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Abstract:

We investigate the approximate solution of the Dirac equation for a combination of Mdbius square and

Mie type potentials under the pseudospin symmetry limit by using supersymmetry quantum mechanics. We obtain

the bound-state energy equation and the corresponding spinor wave functions in an approximate analytical manner.

We comment on the system via various useful figures and tables.
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1 Introduction

In order to investigate the nuclear shell structure,
the study of spin and pseudospin symmetries of the
Dirac equation is in many cases a proper building block
up which to proceed [1-4]. The spin symmetry in a
Dirac equation occurs when the difference of the poten-
tial of the vector potential V(r) and the scalar poten-
tial S(r) is a constant (A(r) = V(r)—S(r)= constant)
[5, 6]. The so-called pseudospin symmetry corresponds
to the case where the sum of the scalar and vector po-
tentials equals a constant term (X(r) = V(r)+S(r)=
constant) [7]. The jargon pseudospin symmetry in nu-
clear theory refers to a quasi-degeneracy between single-

1
nucleon doublets with quantum numbers (n,l , j:l+§>

3
and (n—l,l+2,j:l—|—§>, where n, [ and 7 are the single-

nucleon radial, orbital, and total angular momentum
quantum numbers, respectively [4]. The pseudospin sym-
metry is exact when doublets with j=H=s, with [=H1 and

1
5:5, are degenerate [5]. These symmetries, under vari-

ous phenomenological potentials, have been investigated
by using various methods such as asymptotic iteration
method (AIM) [8], the Nikiforov-Uvarov (NU) technique
[9], supersymmetric quantum mechanics (SUSSYQM)
[10], shape invariance (SI) [11], and exact quantization
rule [12]. In recent years, many researchers have applied
spin and pseudospin symmetry conditions on a num-
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bers of potentials [13-30] including Péschl-Teller [13],
Hulthén [14], Poschl Teller double-ring-shaped Coulomb
[15], pseudoharmonic [16], modified deformed Hyller-
aas [17], harmonic oscillator [18] and Kratzer poten-
tials [19]. The main aim of the present paper is to ob-
tain approximate solutions of the Dirac equation with a
Mbobius square plus Mie type potential (MS-M) includ-
ing the Coulomb-like potential for the pseudospin sym-
metry limit. The Mobius square potential, due to its
complicated nature, has not been analyzed within the
framework. The Morse, Poschl-Teller, Manning-Rosen,
Hulthén, Tietz, Eckart and Hua potentials are all spe-
cial cases of this potential [31, 32]. Recently, we ap-
proximately solved the Dirac equation for the Mobius
square potential under spin and pseudospin symmetry
for any k state and obtained the eigenvalue equation as
well as the corresponding two-component spinors within
the framework of an approximation to the term propor-
tional to 1/7? by using the NU method [32] Some new
work about spin and pseudospin symmetry can be found
[33—43]. In addition, the Mie type potential has the gen-
eral features of a physical interaction [44]. Using the NU
method, exact solutions of the Dirac equation with the
Mie type potential under pseudospin and spin symmetry
limits have been obtained [45]. The Dirac equation un-
der Mobius square plus Mie type potentials be solved by
using supersymmetry quantum mechanics (SUSYQM),
Nikiforov-Uvarov (NU), etc. The Mie type potential has
been already investigated in other cases. Agboola and
Ikhdair et al., in separate work, obtained solutions of
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the N-dimensional Schrodinger equation with the po-
tential [46, 47]. The path integral solution for a one-
dimensional Mie type potential was studied in Ref. [48].
The Schrédinger equation with the potential was also
analyzed via the 1/N expansion method [49]. The com-
bination of the Mie type potential with the pseudohar-
monic interaction within the nonrelativistic formalism
was carried out via the Laplace transform approach in
Ref. [50]. The term was also studied as a framework
to analyze the diatomic molecules [51, 52]. We modify
the Mie type potential with the Mobius square potential
which is in fact equivalent to the Eckart/ Rosen—Morse
potential [53]. Here, we apply the supersymmetric quan-
tum mechanics (SUSYQM) and investigate the effects of
tensor interaction on the bound states. This paper is
organized as follows: In Section 2, we give a brief in-
troduction of the SUSYQM by which we are going to
solve our problem. In Section 3, the Dirac equation is
written in the pseudospin limit with a Coulomb tensor
term. We report the approximate analytical solution of
the problem for any state in Section 4. Discussion of our
numerical result is given in Section 5 and the conclusion
is presented in Section 6.

