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It is known that a tensor interaction in the Diepiation removes the degeneracy in spin and pssuidadoublets and
therefore leads to conformity with experimentalutess and data. In this paper, we use the Coulomb“ardwa tensor
interactions to obtain bound state solutions of@dirac equation for Tietz potential using the Nikidv-Uvarov method.

1. Introduction

Ginocchio et al. [1-4] established the relationship
between the pseudo-spin and the Dirac equation by
recognizing that pseudo-orbital angular momentum

| =1+1 is nothing but the usual orbital angular
momentuml| of the lower component of the Dirac
spinor, and he went further to show that within the
framework of the Dirac theory, the spin symmetry
occurs when the difference between the repulsive
Lorentz vector potentialV(r) and attractive

Lorentz scalar potentiab(r) is a constant, that is,
A(r)=V(r) — S(r) =const. On the other hand, the

pseudo-spin symmetry arises when the sum of
repulsive Lorentz vector potentiaV(r) and
attractive Lorentz scalar potentiaS(r) is a
constant, that is,Z(r) =V(r) + S(r) =const. The
concept of pseudo-spin and spin symmetries on a
number of potentials have been investigated by
many researchers in this field. These include
Manning-Rosen potential [5], Eckart potential [6],
Hyllerass potential [7], Deng-Fan potential [8],
Mobious square potential [9], Tietz potential [10],
and Hyperbolical potentials [11-13]. The spin and
pseudo-spin symmetries under various
phenomenological potentials have been
investigated using various methods such as,
Nikiforov-Uvarov (NU) method [14], super-
symmetric quantum mechanics(SUSYQM) [15],
and many others [16]. In most of these studies, due
to the mathematical structure of the problem, the
tensor is considered as Coulomb-like [17-18] or the
Cornell interaction. Hassanabadi et al. wdre

"ndemikotphysics@gmail.cominteraction

first to introduce the Yukawa tensor interaction
[19]. The equivalence of the deformed modified
Rosen-Morse potential energy model and the Tietz
potential energy model has recently been
investigated by Sun et al. [20]. Many authors have
investigated some typical empirical and analytical
potential functions on their equivalence [21-22].
The empirical potential functions include the
Rosen-Morse [23], Manning-Rosen potential [24],
Tietz potential [25] and Schioberg potential [26].
However, the Tietz potential model has been found
to be in good agreement with the experimental
Rydberg-Klein-edRees (RKR) data points aatul
initio calculations [20,27-28]. The well-known
Tietz potential for diatomic molecules [20,29] is
defined as

(a+b)e™ —pe2"
(1_ e—2m )2

V(r) =D, +D, (1)

Where, D, is the dissociation energy aralb and

a are three independent parameters.

In the present study, we obtain approximate
analytical solutions of the Dirac equation for scal
and vector Tietz potentials together with Coulomb-
like and Yukawa-like tensor potentials within the
framework of spin and pseudo-spin symmetry
limits.

The paper is organized as follows. In Sec. 2, we
review the NU method. Sec. 3 is devoted to the
Dirac equation for spin and pseudo-spin
symmetries. We present the solutions of the Dirac
equation under Coulomb tensor interaction in Sec.
4. Solutions of the Dirac equation under Yukawa
tensor interaction are presented in Sec. 5 and Sec.
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6. Special case of the potential is discussed i Se
7. Finally, we give a brief conclusion in Sec. 8.
2. Methods
2.1. The Nikiforov-Uvarov method

The NU method can solve a second-order
differential equation of the form [14]

w’n'(s)+%(3w;(s)+ %)y =0 @

Where,a(s) and 5(5) are polynomials, at most of
second degree, and'f(s) is a first-degree

polynomial. To make the application of the NU
method simpler and more direct, we introduce a
more compact presentation of the idea. In order to
do this, we rewrite Eqn. (1) as follows [29]

Y C,—C,S |,
(//n (S) + (S(l——CsS)an (S)
—§5°+ 654 -
+£ Plco? }un(s) NG
Where,
Y, (3) =AY, (9) (4)

Comparing Eqn. (2) with Eqn. (3), we obtain the
following identifications

7(s)=c, -¢c,S
a(s) =s(l-c;9) (®)

a(s)= _{152 6545

Following the NU method [14,30], we obtain the
following required parameters:

