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R-MATRIX CALCULATIONS OF THE DEUTERIUM-TRITIUM FUSION CROSS SECTION BASED ON PRECISE
COULOMB FUNCTIONS

Due to the availability of fuel, favorable kinetics, and high output energy, the deuterium-tritium (D-T)
fusion reaction is dominantly used in thermonuclear fusion. This paper presents a detailed, step-by-step
theoretical calculation of the D-T fusion cross-section within the framework of the phenomenological R-matrix
method. The fundamental principles of the phenomenological R-matrix method are outlined. Nuclear and
Coulomb interactions are addressed by the R-matrix formalism, which classifies the configuration space into
internal and external regions, respectively. Precise Coulomb functions are utilized in the calculations, essential
for the accurate determination of the penetration and shift factors. Precise Coulomb functions for the
D+T, *He+2C systems have been calculated. The penetration and shift factors for the D+T system for a given
angular momentum have been obtained. Two different R-matrix models with parameters from recent
scientific papers are employed to calculate D-T fusion cross-sections and reaction rates, which are then
compared with those obtained from the ENDF/B-VIIL.O library data. Within a crucial low-energy range (from 0
to 0.1 MeV), important for fusion technology, our results show quite good agreement with experimental data,
while in a high-energy range, the obtained results are slightly underestimated due to non-resonant *He levels
not being taken into account. These findings indicate that the models can be used for future thermonuclear
fusion applications.

Key words: thermonuclear fusion, R-matrix, Coulomb functions, penetration factor, shift factor, cross
section, reaction rate.
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HakTbl KynoH GpyHKUMANAPbIHA HEri3aenreH AeUTepUA-TPUTUI CUHTESI KUMACbIHbIH,
R-maTpuuanbik ecenteynepi

OTbIHHbIH, KO/IKETIMAINIFIHE, KOMaAbl KUHETMKACbIHA YKAHE KOFapbl SHEPTUA WbiFbIMbIHA BalnaHbICTbI
OeNTepUin-TpuTnin (D-T) CMHTE3 peakUMACkl AAPObIK CUHTE3 Macenenepi canacbiHAa acipece KoAAaHbINaab!.
Byn makanaga ¢beHOMEHONOorMANbIK R-maTpuuanbik aaic weHbepiHae D-T cUHTE3 peaKkUuMAChbl KMMaCbIHbIH,
enKen-Tenkenni, Kaaamablk Teopuanblk ecenteyi bepinreH. PeHOMEHONOMANBIK R-maTpUUANbIK a4iCTiH
Herisri NPUHUMNTEPi KepceTinai. AAponbIK KaHe KyJOoHAbIK ©3apa apeKkeTTecy R-MaTpuuanbik GopManmnamHiH,
KemerimeH eHAeneni, ofaH CaMKec KOHOUIypaumsa KeHICTir CoMKeciHLe illKi aHe CbIPpTKbl alMaKkTapFfa
beniHeai. Ecenteynepae TYHHENbAIK KoHE bifblCy KOIPOULMEHTTEPIH HaKTbl aHbIKTAYy YLiH HaKTbl KysjoH
GyHKUMANapbl NaganaHaabl. D+T, “He+2C xyMenepi ywiH HakTbl KynoH GyHKUmanapsl ecentensi. D+T xyiteci
YWiH TYHHENbAIK »aHe bifbicy KoadduUMeHTTepi bepinreH OypbIWTbIK MMMYAbC YLWiH aHbiKTandbl. D-T
TEPMOAAPObIK PeaKLMANAPbIHbIH, KMMACbl MEH blIAAaMIbIFbIH ecenTey YLWiH Kasipri 3amMaHfbl FblabiMK
KYMbICTapafbl NapameTtpnepi 6ap eki ap Typai R-maTpuua mogeni nananaHblnagpl, XoHe 0napaplH,
HaTvxenepi ENDF/B-VIII.O KiTanxaHacbiHbIH, AepeKTepiHeH afblHfaH 3KCMEePUMEHTANAbIK HITUXenepmeH
CaNbICTbIpbIIaAbl. TEPMOAAPO/IbIK CUHTE3 TEXHOIOTUACHI YIUIH 6Te MaHbI34bl TOMEH SHEPTUA AMana3oHbIHAA
(O-peH 0.1 M3B-Kka aeiniH) 6i3aiH, HaTUXKenep Taxipubenik AepekTepMeH KaKCbl COMKEeCTIriH Kepceteai, an
SKOFapbl 3HEPIMA [AMana3OHbIHAA aNblHFaH HaTMKesep “He AApOCbIHbIH PE30HAHCTbIK emMec AeHrennepiH
ecenTeynepae ecernke asbliHbOayblHa HalnaHbICTbl biplama TemeH HafanaHadpbl. ANbIHFAH HITUXKEenep Ochbl
MaKanaZa KoAngaHbinfaH MmodendepdiH Honawak TepmoaaposblK  KOCbIMWAAAP YWiH NanganaHyra
HonaTbIHbIH KepceTea,.
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R-MaTp1yHble pacyeTbl cedeHns AeNTepUN-TPUTUEBOrO CUHTE3]
Ha OCHOBE TOUYHbIX KY/IOHOBCKMX GYHKLLMIA

