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SASE FEL Radiation Properties
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FLASH Experimental Hall
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Parameters of the FLASH User Facility

Free Electron LASer in Hamburg
(FLASH)

User operation since August 2005

Photon wavelength / energy: 457 6.5 nm
3071 200 eV

Pulse duration: 1071 50 fs
Divergence: <100 prad
Bandwidth: ~1 %
Average pulse energy: ~100 pJ

% 10‘ Fundamental harmonic

mean
actual

Max. pulse energy: ~150 puJ

Repetition rate: 5 Hz (bunchtrain)
1 | 800 pU|Se/tl’aIn 40 kHZ | 1 MHZ - .......... .......... .......... .......... .......... .......... .......... .

Ultra-brilliant: 10 GW . .......... .......... ......... — 1— .......... .......... ..........

SASE source: fluctuations - . .......... .......... ......... ......... - .......... .......... ..........
W. ACkermann et al-’ T NG el (0 SO . | T RN R T o

Nature Photonics 1, 336 (2007)
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Condensed Matter <> Warm Dense Matter (WDM) <> Ideal Plasma

WDM occurs in:
Condensed Matter

ACores of large planets theory fails:

ASystems that start S

Electrons are
end as a plasma

too hot

AX-ray driven inertial
experiments i

lassical Plasma
theory fails:

ATemperatures ~ 1-100

Collective behavior

ADensities ~ 102t 1 1026 cm of electrons and atoms




Weakly couple plasmas are easy
-> The plasma can be seen as a separate point charges

-> Then the plasma is a bath in which all particles are treated as points
even particles with structure (e.g., atoms, ions)

Coupling parameter:

r — ECoulomb
E

But, when either 3 increases or "M™decr e

-> Particle correlations become important Degeneracy parameter:

-> |onization potentials are depressed
@ — EThermal

-> Energy levels shift

-> Structure of plasma constituents plays a role (ions) Fermi



Exploring WDM with FLASH

FEL Radiation Properties at FLASH:

Wavelength 457 6.5 nm (27 - 191 eV)

Pulse duration <107 50fs

Pulse energy max ~120 uJ, on average ~50 puJ _
Bandwidth 057 1% £
Divergence < 100 prad :O

AGW peak power, 1012 - 1013 photons / bunch
Al ©10%* W/cm2 (20 um focus at BL2)
Al O ¥ W/icm2 (1 um focus)

FLASH can be used as a

Electron temperature
{hheating.Rnm. 111 1.8 5%, Ref) <- 800 nm’
2mJ, 100 fs

AProbing Source

-> Thomson Scattering 30 pum focus on

AExcitation Source H,
M H @ 135 n“l '> Sscne-xs
-> - £
u-focussing Experiment : 80 11J, 30 fs :

le-3

Electron temperature
(H-heating-13 Srn-30fs-30pJ-bb)

-0.00z 0.000 0.002
4.5e-13
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Microfocussing campaign at FLASH
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Microfocusing experiment - Setup
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Microfocusing experiment - OAP

Off-axis angle: 21.8°
> Focal length: 268.94 mm

Fluence [%o]

> Initial prediction for OAP
with ML coating for 13.5 nm
with no height errors indicates
QL um focal spots

distance [microns] /“
Beamtime in February 2007 failed due to bad surface quality: |

A Striations were introduced in OAP during polishing
A Zygo interferometer image shows the pattern

A RMS height error over 1 cm2is 1.6 nm
A

Irradiating PMMA and post-processing the damage
provides a viable technique to measure the intensity pattern

-

The damage pattern was simulated using measured surface
pattern

-
..........

Simulation results by J. Krzywinski
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OAP repolished

Repolished bv ASML: tilayer coating for 13.5 nm:




Transparent Aluminium - Experimental Setup @ FLASH

S. Bajt et al., Proc. of SPIE Vol. 7361, 73610J1-10 (2009)
A. Nelson et al., Opt Exp. 17, 18271 (2009)
A=13.5nm

/

Al sample 53nm thick

J. Chalupsky et al., Opt. Exp. 15, 6036 (2007)

Sample is moved thru
focus to vary the
intensity from
1013-10% Wicm?




Transmission of FEL at 13.5 nm through 53 nm Al
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Sven Toleikis | European XFEL Workshop | Ryn, Poland | 14-17 February 2010 | Page 15



Al absorption coefficient
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Al after a single photoionization

05e=92eV

73eV )

118eV
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Al L-edge shift after photoionization

0e=92eV

93eV

A R e mo vs'@p eleotron causes shift of n = 2 shell due to loss
of the outer screening.

A (\Ell increase as there are now four electrons in the conduction
band (~ 2.4 eV)

A So it is wunlikely that all 2C O I
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Al L-edge shift after 2"d photoionization

Arhermalizing these photoexcited electrons with the original 3 in the
conduction band leads to temperatures of 4 - 7 eV.

A Photoexcited el ect rbody=combinatiort. h e n

A  Fluorescence due to filling of
collisional recombination
0, =92eV '.

93eV l
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Transmission of 53 nm Al including 10 nm oxide layers

[ III I III
07 F MPhotoionization of
i T 110 L-shell electrons
- Electron temperature 7 A -shell core hole state
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Nagler et al., Nature Physics 5, 693 (2009)
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Recombination Time

________________________

Recombination time ~40fs

Should see fluorescence before
lattice moves.

Fluorescence proportional to ¥ 2 g(E)f(E,T)
(better model under development)
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XUV Spectroscopy on Al (20 um spot)
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STAR DATE: 15984,
HOW ON EARTH CAN THEY SAVE THE FUTURE?

Pt

SI'ARTRéH.V

7 THE VOYAGE HOME T — .\

FLASH
creates
transparent
aluminum

Flash Experiment
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