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Cooperation in fusion energy research and 

high-energy accelerators has been a “bridge over 
troubled waters” for most of a century. Physics 
research has traditionally been an international 
endeavor, involving the earliest accelerator 
developments, and hitting a hiatus only during 
World War II. Fusion energy research using 
magnetic confinement was internationalized by 
the Geneva meeting in 1958. Iran is and has been 
a participant in fusion research, even during the 
troubles of the past couple decades. And, although 
“laser fusion” was public and acknowledged by 
the US in 1972, that year Iran hosted “The Future 
of Lasers” at Esfahan [1]. 

Unequivocal statements in the 2015 nuclear 
agreement, the Joint Comprehensive Plan of 
Action, known in Iran as the barjam, increase the 
opportunities for collaborative projects to develop 
fusion as an economic energy source. The clear 
opportunity for heavy ion fusion is to be forthright 
about the historic and ongoing conclusion that 
HIF is the most promising path to fusion energy—
especially fusion energy that actually delivers on 
its promise to be the deep-clean and safe, 
affordable, abundant energy source that the world 
desperately needs. 

A caveat for Iran about investing too much 
money or political capital in fusion cooperation is 
that the world’s mainstream fusion energy 
programs are failing to the extent that no 
contribution from fusion is anticipated for another 
several decades, and much of the political classes 
show serious doubts that it ever will be an 
important energy source. In this regard, the HIF 
community shares culpability for having retreated 
from the vision of 1976. This has been a political 
failure not a technical one. HIF never was going 
to be simple or easy [2], but the laser-driven ICF 
community, viz. the military interests, strenuously 
opposed HIF [3], the entrenched tokamak 
community was impervious to the message that 
there was a better way, and the accelerator 
community felt no compunction to continue its 
advocacy until a secure home for HIF had been 
established [3]. 

Reflecting the condition of worldwide fusion 
energy research, the JCPOA specifies “facilitating 
contribution of Iran to … (ITER)” but continues 
with “and/or similar projects.” JCPOA is silent on 

ICF, unsurprising given ICF’s strong connections 
to the on-going, and arguably more dire, 
worldwide problem of the existence of nuclear 
weapons. This is good for HIF in Iran.  

HIF has since its inception always been only 
about production of energy from fusion, in 
contrast to “laser-fusion” development being 
primarily for weapons research, funded almost 
entirely in the US for national security [4]. 
JCPOA also specifies cooperative accelerator 
projects, highlighting the fact that there is no 
security concern for the HIF driver. We argue 
there are no security concerns either for HIF’s 
fusion aspects: pellets or potential use of fusion 
neutrons to breed fissile fuel. First, HIF’s best 
performing, fast-ignited cylindrical pellets as 
simulated by experts such as Avorin, Meyerter-
Vehn, and Basko [5] are not classified according 
to the US classification guide. Second, we expect 
the world to choose to solve the energy-
environment problem by finding a way to handle 
sensitive EOS and similar information. Third, 
strong international oversight is obvious, and zero 
presence of any fission materials can be assured 
because their radiation signatures would stand out 
like a sore thumb in the low radiation environment 
of lithium-protected chambers. 
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Stopping power (SP) for ions in plasmas is a ba-
sic and old problem, which data is important for 
heavy ion driven inertial fusion and heavy ion 
transport in hot matters. So far there are some rele-
vant experiments and many theoretical researches. 
Last year [1] the energy loss of proton at projectile 
energy Ep = 15MeV was measured in cold and par-

tially ionized Be materials at sold density with tem-
perature Te =32eV and length L= 532 mμ . Energy 

loss was found a little higher than that in cold tar-
gets.

Ab initio calculation of SP is necessary for par-
tially ionized plasmas. At 1998 Wang et al [2] made 
the first such work in Au plasmas by the local den-
sity approximation (LDA) based on average atom 
model (AA model) [3]. In the model the stopping 
power can be divided into two part the inelastic and 
plasma wave stopping although the inelastic part is 
not obtained by the calculation of inelastic proc-
esses. Sometimes at high Ep Bethe equation is used 

to get the inelastic contribution, where the average 
ionization energy <I> obtained by some phenome-
nal methods [4], as well as the plasma wave stop-
ping, where <I> replaced by electron plasma fre-
quency [5]. In recent year some improvements are 
made by us [6] for ab initio calculation of SP in 
plasmas where the inelastic processes are calculated 
in detail and velocity distribution for free electrons 
in plasmas is revised. In the present work our re-
sults are compared with the experimental data to-
gether with the other models. The above figure 
gives the SP as a function of Ep for proton in Be 

plasmas, where the words bound, free and total 
mean the contribution from inelastic and electron 
plasma wave and their total result, respectively.    

Difference between ours and LDA fro plasma wave 
contribution at lower Ep is found mainly come from 

different velocity distribution of free electron at 
plasmas, which is shown in the following figure. 

 The following table presents the energy loss from 
experiment and different models. New experiments 
are suggested to test which one is better for LDA 
and our model. 
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