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FLASH = Free-electron LASer in Hamburg

FLASH LINAC driven SASE free electron laser
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Outline

• Status of FLASH

• Layout of the user facility

• What do user need to perform successful

  experiments at FELs?

• Summary and outlook
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Status of FLASH
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Wavelength range (fundamental): 

6.9-48 nm 

FEL harmonics (@6.9 nm): 
3 rd : 2.3 nm (270 eV)  

5 rd : 1.4 nm (450 eV) 

Spectral width (FWHM): 
0.5-1 % 

Pulse energy: 

up to 100 !J (average),  

170 !J (peak)

Pulse duration (FWHM):  

10-50 fs 

Peak power (fundamental): 

5 GW

Average power (fundamental): 

up to 100 mW 

Peak brilliance: 

up to 5x1029

Current performance of FLASH

peak brilliance

water window
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Current Research Areas

• Femtosecond time-resolved experiments
- synchronisation FEL - optical laser  (Drescher, Meyer)

- pump-probe expts. on atoms and molecules (Meyer, Drescher)

- sum-frequency generation (Starke)

• Interaction of ultra-intense XUV pulses with matter
- multiphoton excitation of atoms, molecules, clusters…

(Richter, Becker, Moshammer, Möller)

- creation and characterisaton of dense plasmas (Lee et al.)

- imaging of biological samples (Hajdu/Chapman)

• Investigation of extremely dilute samples
- photodissociation of molecular ions (Wolf)

- highly charged ions (Crespo)

- mass selected clusters (Meiwes-Broer)

• Investigation of surfaces and solids
- XUV laser desorption (Zacharias)

- surface dynamics (Föhlisch)

- luminescence under FEL radiation (Kirm)

- meV-resolution photon and photoelectron spectroscopy of

surfaces and solids with nm resolution (Kipp)
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Layout of the experimental hall
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Experimental area of FLASH

gas-filled attenuator

gas monitor detector

THz beamline

FEL beamlines

laser beamlines

Synchrotron radiation

beamline

optical laser

systems

high resolution

monochromator

beamline

BL3

20!m

PG2

100*200!m

PG1

Raman

spectrometer

BL1

100!m

BL2

20!m

online spectrometer

fast shutter
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visible laser light

FLASH experimental hall

PG2BL

1
BL

3 BL2

PG1

FIR -Beamline
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Reflectivity

Plane mirror -> beam distribution

Toroidal & ellipsoidal mirror -> focusing

Substrate: Si

Mirror dim.: 50 cm x 6 cm

Coating: C for the fundamental

0.070‘‘ rms

0.122‘‘ rms

tangential: 0.1‘‘ rms

sagittal: 0.2‘‘ rms

Slope error

R>230kmRadius >20kmGeometry

ResultsSpecificationProperties

Beam distribution optics
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What do the users need to

perform successfully

experiments at FELs?

Example:

Photoelectric effect at ultrahigh intensities
A.A. Sorokin, S.V. Bobashev, T. Feigl,

K. Tiedtke, H. Wabnitz, and M. Richter,

Phys. Rev. Lett. 99, 213002 (2007)
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Ion time-of-flight spectroscopy in a peta watt focus of

spherical ML mirror at 13nm (92eV)

Use multilayer placed in the chamber

to produce 3 !-focus (=>1016 W/cm2):

A.A. Sorokin, S.V. Bobashev, T. Feigl, K. Tiedtke, H. Wabnitz, and M. Richter, Phys. Rev. Lett. 99, 213002 (2007)

Photoelectric effect at ultrahigh intensities

The irradiance determine the physics:

• Pulse energy (GMD)

• Pulse length (temporal distribution)

• Focus size (lateral distribution)

Xe: [Kr] 4d 10 5s2 5p6

Xe: [Kr] 4d 10 5s2 5p6 

                  !  4d 9  5s2 5p6 !f
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Lateral intensity distribution / 

Focus determination
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Saturation of ion signals due to vanishing targets:             Determination

of FEL beam size and waist

Ne+

h!  =  38 eV

cross section " is known

photon number Nph is measured

beam cross section A is derived

fit

focus position

focus diameter: 

(26 ± 3) !m

Beamline BL2 @ FLASH
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A.A. Sorokin et al., Appl. Phys. Lett. 89, 221114 (2006)

Lateral intensity - Focus determination
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FEL beam imprint

(AFM measurement)

Chalupsky et al., Opt. Express, 15, 6036 (2007) 

Lateral intensity – Focus determination

Method based on ablation of PMMA

!Single-Shot Determination
(but post mortem) 

Reconstructed 

beam profile
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Lateral intensity – Focus determination/optimisation

camera image

camera image

zoom

Courtesy Pascal Mercère, SOLEIL

The actual beam is

compared to a perfect

spherical wave

Wave front sensor

soft- and hardware by Imagine Optic

CCD:  field of view = 19.5 x 19.5 mm

          1340 x 1300 pixels

Hartmann plate: 51 x 51 quadratic holes

                            tilted by 25° to prevent

                            interference of adjacent holes

More convenient approach:

Wavefront sensor
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Rotation: 0 Yaw: 0

PV: 110nm  rms: 22nm @ 27

nm

                    ! "/1

Before adjusting ellipsoidal mirror of BL2

defocus 100mm

radius 164.9!m

defocus 50mm

radius 87.8!m

defocus 0mm

radius 42.3!m

defocus -50mm

radius 88.9!m

defocus -100mm

radius 166.0!m

File: 08081016.himg
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Rotation: 45000 Yaw: -0.01

PV: 18 nm  rms: 3 nm @ 27 nm

                           # "/9

After adjustment of BL2

File: 08081060.himg

defocus -100mm

radius 166!m

defocus -50mm

radius 85.2!m

defocus 0mm

radius 24.1!m

defocus 50mm

radius 84.1!m

defocus 100mm

radius 165!m
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Experience with an off-axis parabola
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Focusing Flash with an Off-Axis Parabola

Courtesy S. Toleikis, DESY
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Off-Axis Parabola (OAP):

• Off-axis angle: 21.8°

• Focal length: 268.94 mm

• Initial prediction for OAP with ML coating for 13.5 nm

with no height errors indicates $1 !m focal spots

c5 10
9

!