(i) Relevant constants
1
Cy = B d-c)

1
Cs =E(Cz -2c3)

_ .2
Cs =C5 +&;
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C, =2c,Cs — &,

C=C; +&y

Cy =C4C; +C5Cq +Cq

Cip =€, +2¢, +2/Cq (6)
C; =C, —2C +2(\/g+c3\/§)

Ci, =C4 +4/Cg
Ci3 =G5 _(\109 +Ca\/cs)

(ii) Essential polynomial functions

(9 = ¢, +ess-[[fe, +enfe e | @)

k'=—(c7 +2c5Cq) — 2/CgCo (8)
7(s)=c, +2c, - (c, —2c.)s
©)
-2 e, e -]
r'(s) = -2¢, - 2/, +sy/C, ) <0 (10)
(iii) Energy equation
c,n—(2n+1)cs +2n +1)(\/§ + cg\/g)
(11)
+n(n—1c; +c; +2C5C5 +2,/CgCq =0
(iv) Wave functions
p(s)=s"° (1-cz9)™ (12)
¢s) =" (1-¢39)*,¢, >0,6,>0 (13

Y, (s) =P (1-2¢.9),¢c,, >-1c, >-1 (14)

o -3 [QO‘l%‘Cw‘l]
G P,

Wik (8) = N 82 (1= C59) (1-2¢58)

(15)
Where P#¥) (x), 4 >-1v >-1, and xO[-11] are

Jacobi polynomials with

+
P (1-25 = Do n.l)“

SFi(-nl+a+B+na+ls)

(16)
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Here, N,, are the normalization constants. Also,

the above wave functions can be expressed in terms
of the hyper-geometric function via

l//nl( (S) = NnKSClz (1_ C3S)(313 2 Fl(_n1l+ ClO+ Cll+ n ;ClO+ 1’C §)
17
Where,c,, >0,¢,; >0 and s [01/c,],c, Z 0.

2.2. Theory of Dirac Equation

The Dirac equation for spin;— particles moving in an

attractive scalar potenti&(r), a repulsive vector
potential V(r) and a tensor potentidl (r) in the
relativistic unit (7 =c =1) is [17-19] is

[@.p+BM +S(r) —iBaru(nly(r)

18
=[E-V(R() (e

Where, E is the relativistic energy of the system,
p=-il] is the three dimensional momentum

operator,M is the mass of the Fermi particle, and
a, s are thedx4 Dirac matrices given as

o 05700 )

1
Where, | is a 2x2 unitary matrix andg; are the
Pauli three-vector matrices

Jl = ’JZ = . 10-3 = (20)
10 [ 0 -1

The eigen-values of the spin-orbit coupling opearato

a= (19)

=i
0

are/(=(j +%)> 0,K=—(j +%)<0 for unaligned

1

j=|—§ and the aligned

spih-l+1
>
respectively. The set(H,K,J?J,) forms a

complete set of conserved quantities. Thus, we can
write the spinors [19] as
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Yy (=1

r

{Fnk(r)vj'm 6.9) 21)

iGm(r)Y,-'[n(am]

Where, F, (r),G,, (r) represent the upper and lower
components of the Dirac spinors.
Yj'm(9,¢),inn(8,¢) are the spin and pseudo-spin

spherical harmonics amd is the projection on the z-
axis. Using well-known identities [18-19],

(6:A)(0B)=A Ej[ﬁ.(ﬁxé) 2
ﬁﬁ:ﬁf{fﬁﬂ ‘Tr"]
as well as the following relations
G.L)Y1(0.9)= (k -1V}, 0.9)
(23)

[
(6.0)Y1n(6.0)=-(-1),,©.0)
(
(

we find the following two coupled first-order Dirac
equation [18-19]

((;errlr(_U(r)j F. (1) =(M +E, —A(r))G,.(r)
(24)
(&‘fw(r)]%m =(M -E, +Z(N)F (1)
(25)
Where,
A(r) =V (r) - S(r) (26)
S(r) =V(r) +S(r) @7)

Eliminating F, (r) and G, (r) in Egns. (24) and
(25), we obtain the second-order a Schrédinger-like
equation
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& _Kerd) 2000 O 2y +E,, -A)M - Ey, +2(0)
dr r r dr
dA(r)( d +K_U(,)] F, (=0  (28)
dr \dr r
(M +E,, —A("))
KD 2000, 300 2y~ (4 E,, - A)M - By, +Z0)
dr? r2 r dr a e
dx(r) (d _K (r)j G, (r)=0 (29)
d (dr r

+

(M - En +2(r))

Where, k(k 1) =1 (I +1), ( +1)=1 ( + ).

