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The feasibility of nuclear fusion reaction 1H + }Li —» 25He (17.5 MeV), for generation of electric power in nuclear reactors is
presented. The fusion cross-section of nuclear reaction for the projectile beam of 1H whose energy ranges from 1 keV to 1x 10* keV
in the centre-of-mass frame is computed with the aid of GEMINI' statistical decay model. The Maxwellian average of the product of
the fusion cross-section and the relative velocity of projectile and target (ov) gives the fusion reaction rate. The fusion reaction rate
should be sufficiently high to produce more nuclear fusion electric power. The energy multiplication factor () of nuclear fusion is
defined as the ratio of nuclear fusion energy (Er) generated to injected energy of projectile beam (Ep), i.e., { = Ep/Ep. The lower
energy loss rate and higher fusion reaction rate should contribute higher value of the energy multiplication factor (). The Energy
multiplication factor ({) for nuclear fusion of 1H + %Li,variation with projectile beam energy is presented. The energy multiplication
factor can be enhanced by clamping (or fixing) of projectile beam energy at a suitable value. The clamping of the projectile beam
energy defers slowing down process of projectile beam and compensates the Coulomb drag by the bulk plasma, thus the energy
multiplication factor increases. The variation of the Energy multiplication factor (§) for nuclear fusion of 1H + %Li, with projectile
beam energy clamping (or fixing) is also presented.
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1. INTRODUCTION

In the future world enormous amount of electric power energy can be generated by nuclear fusion in nuclear
reactors. The energy distribution of the ions of the plasma consists of two components in Two-component torus (TCT)
fusion reactor, which is the torus type plasma-containment nuclear fusion reactor [1-3]. In TCT nuclear fusion reactor
high energy ion beam is shot into target plasma, to cause the nuclear fusion reaction between the ions, electrons of the
target plasma and the injected beam. The ions and electrons of plasma possess thermal energy and it can be converted
into electrical energy with high efficiency in nuclear fusion reactor. The energy multiplication factor is an important
parameter to optimise nuclear fusion reactions for the commercial production of electrical power energy. When energy
multiplication factor { = 1, the fusion power is equal to the thermal power to cause fusion and it is known as
breakeven, and the plasma will not be cooled down without any external heating. If { > 1, self-heating causes the
process to become self-sustaining and ignition occurs at the high temperature. The high value of energy multiplication
factor ¢ is essential for commercially possible practical TCT fusion reactor. The fusion power density in a TCT fusion
reactor can be much more than in thermal reactor of the same pressure. The most favourable injection energy of
incident beam for nuclear fusion to occur is the energy which gives maximum energy multiplication factor {, as it yields
maximum output energy.

Researchers studied the feasibility of energy multiplication factor of the H + 3Hnuclear fusion reaction in detail [4-
8]. K. Ogawa et.al studied the 1H + 1B fusion reactionin the fusion reactor [9]. J. Bahmani studied the parameters related
to the energy multiplication factor of 3He + §Li for two-component torus fusion plasma [10]. The energy multiplication
factor should be high to produce nuclear electric power economically. The fusion reaction rate, the energy confinement
time, the beam containment time, the impurities present in the target plasma, the beam energy clamping and the plasma
density, influence the energy multiplication factor. In the present work, I have studied the feasibility of the fusion reaction
of 1H + 7Li in nuclear fusion reactor for the commercial production of electric power to meet the demand in the future.

2. THEORY
2.1The fusion cross section
The fusion cross-section at the centre-of-mass of 1H projectile and 3Li target system is given by [11]

2 !
£y = TR oF dE |
o(E) E fo 1+exp[2(%—A2E’+A3)] M
Here o(E) is fusion cross-section for projectile and target, E is projectile beam energy, R(E) is the effective radius of
the projectile and target system, A;, 4,, A3 are constants.