Bnarogapa AOCTYNHOCTM TOMAMBa, GAAroNPUATHON KUHETUKE W BbICOKOMY YPOBHIO BbIXOAa 3HEPruu
peakums cuHTesa aentepuna-tpoutna (D-T) npemmyLLecTBEHHO MCNOIb3yeTcAa B 06/1aCT 33434 TEPMOAAEPHOTO
CMHTe3a. B pgaHHOM cTaTbe npeacTaBfieH NoApobHbIN, MOLIAroBbIA TEOpPEeTUYecKMii pacyeT cedyeHumsa D-T
CMHTE3a B pamMKax meToda deHoMeHonornyeckon R-maTpuupl. M3noxeHbl dyHAAMEHTabHbIE MPUHUMMbI
beHoMeHoNorMYeckoro metToga R-matpulbl. AaepHble U KyJOHOBCKME B3aUMOAENCTBUA pacCMaTPMBAOTCA C
NomolLblo dopmanmama R-maTpuLpbl, COrNaCHO KOTOPOMY KOHOUIypaLMOHHOE MPOCTPaHCTBO AENUTCA Ha
BHYTPEHHIO M BHELHIOt0 06/1acTM, COOTBETCTBEHHO. B pacuyeTax WCMo/b3ylTCA TO4YHble Ky/OHOBCKME
bYHKUMM, HeOOXOAMMbIe A1 TOYHOTO onpeaesieHna Ko3pPUUMEHTOB TYHHEIMPOBAHWA 1 cABura. PaccumTaHbl
TOYHbIE KYNOHOBCKME GyHKUMM ana cuctem D+T, *He+2C. MonyyeHbl KO3QPULMEHTbI TYHHENMPOBAHNA U
casura gnda cuctembl D+T ond 3a4aHHOrO yrioBOro MOMeHTa. [1ge pasHble moaenn R-matpuubl ¢ napameTpamm
N3 COBPEMEHHbIX Hay4HbIX PaboT MCMO/b3YOTCA A8 PacyeTa CeYeHUNn 1M CKOPOCTel peakuui camaHma D-T,
pe3y/IbTaTbl KOTOPbLIX 3aTEM CPABHMBAIOTCA C AAaHHbIMM, MOYYEHHbIMWU U3 AaHHbIX BubanoTekmn ENDF/B-VIIILO.
B Ba)KHOM 419 TEPMOAAEPHON TEXHOIOMMM AnanasoHe HU3KUX aHepruit (ot 0 4o 0.1 MaB) Hawum pesynbTaThl
MOKa3blBAOT AOCTAaTOYHO XOPOLUEe corjiacue C 3KCNepuMMeHTasibHbIMW AaHHbIMK, TOr4a Kak B AuanasoHe
BbICOKMX SHEPTUI NONyYEeHHbIe Pe3yNbTaTbl HECKOMIbKO 3aHMMKEHbI M3-3a HEpe30HaHCHbIX YPOBHeN Aapa “He,
KOTOpble He y4MTbIBAtOTCA B pacyeTax. [MonyvyeHHble pe3y/bTaTbl MOKa3blBAlOT, YTO MOAENN MOryT BbITb

MCNONb30BaHbl A1 BYAYLIMX NPUNOKEHUI TEPMOSAEPHOTO CUHTE3A.

Knioyesble cnoBa: TepmoOAAEPHbIA  CUHTES,

R-matpuua,

KYJIOHOBCKME  OYHKUMM, KOIPOULMEHT

TYHHENNPOBAHUA, Koad)d)MLl,MeHT caBura, ce4eHume, CKOpPOCTb peakunn.

