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Introduction

The nuclear fusion at very low energies
(∼1eV to few keV) plays important role in
nucleosynthesis of light elements in stellar
core. Nuclear fusion reaction in this energy
range can be explained successfully by the
phenomenon of quantum mechanical tunnel-
ing through Coulomb barrier of interacting nu-
clide. In the present work, a simple square-
well potential model with an imaginary part
is used to describe the d+t nuclear fusion re-
action where the real part of the potential
is mainly derived from the resonance energy
while the imaginary part is determined by the
Gamow factor at resonance energy.

Theoretical framework

When a deuteron is injected to a triton,
the relative motion can be described in terms
of the reduced radial wave function ζ(r)
given by Φ(r, t) = 1√

4πr
ζ(r) exp(−iE

~
t) where

Φ(r, t) represents the solution of the general
Schrödinger equation for the system. The re-
action cross section in terms of the phase shift
δ0 due to the nuclear potential (in low en-
ergy limit only s-wave contributes) is given
by σ = π

k2 [1 − |η|2] where η = e2iδ0 and k
is the wave number for relative motion. Nu-
clear potential being complex, the correspond-
ing phase shift δ0 is complex and given by [1]

cot(δ0) = Wr + iWi. (1)

Consequently, the cross section is given by
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π

k2
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r
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where χ2=

{

exp( 2π

kac
)−1

2π

}

is the Gamow pene-

tration factor. The quantity S(E) given by

S(E) =

{

−
4ωi

ω2
r + (ωi −

1
χ2 )2

}

(3)

is called the astrophysical S-factor, where ω =
ωr + iωi = W/χ2 = (Wr + iWi)/χ

2. The wave
function inside the nuclear well is determined
by two parameters, the real Vr and the imag-
inary part Vi of the nuclear potential. The
Coulomb wave function outside the nuclear
well is determined by two other parameters:
the real and the imaginary part of the complex
phase shift (δ0)r and (δ0)i. A pair of conve-
nient parameters, Wr and Wi, are introduced
to make a linkage between the cross section
and the nuclear well so that it is easy to discuss
the resonance and the selectivity in damping.
The boundary condition for the wave function
can be expressed by its logarithmic derivative
which for the square well is given by

R
[sin(Kr)]′

sin(Kr)
|r=R = KR cot(KR) (4)

and in the Coulomb field, it is given by

R

ac

{

1

χ2
cot(δ0) + 2

[

ln
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)

+ 2A+ y(kac)
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(5)

so that

ωi = Wi/χ
2 = Im

[ac
R
(KR) cot(KR)

]

(6)

=
ac
R

{

γi sin(2γr)− γr sinh(2γi)

2[sin2(γr) + sinh2(γi)]

}

ωr = Wr/χ
2 =

ac
R

{

γr sin(2γr) + γi sinh(2γi)

2[sin2(γr) + sinh2(γi)]

}

− 2H

(7)
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FIG. 1: S-factor S(E) in keV-barn for d+t fusion
reaction using Eq.(3).

FIG. 2: Comparison of fusion cross sections ob-
tained using Eq.(2) and those obtained using three
and five parameter fitting formulas of Ref.[2].

where K2= 2µ
~2 [E−(Vr+iVi)], Ki=

µ
Kr~

2 (−Vi),

γ=(γr + iγi) ≡ (KrR + iKiR), k2= 2µE
~2 ,

H=
[
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2R
ac

)
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]

, ac=
~
2

Z1Z2µe2

and y(x)= 1
x2

∑∞
j=1

1
j(j2+x−2) . In the above

relations k is the wave number outside the
nuclear well, ac is the Coulomb unit of length,
and A=0.577 is Euler’s constant, y(kac) is
related to the logarithmic derivative of Γ
function given as y(x). The cross-section can
also be computed using the three and five
parameter fitting formulas [2].

Calculations and Results

The fusion cross sections and the astrophys-
ical S-factors are calculated using Eq.(2) and
Eq.(3), respectively. The results of present

calculations for S-factors are shown in Fig.1
while present calculation results for cross sec-
tions are compared with those calculated us-
ing the three and five parameter fitting for-
mulas of Ref.[2] in Fig.2. The experimen-
tal data and the quantum-mechanical calcu-
lations show good agreement. However, cal-
culations of fusion cross sections for reactions
involving medium and heavy nucleus-nucleus
systems, a completely different approach is
needed [3].

Summary and Conclusion

The complex potential causes absorption
of the projectile into the nuclear well. For
over last six decades controlled nuclear fu-
sion research has been concentrated much on
deuteron-triton fusion because of their large
cross-section compared to that of deuteron-
deuteron fusion by a factor of several hun-
dred in spite of both having almost the same
Coulomb barrier. The resonance of the d+t
state near 100 keV is considered as the rea-
son for such a large cross section. A sim-
ple square-well potential model with an imag-
inary part can be used to describe the d+t
nuclear fusion reaction. It is interesting to no-
tice that while the real part of the potential
is mainly derived from the resonance energy,
the imaginary part of the potential is deter-
mined by the Gamow factor at resonance en-
ergy. The good agreement between the experi-
mental data and the quantum-mechanical cal-
culation suggests a selective resonant tunnel-
ing model, rather than the conventional com-
pound nucleus model, because the penetrating
particle will keep its memory of the phase fac-
tor of its wave function. The implication of
this selective resonant tunneling model can be
further explored for other light nuclei fusion.
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