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The transport and energy deposition of relativistic 
electron beam in the non-uniform plasmas is investigated 
with two-dimensional electromagnetic particle-in-cell 
simulations. The self-consistent beam structure 
evolutions are shown in Fig. 1, where an electron beam 
with flat-top density distribution is clearly displayed. We 
find similar double ring structure in the edge regions 
when the electron beams with large radial density 
gradients are transported in the non-uniform plasma. For 
the beam with the radius much larger than the plasma 
skin depth, the current filamentation instability excited 
by the relativistic electron beam can be clearly observed, 
which breaks the electron beam up into a large number 
of filaments with a typical radius R∼c/��� and leads to 

the formation of strong magnetic field consequently. We 
can clearly observe that these beam electrons are focused 
to form high density focal spot under the action of the 
electromagnetic field, as displayed in the Fig. 1(e). 
Interestingly, by inspecting the Fig. 1(e) and Fig. 1(f), the 
focal spot obtains a transverse velocity moving to the 
right side of simulation region, i.e., low plasma density. 
 
 
 
 

 
For the case that intense electron beam is transported in 
the non-uniform plasma, asymmetric transverse magnetic 
field [1], which is associated with different plasma density 
values, contributes to the directional drift of electron 
focal spot and thus enhance the merge. Furthermore, 
axial electric field is generated in the middle of two 
filaments when they merge under the action of the 
magnetic field. The axial electric field is responsible for 
the formation of plasma jet and energy deposition when 
two fairly large filaments begin to merge, which is 
significant for the fast ignition in the inertial confinement 
fusion. 
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FIG. 1. The temporal density evolution of electron beam with a radius ��	 = 7.6 c/���, much larger than the plasma skin 

depth. Snapshots with six different travel times are shown: (a)	 ���t = 0, (b)	 ���t = 13, (c)	 ���t = 22, (d)	 ���t = 56, 

(e)	 ���t =95, (f)	 ���t =182. 
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