3. Results and Discussion

3.1. Pseudo-spin and spin symmetry limits
under Coulomb-like tensor interaction

In this section, we intend to investigate the Dirac
equation with modified Tietz potential in the
presence of Coulomb tensor interactions.

3.2.  Pseudo-spin symmetry in the Dirac
equation with Coulomb-like tensor interaction

The pseudo-spin symmetry occurs in the Dirac

equation when d2(r) =0, Or equivalently,
dr
2(r)=C, =const [1-4]. To investigate the

approximate analytical solution of the Tietz
potentials, we consider the sum of the scalar and
vector potential [20,25] as

(a+ b)e—4ar _ be—Zar
(l— g2ar )2

A(r)=D, +D, (30)

This is in addition to the Coulomb-tensor

interaction term [17]

H
r

ur)=-—,r=R (31)

With

2
b = Za%®

AT, (32)

Where, R, is the Coulomb radiusz, and z,
denote the charges of the projectiée and the
target nucleib, respectively [16-17].

Substituting the above equations into Eqn. (29)
yields

lZ_AK (/\K —1)
dr? r2

~(M+E2)(M -En‘fi+0p5)}6£i(r)

(a + b) e—4ar _ be—Zm

(1— e )2

+(m —En‘ff(+Cp5){De+De ]Gni'j(r):o.

(33)

Where, A\, =(k +H).
It is well known that the above equation cannot

be solved exactly due to the centrifugal tem, .
In order to get rid of the centrifugal term, we raak
use of the following approximation [30]

1 4a Ze—Zar
7 ey (34)

Substituting Eqgn. (34) into Eqgn. (33) in view oéth
transformations = e™" | yields

d Zan?( (1_ S) danf(
Koy ,
dr?  s@-s) dr
1 S S —_—
+§a—gﬁﬁf5“Wﬁs—mﬂG$—0
(35)
Where,
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pP=-——(-£2 +B,D,A+a+b)  (36)
B =\, (A, -1+ (262 - 5,.D, 2+D))
/02 - K K 40’2 ps ps e

(37)

ps == 12 (_55»5 +'8psDe)

4a (38)

and

ﬁps :(M _Enr‘f(-i-cps)'gis :(M +Enpj()ﬁps

d> n,0.-1)__
-l ) _g2-pBI D, +D
dr? r? A|D.*+D.
Where,
Ny =(K+H+1)

55 =(M _EI’?,K)(M + Er?,/( _Cs)
Bs=(M +E;,Cy)

(41)

By using the approximation of Eqgn. (34) for the
centrifugal term in Eqgn. (40), then Eqgn. (40) letals
the following second order differential equation in

view of the z=e™™ transformation

sznSK (1_ Z) ansK
n ,
dr?  z(1-2) dr (42)
1 S S S S —_
"‘m[‘a} 2’ +0,2-]F; (2 =0
Where,

s_( & B, PO(a+h)

o) _(40(2 + e + e (43)

2
o=~ +PPe , Db
2a

2 20%° 4a®

—1x (’7/( _1)J (44)

(45)

(a + b) e—4ar _ be—2ar

241

3.3.  Spin symmetry in the Dirac equation
with Coulomb-like tensor interaction

In the case of spin symmetry limit, we use the
following scalar, vector and tensor potentials

(a+b)e™™ —be™"

2(r)=D_,+D
() e e (1_e_2m)2

JA(r)=C

u(r) = —% (39)

Substituting Eqgn. (39) into Eqn. (28) yields,

(40)

FS.(r)=0
(1_e_2m)2 n,K(r)

3.4. Pseudo-spin and spin symmetry solutions

with Coulomb interaction

We shall now solve Eqgns. (35) and (42) by using the
parametric generalization of the NU method [20] in
the sequel.

