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transfer is initially uneven, leading to separate electron (T.)
and ion (T;) temperature distributions. Therefore, a detailed

1. Introduction

Hydrogen plasmas with high-temperature, such as those
produced in ICF experiments or naturally occurring in
stellar cores, constitute the primary medium for
thermonuclear fusion reactions. Within these plasmas, ions
undergo fusion reactions, generating energetic alpha
particles that subsequently transfer energy to both electrons
and ions via Coulomb collisions. Owing to the substantial
mass difference between electrons and ions, this energy

understanding of electron—ion temperature relaxation
dynamics is essential for accurately predicting ignition
thresholds and enhancing fusion efficiency [1-4]. ICF
experiments, precise knowledge of the hot spot
temperature is of paramount importance. lon temperatures
can be inferred from the spectral broadening of fusion
reaction products [5—7], whereas electron temperatures are
primarily determined from the radiation emitted by free


https://doi.org/10.57647/jtap.2026.2001.07
mailto:%20nasrinhosseini%20_%20motlagh@iau.ir
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.57647/jtap.2026.2001.07

70

Kavehnia et.al., J. Theor. Appl. Phys., 2026; 20(1)

electrons scattering off ions. Due to their lower mass and
higher mobility, electrons predominantly shape the
observed emission spectrum, making T. a crucial
diagnostic quantity [8 , 9].

Dense plasmas produced in laboratory settings or
encountered in astrophysical environments frequently exist
in a state far from thermal equilibrium. For instance, ultra-
cold neutral plasmas and high-density laser-generated
plasmas can exhibit electron and ion temperatures that
differ by an order of magnitude or more [1-5]. Accurate
modeling of such non-equilibrium systems necessitates
extending conventional ideal-gas kinetic theory to account
for strong interparticle correlations, collective screening
effects, and quantum mechanical corrections [10—12].

In the present study, we utilize the effective interaction
potential approach to examine temperature relaxation and
energy transfer characteristics in non-isothermal dense
plasmas.  This  method
computationally efficient modeling of electron ion
interactions in systems where multiple physical effects
such as quantum degeneracy, screening, and strong
coupling are prominent [13—15].

Specifically, the approach incorporates:

i. Long-range collective effects, arising from charge

enables accurate and

screening in dense plasma environments.

ii. Short-range quantum effects, which become important
at interparticle distances comparable to the de Broglie
wavelength. The effective interaction potential, ®g(r), is
defined as:

<mwﬁﬁ%f®w®wmmokmwd% Q)

Here, @, (r) represents the pairwise interaction potential,
and e(k,w) denotes the plasma dielectric function. A
commonly employed approximation for point-charge
screening is the Yukawa’s potential:
mmtm=%x%§ﬂ§ﬂz ®

Here, ky is the inverse Debye (Yukawa) screening length,
which can be obtained either from the Fermi model or from
the long-wavelength limit of the polarization function
within RPA (random phase approximation) [15-18] .By
employing these effective interaction potentials, key
plasma properties such as stopping power, energy transfer
rates, temperature relaxation times, and correlation
energies of electrons and ions can be accurately calculated.
This framework offers a reliable approach for investigating
non-isothermal plasmas relevant to p''B, D°He, and DT
fusion fuels, where precise modeling of electron ion energy
exchange is critical for predicting ignition conditions and
optimizing fusion reactor performance. The present study
addresses a crucial gap in plasma simulating by integrating
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quantum corrections and effects of collective screening
within a computationally efficient framework.

2. Plasma waves

Plasmas support a wide range of wave modes in both
laboratory and space environments, each characterized by
distinct linear and nonlinear behaviors. Among these, dust-
acoustic waves, ion-acoustic waves, and electron-acoustic
waves (EAWSs) have been the focus of extensive research
in recent years [6—10, 19]. These wave modes frequently
exhibit rich nonlinear phenomena, including harmonic
generation, instabilities, solitary structures, and shock
formation. Electron-acoustic waves (EAWs) emerge in
plasma systems containing two distinct electron
populations, commonly referred to as hot and cold
electrons, distinguished by their respective energy
distributions. In this configuration, hot electrons,
possessing high thermal velocities, provide the restoring
force with minimal viscous resistance, while the slower-
moving cold electrons contribute the system's inertia [20—
23]. The phase velocity of EAWs falls between the thermal
speeds of the cold and hot electrons, being considerably
lower than that of the hot electrons but substantially higher
than that of the cold electrons [24-26]. Due to their
relatively large mass, ions are typically treated as a uniform
neutralizing background. Electron-acoustic modes exhibit
frequencies exceeding those of ion-acoustic waves,
highlighting their significance in both laboratory and space
plasma environments [27 , 28].