2 Supersymmetry

We include this short introduction to SUSYQM to
proceed on a more continuous manner. In SUSUQM we
normally deal with the partner Hamiltonians [10]

Ho= V" v, (o) (1)

2m

where
Vi(2)=9"(2) £ (). (2)

In the case of good SUSY, i.e. Ey=0, the ground state
of the system is obtained via

@ (2)=Ce™", (3)

where C' is a normalization constant and
U(:v):J' dzP(z). (4)
z0

In the next step, we have to see whether the shape-
invariance condition

Vi(ag,x)=V_(a,,2)+R(ay), (5)

exists. In Eq. (5), a, is a new set of parameters uniquely
determined from the old set a, via the mapping F"
ag +— a; = F(ag) and R(a;) does not include z. If the
condition is satisfied (with the requirements), we simply

have the higher states obtained via

E, = R(a.), (6a)
o (a,
ontane) = [1 (i mgz ) s () 1)
oy (an,z) = Cexp{—dez@(an,z)}, (6¢)
where
AT:—i—I—@(as,x). (7)

s ox

Therefore, this condition determines the spectrum of the
bound states of the Hamiltonian

82
Hsz—ﬁ—l—V, ((IS,.’L')+ES, (8)
and the eigenfunctions of
Hs¢;7s(a5,$)=E7L¢;7S(a5,$), nzs (9)

are obtained via [1-3]

Af

¢;s(asaw)=m¢;7<s+1>(as+1a$)- (10)

3 Dirac equation with a tensor coupling

The Dirac equation with an attractive scalar poten-
tial S(r), a repulsive vector potential V(r) and a tensor
potential U(r) in the relativistic unit (Ai=c=1) is [13]

[@.p4+B(M+S(r))—iBa.+U (r)](r)
= [E=V(r)]y(r),

where FE is the relativistic energy of the system, ﬁ:—iﬁ
is the three dimensional momentum operator and M is
the mass of the fermionic particle. &, 3 are the 4x4 Dirac
matrices given as

(o&\ , (10

where [ is 2x2 unitary matrix and &; are the Pauli three-
vector matrices

01 0 —i 10
Ul:(m)’(’?:(i 0)’03:<0—1>' (13)

The eigenvalues of the spin-orbit coupling operator are

1 1
K= <j+§) >0, Kk =— <j+§) < 0 for unaligned spin

(11)

(12)

1 1
Jj= 1—5 and aligned spin j =1 —&—5 , respectively. The

set (H, K, J?, J.) forms a complete set of conserved
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quantities. Thus, we can write the spinors as [13]

Fon(r)Y],, (0,0)
wrm (T) = l s

) (14)
"\ 1Gue ()Y, (0,0)

where F,,.(r) and G,,.(r) represent the upper and lower
components of the Dirac spinors, respectively. Y}, (60,¢)

and lem (0,¢) are the spin and pseudospin spherical har-
monics and m is the projection on the z-axis. With other
known identities [13]

(&.A’) (5.5) = AB+is. (A'zé), (15a)
m( . +17;—E>, (15b)

(7.L) Y], (0.0)= (= 1)V}, (0.9),

I
>
S
Qi

Gy

as well as

(5.5) YL (0,0)=—(k—1)Y! (0,¢),

(&f) ijlm (9790) = _}/}i77l (9’ (P);
(5.7:)}/;;”(9’<p):_yjlm(0,cp). (16)