Cite as: B.M. Dyavappa, East Eur. J. Phys. 2, 173 (2025), https://doi.org/10.26565/2312-4334-2025-2-17
©B.M. Dyavappa, 2025; CC BY 4.0 license


https://doi.org/10.26565/2312-4334-2025-2-17
https://periodicals.karazin.ua/eejp/index
https://portal.issn.org/resource/issn/2312-4334
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-9326-4686

174
EEJP.2 (2025) B.M. Dyavappa

2.2 The Rate of Nuclear fusion reaction
The rate of nuclear fusion reaction evaluated as the Maxwellian average of the product of the fusion cross-section
and the relative velocity between projectile and target which is given by [12,13]

(ov) = (”)1/2 (kﬂ%)g/2 s Ea(E)exp[ ( L )] dE @)

Here v is the relative velocity between 1H projectile and Li target, u is reduced mass of projectile and target, kg is
Boltzmann’s constant, T; is temperature of ion plasma, m,, is the mass of projectile, E is the energy of projectile beam.
2.3 Injected beam energy transfer to target plasma
When energetic injected 1H beam collides with ions and electrons of }Li target plasma, the energy of injected
beam is transferred to ions and electrons through Coulomb interactions, until thermal equilibrium is reached. The mean
rate of energy loss of injected 1H beam by all thermal electrons and ions of }Li target plasma is determined using
Fokker-Planck slowing down model of Sivukhin as [14-17]

dE amnrzizie*n [m

<E) =—r2T - v}; L ﬁZT:i,e F(x7, Brp) (3)
Here ny is the number density of ions or electrons of }Li target plasma, Zp and Z are charge states of ions or electrons
of 1H projectile and }Li target respectively, e is charge of electron, A is coulomb logarithm of ;Li target plasma, vp is
relative velocity of TH projectile w.r.t jLi target, mp is mass of projectile, Ep is energy of projectile, F(xr, Brp) is
related to the error function as

F(xr,Brp) = ¢(xp) — (1 + Brp)d’ (x7) (3a)

Here
mp .
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2.4 Energy Multiplication Factor ({) of Nuclear Fusion
When high energy projectile beam is injected into target plasma, nuclear fusion occurs. The energy multiplication
factor of nuclear fusion is defined as the ratio of nuclear fusion energy (Ey) to injected energy of projectile beam (Ep)
[12]

— Efusion QnT 1H (0'17) E (4)
Eprojectile ETh (E>

Here, Q is fusion power gain of 1H + jLi nuclear fusion reaction, ny is the number density of target plasma, Er, is the
threshold value of energy for fusion to occur and E 1y is the energy of TH projectile beam.

2.5 Projectile beam energy clamping

One mode of two-component 1H + 3Li nuclear fusion uses an auxiliary energy input to maintain the super-thermal
ions of }Li target at or near the injected energy of 1H projectile beam by energy clamping, as it defers slowing down
process and compensates the Coulomb drag by the bulk plasma of Li target. The injected-ion energy is kept near the
peak of the fusion cross section,when maximum fusion rate of nuclear reaction is achieved. The energy multiplication
factor can be increased, even though the plasma temperature remains at the same value. The ions of plasma of Li target
can be maintained at optimum values of high energies for nuclear fusion reactions to occur for longer periods of time.
The energy multiplication factor for projectile energy clamping (or fixing) is given by [12]

O'U EO

§=Qnrag &)

[dt Eo

Here E; is clamped projectile beam energy.

3.Results and discussion

The fusion cross-section for 1H + %Li nuclear fusion is computed with the aid of GEMINI'" statistical decay
model [18]. I have computed fusion-cross-section in the centre-of-mass projectile beam energy ranging from 1 keV to
1 x 10* keV for 1H + 3Li nuclear fusion. The calculations of the fusion cross section, the reactivity, the energy loss
rate, the energy multiplication factor and the beam energy clamped energy multiplication factor of 1H + }Li fusion are
shown in Table 1.

The variation of fusion cross section with the projectile beam energy is as shown in Figure 1, it is observed that the
fusion cross section is 5.3 X 10721cm? at 1 keV energy, decreases gradually to 0.53 x 1072*cm? at 10 keV energy
and remains almost a constant at 0.0053 X 107%1cm? between 1 x 10% keV — 1 x 103keV energy, beyond which it is
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almost 10725 ¢m? up to 1 X 102 keV. The nuclear fusion reaction rate is measured as the Maxwellian average (ov) of
the product of the fusion cross-section and the relative velocity of 1H projectile w.r.t JLi target. The fusion reaction
rate of nuclear reaction is enhanced to produce more fusion energy.