Interest in electron-acoustic waves (EAWSs) has increased
due to their experimental observation in controlled
laboratory plasmas and their natural occurrence in space.
Strongly excited EAWs can sustain nonlinear coherent
structures, including solitons, shocks, and double layers
[29].

In a typical two-temperature electron plasma, cold
electrons provide the system's inertia, hot electrons act as
the restoring force, and ions serve as a stationary
background. These waves are particularly relevant for
investigations of intense dense plasmas, warm dense
matter, and plasmonic applications [30]. Shock waves in
plasmas, a type of nonlinear phenomenon, are
characterized by abrupt variations in pressure, temperature,
and density. Their formation arises from a delicate
interplay between nonlinearity and dissipation, and they
have been studied both theoretically and experimentally in
laser-produced plasmas and pure electron plasmas [29 ,
30]. A thorough understanding of electron-acoustic wave
dynamics and the associated shock structures is essential
for applications spanning space physics, inertial
confinement fusion, and high-energy-density plasma
research.
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3. [Effective interaction potential of electron-ion

The effective electron—ion interaction potential is a key
parameter for characterizing the properties of dense, non-
isothermal plasmas. Within the framework of the random
phase approximation (RPA), the dielectric function is
formulated as [31].

The electron-ion effective interaction potential is a
fundamental parameter in describing the behavior of dense,
non-isothermal plasmas. Within the random phase
approximation (RPA), the dielectric function is expressed
as [31]:

a2
€(0:0) = 5 (Tlgpa 1) + 22T () + 1 )

Here, II;,,(k)denotes the ion polarization function, which,
in the classical limit, can be approximated as Ij,, (k) =
—n;/(kgTy). Figure 1 illustrates I1;,, (k) variations with ion
temperature T; for the three fusion fuels: p''B, D*He, and

DT. As observed, Ij,,(k) decreases nonlinearly with
increasing T;. Among the fuels considered, DT exhibits the
highest polarization, whereas the aneutronic fuels D3He
and p''B display nearly identical, lower values.

The electron contribution, Igps(K), corresponds to the
quantum polarization function at limit temperature is
expressed as:

(4)

kZXZ
Mgpa(w; k) = 16 >

m[&(u - 2)—gz(u+2)]

Here, wp = 4mm, 'nee?, kp® =3n’n,, xo = ,3/16hmP/EF7
Z =05 kk, u=-—, and vg denotes the Fermi velocity.
F “VF

Figures 2 and 3 illustrate the temperature dependence of u
and Z for the three fusion fuels. The results show that u
decreases nonlinearly with increasing temperature, while Z
exhibits a nonlinear increase. Among the fuels, DT
displays the highest u values, whereas P!'B reaches the
largest Z values.
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Figure 1. Variations of the ion polarization function, I1;,, (k), versus ion temperature T;for reactions: a: DT, b: P''B, and c: D°He
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Figure 2. Temperature dependence of u for reactions: a: DT, b: P!'B, and c: D’He
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Figure 3. Temperature dependence of Z for reactions: a: DT, b: P''B, and c: D°He
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Figure 4. Temperature dependence of  for reactions: a: DT, b: P!'B, and c: D’He

The function g5 (x) is defined as:

ydy
exp(y?/6—m)+1

|x+y
&
X—y

g3(x) = —gz(—x) = f ®)]

Here, 6 = kgT/Eg represents the degeneracy parameter,
and n = p/kgTdenotes the normalized chemical potential.
Figure 4 shows the 0 variations with temperature for the
three fusion fuels DT, P!'B, and D*He. The results indicate
a monotonically increasing trend, with D>He exhibiting the
highest values among the fuels considered.