3.4.1. Pseudo-spin symmetry solution with

Coulomb interaction

Now, comparing Eqn. (3) with Egn. (35), we obtain

Cl:lcz =:LC3=1:

=pPs = phbs = pbs (46)
=P 6 =00 165 = P

Other parameters can be obtain from Eqgn. (6) as

1 1 s
C4:0105:_§'Cezz+pf C,==p5,

l S S
G = P51 Co= 4+ P+ 5~ P7 Cop= 1 2P

1 s s s
Cy =2+ 2{\/4+pf +pr-p5+ p?}cua/p’% ,

1

l S S
q3=—2-[\/4+pfs+p§ —py pE] (47)

Substituting Eqns. (46) and (47) into Egn. (11)
yields
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n, +(n +%)(2n +1){\/% + P+ pf° - pi® + psps}

1
—p3°+2p° + ZJ psps(z +pf° + ps® pz"sj =

(48)

Gl (r)=N>X

The other component of the wave function can be
obtained as

K

1 d
Ffr)y= ——— | — —— — GPS r
30 M_E$+Cm(m < Hero

(50)

Where, anj is the normalization constant and

EX %M +C,,

n2+(n+%j+(2n+1){ %+5f+5§—5§ +\/5_§}—5§+25§+2\/5§G+5f+5§—525] =0

2afr( _Zm) +\/W [2\/537"5 W]

S(r)=N; e

Where, NS, is the normalization constant.

The other component of the Dirac spinor can be
found as

v e P
' M+E; -Cldr r r

In Tables 1 and 2, we have reported the energy of
the Dirac equation for pseudo-spin and spin
symmetries in the presence and absence of
Coulomb-like tensor interaction for Tietz potential
In the absence of this tensor interaction, theee ar
degeneracies betweens(,,0d,,,), (1Ps,0fs.2)- .-

in  pseudo-spin  symmetry and 0f,,,,0p,,):
(0d,,,0d,,,)--- in spin symmetry limit. When the

Coulomb-like tensor interaction appears these
degeneracies disappear. We have shown the effect of
tensor interaction on various components of the
Dirac spinor in both pseudo-spin and spin
symmetries in Figs. 1 and 2. We have also indicated
the behavior of the energy of the system veidus

anfK(r) (53)

1 /1 2./pP ,+ PS4 HPS_ ,PS
20 Py (1_ g2 )§+\ Z+p1ps+’03ps_p§s P[ . S ](1_ g 2ar )
n
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From Eqgns. (15) and (16) the lower component of
the wave functions are as

(49)

3.4.2.  Spin symmetry solution with Coulomb

interaction

We applied the same procedure that was used for
Eqgn. (35) to Eqn. (42) for the spin symmetry limits
in order to avoid repetition. The energy eigen-
values equation and the corresponding upper wave
function of the Dirac theory for the Tietz poteitia

in the presence of Coulomb tensor interaction are
obtained as

(51)

(1-2e7%") (52)

for spin and pseudo-spin symmetries in Fig. 5slt i
clear that whetd=0, we have degeneracies between
(1ps, O0fs2), (dg;, 09,,,), (0d,,,0d,,) and
(of,,,0f,,), and when H increases these

degeneracies disappear.

3.5. Pseudo-spin and spin symmetry limits
under Yukawa-like tensor interaction

In the following section, we intend to investigdte
Dirac equation with Tietz potential in the presence
of Yukawa-like tensor interactions. The presence of
Yukawa potential as the tensor term in the Dirac
equation also removes degeneracies in addition to
the Coulomb tensor interaction. Thus, it is perine

to investigate the Tietz potential with Yukawa
potential as tensor interaction term.
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Table 1: The energy of the pseudo-spin symmetrit limthe presence and absence of Coulomb-likeotens
interaction forM =5(fm™),a = 01(fm™),C =

-5(fm™),D, = 05,0 =-5,b=-3.

