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Recently, considerable attention of researchepaid to the study of matter with high
energy densities and, as a consequence, with nggsyres and temperatures. The research in
the field of inertial confinement fusion (ICF) oedvy ion beams takes a special place among
the works on various aspects of this problem [1-2].

One of the most important parameters to describentieraction of ions with matter is
the energy of the projectiles. The stopping powex parameter characterizing the rate of loss
of the average energy of fast electrons or iongasma [3-4]:

dE Hap ’
— =8| — |[E. b5 [A_, , 1
dX (mﬂJ C O ap ()

a

here E, :%mﬁuzis the energy of the centre of mass, is the relative velocity of the
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scattered test particle, = aZEﬁ , A,z is the Coulomb logarithm.
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The Coulomb logarithm on the basis of the effectinteraction potential of the particles
is determined by the scattering angle of the paul@mb collisions. Introducing the centre of

mass in the collision process the Coulomb logaritbads [5-6]:
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The center-of-mass scattering angle can be obtéipéde formula [5]:
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here m,; = mamﬁ/(ma +m;,)is the reduced mass of the particles of kindsand g;
by =2,Z4¢* I(m,0?), by, = max{bD,Kgﬁ} describes the minimum impact parameter, where

Rop = h/JZmnaﬂkBT is the thermal de Broglie wave length.

In formula (3) ®4(r)is the interaction potential angis the distance of the closest

approach for a given impact parameter b:
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It is known that in order to correctly describetistand dynamic properties of plasmas
the collective screening effect is to be taken iatcount. In this work the dense plasma is
considered for which quantum effects must be takemaccount at short distances. Further,
the effective interaction potential which includibgth charge screening at large distance and
qguantum effects at short distance will be used [7]:
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where r, is the Debye radiusi is the thermal wave length of the particles, and
m,; =m,m, /(m, +my).

The basis of controlled nuclear fusion is to prevalfusion reaction of light nuclei. In
this connection reaction involving the hydrogentapes deuterium and tritium (DT-cycle)
are most important. The energy of the synthesasrenged in the fuel. In case of DT reaction:

D+T - a(35M>B) +n (L41M>B).

In this reaction, the total energy of 17.6 MeV istdbuted between the -particle (3.5
MeV) and the neutron (14.1 MeV). To absorb the gyer -particle, the size of the fuel has
to exceed the ranger [8]. The range of particles is determined as feto
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where the value of the stopping pOW%JE— is calculated in accordance with (1, is the
X

initial energy of the particle. It should be notide range as a product of mass density times
distance, that means the unit of measurement/ism®. For a more accurate description of

the thermonuclear fusion also such parameters as meflection angle, stopping time, and
depth of penetration of the ions have to be intcedu The stopping time of ion in DT plasma
is determined by the following equation:
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The penetration depth of the ion with the initiakegy E, can be calculated using equation:

OX = IO (cos@)(%} dE . (8)

In the present paper the stopping time, the me#leatien angle, the depth of penetration, the
effective range of the particles with different egies generated in the DT plasma. The
stopping time of ion with initial energyE, =12MeV is shown in Fig. 1. The results

presented in Fig. 1 show that the stopping timesddp on the value of the initial energy as
well as on density and temperature of the fuel. Batmain problem is the stopping process

of ions with energies up to 12 MeV during the @itime t,,, <2 ps.
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Fig. 1 — The stopping time of ions in DT plasmahwit Fig. 2 — The mean deflection angle of ions
initial energye, =12MeV - in DT plasma with initial energy, = 12Mev -

Figure 2 shows the mean deflection angle of th@p&d ions with initial energy
E, =12MeV in a DT plasma during the stopping process. Théeasgoresented as function
of the residual energy after the collision procegsmalized by the initial energl¢,. Fig. 2
shows that the incident ion is constantly changdhmegdirection in the target while losing its
energy. Thereat, the change of the mean defleciogie with the particle density is
negligible. The influence of the temperature on thean deflection angle is much more
important. The mean angle increases if the temyperagrows. The values of the stopping
power and slowing down of the initial energy of theparticles under real conditions in the
ICF target are presented in Fig. 3 and 4.

The range ofr -particles with an energy of 3.5 MeV in the plasmith a temperature of
30 keV is about3g/cm® .Consequently, in order to realize an efficienf-sekting due to
the absorption of energy of theparticles by the fuel, the fuel must be broughtsteh

conditions, whereor > 3g/cm?
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Fig. 5 — The range of protons in DT plasma

with a densityp =300g/cm®.
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Fig. 4 — The slowing down energy of the
a -particles with an initial energ¥, = 354MeV .
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Fig. 6 — The penetration depth of the proton in DT
plasma at different values density and temperature.

Figures 5-6 illustrate the dependence of the raanuye the penetration depth of the

protons with different energies on the density texdperature of the target. The results show

that at a lower target temperature’oE 5x€V , the target protons may conserve their energy

inside the target ifoR<12g/cm® However, when the target is hott&r=10xeV , the

required initial energy of the proton is reducedB& 2 MeV , in order to meet the required

optimal deposition depth.
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