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What can be regarded as damage?

Irreversible

- Single shot damage: Ablation ...

- Multishot damage: non-thermal
near threshold damage, ageing...
thermal
fatigue

46nm amorphous C
on Silicon
at ~102W/cm?2

Reversible | .
- Multishot damage: m‘&radation of optics =
no dissipation ||nat unchtrains | (AN ...,
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XFEL

Trivial but true:
There is no experience with XFEL light sources yet
and there is a tremendous difference to synchrotrons!!

Parameter Unit SASE 1 SASE 2 SASE 3

Photon energy keV 12.4 12.4 31 31 0.8 0.25
Photons/pulse 1012 1012 1.6 x 1013 1.6 x 1013 1.0x 10% 3.7 %104
Pulse energy mJ 2 2 8 8 13 15
Pulse duration fs 100 100 100 100 100 100
Photon beam prad 1 0.84 3.4 3.4 11.4 18
divergence

Distance m 960 900 400 400 400 400
Undulator — Exp.hall

~ Beam diameter mm 0.96 0.76 3.1 1.4 4.6 7.2
(FWHM) at exp. hall

~ Intensity Wicm2 | 2.7 x 1012 | 4.4 %1012 | 1.1 x10%? 5.5 x 1012 8.0 x 1011 3.6 x 1011
(unfocused)

105 W/cm?2 maximum

For comparison: At Doris ~
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XFEL

Trivial but true:
There is no experience with XFEL light sources yet
and there is a tremendous difference to synchrotrons!!

Parameter Unit SASE 1 SASE 2 SASE 3

Photon energy keV 12.4 12.4 3.1 3.1 0.8 0.25
Photons/pulse 1012 1012 1.6 x 1013 1.6 x 1013 1.0x 10% 3.7 x 1014
Pulse energy mJ 2 2 8 8 13 15
Pulse duration fs 100 100 100 100 100 100
Photon beam prad 1 0.84 3.4 3.4 11.4 18
divergence

Distance m 960 900 400 400 400 400
Undulator — Exp.hall

~ Beam diameter mm 0.96 0.76 3.1 1.4 4.6 7.2
(FWHM) at exp. hall

~ Intensity Wiem# | 27x | 44x | 11x | 55x | 8.0x
(unfocused) 1012 1012 1012 1012 1012

For comparison: At Doris ~ 10° W/cm? maximum per pulse
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Safety reasons:
beam off-set hinders Bremstrahlung etc. to enter experimental area

« ~460 m >

A4 Shiald wall
F ! % ’?: P
Transport and emergency way C
- A
Horizontally
dgflecting mirroy B
T, -
Tunnel 4 A Exp. hall
Silﬂ m EEID m TE.I'I' m ﬂsﬂ m 900 m

Photon beam distribution to different end stations
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How to protect the mirrors?
~460 m
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Enables reliable extrapolation to high photon energies
- beam line optics can be ordered

Possibly higher deflection angles -> might relax constraints on beamline optics
for upgrade (FLASH2, sFLASH)
Investigation of multi-layers - new optical schemes
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Light microscope for fast

but rough examination. Post mortem examination
- AFM (morphology)
- Nomarsky (optical properties)
- Micro Raman (graphitisation...)

32nm 21.7nm 13.5nm 7.1nm

AFM pictures of PMMA for various wavelengths
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APPLIED PHYSICS LETTERS 90, 173128 (2007)

Damage threshold of inorganic solids under free-electron-laser irradiation
at 32.5 nm wavelength

S. P. Hau-Riege,” R. A. London, R. M. Bionta, M. A. McKernan, and S. L. Baker

Lawrence Livermore National Laboratory, Livermore, California 94550

J. Krzywinski, R. Sobierajski, R. Nietubyc, J. B. Pelka, and M. Jurek | A =32.5 nm mJ/cm?
Institute of Physics PAS, Al. Lotnikow 32/46, PL-02-668 Warsaw, Poland ;
, _ L | Si 87 + 45
L. Juha, J. Chalupsky, J. Cihelka, V. Hajkova, A. Velyhan, and J. Kras
Institute of Physics AS CR, Na Slovance 2, 182 21 Prague 8, Czech Republic a-C 65 + 30
J. Kuba SiC 141 £ 70
Czech Technical University, Zikova 4, 166 36 Prague, Czech Republic
_ . ) B,C 197 £ 100
K. Tiedtke, S. Toleikis, Th. Tschentscher, and H. Wabnitz
HASYLAB/DESY, Notkestrasse 85, D-22603 Hamburg, Germany CVD diamond 156 + 75

M. Bergh and C. Caleman
Department of Cell and Molecular Biology, Biomedical Centre, Box 596, Uppsala University, SE-75124
Uppsala, Sweden

K. Sokolowski-Tinten and N. Stojanovic
Institut fiir Experimentelle Physik, Universitéit Duishurg-Essen, 47048 Duisburg, Germany

U. Zastrau
Institut fiir Optik und Quantenelektronik, Universitdt Jena, 07793 Jena, Germany

One physical explanation is the onset of melting
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Planned investigations for recent campaign

Extrapolation to shorter wavelengths Grazing incidence measurements

Example:Carbon

Example:Carbon

Example: Silicon

... and of course for a bunch of other materials
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Recent beamtime
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1st shift : 8h @7nm - found unexpected imprints
2nd shift: 12h @13.5nm - beam characterisation, verified misalignment of beamline

3rd shift: . - ,, Avery special FEL mode*
4th shift: ” - further beamline alignment, beam characterisation
5th shift: , —> first data under reasonable conditions, but...
Focal imprint in PMMA: Focal imprint in PMMA:
1st shift at 13.5nm 3rd shift at 13.5nm
— misaligned beamline - improved alignment
I I .

S 50 pum
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Image of photon beam

vertical feature is a bug
( diffraction at edge, somewhere)

A=13.5nm, 3mm-aperture
beam attenuated

with a 5pum thick Silicon foll
to protect CCD chip

concentric feature expected
( diffraction at beam aperture)
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Multilayer samples

Got reasonable results (dam. thresholds...)
with ,4 spot“ assumption
—> fulfilled only for stable beam conditions!!

1<2 1>2 1>>2

,Flipping intensities"
- unstable beam conditions
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Conclusions

Successful:
- Data taking scheme and ,shot to shot“ correlation
- Major input to beamline commissioning
- Estimation of damage thresholds for few materials

Painful:
- Spent 80% of beamtime for comissioning
- Largest part of measurement programme not accomplished

Thoughtful:
- For quantitative measurements
the commissioning time might be not appropriate

H. Wabnitz/ K. Tiedtke, 29. 01.2008
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Collaborations
- Mirror coatings FEL facilities:
Thin Film Technology GKSS-Geesthacht - Daresbury Laboratory,Warrington
- Experimental set-up
Institute of Physics, Warsaw -LCLS

- Sample investigation (AFM...)
Institute of Physics/ASCR, Prague

Also participation in experimental campaign:
Sven Toleikis

- Multilayers
FOM-Institute for Plasma Physics, Rijnhuizen

- Analysis and Modelling
Lawrence Livermore Lab
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And

many thanks to you
for operating the machine
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The end
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