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Now you see it ... An intense, ultrashort optical 
pulse leads to melting, which is monitored 
through time-resolved x-ray diffraction. 

photochemistry, where the valence elec- 
trons are involved in chemical change 
and their features in the visible spectrum 
can often be associated reliably with the 
molecular geometry, especially for small, 
well-studied molecules. But the connec- 
tion between valence electronic spectral 
properties and collective structure is not 
easily made, and it is therefore often diffi- 
cult to infer the evolution of condensed 
matter structure from transient optical 
spectroscopic features. Also, light can of- 
ten not penetrate the samples sufficiently. 
In fact, the melting transition, now moni- 
tored with x-rays, was observed earlier 

with visible light (9, 10). Fast melting was 
indicated, but it was uncertain whether it 
was homogeneous because the light did 
not penetrate the sample. 

The development of ultrafast x-ray 
probes promises new capabilities for moni- 
toring time-dependent structural changes in 
complex systems including crystalline 
solids and biological molecules, and is par- 
ticularly promising for probing collective 
changes in crystal structure. But its devel- 
opment also issues a challenge. Now that 
we can watch collective structural evolu- 
tion, can we devise ways to initiate it in a 
synchronized, or phase-coherent, manner? 

In femtochemistry, absorption of an ul- 
trashort optical pulse launches all the pho- 
tochemically active molecules along the 
reaction path at the same time. Only then 
can probing light pulses be used to record 
snapshots of all the excited molecules as 
they pass through a sequence of well-de- 
fined transient molecular structures. Ultra- 
short optical pulses can also launch coher- 
ent collective motion of ions or molecules 
in crystal lattices, in some cases along the 
paths that lead them part of the way to- 
ward-but generally not all the way into- 
the positions they occupy in new crys- 
talline structures, that is, part of the way 

along "collective reaction coordinates" 
(11). There is some evidence that collec- 
tive structural change can occur as a result 
(12). Methods permitting more extensive 
optical control over collective behavior 
have been demonstrated (13, 14). Only if 
they can be extended substantially will we 
truly gain the ability to watch the transfor- 
mation of condensed matter as it passes 
through a sequence of well-defined tran- 
sient collective structures (15-1 7). 
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