The effective electron-ion potential is then expressed as
[32]:

[1 - e_r/}\ei] ©)

bg(r) = e?Z
Here, A, =h/ (nmeikBTei)l/ 2 is the thermal de Broglie
wavelength characterizing quantum effects, m,; = reduced
mass of the electron-ion pair, and Z = ion charge number
[33]. Figure 5 compares the 3D variations of Ag; with Ti
and Te for the three fuels. As observed, Aq jincreases with
decreasing Ti but decreases with increasing Te Among the
fuels, the hierarchy is Aeipspe > Aeipt > Aeipi1p-

T, ke'V)y

Figure 5. 3D comparison of A,; versus ion temperature T; and electron
temperature T, for reactions: DT (red), D*He (blue), and p''B (green)

For non-isothermal plasmas, the effective electron-ion
temperature Tg; is introduced to capture the combined
electron-ion interactions [34]:

d.110.57647/jtap.2026.2001.07

Tei = T T 7)

The full effective potential including quantum and
screening effects is then represented as [35]:

o = Ze?
“ r)\geyz 1- (2 kD/}\eeYZ)2

1 —A2.B2 1 —A2.A%
[(m) exp(=rB) - (m) exp(‘f“)] ®)

Ze?exp(—1/Aei)
I‘(l + Cei)

Here the parameters A , B, Cqj, Y, 4. and k; are defined by
Egs. 9 to 14.

A=(y*/2 [1 +1-(2 kD/AeeyZ)Z])% )

B =(v2/2[1 =T = 2kp/ReeyD)?]) /2 (10)

Cei = (KPAZe —kBA%)/(1 — A2e/22) (11)

y=0¢ +1/22) "> (12)

Aee = (_b1/4k125)1/2 (13)
1

ki = (4n niZizez/kBTi) 2 (14)

Figures 69 illustrate the 3D variations of A, B, C,;, and y?
as functions of T; and T, for DT, P''B, and D*He fuels.
From the figures, it is evident that A, B, and C; decrease
nonlinearly with increasing ion and electron temperatures,
with D3He exhibiting the largest values and DT and P!'B
showing similar, slightly lower magnitudes. Conversely,
y? increases nonlinearly with temperature, reaching its
maximum for DT and minimum for P''B. These results
highlight the sensitivity of the effective interaction
potential to both electron and ion temperatures, which is
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crucial for accurately modeling temperature relaxation and
energy transfer in dense, non-isothermal fusion plasmas.
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Figure 6. 3D comparison of A versus ion temperature T; and electron
temperature T, for reactions: DT (red), D*He (blue), and p''B (green)
.(note: The color green is matched to the color blue because they have
almost the same numerical values.)

Figure 7. 3D comparison of B versus ion temperature T; and electron
temperature T, for reactions: DT (red), D*He (blue), and p''B (green)
(note: The color green is matched to the color blue because they have
almost the same numerical values.)
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Figure 8. 3D comparison of C; versus ion temperature T; and electron
temperature T, for reactions: DT (red), D*He (blue), and p''B (green)
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4. SP quantity

A key quantity in describing the interaction of ions with a
plasma or material medium is the stopping power (SP),
which quantifies the rate at which a moving particle loses
its kinetic energy due to interactions with the surrounding
medium [30, 36, 37]. The SP for a projectile in a plasma
can be expressed as:

dE Megj 2
&=8ﬂn(ﬁ>-Ec-pL-/\ei (15)

meivz

Here, E. = represents the COM (center-of-mass)
kinetic energy of the interacting particles. The quantity p.
is the impact parameter, defined as:p, = Ze?E. /2. The
term Ag;is the Coulomb logarithm, which accounts for the
range of scattering angles contributing to energy loss and

is given by:
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1 [oe]
WA = _Zf sin? [M] pdp (16)
P71 Jo 2

1

where x(p)denotes the scattering angle as a function of the
impact parameter p. The Coulomb logarithm captures the
cumulative effect of small-angle Coulomb collisions,
which dominate the energy transfer in a plasma
environment.

The stopping power is a critical input for modeling
temperature  relaxation, energy deposition, and
thermalization in dense, non-isothermal plasmas. Its
accurate calculation allows for precise determination of
how ions transfer energy to electrons and other ions, which
directly influences ignition conditions and fusion yield in
systems such as DT, D*He, and P''B plasmas.