PMMA data Simulation

Beamtime in February 2007 failed due to bad surface quality:

• Striations were introduced in OAP during polishing

• Zygo interferometer image shows the pattern

• RMS height error over 1 cm2 is 1.6 nm

Focusing Flash with an Off-Axis Parabola
Courtesy S. Toleikis, DESY

Comparison of the measured PMMA damage pattern with

simulations using measured surface profile of the OAP
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Repolished by ASML: -> now RMS height error is 0.3 nm

Normarski picture – single shot on PMMA

Focusing Flash with an Off-Axis Parabola
Courtesy S. Toleikis, DESY
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Temporal intensity distribution 
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Temporal coherence and pulse duration

 Two Autocorrelator set-ups

The FEL radiation is split and

directed under grazing incidence

over a set of fixed and a set of

position-variable mirrors,

respectively, before being

recombined.

R. Mitzner, H. Zacharias et al. 2008 
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Temporal coherence and pulse duration

 First commissioning

Fringe visibility as a function of

path difference between two beams

Temporal coherence

R. Mitzner, H. Zacharias et al. 2008 

Nonresonant two-photon double

ionization of He

Pulse duration

with nonlinear autocorrelation
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Summary / Outlook
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The essential techniques for FEL beam distribution and diagnostics are

available:

• Intensity monitor, beam position monitors, gas attenuator, VLS

• Ellipsoidal, torodial mirrors to focus down to 20 -100 !m

• Techniques to determine the lateral distribution in the focus

• but more R&D is needed to

-  improve and optimise beam delivery (e.g. multilayer for different

   wavelengths, filter to get rid of the fundamental)

-  improve the focusing schemes (OAP, KB systems)

-  improve alignment tools (wavefront sensor)
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Outlook 

FLASH

FLASH II

ACC7

Layout FLASH II
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The FLASH Team

W. Ackermann, G. Asova, V. Ayvazyan, A. Azima, N. Baboi, J. Bähr, V. Balandin, B. Beutner, A. Brandt, A. Bolzmann,

R. Brinkmann, O.I. Brovko, M. Castellano, P. Castro, L. Catani, E. Chiadroni, S. Choroba, A. Cianchi, J.T. Costello,

D. Cubaynes, J. Dardis, W. Decking, H. Delsim-Hashemi, A. Delserieys, G. Di Pirro, M. Dohlus, S. Düsterer, A. Eckhardt,

H.T. Edwards, B. Faatz, J. Feldhaus, K. Flöttmann, J. Frisch, L. Fröhlich, T. Garvey, U. Gensch, Ch. Gerth, M. Görler,

N. Golubeva, H.-J. Grabosch, M. Grecki, O. Grimm, K. Hacker, U. Hahn, J.H. Han, K. Honkavaara, T. Hott, M. Hüning,

Y. Ivanisenko, E. Jaeschke, W. Jalmuzna, T. Jezynski, R. Kammering, V. Katalev, K. Kavanagh, E.T. Kennedy,

S. Khodyachykh, K. Klose, V. Kocharyan, M. Körfer, M. Kollewe, W. Koprek, S. Korepanov, D. Kostin, M. Krassilnikov,

G. Kube, M. Kuhlmann, C.L.S. Lewis, L. Lilje, T. Limberg, D. Lipka, F. Löhl, H. Luna, M. Luong, M. Martins, M. Meyer,

P. Michelato, V. Miltchev, W.D. Möller, L. Monaco, W.F.O. Müller, O. Napieralski, O. Napoly, P. Nicolosi, D. Nölle, T. Nunez,

A. Oppelt, C. Pagani, R. Paparella, N. Pchalek, J. Pedregosa-Gutierrez, B. Petersen, B. Petrosyan, G. Petrosyan,

L. Petrosyan, J. Pflüger, E. Plönjes, L. Poletto, K. Pozniak, E. Prat, D. Proch, P. Pucyk, P. Radcliffe, H. Redlin, K. Rehlich,

M. Richter, M. Roehrs, J. Roensch, R. Romaniuk, M. Ross, J. Rossbach, V. Rybnikov, M. Sachwitz, E.L. Saldin,

W. Sandner, H. Schlarb, B. Schmidt, M. Schmitz, P. Schmüser, J.R. Schneider, E.A. Schneidmiller, S. Schnepp,

S. Schreiber, M. Seidel, D. Sertore, A.V. Shabunov, C. Simon, S. Simrock, E. Sombrowski, A.A. Sorokin, P. Spanknebel,

R. Spesyvtsev, L. Staykov, B. Steffen, F. Stephan, F. Stulle, H. Thom, K. Tiedtke, M. Tischer, S. Toleikis, R. Treusch,

 D. Trines, I. Tsakov, E. Vogel, T. Weiland, H. Weise, M. Wellhöfer, M. Wendt, I. Will, A. Winter, K. Wittenburg, W. Wurth,

P. Yeates, M.V. Yurkov, I. Zagorodnov, K. Zapf

Thanks to all our partners:

PTB, Berlin

IOFFE Institute, St. Petersburg

CLRC, Daresbury

University of Hamburg

BESSY, Berlin

University of  Münster

CNR-INFM, Padova

LASER Lab Göttingen
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Thanks for your attention! 