Introduction

Thermonuclear fusion reactions play a
significant and vital role in both fundamental and
applied physics [1]. Firstly, these processes are
widely recognized as the primary mechanisms
responsible for the formation of elements in the
Universe, known as nucleosynthesis [2]. Secondly,
the significant energy release from thermonuclear
fusion reactions has enabled the practical application
of nuclear fusion technologies for producing energy
[3]. Nuclear fusion has consistently attracted
humanity due to several fundamental features: it
reaches remarkably high power densities; it depends
on plentiful fuel sources; it emits no greenhouse gases
throughout its operations and shows minimal carbon
impact across its lifecycle [4]; its intrinsic safety
arises from the absence of chain reactions (where
reactants differ from reaction products, preventing
uncontrolled fusion escalation if control is lost).
Progressing in our comprehension of nuclear fusion
reactions and overcoming technical challenges,
nuclear fusion presents the potential to become a new
and effective energy source in the future.

Although various thermonuclear fusion fuel
options exist, modern fusion reactors mostly use
deuterium and tritium as fuel. The main reasons are
the abundant availability of these isotopes, favourable
reaction Kinetics, high energy release, and the
relatively lower temperature requirements essential
for achieving controlled and efficient nuclear fusion
[5]. In addition, taking into account the present level
of technological advancement and the particular
requirements of controlled fusion reactions, the use of
deuterium and tritium enhances the opportunity of
nuclear fusion to become a viable energy source.

In this article, we consider a step-by-step
calculation of the resonant deuterium-tritium fusion
cross section within the framework of the
phenomenological R-matrix method. The main
formalism of the R-matrix method is presented,
precise Coulomb functions for the D+T, *He+%C
systems have been calculated, the penetration and
shift factors for the D+T system have been obtained,
and the cross sections and reaction rates for the
deuterium-tritium  fusion reaction have Dbeen
determined by choosing different R-matrix models
with parameters obtained from modern scientific
papers.
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Methods

R-matrix formulation

The general detailed formalism of the R-matrix
theory is shown in works [6-7]. In this paper, we
consider the main principles of the R-matrix method
as well as the main mathematical calculations
essential for the determination of the fusion cross
sections and reaction rates.

In the framework of the R-matrix method, the
configuration space is divided in two parts [8]. The
first is the internal region, characterized by a radius
a, where it is important to consider the nuclear
interaction between the colliding nuclei. The second
is the external region, where there is only the
Coulomb interaction. The physics of the problem is
derived from real and energy-independent parameters
E; and y*, known as the energy and the reduced
width of pole A [8].

The R-matrix in the case of a multichannel
problem with N poles can be expressed as

N
viv}

Ri(E) = E—E

A=1

(1)

where E; and yf are the energy and reduced width in
channel i. As it is shown in work [6], from Eq. (1) one
can easily deduce the collision matrix U as follows

U(E) = (2*(E)) ™ Z(E), )
where the matrix Z(E) is expressed as
Zij(E) = Li(E)§;j —a /kiijij(E)Ij,(E)- 3

In Eq. (3), k; and k; are the wave numbers in channels
i and j, respectively, and the ingoing Coulomb
function I;(E) is given by

where w; is the Coulomb phase shift, F;(E) and
G;(E) are the regular and irregular Coulomb
functions, respectively, calculated at k;a (the
derivative I]-’ (E) is also calculated with respect to this

value). The outgoing Coulomb function is defined as
0:(E) = I{ (E). (5)

In the case of a two-channel reaction using the single-
pole approximation (N = 1) [8], we can assume that

R%z = Ry1Ry;. (6)

Using Eqg. (6), we easily obtain the elements of the
collision matrix U

Ii 1 =Ry1L1 = RyplLy

Uy = — ,
Y7 0,1—RyyLy — Ry,ly

_ L 1=Ry1Ly = Ry L5
U22 - ’
021 = Ry1Ly — Ryl

0102(1 = Ry1Ly — RyaLy)’

()

Ui = Uy =

where the function L;(E) is given by

0/(E
Li(E) =k 018

Si(E) +iP,(E). (8)

In Eq. (8), S;(E) is the shift-factor, and P;(E) is the
penetration factor.