) n,k state En?i(H =0) Enkii=0s) n-1,k state Enp—sl,k (H=0) Enp—sl,k (H=0.5)
44155 | -4.413092664 ~4.418813686
1] 12| & 02 od, -4.415509205
' 2 09205 -0.000021707| & 3 -0.000011250
~4.422930447| -4.418813686 2422930447 | -4.427766271
2| 12 | 1P 0,3 0fs
' > | -0.000135959| -0.000011250| 5 -0.000135959 |  -0.000536239
~4.433213042| -4.427766271 “4.433213042 | -4.439150618
3| 1.3 | 1 04 | 097
' > | -0.001354860| -0.000536239| 2| -0.001354860 | -0.002701492
~4.445449751| -4.439150618 4445449751 | -4.451974929
4| 1.4 | 1% 0,5 Oh,
' 7 | -0.004657738| -0.002701492| ¥ > -0.004657738 | -0.007284436

Table 2: The energy of the spin symmetry limithie presence and absence of Coulomb-like tensoraatien

for M =5(fm™),a = 01(fm™),C, =5(fm™),D, = 05,0 =-5,b=-3.

| n,k state B =0 Erk-05) nk state | Er oo Ergi=05)

0.0345246396 | 0.0158594389 0.0345246396 | 0.0592645907

1| 02 | 9P 01 | OP:
' 3 | 0.0004856573 | 0.0000520760| ' 5 | 0.0004856573 | 0.0016212192
0.0897374758 | 0.0592645007 0.0897374758 | 0.1257210612

2| 0-3 | 0ds 02 | 0d
' 3 | 0.0036479590 | 0.0016212192| " 3 | 0.0036479590 | 0.0066827770
of | 0-1670333382 | 0.1257210612 o | 0-1670333382 | 0.2135013911
3| 04 1 | 0.0108044271 | 0.0066827770| O3 3 | 0.0108044271 | 0.0160705373
0.2649462667 | 0.2135013911 0.2649462667 | 0.3211741576

4| 05 | 99 04 | 09
' > | 0.0225266924 | 0.0160705373| 5 | 0.0225266924 | 0.0302116722

Fig.1: Wave functions of 1s, in the pseudo-spin symmetry in the presence aserae of Coulomb tensor interaction for
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M =5(fm™),a = 01(fm™),C  =-5(fm™),D, = 05,a=-5b=-3.
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Fig.2: Wave functions of Op, in the spin symmetry in the presence and abseinCewomb-like tensor interaction for

2

M =5(fm™),a = 01(fm™),C, =5(fm™),D, = 05,a=-5b=-3.

3.5.1.  Pseudo-spin symmetry in the Dirac
equation with Yukawa tensor interaction

The pseudo-spin symmetry occurs in the Dirac

dx(r) _,
dr
Z(r)=C, =const [1-4]. In order to find the

approximate analytical

theory as or equivalently

solution of the Dirac

equation under the pseudo-spin symmetry limit, we

take the difference of the scalar and vector paknt
as the Tietz potentials

(a+ b)e—Am _ be—Zer

A(r)=D, +D, 2 (54)
(1_ e—Zar )
This is in addition to the Yukawa tensor
interaction[31]
U(r)=-2& (55)

Inserting Eqns. (54) and (55) into Eqgn. (29) yields

{ A7 _K(k-1) _2WVEeT | aVe”

dr? r2 r?2 r

danf( (1_ S) danf( 1
+ +

ds? s(l-s) ds s*(l-9)

> [_ylpssz + yzpss_ yapS]GnFi (=0

+

V —ar V2 —ar
OeZ - ° }ans (r)

r r? “
(a+b)e™ —pe™"
(1 _ e—20’r ) 2

[ +ﬂ[oe .0,

DGH"j (r)=0

(56)

Where, &5 =(M+E%)(M -EP +C)
B =M —E7 +Cp).
Again, Eqgn. (56) cannot be solved exactly by any

and

known method because of the centrifugal teﬂ%,.
r

In order to get the approximate solution of Eqi®)(5
we use the Pekeris approximation [32] given as

1 dg e

2 e ) ®7)
1 Agle™

2 e ) (58)

Substituting Eqgns. (57) and (58) into Egn. (56) and
applying the transformatiors = e , we get

(59)
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Where
+BsDe
o3 = 67
yps= 532 _ﬁsDe(a+b)_ﬁDe +V. v +1 3 (40!2 40! ( )
o 40? 4a° 402 U0 2
(60) 3.6.  Pseudo-spin and spin symmetry solutions

) In this section, we intend to investigate the Johs
Y= - K(K—1)+(2K—§ O+183De L BsDeb _ & of Eqns. (59) and (64) for pseudo-spin and spin
2 2a°? 4’ 207 symmetry using the parametric generalization of the

