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3 - 24 Energy Loss of Protons Beam with Different

Energies in Hydrogen Plasma
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The interaction of ion beam with matter has always been a classical point of atomic and nuclear physics[1].

However there still need deeper understanding of physical processes in theory. In this paper the energy loss of

protons beam with different energies in hydrogen plasma target was introduced and compared with the theoretical

predictions by applying the Bethe theory.

In Bethe theory the stopping power can be written as:
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where e is the electron charge, Zeff is the effective charge of beam ions, me is the electron mass, Vp is the projectile

velocity, nbe is the density of bound electron, nfe is the density of free electron, Lbe is the Coulomb logarithm for

bound electron and Lfe is the Coulomb logarithm of free electron, vth is the average thermal velocity, G is the

Chandrasekhar function[2]. The Coulomb logarithm can be expressed as

Fig. 1 Comparison of experiment data of energy loss
of protons beam with different energies in hydrogen
plasma target and Bethe theory

Lbe = ln

(
2mev

2
p

Ik

)
, Lfe = ln

(
2mev

2
p

~ωp

)
where the Ik represents excitation energy of bound elec-

tron and ωp represents the plasma frequency.

Fig. 1 presents the experimental data of energy loss

of protons beam with different energies in hydrogen

plasma target and the calculation of Bethe theory. It

is seen that the Bethe theory is basically in agreement

with experiment data. The energy loss decreases with

the increase of incident energies. The term velocity of

projectile is in the denominator of the expression of

Bethe theory. The cross section of condition of proton

with bound electrons are less than that of free electrons.

The theoretical calculation shows that the free electrons

make a considerable contribution to the energy loss for

the interaction of proton with the hydrogen plasma.
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