We find the following two coupled first-order Dirac equa-
tions

(iJrE_U(T)) Fon(r) = (M+E,.—A(r) Gu(r), (17)

dr r

<i_§+U(r)) Gon(r) = (M—E, . +X(r)) F,.(r), (18)

(19)
2(r)y=V(r)+S(r). (20)

Eliminating F, . (r) and G,..(r) in Egs. (17) and (18), we
obtain

d*>  k(k+1) 2xU(r) dU(r) .,
T T —U*(r)—(M+E,.—A(r))(M—E,.+X(r))
dA('r) d KR an(,r)zoa (21)
dr (dr r U(T)>
M+E,,.—A(r)
d*> k(k—-1) 2kU(r) dU(r) _,
P R— + - + e —U(r)—(M+E,.—A(r))(M—E,.+X(r))
dE(T) d K Gnn(r)zoa (22)
ar (57”] ( >>
M+E,,.—X(r)
where #(k—1)=I(I+1), k(k+1)=I(I+1). During this stage, U(r):—g _ Za2p€” . (24)
we take A(r) or X(r) as the MS-M potential. Egs. (21) ’ drey T

and (22) can be exactly solved for k=0,—1 and k=0,1,
respectively, as the spin-orbit centrifugal term vanishes.

4 Solution of the Dirac equation

In this section, we are going to solve the Dirac equa-
tion with MS-M potential in the presence of a tensor
potential by using the SUSYQM.

4.1 The pseudospin symmetry limit

The exact pseudospin symmetry, proposed by Meng
dX(r) 0

r
or X(r)=C,s=const. [5]. We now take A(r) as the MS-M
potential and consider a Coulomb tensor potential [26]:

et al. [28], occurs in the Dirac equation when

brs

r2 T

Aps_i_Bpsefa'r 2 aPs
Cps_'_Dpsefar

A(r)=Vj ( +d‘”> , (23)

where Vg, APs, BPs, CPs, DPS, gP®, bPS, dP® and H are
constant coefficients, R,=7.78 fm is the Coulomb radius
and, z, and z;, denotes the charges of the projectile a and
target nuclei b, respectively [26]. Since the Dirac equa-
tion with the MS-M potential has no exact solution, we
use an approximation for the centrifugal term as [32]

1 Cps2aps2
= lim |
72 a—0 (CPS+Dps€7aT)
1 o 5 1 1 1
— 1 L e 9 oo L3 Y a2 L o53
Jﬂ(rﬁﬁmo‘ TR e T T
1 6,.4
— o(r® 25
Gz T TOU )>’ (25)

where C'=—D'. This proposition gives a good approx-
imation for the centrifugal term (see in Fig. 1). When
performing a power series expansion and setting a— 0,
gives the desired r=2 suggested by Greene and Aldrich
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. Substitution of Egs. (23)—(25) into Eq. (22) gives

1
LD (. D* N
e )
MVOBpsz VEps Bps2 VOOPSBPSQ o
('ps2 (C'ps2 Crs2
2APSBP5VOM 2APBPsV, EPS 2APSBPSVOCps
+ Cpsz Cps2 OpsZ
MabPDP*  ab**DPEPS  abP*DPC,] ..
+ Crs Crs + Crs ¢
MVyAPs2 Y EPs Aps?
2 0 0Hnk
+(k+H)(k+H-1)a’— T sz

VoCloo APS? ‘ . ‘ ‘
— L MbPa—EP b a+ClbPa— MaPa?
= "

+aP EP a?—a”Cp.a? 3 G2 (r)={—M?>-MC,,
+(EP )2 = EP Cost M > —dEP +dC, } GP5 (1), (26)
where k=—/ and k=/+1 for k<0 and x>0 respectively.

