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Motivation 

▪ The Target Normal Sheath Acceleration after 10 years of 

research is still not fully understood ! 

▪ This is the most relevant mechanism for the PHELIX laser 

facility at GSI, Darmstadt 

▪ Open questions: 

- Which model can be used to interpret the experimental 

results? 

 

 

- What is the distribution (density, temperature) of the co-

moving neutralizing electrons? 

P. Mora, Phys Rev E 72, 056401 (2005) 

M. Passoni and M. Lontano, Phys Rev Lett 101, 115001 (2008) 
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i pm m The heavy ions are 

considered immobile! 
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Simulation setup 

Vorpal 5.2, TechX corporation 

- 1D electrostatic solver 

Fully relativistic EM PIC plasma 

simulation code. 

Laser interacting with a plasma slab  

It’s difficult to define the electron parameters! 

Simplification (first step): 

Temperature 

Density 

- Plasma expansion starting with an equilibrium electron distribution. 

- Only hot electrons with well-known density and temperature are 

included!  

Easier to model and understand the basic physics! 
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Adding a proton layer 
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Quasi-static acceleration vs.  

Isothermal expansion 
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Effect of the layer thickness 
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Dashed lines: 
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Smooth transition between the two models! 
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Intermediate regime 

Dd 

The proton bunch modifies the 

potential… 
Expansion of a flying non-neutral plasma. 

Protons 

Electrons 

Trapped electrons! 



Deformed potential profile 

Simulation ! 

protons 

t = 0 s 
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Electric field 

Electric field 

Potential Potential 



Analytical model 
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Numerical solution 
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Electron energy spectrum 



Numerical solution 

4.5
1.2

0.0002x
 



Simulation ! 

11. Mai 2012  |  TU Darmstadt  |  Fachbereich 18  |  Institut Theorie Elektromagnetischer Felder  |  Zsolt Lécz |  13 

 

bE

e pN N

Electron energy spectrum 



Potential barrier (-drop) 
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tx



Analytical (fit) expression 
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Two-temperature plasma 

The scale length of the 

penetrated electric field is 

smaller. 
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Final electron spectrum 
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D=0.1 

D=0.22 

D=1.0 
Electrons with 

higher energy 

than the 

potential-drop 

contribute to the 

acceleration. 



Energy transfer 
Final proton energy over the initial total energy of electrons. 
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Proton energy spectrum 
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Electron cooling 
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The electrons are co-moving and cold ! 

The scaling low valid in 2D as well ! 

Mean velocity, protons 
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2D results, density 
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2D results, electric field 

Longitudinal fields 

Transversal fields 

Different 

focusing ! 
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Conclusions, outlook 

• The simulations show good agreement with the analytical models in the 

extreme cases : D<<1, D>>1 

• An analytical fit could be found to explain the energy conversion from 

electrons to protons 

• There is no exact border between the two models 

 

Outlook 

 Test the energy conversion model with 1D laser-plasma interaction 

simulations 

 Perform the same parameter-scan in 2D 

 Study the effect of layer thickness on the divergence 
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