(61) NU method.
B.D £2 3.6.1. Pseudo-spin symmetry solution
y3PS = > 26 - 52 (62) C 1 I
4a Aa omparing Egns. (59) and (3), we obtain
=1¢c,=1¢c, =1
3.5.2. Spin symmetry in the Dirac equation with € =16 =16 (68)

Yukawa potential
—yPS £ S £ _ ps
In the spin symmetry limit case, we use the ==y =)

following scalar, vector and tensor potentials give
And, other parameters are obtained as

as
= = (a+b)e™ —be™ s =0,C5 Z‘E:CG =1+V1PS’C7 ==y Ce =3
A(r) =Cg,Z(r) = De + Dg (-e2T)? 2 4
1 s s
-ar Co =Z+V1p Yy TV G =142y,
u(r) =- 163
1
Which, transform Eqgn. (27) into the form Cu = 2+2{\/Z+V1ps S Z A Z R0 7 }vcn =¥
dZFnS,K " (1_5) anS,K 1 1
dr2 S(l—S) dr Cia =_E_{\/Z+ylps oy ,Vef)s} (69)
+ L [ofs? +035-O3IF3(9 =0
3 ( 9’ Substituting Eqgns. (68) and (69) in Egn. (11) gives
(64) the energy eigen-values as
Where,
n(n+1)+1+ (2n+1)(\/ R Z i Z R yg"sJ
+
o _( o BDe  ADe(a+D) +vo[vo _ gn
40’ 4a 4a 2 _yzy)s+2y3ps+2\/_y3psy2;)s +(y3ps)2 +y yps+ yz =0
(65)

(70)

2
o5 :[2552 + 2'652‘3 + 'BSDzeb - k(K +1) —(2K+§)\/OJ From Eqgn. (17), lower and upper components of the
4a°  Aa 4a 2 wave function are obtained as

(66)

' 1 /L, s, bs_ (2\/7 2, 7+yps+y ps]
_ ps +, [ =y PS4y PSS 3 1 3
G™ (N=NZe 2l (-e2my2 Va2 (1-2e72T) 71)
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1 d «
Fae(r) = (———+U (r)]G PS (1)
e M-EP +Cpldr r e
(72)
Where, Efy #M +C

3.6.2.  Spin symmetry solution

Also comparing Egns. (64) and (3), we obtained
C = :L C, = :L C3 = 1
(73)

{1 = a-fvfz = 0’;1{3 =0
From Eqn. (6) other parameters are obtained as

1 1 S S S
C4 —O,C5 —_E,CG —Z+Jl,C7 __0-2’C8 —0-3,

Co =%+af+a§—a§,cm =1+2\/03,

1

F3 (1) = NS, e 27V (1-g2m)2 V4

1 d
ﬁ(a““?‘u(r)j ok (1)

Gy (r) =

I"I,K( ) M Er?
(78)

The energy of the Dirac equation for the pseuda-spi

and spin symmetries and Yukawa tensor interacton i

given in Tables 3 and 4. It is obvious that we have
degeneracies whel, =0; and whenV, # 0 these

degeneracies disappear. We have also represeeted th

effect of tensor interaction on the componentshef t
Dirac spinor and the energy of the Dirac equation i
both pseudo-spin and spin symmetries as shown in
Figs. 3, 4 and 6.

3.7. Few special cases

In this section, we will study one special case of
interest of the Tietz potential as follows. E.

Maghsoodi et al. [33] have obtained the approximate
solutions of the Dirac equation in the presence of
Deng-Fan potential plus Coulomb tensor interaction
term using the SUSYQM formalism. The general
form of the Tietz potential in Egn. (1) can be venit

as

“+ —+Jl+0 -3 [2\/03 2‘ *+¢71+<73 02]
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cu=2+3 Lot +01-o0f +of o = e

C3="% (75)

_{\/%+af+a§—azs +,la§}

Substituting Eqns. (75) and (74) in Eqn.(11) gives
the energy eigen-values as

nin+1)+— +(2n+1)(\/ +07 +05-0;5 + \/a—gJ

—025+20§+2\/a§(%+0f+0§—a§j =0

(76)

Finally, we obtain the upper and lower wave
function as

(1-2e72) (77)
D,-D_(2+b)e™ +D (a+b+1e™"
= e e e 79
V(r) RETIY (79)