10

- ! 1 ) (C™)a?
= 7 (CPDre oy
0 2 4 6 8 10
r
Fig. 1. The centrifugal term (1/7?) and its approx-

imation for =0.01, C?*=1, D**=-1
4.2 Solution of the pseudospin symmetry limit

In the previous section, we obtained a Schrodinger-
like equation of the form

d2Grs .
‘TZ’S(T)MH( )Go () =ERGr(r),  (27)
with an effective potential
pPs_ —2ar Ps_ —ar ps
Veﬁzm e TNy e+ (28)

Dr* v
(”Cme >

where
s —MV,BP%  V,Er B*?  V,C,,Br?
= ('ps2 + COps2 T Oz
b 2APBPVOM 2APBPVLERS 2APBPV, O
N2 == C'rs2 C'rs2 o Cps2
n MabP>DP*  abP*DP*EP? n abP*DP3Clq
Chrps Crs Crs ’

MV, APV, EPS AP

CpsZ CpsZ
—EP b a+ChbPa

nKk

ps
—a”Cea?.

ny" = (h+H)(k+H-1)a’~

VoCls APS2
A e

—Ma**a’+a” EP o® (29)
The corresponding effective energy is given by

EP = —M?—MC,+(EP )2 —EP Co o+ MdP®

—dPEP" +d>*C)

psy

(30)

In SUSYQM formalism, the ground-state wave function
for the lower component is given as

Gt () =exp - [otryar ).

Thus, our first step is to find the solution of the Riccati
equation

(31)

¢*—¢'=Vea—Egy, (32)
for which we propose a superpotential of the form
psS,—ar
O(r) =+ (33)
(1—|— Ce e‘”")

Therefore, the exact parameters of our study are ob-
tained via
2wpsqpsefar

wPs 2672047“
%HQPS)QT
(1+Cps e(W) 1+CPS

e—ar

wPs e~ " Psef2ar+ psefar_k .
+ ‘ 5= T] 77 2773 _Eg,m (34)
DP5 g DP5 —ar
(1+Opse ) (1+Opse )
or, more explicitly
ES=n5—(q™)*, (35a)
bs aDPS_ 1
- 2Crs 20
X /a2 (DP=)2 4405 (Dre)2 41" (CP=)2 —4n5™ Cv= DP»,
(35Db)
e _ I (C7) = (W) (CP) = (D)
€= 2uprs(C'ps Dps ' (35¢)

After constructing the partner Hamiltonians
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—wP* " wps+aDps e—ar _ngs(Dps)z'i_n{)S(Ops)z e—ar
d Drs s Cvs Drs
2, do
Ve (r) = ¢ +E: Drs 2 + ) D»
<1+Cps em) +Opse
(WP (DY) (P
(R | o
—qPs % u}ps_aDps e—or _ngs(Dps)2+77{)S(Cps)2 e—ar
V - 5 d¢ Dps Ops Opsts
eff — (T) - ¢ _E Dps 2 + 1+Dps
—ar e—ar
(1+&5e) c
—(wP*)2(CP*)2—nf* (DP) >+ (C™)* | *
b
(e | o

pPs

D
Consequently, a,,= f(ao) =ao+na o We see

From Eq. (5), we have [26, 27]

— 5 : . . _ _ pDPs
where ao=w"* and a; is a function of ao, i.e., a1 = f(ao) =ao+a gy

pPs

that the shape invariance holds via a mapping of the form w®* —w**+a«

Crs’
Rlay) = (ZOCTP =g (D (Cr)\* [ —ah(CrP = (D) (€7
! 20 Drsqy, 20 Dpsq, ’
Rlay) = (Z04(C7) =k (D)4 (C)* [ —a3(CP ) (D) (C7)* )
? 2CPs Dps g 2C'Ps Dpsqy ’
Rag) = (Z(C™VnE (D™ 4 (CP)7\* ( —a§(C™) =i (D) " (C*)* )
? 2C'Ps Dpsq,y 2C'Ps Dpsqg ’