Table 1. Fusion cross section, Reactivity, Energy loss rate of projectile beam due to collisions with ions, electrons and both ions and

electrons, Energy multiplication factor and Beam energy clamped Energy multiplication factor of 1H + %Li nuclear fusion

Epcemy o ov E] E] d_E] e 3
(keV) (1021cm?) (10~ 8em3s™h) dtl; dtl, dtl;.,
1 5.29E+00 2.12E-02 -3.11E+03 -2.62E+00 -3.12E+03 -1.19E-02 -1.19E-02
2 2.64E+00 4.21E-02 -2.88E+03 -2.66E+00 -2.88E+03 -2.47E-02 -2.55E-02
3 1.76E+00 6.29E-02 -2.67E+03 -2.59E+00 -2.67E+03 -3.84E-02 -4.12E-02
4 1.32E+00 8.35E-02 -2.47E+03 -2.58E+00 -2.47E+03 -5.32B-02 -5.92E-02
5 1.06E+00 1.04E-01 -2.28E+03 -2.56E+00 -2.28E+03 -6.91E-02 -7.96E-02
6 8.81E-01 1.24E-01 -2.11E+03 -2.54E+00 -2.11E+03 -8.63E-02 -1.03E-01
7 7.55E-01 1.44E-01 -1.95E+03 -2.52E+00 -1.95E+03 -1.05E-01 -1.30E-01
8 6.61E-01 1.64E-01 -1.80E+03 -2.51E+00 -1.80E+03 -1.25E-01 -1.60E-01
9 5.87E-01 1.84E-01 -1.66E+03 -2.49E+00 -1.66E+03 -1.46E-01 -1.94E-01
10 5.29E-01 2.03E-01 -1.52E+03 -2.47E+00 -1.53E+03 -1.70E-01 -2.33E-01
20 2.64E-01 3.83E-01 -6.27E+02 -2.31E+00 -6.29E+02 -7.02E-01 -1.06E-+00
30 1.76E-01 5.47E-01 -1.92E+02 -2.12E+00 -1.94E+02 -2.35E+00 -4.93E+00
40 1.32E-01 6.97E-01 1.45E+01 -1.95E+00 1.25E+01 2.20E+01 9.75E+01
50 1.06E-01 8.35E-01 1.09E+02 -1.78E+00 1.07E+02 2.48E+01 1.36E+01
60 8.81E-02 9.61E-01 1.49E+02 -1.60E+00 1.48E+02 2.67E+01 1.14E+01
70 7.55E-02 1.08E+00 1.64E+02 -1.41E+00 1.63E+02 2.83E+01 1.16E+01
80 6.61E-02 1.18E+00 1.66E+02 -1.23E+00 1.65E+02 2.99E+01 1.25E+01
90 5.87E-02 1.28E+00 1.63E+02 -1.06E+00 1.62E+02 3.14E+01 1.38E+01
100 5.29E-02 1.37E+00 1.58E+02 -8.82E-01 1.57E+02 3.29E+01 1.52E+01
200 2.64E-02 1.74E+00 1.15E+02 8.84E-01 1.15E+02 4.61E+01 2.64E+01
300 1.76E-02 1.90E+00 9.35E+01 2.65E+00 9.62E+01 5.76E+01 3.45E+01
400 1.32E-02 1.96E+00 8.10E+01 4.41E+00 8.54E+01 6.77E+01 4.02E+01
500 1.06E-02 1.99E-+00 7.25E+01 6.17E+00 7.86E+01 7.65E+01 4.42E+01
600 8.81E-03 2.00E+00 6.61E+01 7.94E+00 7.41E+01 8.44E+01 4.72E+01
700 7.55E-03 2.00E+00 6.12E+01 9.55E+00 7.08E+01 9.15E+01 4.95E+01
800 6.61E-03 2.01E+00 5.73E+01 1.15E+01 6.87E+01 9.78E+01 5.11E+01
900 5.87E-03 2.01E+00 5.40E+01 1.32E+01 6.72E+01 1.04E+02 5.22E+01
1000 5.29E-03 2.01E-+00 5.12E+01 1.50E+01 6.62E+01 1.09E-+02 5.30E+01
2000 2.64E-03 2.01E+00 3.62E+01 3.25E+01 6.87E+01 1.34E+02 5.11E+01
3000 1.76E-03 2.01E-+00 2.96E+01 4.99E+01 7.94E+01 1.49E+02 4.42E+01
4000 1.32E-03 2.01E-+00 2.56E+01 6.71E+01 9.27E+01 1.59E+02 3.79E+01
5000 1.06E-03 2.01E+00 2.29E+01 8.43E+01 1.07E+02 1.65E+02 3.28E+01
6000 8.81E-04 2.01E-+00 2.09E+01 1.01E+02 1.22E+02 1.70E+02 2.87E+01
7000 7.55E-04 2.01E+00 1.94E+01 1.18E+02 1.38E+02 1.74E+02 2.55E+01
8000 6.61E-04 2.01E-+00 1.81E+01 1.35E+02 1.53E+02 1.77E+02 2.29E+01
9000 5.87E-04 2.01E+00 1.71E+01 1.52E+02 1.69E+02 1.79E+02 2.08E+01
10000 5.29E-04 2.01E+00 1.62E+01 1.68E+02 1.85E+02 1.81E+02 1.90E+01
6
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Figure 1. Fusion cross section of 1H + }Li as a function of 1H projectile beam energy