Comparing Egn. (79) with the Deng-Fan potential
[33],

D, (1- 2(L+b)e™™ + D(b+1)%e™"

1-e)? (80)

V(r) =

We have: D, =Dg,(2+b)D, = 21+ b)D,,

(a+b+1)D, =D, (l+b)*2a -~ a. When
parameters are substituted into the energy Eq83. (4
and (51) for pseudo-spin and spin symmetries, we
obtained the energy values for the Deng-Fan
potential. This result is consistent with the one
obtained by Maghsoodi et al. [33].

these

4. Conclusions

In this work, we have obtained the approximate
solutions of the Dirac equation for the Tietz pdien
within the Coulomb and Yukawa tensor interaction
terms in the framework of pseudo-spin and spin
symmetry limits using the parametric generalization
of NU method. We have obtained the energies eigen-
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Table 3: The energy of the pseudo-spin symmetrit limthe presence and absence of Yukawa tensor

interaction forM =5(fm™),a = 01(fm™),C = -5(fm™),D, = 05,a=-5,b = -3.

I n,k state EnFtSk(\/():O) Er?i%:%) nlk | state E,f’_slk(vozo) E,f’_slk%:%)
1| 1-1 | 151 | -4.415509205 -4.41170590F o | Ods | -4.415509205 | -4.418608229
2 2
-4.422930447 -4.422930447 | -4.427911344
5 | 1.2 | 1ps -4.417107867| 3 | Ofs
’ 2 | -0.000135959 ' 2 | -0.000135959 | -0.000368658
d -4.433213042| -4.425832200 0g -4.433213042 | -4.439575032
- 5 7
3| L3 > | -0.001354860| -0.000189880| O 2 | -0.001354860 | -0.002492867
1 -4.445449751| -4.437100028 o -4.445449751 | -4.452589478
4 | 1,-4 7 0,5 2
2 | -0.004657738| -0.001883434 2 -0.004657738 | -0.007142810

Table 4: The energy of the spin symmetry limithe presence and absence of Yukawa tensor intemdotio
M =5(fm™),a = 01(fm™),C, =5(fm™),D, = 05,a=-5b=-3.

n,k state E,f,k(\,ozo) E:,k(\,ozo_e) n,k state Ens,k(\lozo) E,f‘k(\,ozoﬁ)
0 0.0345246396 | 0.0129320817 0 0.0345246396 | 0.0650771080
1 | 0-2 Ps 0,1 Pa
' > | 0.0004856573 | 0.0000094073 ' > | 0.0004856573 | 0.0018544678
0d. | 0-0897374758 0.0540002899 od. | 00897374758 | 0.1338012089
2 | 0-3 5 0,2 3
' > | 0.0036479590 | 0.0012429871| > | 0.0036479590 | 0.0072727189
of. | 0-1670333382 0.1183188257 . | 01670333382 | 0.2236884849
3 | 0-4 7 03 | Ofs
' > | 0.0108044271| 0.0058543326| ' > | 0.0108044271 | 0.0170824745
0 0.2649462667 | 0.2040845958 0.2649462667 | 0.3333084913
4 | o5 99 04 | 997
' > | 0.0225266924 | 0.0147474678] 2 | 00225266924 | 0.0316862433
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Fig.3: Wave functions of 1s, in the pseudo-spin symmetry in the presence asdrae of Yukawa tensor interaction for
2

M =5(fm™),a = 01(fm™),C , =-5(fm™),D, = 05,a=-5b=-3.
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Fig.4: Wave functions of Op, in the spin symmetry in the presence and absen¢al@wa tensor interaction for
2

M =5(fm™),a = 04(fm™),C, =5(fm™),D, = 05,a=-5b=-3.
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Fig.5: Energy spectra in the pseudo-spin and spin symmetsusH for Coulomb-like tensor interaction for
M =5(fm™),a = 01(fm™),C  =-5(fm™),C, =5(fm™),D, = 05,a=-5b=-3.
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Fig.6: Energy spectra in the pseudo-spin and spin symmetsusV, for Yukawa tensor interaction for

M =5(fm™),a = 01(fm™),C  =-5(fm™),C, =5(fm™),D, = 05,a=-5b=-3.
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