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Ion Stopping in Hot-Dense Plasmas















Multiple scattering of slow ions in a 
Partially Degenerate Electron Fluid





Probability distribution G T(q  ) at any temperature T contrasted  
to its free electron gas (FEG) counterpart (T=0). q  in a0

-1 and rs = 1.5). 

Same caption with enlarged qperp range. 







Proton beams may miss the target

through multiple scattering
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Efficiency of energy deposition can be 
estimated through a simple formula for the 
width of the distribution in the transverse 

plane

σ(μm) = 0.07 δ(μm)(D + δ)(μm)
Ep(MeV) − 0.15δ(μm)/ Ep(MeV)



Typical example of the energy distributions of a proton beam with 
radius R generated by a LPS created by the 30J. 300 fs pulse of the 
100 TW laser, at LULI, Palaiseau.



BINARY and MULTI-IONIC 
MIXTURES



The basic LIVSD behavior is, as well-known of the form

in the low ion projectile velocity limit advocated previously with energy/nucleon E/A ≤
 

100 
keV/amu.

Within the dielectric framework of present concern, we consider the 
electromagnetic response of a target plasma built on electrons and ion species (Zi , Mi ). The 
target ion part is taken here as a weakly coupled binary ionic mixture (BIM), which will 
prove sufficient in the subsequent considered plasma targets. In such an approach, it appears 
useful to work wtih the overall dielectric function

with the usual Fried-Conte dispersion function W(Imζ ≥
 

0)

Cf P. Fromy, B. Tashev and C Deutsch. PRSTAB 13, 101302 (2010) and EPL 92, 15002 (2010)
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and X(ζ)=ReW(ζ), Y(z)=ImW(ζ).



with Z = Zeff /ND , where Zeff denotes the projectile effective charge at velocity vp , ND =ne λ3
De 

in terms of target electron density and corresponding Debye length. In the sequel, vp will be 
scaled by , thermal electron velocity with T, thermalized target temperature.

Generalizing the standard one-component stopping quadrature

Where vp is now dimensionless on the second line on the right-hand-side. α=1/137 is 
the fine structure constant, and c, light velocity.
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In adapting to BIM stopping, it proves convenient to introduce the relative ion 
concentration of species 1, i.e

in terms of ion number Ni with i = 1,2, in target plasma, so that BIM densities

are straightforwardly expressed in terms of electron density ne.

Then, we can estimate the stopping contributions of every target 
component : electron (0), ion 1 and ion 2 as follows

α=
N1

N1 +N2

n1=
n eα

Z 
 ,   n 2=

n e(1−α)
Z 

 ,  Z =Z1α+Z2(1−α)
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Proton Stopping in polyimide (Kapton)

Proton stopping in Kapton at 0.1 g/cc and 1 keV.  ZH = 0.99992, ZC = 5.9845, ZN = 6.69839, and Z0 = 7.9766

(a) Maximum EP (MeV) = 0.01, (b) Maximum EP (MeV) =0.1
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