5. Transport characteristics

The transport properties of plasma play a crucial role in
ICF and dense plasma physics. Accurate determination of

transport coefficients, including the diffusion coefficient of
plasma, D, and the thermal conductivity k, is essential for
modeling energy transport, particle diffusion, and
thermalization in fusion fuels [38, 39]. The plasma
diffusion coefficient and thermal conductivity can be
expressed as:

a MeVeff (17)
2

K= 5nekB T (18)
MeVeff

where kg is the Boltzmann constant, T is the plasma
temperature, m, is the electron mass, n.is the electron
density, and v, is the effective collision frequency.
Figures 10 and 11 illustrate the variations of D and k as a
function of temperature for three fusion fuels: DT, P''B,
and D’He. As seen from the figures, both transport
coefficients increase nonlinearly with temperature.
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Figure 10. Temperature dependence of D for reactions: a: DT, b: P!'B, and ¢: D*He
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Figure 11. Temperature dependence of k for reactions: a: DT, b: P''B, and c: D*He.
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Among the fuels studied, P!'B exhibits the highest values
of D and k, while DT shows the lowest. This reflects the
combined effects of particle mass, charge, and plasma
density on collisional transport.

The effective collision frequency is related to the Coulomb
logarithm and the plasma parameters via [40]:

Vet = (4/3)V2me*Ai /\/me (kg T)?/2 (19)

Figure 12 shows the variations of vqe as a function of
plasma temperature for DT, P!'B, D*He and fuels. It is
observed that v.g decreases nonlinearly with increasing
temperature, with the highest value corresponding to DT
and the lowest to P!'B.

These transport properties are critical for evaluating
temperature relaxation, energy deposition, and particle
transport in dense non-isothermal plasmas. Understanding
these coefficients allows for accurate predictions of plasma
behavior under conditions relevant to ICF experiments and
aneutronic fusion systems.

6. TR quantity

TR (temperature relaxation) in dense plasmas is a
fundamental process governing energy transfer between
electrons and ions, particularly in fusion-relevant
conditions. In non-isothermal plasmas, the relaxation rate
depends on density, temperature, and inter-particle
interactions, and can be accurately described using
effective interaction potentials and the Coulomb logarithm

[40 , 41]. The electron-ion TR rate is expressed as:

dfe  Te—T dT, T -T.
dt

Tei ' dt N Tei (20)

where T, is the characteristic electron-ion equilibration
time:

3memi (kBTe n kBTi)3/2 (21)
T = —— —
" 8V2mneZA,; \ Me m;

Figure 13 compares the 3D variation of t; as a function of
T, and T, for DT, P''B, and D*He plasmas. It is observed
that T,; increases more significantly with increasing T, than
T;, following the order Tej, 115 > TeipT > TeiD3He-

Figure 13. 3D Comparison of the three-dimensional diagram of
variationst,; versus ion temperature T; and electron temperature T, for
reactions: DT (red), D°He (blue), and p''B (green)

The plasma equation of state (EOS), including interaction
contributions, can be written as:

p 21 nangeéeé
3 a.p kBTaBYZ 1 — (2kp/Aee¥?)?
[ 1/00.% — B2 1/Aee? — A2 (22)
B(1—B2Agg®) A(1+ A%Ap°%)
+P) + Pigeal

where P,4e, is the ideal gas pressure, and P, accounts for
quantum and correlation effects:

Py = 2me?{2ZinineAe;” — NeAee” +

(23)
ZinineAgie? /[12kpTei (1 + Ce)]}

Figures 14 and 15 illustrate the behavior of Py, and P for
the three fusion fuels. Both pressures increase with
temperature, but the nonlinear interplay between T; and T.
in dense plasmas leads to differences among fuels.
Specifically, plasma pressure satisfies Pysye > Por > Ppygp.
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To describe energy dynamics in hot spots, we introduce the
three-temperature model (electron Te, ion Ti, and radiation
Tr) [42].

The internal energy of ions within a hot spot is:

E; = VCyiKpTipo (24)

where Cy; is the ion specific heat at constant volume, V is
the hot spot volume, and p,is the initial density.
The rate of energy change is:

dE;

rrie Vg, (Tisr; Te ) (25)

with g, representing the net energy generation rate per unit
volume. The classical expressions for specific heats are
.7

3 k . 7k .
Cy; = = = for ions and Cy, = = ==for electrons. The special
2 mj 2 m;

. . . 1 160
relation energy in a constant volume is: Cy, = P ET3.
0

The radiation energy density is given by: E, = 4T# og/cp,.
Figures 17 and 18 show the nonlinear increase of E,. and
Cy, with radiation temperature T, , highlighting the
dominant role of radiation at high temperatures due to the
T dependence of energy density.
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7. Net energy