Ra,) = (o (C7) = (D7) np(O7)N " (a5 (™)~ (D)2 4np(C™)* )
" 2CPsDvea,,_, 2CPsDreq,, ’

E;,. =0, (38)
Therefore, from Eq. (6a), the eigenvalues can be found as

A ([ —aR(CP)2 =B (D)2 (CP)2\* [ —al (CP%)2 =B (D™)2 4+ (CP*)2\ *
=1

(37)

~ LA —a? (CP3)2 —pPs( Dps)2 pst522 )
Er = B +E§;:_< ay, (CP°)? —ns"(DP*)* +ni" (C™) ) o (30b)

2CPsDrsq,,
This completely determines the energy of the pseudospin symmetry limit. With the aid of Eqgs. (29) and (35a)—(35c¢),
we obtain the energy for any spin-orbit quantum number as

S S S S S S 1 (—npS(DpS)2+nps(Cps)2) U(CPS)2 ? S
_M2_Mcps+(E£m)2_E5~Cps+Mdp —d” B +d” Cost (CPsDrs)2 { : 20 1 B 2 —n5 =0,

(40)

where

Dps

Crs’

(41)

o= @_ 1 (\/QQ(Dps)2+4 PS(Dps)2+4 PS(Cps)2_4 pSCpstS) +na
2Cps 2OPS 773 771 772
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Thus, the lower component of the wave function is

(42)

I +142 ngs_Egz S PS_Epbs p 2 p p
n 2 R 5 _ _nsm S (ops S ~ps s
Vo pre NWETE e\ iefen Aoy
G® (r) = Ny, = — e " 1+ e "
nk npS—EPS Cps Cps
nIl [ 1424/ 22—
a2
s —Es e (Cr)2 e Myt 1 i b .
F | —n,1+2 S - += 2 - ——eT
241 2 o2(Dr*)2  o2Dvs | a2 4 a2 Cps
The corresponding upper-spinor component of the Dirac —0.80  —0.65  —050 —035  —020 —0.05
equation can be obtained via Eq. (26) as, —49164 T T T T
1 d &
Fr(r)= | == +U(r) |G2.(r). (43 ~4.920 |
0= e (4 U0 ) G, @) o2
Where EP® £ M—Cl,. —4.924 -
: &
5 Numerical results 98
We obtain the energy eigenvalues in the absence and —4.932 e =1, k=—1
the presence of the Coulomb-like tensor potential for var- —— =1, k=4
ious values of the quantum numbers n and k. The re- —4.936 - e Zj k’i:;
sults are reported in Table 1. If we set a”*=b"*=dP*=0, — =l k=S
we can exactly obtain the results of solution of the Dirac —4.940 —— =2, k=5
equation under the M&bius square potential with the NU Yo
method [32]. In Table 1, we can clearly see the degen- Fig. 3. Energy vs. Vp for pseudospin symmetry
eracy between the bound-states that these degeneracies limit for a=0.01, M =5 fm™*, Cps=0, H=0.5,
are changed in the presence of the tensor interaction. AP =1, B®=-2, C™” =1, D»®=-1, a”® =038,
bP5=0.6, d**=0.1.
0 01 02 03 04 05 06 07 08 09 1.0
—4 9250 for | —‘1,4 -1.1 —-08 —05 -02 —0.1 04 07 10 13
FrLL
—4.902 ]
—4.9253 ¢
—4.911 4
_ —4.9255 4919 N
= £ — =2, k=2
) » ge T4 - 32
—4.9256 4
—4.936
—4.9258 —4.945 A
. — =2, k=4 —4.953 A \
\
—4.9259 H —4.962 - . A
s
Fig. 2. Energy vs. H for pseudospin symmetry

limit for a=0.01, M =5 fm ™', Cps=0, Vo=-0.2,
APS=1, B =—-2 (CP =1, D*®=—1, a»®=0.8,
bP*=0.6, d**=0.1.

