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* Motivation and previous S7 work

* Brief Overview ofbeamline 71D and APS
timing experiments

* Progress in using Coherent Diffraction
Imaging In laser-pump x-ray probe
experiments.



APS bunch patterns are ideal for timing experiments.
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Brief overview of Sector 7

Dedicated Sector for Time-Resolved Science

Sector 7: Time-Resolved Research Group
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Laser-pump—X-ray-probe

synchrotron

Laser

*Resolution limited by the bunch duration (or the timing jitter)
*Arbitrary pump-probe delay (NOT limited by bunch separation)



/ID-C set up

* Response of condensed matter to coherent excitation

* Thermal and non-thermal strain generation and melting in
semiconductors

» Acoustic propagation and impedances at boundaries
 Structural Phase Transitions
* Chemical reactions on surfaces

*Coherent diffraction imaging of laser-strained
nanostructure

Huber 6-circle available

X-ray focused with 200mme-long .,
KB system, APDs, or Pilatus 100K o
used in laser-pump x-ray probe

experiments

See T. Ejdrup et al, J. Synchrotron Rad. (2009). 16, 387—-390.
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Time-resolved Bragg Diffraction (laser

pump/x-ray probe)

* Response of condensed matter to coherent excitation

* Thermal and non-thermal strain generation and melting in
semiconductors

» Acoustic propagation and impedances at boundaries

 Structural Phase Transitions

V 1 N b a "HB |rn[|t2r|| ' ‘
Impulsive Strain Generation Chemical . f
(Thomsen et al. Phys Rev. B (24) 1986.) * Chemical reactions on surfaces

simulation: n=0.5%,
experiment: InSb 111, 100ps & 1.25mdeg
10mJ/cm? conv.

Reis et al. Phys Rev. Lett.(86) 2001



Imaging strain generation with coherent X-rays

When l/w ~ 1, simple thermoelastic
model is no longer valid, and strain
field is no longer uniaxial.

A coherent diffraction technique is

used on 7ID with D ~ 7 by 3um, w ~ U o umossumeecsim
1-6 um. (the laser absorption length | T
< 1um). Focused energy density -
about 10 mJ/c T .}” h=054 im0 =1 m

A high resolution CCD in the far field f\mm

Images the coherent diffraction

A 4 _054um-a=2pm

Phase (0.1 mrad)
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pattern. In 324 bunch mode, no need Tine deey )
for gated CCD or fast x-ray chopper. (e o e i s (1 053 19 10

Fs-laser oscillator work from C. Rossignol et al., PRL 94, 166106 (2005)



Refresher on Coherent X-ray

diffraction

« Modern 39 generation
sources provide enough
partially coherent flux to
Illuminate a sample of say
(1Cum)? coherently

 The coherent flux for a
source like the APS, F ~
4x109° ph/s/eV, 50m from
source in a 8.@gm x

194um aperture at 9 keV.  Lower red curve: 1 Und. A

 White or Pink beam
provides factor 200 or
more, suitable for SAXS.



Definitions: coherence lengths

d,~0.64 mm

d,~0.021 mm

For R ~50 m, 9 keV

L, ~ 0.008mm (H)
0.2 mm (V)

L, about 3 micron
at 9 keV with Y2 eV
resolution



Speckle from coherent illumination
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Static FgAl speckle pattern taken at ESRF
from frozen antiphase domains.



One can also try to measure the 3D speckle
and invert it though inverse methods.




Typical iterative method used to invert Coherent diffraction patterns

FFT

Direct Space
Constraints

Reciprocal Space
Constraints

Experimental Amplitudes
Oversampled
Masked
&
ZeroPadded

Support
Total Energy
Mixing previous iterates.
Positivity

FFT™*



Chapter 3: Laser-heated CDI

e Coherent diffraction imaging experiment of
microfocused laser-heated GaAs

e Preliminary results on ZnO nanocrystals
e Discussiol



Time and spatial overlap

* Timing overlap done with 2 InGaAs photodiode (Judson Technology)
and 16 GHz oscilloscope. One diode for laser trigger, one for x-ray and
laser on sample.

Yellow: laser trigger, rise time ~100 ps
Blue: laser and weaker x-ray pulse X5 microscope objective focuses
with 2 ns delay laser to jum FWHM on sample



*In Proceedings of SRI 2006 AIP Volume 879, p1210-1213 Jan. 2007.

CXD, bulk GaAs (200) 10 keV
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-Results obtained with Si (111) monochromatic beam, with ¥¥pm unfocused
coherent beam.

-Laser power 68 mW in gm FWHM Gaussian laser beam.

-X-ray peak intensity reduced by factor 5. Angular split implies a peak temperature
difference of 30 K, FEA results, 137 K. Reasonable due to long footprint. No obvious
time dependence when changing laser-x-ray delay.



Preliminary results on ZnO capped
with NI film

Work lead by Ross Harder, Steve Leake, on ZnO

nanoparticles.

Coated with Ni to absorb 800 nm light

135 mW light into 5.9um spot or ~6 mJ/ctn

CDI clearly sensitive to laser on/off as speckle
pattern moves in@with laser on.

Exposure time 30 sec/angle in 80 pts scan of 0.16
degrees, 86 min total acquisition. (Unfocused x-
rays.)



Recent result on InAs nhanowires

Phonon dynamics in nanowires
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Oscillations of straight-up InAs nanowires
Three acoustic modes found

preliminary data collected at 71D

S. O. Mariager et al., Nano Lett0, 2461 (2010)
University of Copenhagen
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Zn0O (Recent Electron diffraction)

Ding-Shyue Yang, Changshi Lao, Anmed H. Zewalil, Science 321 1660 (2008)



Average heating

51K temperature rise
0.02 mm pixels at 1.7 m from the sample

From E. Dufresne et al. NIM A (in print) DOI: 10.1016/;.nima.2011.01.050
The angular shift in 26an be used to focus the laser



Most recent results

3 sec. exposure, 50 ps sampling, 23 min scan.

From E. Dufresne et al. NIM A (in print)
DOI: 10.1016/}.nima.2011.01.050

Integrated intensity strongly modulated by timing of laser and x-rays!
Although not shown, the fast oscillation are significant, clearly above
noise.



Cuts through reconstructions

S. Leake, PhD
2010, pl176



Discussion

We are developing a CDI technique to image strain fields
generated by pulsed laser heating which enable strain
mapping with a fraction of a micron resolution.

In GaAs, fast (100ps) time resolved effects were not
observed, possibly because the sample does not have time
to recover after 11 ns or illuminated volume is too large.

Zn0O results are encouraging. More systems need
explored to determine the usefulness of oscillator driven
experiments at the APS.

With a long cavity oscillator running at 6.5 MHz, one

could extend the relaxation time between two laser pulses
to 153 ns and get more energy per pulse (x50). This laser Is
now available commercially.



5-10 years outlook

Brighter 39 generation are under construction or planned witiitsh
pulse options. (NSLS-II, APS-U).

Many hard-xray FEL in construction. LCLS is being commissioned
now. More in construction (XFEL, Japan, Taiwan).

These new sources will allow to probe matter with fs resolution in and
out of equilibrium.
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