The net energy (NE) release rate for ions in a fusion plasma
is a key parameter for evaluating the performance of
thermonuclear hot spots. It can be expressed as:

qi(Te s Ti; x) = —Aje(Ty — Te) +S; (26)

Here, S; represents the deposited energy, primarily due to
the stopping of alpha particles. Because the characteristic
range of alpha particles is much smaller than the size of the
hot spot, it is assumed that all the alpha particle energy is
deposited locally. The term A;.(T; — Te)accounts for energy
losses from ions to electrons via Coulomb collisions, where
Aei = Cye X veq is the coefficient of energy transfer, Cy, is the
specific electron heat at constant volume, and veqis the
electron-ion collision frequency. If Te=Ti , collisional
energy exchange vanishes. The effective collision
frequency is given by:

8V2m

Z? Po
— 2
Veq = T,/mee“NA ?]n(/\ei) (T2 -
(1 3 KgT; me)
2KsT, m;
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Here, m, denotes the electron mass, e is the elementary
charge, Na is Avogadro’s number, Z and A are the mean
atomic number and mass number of the ion species, and
pois the plasma density. Figures 19 and 20 present the 3D
variations of A;e and v.q as functions of Ti and Te for the
DT, D’He, and P!'B fuels. The key observations are:
a)A. decreases with increasing Ti and Te for all three
fuels, with DT exhibiting the highest values and P!'B the
lowest (Figure 19). b) veq also decreases with increasing
temperatures, with D*He showing the highest values and
P!'B the lowest (Figure 20).

Figure 19. 3D comparison of the electron—ion energy transfer coefficient,
Aei, versus ion temperature T; and electron temperature T, for reactions:
DT (red), D*He (blue), and p''B (green)

40
60 T, (keV)

Figure 20. 3D comparison of the electron—ion energy transfer coefficient,
Veqs Versus ion temperature T; and electron temperature T for reactions:
DT (red), D*He (blue), and p''B (green)

In(A¢i), which is used in the calculation of veq, can be
evaluated as [28]:

- 1/2
Ak} 73/2
ZTNspo ¢

In(Agi) = max Il. 21?<
(28)

X

-1
_ _(3kpTA\Y?
Z + (20(,,-) 1 (mecz )

Here, o denotes the fine-structure constant and c is the
speed of light. The logarithmic term ensures an appropriate
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cutoff for long-range Coulomb interactions in dense
plasma environments.

This formulation of the net electron energy release offers a
quantitative framework for evaluating ion heating, energy
deposition, and collisional losses key factors in the design
and optimization of inertial confinement fusion
experiments, encompassing both neutron-producing fuels
(DT) and aneutronic fuels (D*He, p!!B).

This formulation of net energy release provides a
quantitative framework for analyzing ion heating, energy
deposition, and collisional losses, which are critical for the
design and optimization of inertial confinement fusion
experiments, particularly for both neutron-producing (DT)
and aneutronic fuels (D*He, P''B).

8. Electron energy dynamics

In fusion plasmas, the electron temperature is governed not
only by direct energy deposition from charged particles but
also by energy exchanges between electrons and ions, as
well as between electrons and the radiation field.
Consequently, the net electron energy release rate, g, can
be expressed as:

qe(Ty; Tj; Te; X) = Se — Aje(Te — T5) (29)

_(Aer + Ac)(Te - Tr)

Here, S, denotes the direct energy deposition to electrons
from fusion reactions, A;. is the electron—ion energy
transfer coefficient, A, represents the electron—radiation
energy transfer coefficient, and A.accounts for energy
transfer mediated by scattering processes. The coefficient
A, is determined by:
25 Ni20n23e6p0

Aer =2 |—=
er 3  hmgc3

(2rka ) (0)

meKBTe

Here, N;,,denotes the ion number density, Z is the average
ion charge, p, represents the plasma density, m, is the
electron mass, e is the elementary charge, c is the speed of
light, and h is Planck’s constant. Figure 21 depicts the
temperature dependence of A, for DT, D°He, and P!'B
fuels. It is evident that A, increases with T, for all fuel
types, with P''B showing the highest values and DT the
lowest. This behavior results from the inverse
proportionality of Ag.to T:/ 2,

The scattering-mediated energy transfer coefficient, A,
can be expressed as:

128 =
=3 m

2 4
mec 0-BNer(: KBTr (31)