The nuclear fusion cross section corresponds to
the transfer cross section from channel 1 to channel 2,
and, in the case of partial wave J™ [8], it can be
obtained as

T (2] + 1)1 +96)

CehrDa, ol O

0152 =

L(E) = e'®i[G,(E) — iF;(E)], (4) where J; and J, are the spins of the colliding nuclei,
¢ is the Kronecker delta, equal to 1 or 0 for symmetric
and nonsymmetric systems, respectively. Using Eq.
(7), one can easily obtain the value of |U;,|? as

| 12| 2 2 (10)
(Gl + F )(GZ + F )Il - R11L1 - R22L2|
For more convenience, we have omitted the p kia k,a 11
explicit energy dependence of the Coulomb functions 1= G2 + FZ’ 2= GZ + F2’ (11)
and R-matrices in Eg. (10). Now, introducing the
formulas for the penetration factors P; and P, and, using Eq. (8), deriving that
|1 — Ry1Ly — RyzLa|? = (1 — Ry1 St — Rp255)% + (Ry1 Py + Ry2P2)?, (12)
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we can rewrite Eq. (10) as follows

|Uy2|? =

Choosing the one-pole, two-channel R-matrix, given by Eq. (1), one can simply obtain

|U12|2 =

(B, —E - V1S1

Eqg. (14) can be expressed in a more concise
form by introducing the total width and the level shift,
considered below in this paper.

The penetration and shift factors based on
precise Coulomb functions

In this section, we explore the penetration and
shift factors, which play an important role in the
obtaining of the fusion cross sections at low energies.

_n? <d_2_l(l+1)>

where h is the reduced Planck’s constant, u is the
reduced mass of the colliding nuclei, uy is the
nucleon mass, Z; and Z, are the charge numbers, e is
the elementary charge, g;(r) is the radial wave
function, which depends on the magnitude of the
relative coordinate r.

The regular and irregular Coulomb functions,
F;(E) and G;(E), respectively, shown in Section 2,
are the solutions of Eg. (15). In terms of the
dimensionless parameters p and n, we have g;(n, p),
and Eq. (15) becomes

[1_2_n_l(l+1)
p

() +

4P, P;R11 Ry, 13)
(1 = R1151 — R225,)% + (R11Py + Ry P)?
AP, P,yiy?
12Y17Y2 (14)

¥5S2)% + (VEPy + 5 Py)?

These energies correspond to so-called stellar
conditions. Generally, in this range of energies the
scattering of charged nuclei mostly depends on the
Coulomb interaction [2]. Therefore, we can neglect
the inner structure of nuclei. Thus, we have a two-
body Coulomb problem defined by the following
radial Schrodinger equation at the center-of-mass
energy E for a given angular momentum [:

Zl 2€
gz(T) =Egi(r), (15)
where p = kr, k =/ 2umyE/h?, nk =
Z1Z,e%u/h?, and '=d/dp. Therefore, we can

rewrite Coulomb functions as F;(n, p) and G;(n, p),
respectively, defining the Sommerfeld parameter 7,

given by
u
where u is measured in MeV.
The regular Coulomb function F;(n,p),

expressed with hyper-geometric functions [9], is

where w = +1, and the normalizing Gamow factor C;(n) can be obtained as follows

=0, (16) given by
Fi(m, p) = C,(n)ptttei®P F (1 + | + iwn; 21 + 2; —2iwp), (18)
—mn 4+ [In(I'(L+ 1+ +In(l(1+1—-i
m + [In(C ) + In(T( m)] In(r2l +2))|, (19)

@ = ZZeXp[

where the natural logarithm of the gamma function
In(T(2)) is implied.

The irregular Coulomb function G;(n,p) is
calculated as follows

Fy(m, p) cos(x) —F_;_1(m, p)
sin(y) ’

Gi(m,p) = (20)

2

where y =0, —0_;_; — (+1/2)r and o,(n) =
(In(T(1 + 1+ in) —In(T(X + L —in)))/(2i). Here
o;(n) is the Coulomb phase shift [9].

Although the analytical expressions for the
Coulomb wave functions in Eg. (18)-(20) may appear
to be simple, their numerical computation presents
significant challenges. Consequently, numerous
papers have explored the computation of the
Coulomb wave functions [10-15]. Nonetheless,
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significant parts of the complex plane have not been
investigated due to both numerical and theoretical
limitations. In this paper, we have applied a precise
method to compute the Coulomb wave functions with
all of its arguments complex, as detailed in [9].

