rd module 
• Repair 5th module 

 

Energy upgrade 
to 1 GeV 

5 MeV 127 MeV 1 GeV 470 MeV 

Laser 
RF Gun 

FEL Experiments 
Fixed gap undulators 

6 modules powered by  
3 RF-Stations 

THz 

THz Undulator – unique source 

Installation of Module 6 

THz Undulator 

Published online: 1 June 2007; 
doi:10.1038/nphoton.2007.76 



• Energy upgrade to 1.25 GeV 
• Installation 7th, exchange 1st module 
• Installation 3rd harmonic module 

• sFLASH – a seeding test stand 
• 38 nm - the shortest HHG-Seeding 

wavelength up to today 

With a 7th Module FLASH achieved 1.25 GeV – 2009/2010 
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With 3rd harmonic cavities at 3.9 GHz we have been able to tune the FEL pulse length 

5 MeV 150 MeV 1250 MeV 450 MeV 

Laser 
RF Gun FEL Experiments 

Fixed gap undulators 

sFLASH 7 modules powered by  
4 RF-Stations 

3.9 GHz Module 

4.1 nm  
in Sept. 2010 

SASE Wavelength (nm) 

THz 



FLASH builds a 2nd Beamline with a 2nd Experimental Hall 
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The long pulse trains allows to share the between two beamlines simultaneously 
 
 
 
 
 

Construction during two shutdown for FLASH1: 3.5 months in 2011, 6 months in 2013 
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The long pulse trains allows to share the between two beamlines simultaneously 
 
 
 
 
 

Construction during two shutdown for FLASH1: 3.5 months in 2011, 6 months in 2013 
 

 

Extraction from FLASH Linac to FLASH2 
 

 

Empty FLASH2 Tunnel 
 

 
Variable Gap Undulators 

 
 



Two Beamlines, two experiments – both run with 10 Hz bursts  
 
• First lasing of FLASH2 in August 2014 – and  –  in parallel (!) to FLASH1 SASE operation  - sharing the same burst 
• FLASH2 user operation started in April 2016  
 

Siegfried Schreiber | FLASH2020+ Kick-Off Meeting | 3-July, 2020  

First soft X-ray FEL operating two undulator beamlines simultaneously – and flexible SASE properties 

5 MeV 150 MeV 1250 MeV 450 MeV 

FLASH1 



Thanks to all who contributed to TTF and FLASH 
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First simultaneously multi-beamline operation of a free-electron laser 

albrecht leuschner, alexander kaukher, alexander petrov, andreas hoppe, andreas noll, andreas liedtke, 
andreas schoeps, antonio wagner, arik willner, armin brand, arvid hage, axel hauberg, bart faatz, bastian 
lorbeer, bernhard schmidt, bernward krause, bo liu, britta petersen, brunhilde racky, burghard sparr, christel 
oevermann, christian gruen, christian schmidt, christoph lechner, christopher behrens, christopher gerth, 
cornelius martens, daniel meissner, detlef sellmann, dieter mross, dirk keese, dirk noelle, edgar weckert, 
elke ploenjes, erland mueller, evgeny schneidmiller, evgueni saldin, florian gruener, frank-reinhard ullrich, 
frank brinker, frank marutzky, frank obier, frank schmidt-foehre, franz tavella, gabi weichert, gerhard 
schlesselmann, hans-joerg eckoldt, hans weise, heinrich muench, helmut remde, henning-christof weddig, 
holger schlarb, horst-arno bolz, horst-guenter damker, horst schulte-schrepping, igor zagorodnov, iris 
gehrmann, jan havlicek, jan kuhlmann, jens osterhoff, jianhui chen, joachim spengler, joerg rossbach, joern 
schaffran, johann zemella, johannes prenting, josef feldhaus, josef gonschior, juergen liebing, juergen 
schaefer, juliane roensch, jutta bentien, kai tiedtke, karo amyan, karsten klose, katja honkavaara, kay 
rehlich, kay wittenburg, kirsten petersen, klaus-dieter jansen, lindemar haenisch, lutz lilje, maciej 
brachmanski, maike pelzer, maike roehling, margit gibau, marion kuhlmann, markus drescher, markus 
koerfer, markus schloesser, markus tischer, martin staack, mathias hesse, mathias vogt, matthias felber, 
matthias scholz, matthias steckel, max goerler, max holz, mi schulz, michael boehnert, michael dressel, 
michael koepke, michael schmitz, mikhail yurkov, nicoleta baboi, nikola stojanovic, nils mildner, nina 
golubeva, norbert tesch, olaf borkenhagen, olaf hensler, olaf krebs, pedro castro, raimund kammering, ralph 
boespflug, reinhard neumann, rolf treusch, siegfried schreiber, silke vilcins, stefan duesterer, stefan koch, 
stephan molnar, svea kreis, sven ackermann, sven lederer, swaantje mette, takanori tanikawa, thomas 
bruns, thorsten kracht, thorsten vielitz, tim laarmann, tim wilksen, torsten limberg, torsten ramm, torsten 
wohlenberg, ulf fini.jastrow, ulrich hahn, ulrich schuetz, valeri ayvazyan, velizar miltchev, vladimir balandin, 
vladimir rybnikov, werner kook, winfried decking, wojciech jalmuzna 



High-Average-power high quality plasma acceleration 
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FLASHForward in the 3rd Beamline – highway to future 

Roadmap from W to kW 

1.1 GeV → 2.2 GeV 

2019 



FLASH2020+ 
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Towards an extraordinary XUV- and soft X-ray facility 

Phase 1  
Variable gap undulators (FLASH1) 
Pump-probe laser (FLASH1) 

Phase 2 
New variable gap undulators + 
chicanes  
for new lasing concepts (FLASH2) 

Phase 0  
Energy upgrade 
3rd BC (FLASH2) 
TDS (FLASH2) 
Injector Laser 
Afterburner FLASH2 

Phase 1+  
High rep.rate seeding (FLASH1) 
Photon diagnostics (FLASH1) 

Laser heater in 1st BC 
New 2nd bunch compressor (BC) 

Phase 0 Phase 1 Phase 1+ Phase 2 

2017 2018 2019 2020 2022 2024 2021 2025 2023 2026 
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It is a team work! 
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