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Introduction
The quantum tunneling effect of a compos-

ite particle, which has intrinsic states, needs
detailed investigation as experimental data [1]
indicates that the penetration probability for
loosely bound systems at low energies may be
significantly more, contrary to conventional
estimates. The problems involving tunnel-
ing and reflection of composite particles have
been discussed using different models [2–8].
In this study, a deuteron is considered to ap-
proach from a long distance towards another
deuteron, so that the study reduces to solving
the problem of tunneling where one deuteron
approaches in the Coulomb field of the other
deuteron. “Deuteron” model is assumed for
the composite particle where the system con-
tains one neutral particle and one charged par-
ticle.

The Model
we consider one dimensional motion of the

composite system containing one neutral and
one charged particle having masses mx and
my coupled by the interaction V (x − y) and
slowly moving in the external potential U .
The Hamiltonian of the system as

H =
p2x

2mx
+

p2y
2my

+V (x− y) +Ux(x) +Uy(y),

(1)
where, we consider particles are situated at
positions x and y and the external potential
U acts on the two particles differently. Trans-
forming the Eq. (1) in the center of mass
coordinates R of the composite system while
the relative coordinate of the constituent par-
ticles by r, one may construct the stationary
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Schrödinger equation as[
− ~2

2M

∂2

∂R2
− ~2

2µ

∂2

∂r2
+ V (r)+

Ux

(
R+

rmy

M

)
+ Uy

(
R− rmx

M

)]
Ψ(R, r)

= EΨ(R, r), (2)

where, M is the total mass of the two con-
stituent particles in the composite system
while µ is the reduced mass of the system in
the center of mass coordinate system, E being
the energy of the incident composite particle.

Therefore, the model essentially reduces to
a problem comprising of a potential well rep-
resenting the composite system moving in the
coulomb field. We are interested to study evo-
lution of intrinsic wave function of slow com-
posite particle in the field of Coulomb poten-
tial for which one may consider an adiabetic
ansatz at low energy like

Ψ(r,R) = ψ(R)φ(r;R), (3)

such that φ(r,R) is internal function describ-
ing the wave function inside the potential well
while R is global variable representing the
movement of the potential well. Following [8],
we obtain ψ(R) and φ(r;R).

The essential point is that new function
u(R) defined as Eq. (4)

ψ(R) = u(R)e−
∫
α(R)dR, (4)

satisfies Eq. (5)

∂2u

∂R2
+

2M

~2
[
E − Ũ(R)

]
u = 0, (5)

with effective potential Ũ as Eq. (6).

Ũ(R) = ε(R)− Eb

+
~2

2M

[
α2(R) +

dα(R)

dR
− β(R)

]
,(6)
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FIG. 1: The effective potential observed by
the composite particle during quantum tunneling
through Coulomb barrier.

where, we may define
〈
φ
∣∣∣φ〉 = N(R),〈

φ
∣∣∣ ∂φ∂R〉 = N(R)α(R) and

〈
φ
∣∣∣ ∂2φ
∂R2

〉
=

N(R)β(R) and Eb is the intrinsic binding en-
ergy of the constituent particles in the com-
posite system. .

For our application, we consider “Deuteron”
model containing one proton and one neutron
while Ux = Up due to charge of proton while
Uy = 0 due to neutron which is not influenced
by the barrier.

Analysis
Eq. (6) is determined by solving Eq. (5)

using Numerov algorithm. The effective po-
tential is plotted in the Fig. 1. The wave
function Ψ is determined for different inci-
dent energy of the particles. Figure 2 is plot-
ted for the amplitude of the wave function
Ψ against R for different incident energies E.
This clearly indicates more probability of exis-
tence of particles toward the barrier and max-
imizes at a certain R after which the prob-
ability drops. The drop is not zero while
smaller than the peak value indicating tun-
neling. Also it is observed that at lower en-
ergy values probablity of particles is more.
Typical calculation indicates, say at R = 1.1

fm, |Ψ2(E = 0.01MeV )|/|Ψ2(E = 1.0MeV )|
is about 1.22 showing lower incident energy
could be more favorable. This suggests that
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FIG. 2: The wave function |Ψ|2 is plotted against
R for different E.

fusion probablity could be more for a system
with ground state intrinsic degenerate state
[9].
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