
atom-level theoretical model of surface behaviour under high 
electric fields, which we are currently developing, suggests the 

possibility of surface hardening under applied fields. The 
dislocation-based mechanism may explain the formation of a 
surface protrusion, acting on the later stage as a full size field 
emitter, which may develop at the certain circumstances in a 

breakdown spot. Hence our model aims to explain the physical 
limitation of a metal surface due to electrical breakdowns at the 
fields that are still well below the critical values known to cause 

field-assisted evaporation of atoms. We model all three main 
stages of plasma development ignited in ultra-high vacuum, i.e. 
plasma onset, plasma evolution and surface damage due to the 

plasma discharge. 
 

The main emphasis of the presentation will be on the triggering 
process of plasma ignition event due to the high electric field, as 

well as the discussion on the plasma-ion ``shower'' during the 
vacuum arcing and the resulting surface response. A possible 
mechanism for formation of a surface protrusion mediated by 

dislocations nucleated on a near surface void under high electric 
field will be discussed in detail. A modified molecular dynamics 
code, which includes the effects of electric fields such as partial 
charge on surface atoms as well as the Joule heating of surface 
asperities due to electron currents will also be presented. This 

information is plugged in to the simulation of plasma 
development, whose output is used to simulate the surface 

damage. The simulated surface damage is well compared with 
the craters formed by the plasma discharge in DC-spark setup 

(CERN). 
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Abstract: 
 
Laser plasma accelerators (LPAs) hold great promise as ultra-compact electron sources 
because of their high acceleration gradients (~GeV/cm) and flexible format, but have yet to 
gain wide-spread acceptance due to limitations in their tunability and stability. These 
limitations, caused by the fluid nature of the accelerator formation, have required the 
development of sophisticated new techniques tailored to manage the microscopic 
dynamics of the laser-plasma interaction. This talk will highlight recent work aimed at 
addressing the unique control challenges of this accelerator format, including the use of 
multiple-pulse collisions to trigger electron injection, the use of tomography to see 
through walls, the use of spectroscopic imaging to track gas-plume and laser evolution and 
the use of chirped-pulse interferometry to resolve wake-induced Raman shifts. These 
methods provide a tremendous wealth of in-situ, shot-by-shot information from within 
the accelerator, enabling control of and shining new light on what has previously been a 
black box accessible primarily by simulation. 
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