Fig. 4. Energy vs. AP® for pseudospin symmetry
limit for a=0.01, M=5 fm™", CLs=0, Vo=-0.2,
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Table 1. Energies in the pseudospin symmetry limit for a=0.01, M =5 fm ', Cpe=0, Vo=-0.2, A”*=1, B®=—-2,
CPE =1, DP*=—1, a®*=0.8, b**=0.6, d**=0.1.
Pm ok @) ER(H—0) EF% (H=0)=Ref. [32] BP (H—05) EP% (H=0.5)=Ref. [32] BP (H—1) EPS (H=1)=Ref. [32]
’ aPs=bPs=dP5=0 e aPs=pPS=dP5=0 e aPs=pPS=dP3=0
1 1 -1 IS% —4.919905172 —5.00840912 —4.919856805 —5.00836049 —4.919827782 —5.00833131
2 1 2 IP% —4.920059901 —5.00856470 —4.919972874 —5.00847720 —4.919905172 —5.00840912
3 1 -3 ld% —4.920291870 —5.00879794 —4.920166239 —5.00867162 —4.920059901 —5.00856470
4 1 —4 lf% —4.920600929 —5.00910869 —4.920436775 —5.00894364 —4.920291870 —5.00879794
1 2 -1 23% —4.925188706 —5.01378636 —4.925141213 —5.01373861 —4.925112715 —5.01370995
2 2 =2 QP% —4.925340641 —5.01393914 —4.925255186 —5.01385321 —4.925188706 —5.01378636
3 2 3 Qd% —4.925568422 —5.01416818 —4.925445059 —5.01404413 —4.925340641 —5.01393914
4 2 —4 Qf% —4.925871903 —5.01447334 —4.925710711 —5.01431125 —4.925568422 —5.01416818
11 2 Od% —4.919905172 —5.00840912 —4.919972874 —5.00847720 —4.920059901 —5.00856470
2 1 3 Of% —4.920059901 —5.00856470 —4.920166239 —5.00867162 —4.92029187 —5.00879794
3 1 4 Og% —4.920291870 —5.00879794 —4.920436775 —5.00894364 —4.920600929 —5.00910869
4 1 5 Oh% —4.920600929 —5.00910869 —4.920784308 —5.00929308 —4.92098688 —5.00949676
1 2 2 ld% —4.925188706 —5.01378636 —4.925255186 —5.01385321 —4.925340641 —5.01393914
2 2 3 lf% —4.925340641 —5.01393914 —4.925445059 —5.01404413 —4.925568422 —5.01416818
3 2 4 lg% —4.925568422 —5.01416818 —4.925710711 —5.01431125 —4.925871903 —5.01447334
4 2 5 lh% —4.925871903 —5.01447334 —4.926051972 —5.01465440 —4.926250890 —5.01485442
Table 2. Energies in the pseudospin symmetry limit for «=0.01, H=0.5, Cps=0, Vo =-0.2, AP*=1, BP*=-2,
CPs =1, D**=—1, a®*=0.8, b**=0.6, d*>=0.1.
Epy/fm !
M 151 1ds Oho 1lgz 2fz
2 2 2 2 2
0 —0.029634765 —0.049535678 —0.074996700 —0.074660915 —0.074660915
1 —0.929931804 —0.931459972 —0.934490948 —0.943835375 —0.943835375
2 —1.924592824 —1.925361338 —1.926892874 —1.934131840 —1.934131840
3 —2.922229368 —2.922743251 —2.923768700 —2.929904018 —2.929904018
4 —3.920819617 —3.921205818 —3.921976951 —3.927405930 —3.927405930
5 —4.919856805 —4.920166239 —4.920784308 —4.925710711 —4.925710711
6 —5.919145550 —5.919403724 —5.919919522 —5.924464292 —5.924464292
Table 3. Energies in the pseudospin symmetry limit for a=0.01, M =5 fm~!, H=0.5, Vo=-0.2, AP*=1, BP*=—2,
CP=1, DP"=—1, a®=0.8, b**=0.6, d*=0.1.
EPRS /fm~1
Crs 1S1 1ds Oho g7 2fz
2 2 2 2 2
—4 —4.922229368 —4.922743251 —4.923768700 —4.929904018 —4.929904018
-3 —4.921448940 —4.921889898 —4.922770137 —4.928518801 —4.928518801
-2 —4.920819617 —4.921205818 —4.921976951 —4.927405930 —4.927405930
-1 —4.920298135 —4.920641704 —4.921327849 —4.926486636 —4.926486636
0 —4.919856805 —4.920166239 —4.920784308 —4.925710711 —4.925710711
1 —4.919476973 —4.919758456 —4.920320765 —4.925044454 —4.925044454
2 —4.919145550 —4.919403724 —4.919919522 —4.924464292 —4.924464292
3 —4.918853045 —4.919091482 —4.919567892 —4.923953180 —4.923953180
4 —4.918592383 —4.918813894 —4.919256516 —4.923498446 —4.923498446
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—4.927 o 1=2, k=5