Here, N, denotes the electron number density, r. is the
classical electron radius, og is the Stefan—Boltzmann
constant, and T, represents the radiation temperature.
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Figure 21. Temperature dependence of A, (the energy transfer coefficient between electron and radiation) as a function of T, (keV) for reactions: a: DT, b:

P!'B, and c: D°He

Figure 22 illustrates the variation of Ac with T,., revealing
a pronounced nonlinear increase attributed to its T2
dependence. The coefficients Aje, A, and A, carry units
of MJ/(cm*keV-s),, which guarantees dimensional
consistency in the treatment of energy exchange processes.
These parameters play a central role in accurately
describing electron energy evolution, thermal transport,
and the broader thermodynamic behavior of the plasma in
both neutron-producing (DT) and aneutronic (D°He and
P!''B) fusion systems.
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Figure 22. Variations of A, (energy transfer coefficient) versus T,.(keV)

Figure 23. 3D comparison of the variation in q, (net radiative energy
gain) versus the radiation temperature T, and electron temperature T, for
the three fusion fuel cycles DT (red), D*He (blue), and P''B (green)
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9. Radiation energy dynamics

The radiative component of the plasma energy, q,
characterizes the net exchange of energy between the
electrons and the radiation field, as well as the energy
emitted through radiative processes. It is formulated as:

3GBKBT;1'

Te; Tr;x) = —
qr(Te ; Tp; x) oo (32)

+(Aer - Ac)(KBTe - KBTr)

In this expression, T, and T, denote the electron and
radiation temperatures, respectively; og is the Stefan—
Boltzmann constant; p, is the plasma density; and x
represents the characteristic length scale of the plasma. The
second term, (Aer —A)(KgTe —KgTy), quantifies the
bidirectional energy transfer between the electron
population and the radiation field, whereas the second term
accounts for radiative energy losses from the plasma
volume. Figure 23 presents the 3D dependence of q.on T,
and T, for DT, D°He, and P''B fuels. The results
demonstrate that q,rises monotonically with increasing T,
and T, for all three fuel types. Among them, P''B yields
the largest radiative energy gain, whereas DT produces the
smallest, reflecting intrinsic differences in electron—
radiation coupling strength and radiative loss mechanisms
across these fusion systems. This examination of radiative
energy dynamics provides critical insight into energy
transport and loss mechanisms in non-isothermal plasmas,
particularly within high-density ICF targets and aneutronic
fuel configurations. Precise characterization of q, is vital
for refining ignition criteria and enhancing the overall
energy yield in thermonuclear plasma systems.

10. Results and discussion

The analysis of the plasma parameters for DT, D*He, and
P!'B fuels reveals consistent trends in the behavior of
electron-ion interaction time (T;) and plasma pressure (P)
as functions of ion (Ti) and electron (Te) temperatures.
Figure observations indicate that t,; decreases with
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increasing electron temperature, while P increases with
electron temperature at fixed ion temperatures. The
maximum T; occurs for P!'B, followed by DT and D3He,
whereas the highest plasma pressure is observed for P!'B,
then D*He, and finally DT. Similarly, other key parameters
including the electron screening parameter (Z), plasma
degeneracy (0\), effective interaction potential (y?), ideal
gas pressure (Pigeal), plasma diffusion coefficient (D), and
thermal conductivity (k) show characteristic behaviors as
functions of temperature (T). Initially constant at low
temperatures, these parameters increase nonlinearly with
temperature. The highest values of Z, 0, k, Pigcai, and D are
observed for P!'B, followed by D*He and DT, whereas y?\
reaches its maximum in DT, followed by D°*He and P''B.
Further investigation of plasma properties, including the
electron effective velocity (u), effective collision
frequency (Verr), ion polarization function (ITien(k)), thermal
wavelength (i), and the parameters A, B, and Cej, reveals
a similar trend with both Ti and Te.

These quantities typically decrease initially, remain
approximately constant, and then reach a maximum at
higher temperatures. The highest values of u are observed
for D3He, followed by P''B and DT. Parameters ves, A, B,

Xei, and Ce follow the trend D*He > DT > P!'B, while

Tion(k) is maximal for DT, then D3He, and minimal for

P!B.