The precise Coulomb functions in the
deuterium-tritium (D+T) system are shown in
Figure 1. The center-of-mass energy is E = 0.064
MeV, the relative orbital momentum of the colliding
nuclei is [ = 0, and the dimensionless parameter p is
in the range from 0 to 12. In addition, we have used
the Coulomb amplitude A4, given by

functlons

Figure 1 — Precise Coulomb functions for the
deuterium-tritium (D+T) system. The red solid line
corresponds to F;(n, p), the blue solid —to G;(n, p),

and the black dashed — to the amplitude 4;(7, p).

Using the parameters, indicated in Eq. (16)-(17),
the penetration and shift factors, at a radius a, can be
obtained by

k
PZ(E,a): a4

Fl2 (71' ka) + Gl2 (TI' ka),

SZ(E: a) = [Fl (77' ka)Fl’(n' ka)
+ Gl (T], ka)Gl, (77» ka)]Pl (E, a)' (22)

where the derivatives of the Coulomb functions are
calculated at ka.

The penetration factors P, (E, a) for a deuterium-
tritium (D+T) system are illustrated in Figure 3. From
the Figure 3, it can be inferred that, depending on the
increase of the radius a, the penetration factor for the
D+T system in the S-wave state (I = 0) negligibly
varies, and, in contrast, in the D-wave state (I = 2)
slightly grows.

The shift factors S;(E, a) for the D+T system in
the S-wave (I = 0) and D-wave (I = 2) states are
shown in Figures 4 and 5. As in the case of the
penetration factor, it can be noticed from Figure 4 that
the values of the S-wave state shift factor

(21)

A = /FIZ + G2,

As an additional example, we also provide here the
graph for the precise Coulomb functions in the case
of the *He+'2C system (see Figure 2). The center-of-
mass energy is E =3 MeV, the relative orbital
momentum of the colliding nuclei is [ = 0, and the
dimensionless parameter p is in the range from 0
to 20.

Figure 2 — Precise Coulomb functions for the
4He+!2C system. The red solid line corresponds to
F;(n, p), the blue solid —to G;(n, p), and the black

dashed — to the amplitude 4;(n, p).

insignificantly increase depending on the growth of
the radius a. In the D-wave state (see Figure 5) the
values of the shift factor grow gradually with an
increase in the radius a.

Figure 3 — Penetration factors for the D+T system.
The blue solid line correspondsto ! = 0,a = 5 fm,
the green solid—to [ = 2,a = 5 fm, the red dotted —
tol = 0,a = 6 fm, and the green dashed — to
l=2,a=6fm.
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Figure 4 — Shift factors for the D+T system in the S-
wave state (I = 0). Solid and dashed lines
correspond to a = 5 fm and a = 6 fm, respectively.

Figure 5 — Shift factors for the D+T system in the
D-wave state (I = 2). Solid and dashed lines
correspond to a = 5 fm and a = 6 fm, respectively.

Results and Discussion

D-T fusion cross section

The integrated fusion cross section of the J* =
3/2" 3H(d,n)*He nuclear reaction in the one-level,
two-channel R-matrix approximation [16] can be
defined as

s 2/ +1

_ 2
@t D, D el 33

oan(E) =

where k4 and E are the center-of-mass deuteron wave
number and energy, respectively, J;, =1 and J, =
1/2 are the spins of the colliding nuclei (deuteron and
tritium), and J = 3/2 is the resonance spin, [Sy,| is
the scattering matrix element.

In Eq. (23), the scattering matrix element [16] is
given by

2 1-‘dl-‘?’l
|Sdn| = 2 27
(E;+A—-E)2+(T/2)

(24)

where E; is the level eigenenergy, I; and [, are the
partial widths of the *H+d (I = 0) and *He+n (I = 2)
channels, T is the total width, A is the level shift. The
total width and the level shift are given by

r=>r, =2k,
C

A=) A, A= -2 —B),  (25)
C

where y2 is the reduced width, P. and S, are the
penetration and shift factors, respectively, defined in
Section 3, and B, is the boundary condition
parameter. Assuming that B. =0, the square
scattering matrix element |S;,|? can be easily
obtained, using Eq. (14), defined in Section 2. Thus,
we have presented the complete step-by-step
calculation of the resonant deuterium-tritium nuclear
fusion cross section. In addition, it should be noted
that we have not shown the results for the penetration
and shift factors for the “He+n system (these
properties can be easily calculated as it is shown in
Section 3). Nevertheless, we have accurately included
these results into our calculations.

