
25th anniversary of the first 

lasing at TTF VUV FEL
Pioneering work at FLASH 
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Light of the New Millenium

TTF-1

TTF-2

Experimental

hall
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undulators

1998

EXPO 2000 in Hannover – Regional Project Hamburg – 1. June – 31. October 2000: More than 100000 visitors
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25 years of SASE at DESY
First Lasing at TTF-FEL on 22-February-2000 at 04:47 h
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2001  Proof of principle experiments at TTF VUV-FEL - 
Spectroscopy
Can we handle beams of fsec photon pulses of extreme power densities and do single particle experiments work? 
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Coulomb explosion of Xenon clusters

H. Wabnitz et al., Nature 420, 482 (2002)

Single shot time-of-flight spectrum

Thomas Möller

TU Berlin

FEL beam:

- puls duration 100 fsec

- wavelength  98 nm

- photon energy  12.7 eV

- power average intensity 2x1013 cm-2

Xenon target:

- cluster with ~300 atoms

- ionization potential of Xe 12,1 eV

Explosion of interest for science with FELs in the community
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FEL conferences in the early 2000’s
DESY in the lead 
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Diagnostic tools
Pioneering work at FLASH

What kind of diagnostic tools do user need to make efficient use of FELs? 

➢ intensity

➢ beam position 

➢ focus size 

➢ spectral distribution

➢ temporal radiation pulse profile

➢ polarisation

Due to the SASE specific shot-to-shot fluctuation the users need most this information for every 

single pulse => online, non-destructive
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Non-destructive detectors at FLASH – Atomic PI of rare 
gases
Developed during the last 20 years Spectral distribution: Measurement of the 

kinetic energy of the electrons

3x eTOF

Polarisation: 

Measurement of angular 

distribution of the emitted 

photoelectrons

IonTOF

Electron TOF

spectrometer
X-ray

Intensity: Measurement of number of charged 

particles

Temporal radiation pulse profile:

Courtesy J. Viefhaus
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Non-destructive detectors at FLASH – Atomic PI of rare 
gases
Developed during the last 20 years

Intensity: Measurement of number of charged 

particles.
1st gen. GMD  

(FLASH1) 

X y

XGMD XGMDHAMPHAMP

3rd generation GMD  (6 for XFEL, 2 for SwissFEL, 2 for LCLS & LCLS2, 4 for FLASH) 
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Personal note – a little bit of FELIX in FLASH:-) 
Developed during the last 20 years
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25 years of SASE at DESY
The team is the key 
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On the way to a VUV-FEL user facility at DESY
Continuous improvements of the facility and start of the user operation

Getting shorter wavelength by increasing the number of 

cryo-modules and by improving their performance
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25 years of SASE at DESY
Continuous improvements of the facility and start of the user operation

Jörg Rossbach and Evgeni Saldin (DESY) received 

the FEL Prize in 2006
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2005  Single shot imaging: Does it work at all ?

FEL pulse at FLASH: 

~20 fs, 32 nm, 3 x 1013 W/cm2, 1012 photons/pulse

SEM picture from

original structure

Diffraction pattern

from first pulse

Reconstructed

pattern

Diffraction pattern

from second pulse

~60 000 °K

H. Chapman et al., Nature Physics 2, 839 (2006)

Henry Chapman

DESY-CFEL
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Science at FLASH today
Melting, Bubblelike Expansion, and Explosion of Superheated Plasmonic 

Nanoparticles

Dold, Reichenbach, Colombo et al.

Phys. Rev. Lett. 134, 136101 (2025)

• Silver nanoparticles are excited on their plasmon resonance with 1 ps laser pulses

• Coherent Diffractive Imaging at CAMP instrument

• Formation of voids visible – which is very sensitive on electron-phonon coupling
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FLASH2020+
Lifecycle management via continuous upgrades

Mid term upgrades

New undulator schemes (FLASH2)

New lasing concepts (FLASH2)

Seeding upgrade: Now!

High rep. rate seeding (FLASH1)

Photon diagnostics (FLASH1)

THz generation

RF Stations

5 MeV 150 MeV 1350 MeV

Bunch Compressors

550 MeV

Accelerating Structures

Lasers

RF Gun Photon Diag.

TDSFLASH1

FEL Experiments

Laser Heater

Seed Laser

25 TW Laser

THz
Pump-Probe 

Lasers

Linac upgrade: Finished

3rd BC FLASH2

New BCs (linac) 

Laser heater

Fast orbit correctors

TDS (FLASH2)

Injector laser

Energy upgrade

Afterburner FLASH2

New beamline FL23 (FLASH2)

Interim P-P laser (FLASH1)

New Sub-Synch

Sub 50 fs FHWM demonstrated

Flexible pump-probe lasers

New beamlines

Intense THz Source

Short term upgrades

• Added new operation modes

• Increased parameter range

• Improved electron beam & diagnostics

→  Enables new user experiments
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Contact

Deutsches Elektronen-

Synchrotron DESY

www.desy.de

FLASH now
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Transmission in FLASH1 & Lasing 

in FLASH2

FLASH is back!
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FLASH0

FLASH1

Electron beam profiles upstream and downstream of modulator 1 and 2 

Photon beam profile
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Light of the New Millenium
A new regime for an XUV- and soft X-ray facility

RF Stations

1350 MeV

Accelerating Structures

Lasers
RF Gun

Photon 

Diag.

TDSFLASH1

Laser Heater

Seed Laser

FF Laser

THz
Pump-Probe 

Lasers

Lucas Schaper

FLASH2020+

project lead

Variable gap undulators (FLASH1)

Pump-probe laser (FLASH1)

Laser heater in 1st BC

New 2nd bunch compressor (BC)

High rep.rate seeding (FLASH1)    

Photon diagnostics (FLASH1)

New variable gap undulators + chicanes 

for new lasing concepts (FLASH2)

Early 2000s 2024 2030

Strong x-ray matter interaction

Often done by people at the facilities

Laser pump – FEL probe

Experiments on model systems

Expert community whith

strong bounds to the facilities

Experiments on relevant samples

Attract topical expert community

Increase possibilities for existing

community

Markus Gühr

FLASH lead FS

Experiments at FLASH
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Pioneering work at FLASH

Thank you! 
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