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The interaction between submicron thickness foils and a very high contrast laser pulse (large 

ratio between the peak intensity and the intensity of any light ahead of the pulse) at ultra-high 

intensities (>1020Wcm-2) sufficient to drive electrons to relativistic velocities has previously 

been demonstrated to result in the generation of coherent high harmonic radiation with 

extreme-ultraviolet and soft X-ray wavelengths in the transmitted direction [1].  In this 

relativistic regime, the harmonic radiation is understood to originate from synchrotron-like 

trajectories of dense nanoscale electron bunches (nanobunches) formed during the interaction.  

The short extent of these bunches as they make these trajectories underpins this process of 

coherent synchrotron emission (CSE).   

 

Here we present results from thin diamond-like carbon foils using 80J, 500fs pulses from the 

TRIDENT laser system based at the Los Alamos National Laboratories.  The very high intrinsic 

contrast of this laser and the capability of acquiring on-shot frequency resolved optical gating 

(FROG) traces [2] permitted the study of the effect of varying pulse shapes on the CSE 

spectrum.  Our results show that the gradual introduction of a leading shoulder at 1 to 2 ps 

before the peak of the pulse and with an intensity between 10-4 and 10-2 of the peak will cause a 

break-up of the distinct harmonic lines into a weak, broad, incoherent spectrum.  Simulations 

show that this is caused by a breakdown in the coherence of the nanobunches due to the 

interaction of this pulse shoulder.  This has important implications for laser-driven coherent 

emission processes such as CSE and other relativistic laser-plasma interactions which rely on 

the formation of these nanobunches [3]. 
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