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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 ≥
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and X(ζ)=ReW(ζ), Y(z)=ImW(ζ).

Cf P. Fromy, B. Tashev and C Deutsch. PRSTAB 13, 101302 (2010) and EPL 92, 15002 (2010)



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
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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.



In adapting to BIM stopping, it proves convenient to introduce the relative ion 
concentration of species 1, i.e

α=
N1

N1 +N2

n1=
n eα

Z 
 ,   n 2=

n e(1−α)
Z 

 ,  Z =Z1α+Z2(1−α)
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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







In the sequel α
 

denotes the relative proportion of ion species 

A in the AB-BIM. As a prerequisite to this program, we detail on 

Figs. 1 the α-dependence of the stopping profiles (SP) in terms of 

dimensionless projectile velocity vp /vthe for proton projectiles losing 

their energy in a H+-D+BIM at solid density ne =1023 e-cm-3 and 

T(eV)=10-1000, BIM stopping appear mostly restricted to the 

narrow range  0≤vp /vthe ≤0.2.

It is also a remarkable fact that the target ion SP peaks 

always lie at very low vp /vthe ≤
 

0.05, on the three cases (Figs. 1-3) up 

to now considered.







T-dependence

In view of the crucial dependence of FIS ignition performances on the initial temperature of 

the compressed DT-fuel we detail on Figs. 4-5 stopping profiles (SP) on a logarithmic scale for alpha 

particle slowing down at 1023 e-cm-3 and 1026 e-cm-3, respectively. With this change of scale, the e- 

stopping does not appear negligible and the fine structures at the intersection of electron SP and ions SP 

are clearly shown. α

 

denotes deuterium relative concentration and the quasi-symmetric features of target 

ions SP appear even enhanced contrasted to their linear counterparts.





Fig. 6a highlights a rather flat three-dimensional snapshot for a α

 

= 0.5 
BIM confirming 0.1 ≤

 

vp,crit /vthe ≤
 

0.13. However separate variations in T (Figs. 
6b) and density (Fig. 6c) document a strong α-dependence for vp,crit . It is highly 
suggestive that these vp,crit estimates fall in quite a close agreement with those 
derived from an independent Fokker-Planck analysis based on ratio of projectile 
kinetic energy to that of target electrons. So, we have
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in terms of the BIM quantities Z = αZ1 + (1− α)Z2 and  M = αM1 + (1− α)M2 . 

In the presently considered case, the above ratio yields 

 
 vp,crit  

vthe  
 ≅  0.12 

in a rather good agreement to that given on Fig.6a vertical scale. A similar quantitative matching 
between present dielectric approach and collision one a la Fokker-Planck of current use in 
Tokamak physics can be obtained for alpha particle stopping, as well.



Critical velocity vp,crit

From all the above displayed numerical patterns, it 

obviously transpires that the electronic contribution to projectile 

ion stopping matches the sum of the target ions contributions for 

a critical projectile velocity vp,crit such that vp,crit /vthe ~ 0.15-0.2, 

provided the given BIM are not too asymmetric in charge and 

mass.







Straggling

In the present high temperature range of interest, the statistical properties of our LIVSD 

approach essentially rely on the high-T straggling approximation 

where S is the total stopping including electron and ions contributions. Fig.7 displays the case of 
proton projectiles stopped in a DT-equimixture (a = 0.5) with ne (cm-3) = 1018 and T(eV) = 500. It 
unambiguously contrasts the usual bell-shaped curve featuring e-stopping at any vp , to the highly 
spiked BIM contribution restricted to vp /vthe ≤

 

0.2.

 Ω2  =  2k BTS
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Widening the α-scope up to 0.9, we can appreciate the three dimensional landscapes on 

Figs. 12, including continuous temperature variations on the 0 ≤
 

T(eV)≤
 

200 range at a 

much lower ne =1023 e-cm-3 density, thus possibly featuring the interior of an hypothetical 

star, yet to be discovered. Here, we can see that for all values of α, now featuring the H+ 

relative concentration, the given landscapes differ only for Vp /Vthe ≤
 

0.2. The low Vp 

transverse ridge increases with decreasing α. It is the highest at α
 

= 10-3, i.e. for a 99.99 

Fe24+ concentration.





Antisymmetric BIM
The present formalism also affords the opportunity to include negatively charged 

ions in the BIM qualifying the stopping target. Recent low temperature plasma experiments 

dedicated to the volume production of negatively charged hydrogen ion H- display the 

possibility of stopping low energy ions to diagnose quantitatively the BIM properties to 

which they belong. 

With these provisos in mind, we consider on Figs. 13 proton stopping in a H--H+ BIM with a 

rather low total ion density nH- + nH+ = 10^11 cm-3 at T(eV) = 0.3, to comply with expe-

riments requests. Considering an overall neutral e-H--H+ target plasma, we see on Figs. 13 

that the e-stopping contribution gradually decreases with increasing H- concentration. 

At α
 

= 0.5, the electron fluid has just desappeared as a stopping contributor.

As in previously positively charged BIM, the sum of the two target ion stopping 

maximua remains constant.





Low Ion Velocity Slowing Down in a Strongly 

Coupled and Demixing H-He BIM

Cf C. Deutsch, D. Leger and B. Tashev LPB 29, 121 (2011)

D. Leger and C. Deutsch, Phys. Rev.A37, 4916-4930 (1988)
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