The summary of these behaviors is provided in Table 1,

which highlights the relative magnitude and temperature

dependence of all examined plasma parameters. Notably:

e Electron-ion interaction time (tei) is highest for P!'B,
reflecting its slower thermal equilibration.

e Plasma diffusion and thermal conductivity (D and k)
are also largest in P!'B, indicating enhanced energy
transport.

e Plasma pressure (P) and ideal gas contribution (Pigcal)
are maximized for P!''B due to stronger electron-ion
coupling and reduced radiative losses.

e Electron-radiation energy transfer (A.) and radiative
energy gain (qy) are substantially higher for P!'B,
consistent with its aneutronic nature and lower neutron
production.

These results emphasize the importance of fuel selection

and temperature optimization in inertial confinement

fusion, particularly when aiming to maximize net energy
gain and control radiative losses.

The trends in Table 1 provide a comprehensive benchmark

for comparing DT, D°He, and P''B fuels under dense

plasma conditions.

Table 1. Overview of the outcomes obtained from our calculations across different parameters

Quantity range DT range D*He range P''B Results

u 100000 <u<0 25000 <u<0 1200 <u<0 D’He >P!'"B>DT

zZ 0<Z<0.00009 0<Z<0.0004 0<7<0.008 P!'B > D3He > DT

0 0<6<0.10 0<6<0.18 0<6<0.6 P!'B > D3He > DT

Mion 0<Mje, <1.2 0 <o <0.6 0 <o <0.6 DT > D*He, P!'B

Aei 2200 <A <0 5000 <A.;<0 1800 <A;<0 DT > D*He > P!''B

A 17 <A<0 28 <A<0 16 <A<0 D*He > DT > P!'B

B 12 <B<0 20 <B<0 11 <B<0 D’He > DT >P''B

Y2 3.826 <y%2<0 3.826 <y%2<0 3.825 <y%<0 DT, D°He> P''B

Cei 3 <Cei<0 700 <C¢;<0 14 <C;<0 D3He > DT > P!'B

D 0.000012<D<0 0.00005 <D<0 0.00100 <D<0 P!'B > D3*He > DT

k 0<k<0.000006 0<k<0.00025 0<k<0.005 P!'B > D3He> DT

Vesf 1800 <vo<0 700 <veg<0 120 <veg<0 D’He > DT >P''B

T 2.4 <ty <0 1 <t0i<0 30 <T4i<0 P''B> DT > D3He

Pideal 1 Pigea <0 1.8 Pigear <0 6 <Pigea <0 P''B>D’He> DT

P 0.99999999995 <P 0 0.99999999998 <P<0  0.99999999999 <P<0  P!'B > D’He> DT

E; 0 < E;<0.00007 0 <E;<0.00014 0 <E; <0.00018 D3He > P'"B>DT

E. 700 <E.<0 700 <E.<0 700 <E.<0 Independent on selected fuel
Cyr 300 <Cy,<0 300<Cy, <0 300 <Cy,-<0 Independent on selected fuel
Ay 0.10 <A, <0 0.5 <Ag<0 0.18 <A, <0 D’He >P''B>DT

Veq 2.4 <Veq<0 0.5 <Veq<0 1 Veq<0 D’He > DT >P''B

Agr 64 <A <0 180 <A, <0 800 <A <0 P''"B>DT > DHe

A, 700 <A.<0 700 <A.<0 700 <A.<0 Independent on selected fuel
ar 30000 <q,<0 35000 <q,<0 60000 <q,<0 P''B > D3He > DT

d%) 10.57647/jtap.2026.2001.07
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11. Conclusions

Our analysis demonstrates that the total internal energy of
ions in the fuel-pellet hot spot rises consistently as the ion,
electron, and radiation temperatures increase for all three
fusion fuel types DT, D°He, and P!B. The specific
radiative energy and radiative heat, together with the
electron—radiation energy exchange coefficient, depend
explicitly on the radiation and electron temperatures,
showing a strictly monotonic growth as these temperatures
rise in each fuel system. The overall energy gain is found
to be highly sensitive to both electron and radiation
temperatures, improving substantially with their elevation
across the three fusion reactions. In contrast, the electron—
ion energy transfer coefficient and the ion—electron
collision frequency diminishes with increasing electron
temperature, while both quantities grow as the ion
temperature Collectively, these behaviors
underscore the decisive influence of temperature-

increases.

dependent energy-exchange pathways in governing the
efficiency and stability of dense, non-isothermal plasmas
relevant to inertial confinement fusion and advanced
aneutronic fusion concepts.
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