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The second part of this talk concerns a new type of X-ray source, 
betatron, based on the relativistic laser-plasma interaction in gas. This 
source produces a polychromatic and highly collimated X-ray beam 
with duration about 25 fs. Its applications in time-resolved EXAFS 
and Laue diffraction, together with its comparison with other existing 
pulsed X-ray sources, will be presented. 
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Signaling photoreceptors harness the energy derived from the 
absorption of a photon to generate a structural signal which is then 
transmitted to downstream partners and ultimately modulates a 
biological process such as phototropism in plants or swimming 
behavior of bacteria.  To accomplish this with high efficiency, 
competing de-excitation pathways such as fluorescence and vibration 
have to be shut down (or greatly minimized).  How are structural 
signals generated at the atomic level, by processes such as light-driven 
isomerization, bond breaking and bond making?  We address these 
questions by nanosecond time-resolved crystallography, in which 
molecules in a single crystal of a photoreceptor are stimulated by a 
brief laser pulse and the subsequent structural changes probed by a 
synchrotron-derived, polychromatic, intense X-ray pulse.  These time-
dependent changes are revealed over the time range from nsec to sec: 
molecular movies.  We illustrate these experiments by considering the 
fully-reversible photocycles of the bacterial blue light photoreceptor, 
photoactive yellow protein, and the heme domain of the O2/CO
sensor, fixLH.  We extract by singular value decomposition the 
number of structurally-distinct components, identify whether a 
chemical kinetic mechanism characterized by a small number of 
distinct states exists and if so, determine the structures of these time-
independent, intermediate, short-lived states. 
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Femtosecond electron diffraction (FED) harbours great potential 
for providing atomic resolution of structural changes as they occur.  
This ability to watch atoms move in real time—to directly observe 
transition states—has been referred to as making the molecular movie.   
Many-body simulations of ultrashort electron pulse propagation [1] 
enabled the recent development of sources for femtosecond electron 
pulses with sufficient number density to execute near single shot 
structure determinations.  This is a necessary requirement to allow 
studies of irreversible processes.  With the realisation of joint 
femtosecond temporal resolution and sub-Angstrom structural 
resolution, an atomic level view of melting of a thin film of Al under 
strongly driven conditions [2] has been obtained in which the process 
can be desribed as a thermally driven phase transition that takes place 
in ~3.5 picoseconds.   Subsequent studies of the slower melting of Au 
have further elucidated the mechanism for melt zone propagation. 

Ongoing development in electron gun design has further improved 
the temporal resolution of FED for the observation of transition states 

in molecular systems.  The camera for “making the molecular movie” 
is in hand.  
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Coherent acoustic phonons in solids can be generated by 
impulsive optical excitation through ultrafast heating of lattice and 
electrons. The former is the thermal lattice expansion related to 
anharmonicity of ion-ion interaction. The latter is the thermal pressure 
of free electrons. Previous studies using fs optical probes indicate that 
both driving forces contribute the phonon generation. However, these 
optical measurements are indirect probes of lattice motions. Here, we 
report the study of coherent acoustic phonon generation mechanism 
by directly measuring the associated structural dynamics with 
femtosecond electron diffraction (FED). FED provides a quantitative 
measurement of the temporal evolution of both coherent and thermal 
lattice motions with sub milli-ångström spatial resolution and on the 
sub-ps timescale. The damped single-mode breathing motion of 20-
nm-thick Al film along the surface normal was recorded as the 
coherent oscillation of Bragg peak position with a period 6.4 ps, as 
determined by the 1-D standing wave condition. The lattice 
temperature (thermal motion) evolution with a time constant of 600 fs 
was measured by following the associated Bragg peak intensity 
attenuation. By fitting these data with the differential equation of a 
harmonic oscillator using a driving term including both lattice and 
electron heating, we find that the electron pressure contributes more 
significantly than the lattice heating for the first half cycle of the 
lattice vibration. These results provid a direct and clear evidence of 
the non-thermal generation mechanism of coherent acoustic phonons.  
Keywords: lattice dynamics, time-resolved diffraction, electron 
phonon coupling 

MS55.27.5
Acta Cryst. (2005). A61, C72-C73 
Time-resolved Diffraction Studies of the Combustion Synthesis of 
NiAl/TiC Composite 
Caroline Curfsa, A.E. Terryb, G.B.M. Vaughanc, J. Turrillasd, D.P. 
Rileya, E.H. Kisia, M.A. Rodrigueze, Å. Kvickc, aUniversity of 
Newcastle, Australia. bEindhoven University of Technology, The 
Netherlands. cESRF, France. dIETCC-CSIC, Spain. eICV-CSIC, Spain. 
E-mail: caroline.curfs@newcastle.edu.au 

Combustion synthesis is a cheap and easy technique to fabricate a 
large range of materials, including ceramics and composites. It is 
possible to synthesize a compound by exploiting the exothermic 
properties of the chemical reaction. Two combustion modes exist 
depending on whether the synthesis occurs in the form of a wave 
traveling through the sample (Self-propagating High-Temperature 
Synthesis SHS) or if it occurs simultaneously in the whole sample 
(Explosive mode). Despite a lot of advantages, combustion synthesis 
is barely used in industry due to a lack of understanding of the 
synthesis mechanisms. 

In this work, in-situ time-resolved diffraction using synchrotron 
radiation has been applied to determine the crystallographic changes 
occurring during the SHS in air of a mixture of Al, Ni, Ti and C. 
Time-resolved diffraction is the only in-situ technique able to provide 
information about the synthesis mechanisms without influencing the 
propagation of the combustion front. The experiments were performed 
in transmission using a small X-ray beam of 200x200 µm (E=45keV). 
During the reaction, 2D diffraction patterns were acquired with a 


