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Development of FELs as user facilities

Josef Feldhaus, DESY

Example FLASH:
The Free electron LASer in Hamburg
The first FEL user facility for 
VUV/soft X-ray radiation
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Introduction

• Are there other reasons to develop FELs (lasers)?
– R&D is fun and challenging
– it keeps us busy
– there are always people who can use it

• FEL user facilities  →  maximise user access
– meet user demands
– use sources efficiently
– ideal: superconducting linac in CW mode for many 

experiments in parallel

• Many technical challenges
– CW operation: gun, bunch compression
– fast beam distribution
– …

• FLASH is the first user facility for soft X-rays
– it needs a large portion of time for developments
– there is a strong interaction between users and operators



Workshop Emerging Sources, Lund, Sweden, 11-13 June 2007

300 m

Example: FLASH

• Jan2005: first lasing at 32 nm
• Aug2005: user operation
• Energy range: ~0.3 - 1GeV 

→  ~6.5 - 60 nm
• Reached:  700 MeV → 13 nm
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Lasing at 13.7 nm
(August 2006)

average pulse energy ~ 70 µJ
peak pulse energy ~ 170 µJ
pulse duration ~ 10 fs
divergence ~ diffr. lim. 60 µrad FWHM
strong odd harmonics (3rd, 5th, 7th)
small even harmonics, ~ circular beam
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FLASH performance at 32 nm in Aug06

250 pulses with ~80 uJ average energy, 5 Hz → 100 mW average power

100 pulses lasing with nearly 100 uJ, 5 Hz  →  50 mW average power
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0.2, 0.5, 1 s

t

FEL bunch trains
up to 800 bunches of 1 nC

0.2, 0.5, 1 s

Δt ≥ 1 µs

t

≤ 800 μs

t

10-50 fs

• Pulse train repetition: 1, 2, 5, (10) Hz
• Bunch separation: 1, 4, 10 µs
• Number of bunches: 1 – Nmax (≤800 µs)

FLASH time structure
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1st Round of User Experiments at FLASH

30 proposals submitted in 2002
29 proposals approved in Sept. 2002

200 scientists involved from
60 institutes and
11 countries

Maximise beamtime and efficiency by
• Beam switching between different experimental stations
• Many groups have formed collaborations 

(18 projects, 16 are ready and had beam)
• Some experiments can be combined at one exp. station
• Different projects can use the same exp. system
• More frequent, short runs; must be well prepared, need 

support by the facility

2 beamtime periods from Aug 2005 – Mar 2007
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Research Areas

• Interaction of ultra-intense XUV pulses with matter
- multiphoton excitation of atoms, molecules, clusters
- creation and characterisaton of dense plasmas
- imaging of biological samples

• Femtosecond time-resolved experiments
- synchronisation FEL - optical laser
- pump-probe expts. on atoms and molecules
- sum-frequency generation

• Investigation of extremely dilute samples
- photodissociation of molecular ions
- highly charged ions
- mass selected clusters

• Investigation of surfaces and solids
- XUV laser desorption
- surface dynamics
- luminescence under FEL radiation
- meV-resolution photon and photoelectron spectroscopy of 

surfaces and solids with nm resolution
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visible laser light

The experimental stations at FLASH
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Taking data at night
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Only 3 experiments in the Hall !!!

Courtesy R. Moshammer
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e - Detector

ion - DetectorHelmholtz-coils

beam-dump

gas-jet

The FEL Reaction Microscope

R. Moshammer / J. Ullrich
Exp. II-02-046 FEL
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2nd round of user experiments at FLASH

3331111131

USAUKSPNLFEstDKD

Review on December 4-5, 2006 :

45 proposals from 9 countries*
• atoms, ions, molecules and clusters
• plasma states, warm dense matter
• imaging, diffraction
• strong field processes
• spectroscopy of bulk solids and surfaces
• surface reactions
• spin dynamics
• diagnostics
• methods development

*: Counted are project leader affiliations
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Atoms, Molecules, Ions

Clusters

Imaging, Diffraction

Plasma/Warm dense matter

Solids, Surfaces

Methods/Technology

Collaboration

Collaboration

Collaboration

2nd Round of User Experiments at FLASH

45 proposals submitted in 2006, 32 proposals approved in Dec. 2006
Beamtime: Jul.(Nov.) 2007 - Dec. 2008, 377 shifts total (38%)
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Prelim. beamtime schedule 2007/8
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Prelim. beamtime schedule 2007/8 contd.
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Beamtime distribution 2007/8
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User requirements

• There are many user groups with a broad range of 
applications exploiting key FEL features:
– broad, continuous wavelength range
– pulse duration (sub-fs to few 100 fs)
– high repetition rate
– variable polarisation
– combination of different sources etc.

• Solutions:
– several FEL undulators per linac
– permanent experimental stations for complex experiments
– some stations for experiments with faster turn around
– fast beam (e- and phot.) switching for quasi-parallel operation
– SRF linac with high repetition rate or CW operation
– European network of FEL facilities



Workshop Emerging Sources, Lund, Sweden, 11-13 June 2007

Challenges

• There are many technical challenges
– fast, stable, reproducible beam distribution
– fast wavelength change
– stable combination with optical lasers
– single-shot online photon diagnostics
– CW operation: gun, bunch compression
– …

FLASH operation costs: ~12 M€ per year
i.e. currently ~3k€ per hour, i.e. 

<1€ per 1000 pulses
in the future:  < 1 ct per 1000 pulses
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The European Research Area

• How many users are there in Europe?
• How many facilities are needed with what features?
• How best organise this in Europe?

Approach: 
IRUVX-FEL consortium
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IRUVX-FEL

Apr 2006 IRUVX-FEL proposal to ESFRI as: 
A European Consortium for FELs up to the UV/softXray

Sep 2006 accepted as one of the 35 ESFRI Roadmap 2006 Projects

Consortium: the five new infrared to soft X-ray accelerator driven FELs
in Europe:

BESSY FEL, FERMI (ELETTRA), FLASH (DESY), 
MAX IV (MAX-lab), 4GLS (STFC)

MOU: signed in Dec 2006, open to others

- to set-up a joint initiative to specify a legal framework for cooperation

- to evolve complementarity in beamlines & experiments of European FELs

- to set-up joint Scientific Advisory Boards

- to develop joint recruitment of human resources
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IRUVX-PreparatoryPhase

FP7 : Capacities - Research Infrastrutures Call 22. Dec 2006
Construction – Support to the Preparatory Phase

submitted: 2. May 2007
Participants: 5 FEL facilities (MoU signatories), Funding Agencies,…..
Budget: up to 7 M€
Period: 3 years, 2008 - 2011
Coordinator: DESY (J. Feldhaus, U. Krell)
Work packages:

WP1: Construction of the consortium (lead. Partner: Elettra)
WP2: User needs and policies (BESSY)
WP3: Coordination and Consolidation of Joint Technical 

Developments (STFC)
WP4: Development of Human Resources (MAX-Lab)
WP5: Communication and Dissemination (DESY)
WP6: Collaborations with other Research Infrastructures and 

Industry (STFC)
WP7: Technical work on photon beamlines and expts. (DESY)
WP8: Technical work on FEL source (Elettra)
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Concluding remarks

• Exciting new developments on sources and applications
• It is difficult to combine R&D with a user facility
• Linac driven FELs must be user facilities
• They must be supported by local user communities and open for 

other users
• Alternative: small, cheap sources for everybody 

(in the near future only top groups have a chance to work on FELs)

• The user experiments will (must) drive the technical developments
• Various networks develop and use new radiation sources: 

How to organize efficient interaction?
• This is only the beginning …


