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Unsuitable use of spin and pseudospin symmetries with a
pseudoscalar Cornell potential
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The concepts of spin and pseudospin symmetries has been used as mere rhetorics to decorate the pseudoscalar potential
[Chin. Phys. B 22 090301 (2013)]. It is also pointed out that a more complete analysis of the bound states of fermions in a
pseudoscalar Cornell potential has already been published elsewhere.
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In 2004, de Castro[1] found the analytic solutions of the
Dirac equation for a pseudoscalar linear plus Coulomb-like
potential

mcωx+
h̄cg
x

, (1)

where ω and g are real parameters. The author of Ref. [1]
solved the problem under a Sturm–Liouville perspective for a
large range of parameters but the possibility of isolated solu-
tions from the Sturm–Liouville perspective was neglected.[2]

In a recent article, Hamzavi and Rajabi[3] have found the ex-
act solutions of the Dirac equation with a pseudoscalar Cornell
potential

− a
x
+bx, (2)

under the spin and pseudospin symmetry limits. The purpose
of this work is to clarify that Hamzavi and Rajabi failed to per-
ceive the possibility of isolated solutions, as did by de Castro
in Ref. [1]. Moreover, Hamzavi and Rajabi incurred in a clear
lack of understanding of spin and pseudospin symmetries and
truly presented the solutions for a pure pseudoscalar coupling
for a more restrict range of parameters than in Ref. [1].

Spin and pseudospin symmetries are SU(2) symmetries
of a Dirac equation with vector and scalar potentials realized
when the difference between the potentials or their sum is a
constant.[4] The upper (lower) component of the Dirac spinor
satisfies a Schrödinger-like equation in the case of spin (pseu-
dospin) symmetry and the resulting spectrum is independent
of the orientation of the spin (see, e.g., Ref. [5]). Further-
more, the spin–orbit and the Darwin terms disappear from the
second-order equations for the upper and lower components
of the Dirac spinor under the spin and pseudospin conditions
in such a way that spin-1/2 and spin-0 particles have equiva-
lent spectra.[6] If the difference between the vector and scalar

potentials or their sum is not a constant, there is no spin or
pseudospin symmetry. Spin and pseudospin symmetries are
also broken if the potential is contaminated by other sorts of
couplings (e.g., pseudoscalar or tensor couplings).[7] In fact,
there has been a continuous interest for solving the Dirac equa-
tions in the four-dimensional space-time as well as in lower
dimensions by assuming that the vector potential has the same
magnitude as the scalar potential.[1–54] In 1+1 dimensions, it is
usual to say that the system has spin or pseudospin symmetries
if the potentials are limited to vector and scalar Lorentz struc-
tures with the same magnitude. Despite the absence of spin
effects, many attributes of the real spin or pseudospin symme-
tries in 3+1 dimensions are preserved. In the presence of time-
independent interactions, the most general (1+1)-dimensional
time-independent Dirac equation for a fermion of rest mass m
and momentum p reads(

σ1 p̂+σ3m+
𝐼+σ3

2
VΣ

+
𝐼−σ3

2
V∆ +σ2Vp

)
ψ = Eψ, (3)

where E is the energy of the fermion, VΣ = Vv +Vs, and
V∆ = Vv −Vs. The subscripts for the terms of potential de-
note their properties under a Lorentz transformation: v for the
time component of the two-vector potential, s for the scalar
potential, and p for the pseudoscalar potential. The σi are the
Pauli matrices, and 𝐼 is the 2×2 unit matrix. Hamzavi and
Rajabi[3] considered an equation for the upper component of
the Dirac spinor with Σ = 0, ∆ =Cs = 0, and E 6=−m in Sub-
section 3.1, and considered an equation for the lower compo-
nent of the Dirac spinor with ∆ = 0, Σ =Cps = 0, and E 6=+m
in Subsection 3.2. Therefore, in both circumstances, they took
into account Vv = Vs = 0. Indeed, in one word, they in fact
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considered a pure pseudoscalar potential in such a way that
for E 6=∓m

ψ∓ =− i
E±m

(
dψ±
dx
∓Vpψ±

)
, (4)

− d2ψ±
dx2 +

(
V 2

p ±
dVp

dx

)
ψ± =

(
E2−m2)

ψ±. (5)

On the other hand, for E =∓m one has

ψ± = N± e±v(x), (6)

ψ∓ = [N∓− iN±I± (x)] e∓v(x), (7)

where N+ and N− are normalization constants, and

v(x) =
∫ x

dyVp (y) ,

I±(x) = ±2m
∫ x

dy e±2v(y). (8)

In summary, the solutions of the Sturm–Liouville prob-
lem with a pseudoscalar linear plus Coulomb-like potential (or
Cornell potential if one likes) has already been discussed in
Ref. [1], and the isolated solutions in Ref. [2]. Furthermore,
the rhetoric is great but there is no spin or pseudospin sym-
metries in the system approached in Ref. [3] because of the
complete absence of vector and scalar couplings.
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