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We are entering a new era in x-ray science
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Coulomb explosion of Lysozyme
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Coulomb explosion of Lysozyme
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X-ray free-electron lases may enable atomic-resolution imaging
of biological macromolecules

One pulse, one measurement l

Particle injection

Combine 10°-10" measurements

Averaging Orientation Reconstruction




We have carried out experiments at the first soft-X-ray
FEL in the world

FLASH at HASYLAB, DESY
» User facility, FEL radiation to 6 nm wavelength
* Initial FEL Operation August 2005 at 32 nm and <30 fs pulses, 1012 photons




Our diffraction camera can measure forward scattering
close to the direct soft-X-ray FEL beam

“Soft edge” prevents any
scatter from the hole

Multilayer reflectivity is uniform across
the 30° to 60° gradient



Coherent diffractive imaging is lensless

Use a computer to phase the scattered light, rather than a lens
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First demonstration with X-rays: John Miao,
P. Charalambous, J. Kirz and D. Sayre, Nature 400 (1999)
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The reconstruction is carried out to the diffraction limit
of the 0.26 NA detector

Single pulse FEL
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The sample is quite damaged by the FEL pulses

FIB “cowboy” sample after FEL exposure
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We have performed full 3D X-ray imaging of non-
crystalline material at 10 nm resolution

Coherent X-ray diffraction data,
rotating the sample -70 to +70
degrees (5x108 data points)

SEM image of 3D pyramid test object
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Coherent X-ray diffraction data A =1.6 nm, from a sample of
50-nm gold spheres arranged on a pyramid

Complete image reconstruction achieved, without any prior
knowledge, using our “shrinkwrap” algorithm, parallelized
for 3D on 16-node cluster. Resolution = 10 nm
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Particle explosion experiments were performed on latex
particles on membranes

100 pm (

*The particle size is determined
by Mie scattering of the VUV-
FEL pulse by the particles (FEL
pulse is both pump and probe)

l *To see a 5% change in radius
/{ during pulse, require size
distribution of ~1%.
20 nm thick

silicon nitride




low fluence




Our VUV hydrodynamic code shows that latex spheres
start exploding in ~ 2 ps
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The explosion takes longer than expected from our
hydrodynamic model
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« Experiments and simulations show a similar trend of the particle exploding

» The onset of explosion occurs later than predicted

» Measurements will be improved with better pulse diagnostics and shorter
wavelength



First EUV-FEL experiments show that structural
Information can be obtained before destruction
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32 nm wavelength ST :
o | . |increasing .«  Low-fluence
2 3 . |fluence /S E
B
Si/C multilayer D 2
S &
] :
1
Reflectivity unchanged N St SN
Multilayer d spacing not changed by 35 40 45 50
more than 0.3 nm Angle of incidence (degrees)

Plasma forms, layers ablate

/ Nomarski micrograph of crater
\ /.

With J. Kryzwinski, R. Sobierajski, L. Juha et al




There is no motion at 3A during the pulse, but the
change in optical constants is larger than expected

Temperature profile in the
multilayer
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Motion occurs after the pulse
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Our model predicts atomic resolution imaging is feasible
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S. Hau-Riege, R. London, A. Szoke, G. Huldt
Phys. Rev E 69 051906 (2004); Phys. Rev E 71 061919
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