In this paper, we have used two different R-
matrix models with parameters obtained in recent
papers [17-18]. The channel radii were chosen to be
equal in model 1 [17], whereas, in model 2 [18], these
radii are different. The full list of the R-matrix
parameters is shown in Table 1. The obtained
deuterium-tritium fusion cross sections are illustrated
below in Figure 6. To compare our results with
modern evaluated data, we have also included the
results obtained from the ENDF/B-VIII.0O library
[19]. In the range from O to 0.1 MeV, the results of
both models are in good agreement with the ENDF/B-
VII1.0 library data. However, since our calculations

only consider the resonant level J™ = 3/2%, fusion
cross sections are slightly underestimated for energies
exceeding 0.1 MeV. Consequently, it is important to
include non-resonant levels of °He in future
calculations. Nevertheless, the energy range from 0 to
0.1 MeV is the most significant for nuclear fusion
technology. Therefore, the results from both models
are suitable for future considerations within the
context of thermonuclear fusion applications.
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Table 1 — Parameter values for one-level two-
channel R-matrix

g, E,, Ya, | ve
Model | ¢ lan, T Ba | Bn ey | Mev | Mev
M?f;]'l 7 7 [-059] -2 0179 | 0.324[0.0122
M?f%'z 5.56| 3.633|-0.2721/0.38740.0420| 3.23 |0.133

Thermonuclear reaction rates
The reaction rate is obtained as follows [20]

1/2
Nalow) = Ny — /)

where N, is the Avogadro number, kg is the
Boltzmann constant, T is the temperature, v is the
relative velocity. Integration is executed utilizing
energies within the center-of-mass framework, while
the distribution of nuclei conforms to a Maxwellian
pattern.

Thermonuclear reaction rates for the D-T
nuclear fusion reaction, obtained in different R-
matrix models, are illustrated in Figure 7. As
mentioned earlier, we have employed two models and
examined the results from the ENDF/B-VII1.0 library
[19]. Between temperatures ranging from 0 to 0.1
MeV (0 to 1.1604-10° K), the results of both models
demonstrate a strong alignment with the ENDF/B-
VII1.0 library data. However, at higher temperatures,
the models appear to deviate slightly from the
reference data. In general, the obtained results are in
a good agreement with the ENDF/B-VIIIL.0 library
results.

Conclusion

In this paper, we have presented a detailed
analysis of the resonant deuterium-tritium (D-T)
fusion cross section in the framework of the
phenomenological R-matrix method. The main focus
has been on using precise Coulomb functions to
accurately determine penetration and shift factors,
essential for the calculation of the fusion cross
sections and reaction rates. We have outlined the
fundamental principles of the R-matrix formalism,

10

Wf o(E)E exp(—E /kgT)dE,

ENDFEVINC
Figure 6 — Deuterium-tritium fusion cross sections
in different R-matrix models. The blue solid line
corresponds to model 1 [17], the orange solid —to
model 2 [18], the green solid — to the results of the

ENDF/B-VII1.0 library [19]

(26)

Figure 7 — Thermonuclear reaction rates for the D-T
fusion reaction in different R-matrix models. The
blue solid line corresponds to model 1 [17], the
orange solid — to model 2 [18], the green solid — to
the results of the ENDF/B-VII1.0 library [19]

showing step-by-step calculations for the D-T fusion
reaction. The precise Coulomb functions for the D+T
systems have been calculated. Based on these
functions, the penetration and shift factors for the
D+T system have been obtained, providing accurate
inputs for further calculations of the D-T fusion cross
sections and reaction rates. In addition, we have
calculated the precise Coulomb functions for the
4He+12C system.

The D-T fusion cross sections and reaction rates
have been calculated using different R-matrix
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models. Two different models with parameters from
recent scientific papers have been used, and the
obtained results have been compared with the
ENDF/B-VIIL.0 library [19] data. The cross sections
and reaction rates in the low-energy range from 0 to
0.1 MeV (0 to 1.1604-10° K in units of temperature)
are in good agreement with the reference data.
However, at higher energies the results in both
models are slightly underestimated, since non-
resonant levels of °He have not been considered in our
calculations. Nevertheless, as mentioned earlier,

energies in the range from 0 to 0.1 MeV are especially
crucial in nuclear fusion technology. Therefore, the
results of both models are appropriate for future
considerations in thermonuclear fusion applications.
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