The nuclear fusion }H + %Li reaction rate is shown in the Figure 2, it is observed that the fusion reaction rate is

0.02 x 10717

cm3s~1

at 1 keV energy, increases gradually to 2.0 x 10717

cm3s~1

constant at 2.0 X 107 ¢m3s~1 in the range 1 X 103 keV — 1 X 10* keV energy.

at 1 x 103 keV and remains almost a
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Figure 2. Fusion reaction rate of 1H + ]Li as a function of 1H projectile beam energy

The rate of total energy loss of TH + }Li nuclear fusion reaction is shown in the Figure 3, it is observed that the
rate of energy loss of IH projectile due to collisions with ions of Li target plasma is 158.36 keVs~tat 100 keV/,
decreases sharply to 51.2 keVs™! at 1 x 103 keV, and decreases slowly from 36.2 keVs™! to 16.2 keVs™! in the
energy range 2 X 103 keV — 1 X 10* keV. The rate of energy loss of 1H projectile due to collisions with electrons of
7Li target plasma is 0.88 keVs™! at 200 keV energy, increases linearly to 168.4 keVs™! at 1 X 10* keV energy.
Therefore, the rate of total energy loss of 1H projectile due to collisions with the ions and electrons of }Li target plasma
is 157.5 keVs~! at 100 keV energy, decreases gradually to 66.2 keVs~! at 1 x 103 keV energy, and increases linearly
from 68.7 keVs™! to 184.6 keVs~! in the energy range 2 X 103 keV — 1 x 10* keV. Thus, to generate more fusion
power, the energy loss of the fusion reaction must be less.
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Figure3. Energy loss rates of ions and electrons of 3Li as functions of 1H projectile beam energy

The energy multiplication factor ({) of nuclear fusion is defined as the ratio of nuclear fusion energy (Ep) to
injected energy of projectile beam (Ep). The energy multiplication factor ({) for 1H + %Li nuclear fusion is shown in
the Figure 4, it is observed that the energy multiplication factor increases sharply from 22.04 at 40 keV energy to
108.94 at 1 x 102 keV energy and it increases slowly from 134.5 at 2 X 103 keV to 180.75 at 1 X 10* keV projectile
energy. The lesser the energy loss rate and more fusion reaction rate can contribute to higher value of the energy
multiplication factor.

The energy multiplication factor of 1H + 3Li nuclear fusion reaction can be enhanced by clamping (fixing) of 1H
projectile beam energy. The clamping of the 1H projectile beam energy, defers slowing down process and compensates
the Coulomb drag by the bulk plasma of jLi and consequently increases the energy multiplication factor (). The
variation of the energy multiplication factor with projectile beam energy being clamped is shown in Figure 5, it is
observed that the energy multiplication factor with projectile beam energy clamping (§) for 1H + }Li nuclear fusion
increases sharply from 11.4 at 60 keV energy to 53.0 at 1000 keV energy and decreases gradually from 51.1 at
2000 keV energy to 19.02 at 1 X 10* keV projectile energy.
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Figure 4. Energy multiplication factor of }H + %Li as function of 1H projectile beam energy
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Figure 5. Energy multiplication factors of 1H + }Li as a function of projectile beam energy clamping