B>

Fig. 5. Energy vs. BP® for pseudospin symmetry

limit for a=0.01, M =5 fm ™!, Cps=0, Vo =0.2,
H=05 AP =1, C* =1, D*® =—1, a® =0.8,
bP*=0.6, dP5=0.1.

L k=—1
k=2
T 749224 —a— =1, k=3
& N
2x —4.923 —— =2 k=1
come 12, k=2
—4.924 4 —— =L, k=—3

—— n=2, k=

—4.925

—4.926

—4.926

Fig. 6.

Energy vs. aP® for pseudospin symmetry
limit for a=0.01, M =5 fm™', Cps=0, Vo=—-0.2,
H=05, A®=1, B*®=-2, C*=1, D”* =1,
bP*=0.6, d**=0.1.

In this case, for H = 0, the degenerate states are
nsia,(n—1)dss for £ =1({=0), nps/z,(n—1)fs for
=20 =1), ndss2,(n—1)gzs2 for £ = 3(¢ = 2), and
N fr/2,(n—1)hgss for £ = 4(0 = 3), etc. For H = 0.5,
the degeneracy occurs for (1P; = 0dy), (1dg = 0f3),

(1fz = 0gz), (2P; =1dg), (2dz =1f3), (2fz = 1gz).
For H =1, the behavior is repeated for (1ds = 0dz),
(1f% :()fg), (Qd% :1d%), (Qf% zlfg). We see that the
difference of degenerate states increases as H increases.
Tables 2 and 3 reported the energy eigenvalues for differ-
ent values of M and Cl, respectively. Fig. 2 shows the
behavior of energy vs. the coefficient of the tensor inter-
action. In Figs. 3-7, it is seen that if the AP, BPS and
bP* parameters increase, the bound-states become more
bounded and with increasing V, and a*®, they become
less bounded in the pseudospin symmetry limit.

=0.7 —0.4 —0.1 0.2 0.5

—4.904 -

E —4908 -

s
nk

4912 -
—4916 -
—4.920 -
—4.924

Fig. 7. Energy vs. b" for pseudospin symmetry
limit for a=0.01, M =5 fm ™!, Cpe=0, Vo=—0.2,
H=05 A =1, B =—-2 C* =1, D" = —1,
a**=0.8, d*=0.1.

6 Conclusions

In this paper, we obtained any state approximate
solution of the Dirac equation with a combination of
Mobius square and Mie type potential in the presence
of the Coulomb tensor interaction in the pseudospin
symmetry limit. We observed that the SUSYQM can
solve the problem in an approximate analytical manner
without having to deal with the cumbersome numerical
approaches.

We wish to express our sincere gratitude to the ref-
eree for devoting his/her invaluable time to giving us a
comprehensive comment which significantly improved our
work.
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