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FLASH at DESY in Hamburg, Germany
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FLASH at DESY in Hamburg

> FEL user facility since summer 2005

> Photon wavelength range from vacuum 
ultraviolet to soft x-rays

> Single-pass high-gain SASE FEL
SASE = self-amplified spontaneous emission

> Some first lasing events:
Jan 2005 – 32 nm

Apr 2006 – 13 nm

Oct 2007 – 6.5 nm 

> User experiments 
1st period: Jun 2005 – Mar 2007

2nd period: Nov 2007 – Aug 2009

3rd period: starting summer 2010

> FLASH is also a test bench for the European 
XFEL and the ILC
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FLASH design goals reached

Lasing at 6.5 nm
Electron beam energy 

of 1 GeV

Lasing with a complete bunch train of 800 bunches @ 13.4 nm

800 µs @ 0.6nC

ch
ar

ge
 (n

C
)

1 MHz, 800 bunches 

Averaged over 125 pulses            
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FLASH overview
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Accelerating modules

> Six TESLA type accelerating modules
each having eight 9-cell superconducting niobium 
cavities operated at 1.3 GHz

> Energy upgrade to 1 GeV in 2007
6th module installed, 3rd module replaced

Both new modules ≥ 25 MV/m in average

> Upgrade autumn 2009: 
7th module (XFEL type) 
→ energy 1.2 GeV

3rd harmonic module 
with 4 sc cavities @ 3.9 GHz
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Undulators

> High-gain single-pass FEL requires a 
long undulator system

6 modules with a total length 27.3 m

permanent NdFeB magnets

fixed gap of 12 mm

> Changing photon 
wavelength requires a 
change of the electron 
beam energy
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SASE performance

Typical user operation parameters: 

Wavelength range (fundamental) 7 – 47 nm 
Average single pulse energy 10 – 100 µJ
Pulse duration (FWHM) 10 – 50 fs 
Peak power (from av.)                     1 – 5 GW
Average power (example for 500 pulses/sec) ~ 15 mW
Spectral width (FWHM)                   ~ 1 % 
Peak Brilliance                                      1029 - 1030 B

Top performance at 13.7 nm:

Average energy  70 µJ
Peak energy     170  µJ
Pulse duration    10 fs 
Peak power      >10 GW
Peak brilliance  (6 ± 3) 1029 B

B = photons/s/mrad2/mm2/0.1%bw
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Organization of beam time

> Beam time overbooked – by a factor of ~3

> The current 2nd user period started in November 2007 and continues 
until August 2009

~ 300 days scheduled for user operation

distributed in 4-week blocks

> FLASH runs 24/7 
– what else would you expect?

users do 12 h shifts, typically 2 experiments 
interleaved for 1 or 2 weeks

> Between user blocks: study weeks
FEL physics studies

improvements of the FLASH facility

preparation of the next user block

general accelerator studies

2-3 weeks three times per year 
related to e.g. XFEL and ILC



Siegfried Schreiber |  PAC 2009 Vancouver Canada |  7-May-2009  

Time distribution during 2nd user run

Scheduled 
maintenance

SASE FEL 
radiation delivery

74%

Set-up

Tuning

Down

16%

1%
6%3%

> FLASH uptime 94 %

> Tuning time: mainly when changing wavelength

> Wavelength has been changed more than 120 times

> More than 30 different wavelengths between 6.8 nm and 40.5 nm 

data from 2nd user run

9 blocks of 4 weeks each,  
Nov-2007 to April-2009

in 2009:

SASE delivery 78 %

uptime 95 %
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Experiments

Resonant magnetic 
scattering with fs-pulses at 

1.59 nm

Pump-probe experiment 
on CO2 alignment

Coherent scattering 
at  2.7 nm

Plasma Physics

Single Particle Diffraction

Spectroscopy on 
Highly Charged Ions

Multi-Photon Processes → talk M. Bogan Fr 14 h
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Experiments

> ~50 publications (plus ~20 submitted) on photon science at FLASH: 
1 Nature, 1 Nature Physics, 4 Nature Photonics, 12 PRL, 5 PRA/E, 5 APL, 3 
Optics Express, 1 Opt. Lett., 2 JPB …

http://hasylab.desy.de/facilities/flash/publications/selected_publications/

Visible Laser

FIR -Beamline
Plane Grating

Monochromator

BL3
unfocused (5 -10 mm),

optional multilayer mirror 
in experiment for few to 

sub-μm focus

BL2
20 μm focus

BL1
100 μm focus

PG2
50 μm focus,

monochromatized

PG1
sub-10 μm focus,
monochromatized
2-stage Raman-

Spectrometer
(under commissioning)
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Upgrade Plans

> Continuous beam operation until August 2009

> Upgrade in 2009: major modifications

installation the 3rd harmonic (3.9 GHz) module – arrived from FNAL last week

installation of the 7th accelerating module → energy up to ~ 1.2 GeV ↔ 5 nm

installation of an experiment for seeded VUV radiation “sFLASH”

→ replacement of complete electron beam line between collimators and SASE 
undulators (~ 40 meters) 

exchange of the RF gun

upgrades of RF stations and waveguide distribution

> Commissioning spring 2010 

> The 3rd FEL user period is foreseen to start summer 2010

> Beyond this upgrade: proposal for a 2nd undulator beamline (FLASH II) 
together with Helmholtz Zentrum Berlin (HZB)
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Upgrade: Linac layout 

New RF gun

ACC7 
(M8)

New layout sFLASH +                        
redesigned electron beamline

LOLA
3rd harmonic module 

(ACC39)
Exchange of 
ACC1 (M3**)

Collimator

ACC1 ACC2/3

Present layout
LOLA

SASE Undulators

ACC4/5/6

BC2 BC3
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sFLASH

> High Harmonic Laser Seeding at 30nm

> To be installed between the linac and the FLASH undulators

top view
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Summary

> FLASH is a world-wide unique light source 
in the wavelength range of 47 nm to 6.8 nm

ultra-short FEL pulses  (10 to 50 fs)

unprecedented brilliance

> Since summer 2005, user FEL experiments in different fields have been 
performed successfully

> Upgrade shutdown 21-Sep-2009 to 1-March 2010
increase beam energy to 1.2 GeV (5 nm)

3rd harmonic cavity

seeding experiment sFLASH

> 3rd user period will start summer 2010

> Proposal pending for a 2nd beamline (FLASH II) together with HZB

> FLASH is also a world-wide unique test facility for SCRF technology
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