4. CONCLUSION
The nuclear fusion reaction 1H + Li — 25He (17.5 MeV) for generation of electric power in nuclear reactors has
been studied. The fusion cross-section was computed with the aid of GEMINI'" statistical decay model. I have
computed fusion-cross-section in the centre-of-mass projectile beam energy range from 1 keV to 1x 10* keV for
IH + JLi nuclear fusion. The fusion reaction rate is the Maxwellian average of the product of the fusion cross-section
and the relative velocity of 1H projectile and Li target. The Energy multiplication factor ({) for IH + }Li nuclear
fusion variation with the projectile beam energy is presented. To generate more fusion power the fusion reaction rate
should be higher, the energy loss rate due to collisions of the fusion reaction must be lower. The lower value of energy
loss rate of projectile due to collisions with ions, electrons of plasma and more fusion reaction rate contribute higher
value of the energy multiplication factor. The energy multiplication factor can be enhanced by clamping (fixing) of 1H
projectile beam energy. The clamping of the projectile beam energy defers slowing down process of fusing nuclei and
compensates the Coulomb drag by the bulk plasma and consequently increases the energy multiplication factor. The
variation of the Energy multiplication factor () with projectile beam energy clamping (fixing) also presented.
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MOKJIUBICTH AAEPHOTO CUHTE3Y {'H+3’Li IJII TEHEPAIIT EJEKTPOEHEPTTI
Y TEPMOSIZEPHOMY PEAKTOPI TCT
B.M. [IpsiBanmna
Kagheopa ¢hizuxu, depoicasnuii xonedosic nepwiozo knacy, Qukkabannanypa, nois

ITpencTaBneHo MOKIMBICTG smepHoi peakuii cuntesy 1'H + 3’Li — 22*He (17,5 MeB) anst reHeparii enekTpoeHeprii B suepHHX
peakropax. [lepeTuH TepMOsIEPHOT peakwii s my4dka, o Hamitae 1'H, eHepris SKOro B CMCTEMI LIEHTPY Mac CTaHOBUTH Bin 1 xkeB
no 1x10"4 keB, o0OuYMCITIOETBCS 32 IOMOMOTOI0 CTaTUCTHYHOI Mogeni po3magy GEMINI++. MakcBetoBCEKU cepelHiid TBip
nepepisy CUHTE3y Ta BiIHOCHOI LIBHAKOCTI aTOMY IO HaJIITAa€e Ta MilleHi (ov) Aae MBHAKICTh peakuii cunredy. lIBuakicTs peakuil
SEPHOTO CUHTE3Y Ma€ OYTH JOCUTH BUCOKOIO, 100 BHPOOIATH Oibie enekTpoeHeprii. KoedinienT MHOXeHHS eHeprii () siaepHOro
CHHTE3y BU3HAYAETHCS SIK BITHOLIEHHS SHEpril saepHoro cunresy (Er), o reHepyeThes A0 IHKEKTOBAaHOI eHeprii Imydka aTtomiB (£p),
T00TO (= Er/Ep. HIKUa MIBUAKICTE BTPAaTH €HEprii Ta OLIBII BHCOKA MIBUAKICTH PEaKIlil CHHTE3y MOBHHHI BHOCHTH OLTBII BHCOKE
3naueHHs Koediienta muoxenns eneprii (). Ilogano 3miny koedimienta MHOXKeHHs eneprii ({) s saepHoro cuntesy 1'H +3'Li
3aJIe)KHO BiJl €Hepril Iy4ka aToMiB 110 HajiTaroTh. KoedinieHT MHOXKEHHs eHepril Moxke OyTH 30inbIIeHnit nuisxom ¢ikcanii (a6o
¢ikcaniil) eneprii my4ka Ha BiAnoBiaHOMY 3Ha4deHHi. Dikcawis eHeprii CHapPAAHOrO My4Ka 3aTPHUMYE MPOLEC YIOBUIbHEHHS MydKa
aTOMIB Ta KOMIICHCY€ KYJIOHIBCHKHI Omip 00'€MHOIO I1a3MOI0, TAKUM YHHOM, KOe(illieHT MHOKEHHsI eHeprii 30imburyerbes. Takox
IPEACTABIIEHO 3MiHy KoedilieHTa MHOXKeHHs eneprii (&) s saeproro cunresy 1'H + 37Li i3 3atuckannsam (abo ¢ikcauicro) eneprii
IMy4Ka [0 HaJITAIOTh.

KurouoBi cinoBa: npomonno-nimicsuti cunmes, peakmop TCT; koegiyicum mHodcenns enepeii; gikcayis enepeii nyuxka wo Haiimae



