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The nuclear shell model with modified surface delta interaction MSDI was used to calculate the values of energy levels of the copper
nucleus **Cu. The neutron and proton in the model space Ips2 Ofs2 1pi2 of the copper nucleus occur outside the closed core “Ni. This
research investigates the excitation energy and angular momentum. As a consequence, theoretical approaches are used to uncover a
collection between excitation energies and classical coupling angles 0a,b at various orbitals. Finally, we demonstrate that our results
are supported by experimental evidence: Excitation energies have two major functions, both of which are influenced by classical
coupling angles but are unaffected by angular momentum I.
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Many research have focused on nuclear isotopes, and the element copper will be discussed in this topic [1,2].
According to Ref [3], Martin and Breckon measured ¥Cu in 1952. In the last 50 years, many approaches for the effective
interaction of nuclei in the "s-d and f-p shells" have been presented. Using the Hamada-Johnston potential, Kuo and
Brown estimated the effective two-body interaction in the s-d and f-p shells [4]. Richter et al. "New effective interactions
for the 0f1p shell used experimental approaches to derive 195 two-body matrix elements and four single particle energies
in the fp-shell, using Wildenthal's nonlinear fit general practice. [3] Talmi employed the surface delta interaction to
determine the parameters of nuclear states on a magic core with few' nucleons'. Talmi's theory is based on the following
assumptions: First, there is an inert core model of tight shell that works with central forces on valence nucleons; and
second, there is 'residual interaction' between the valence nucleons that is induced by two-body forces. Schiffer [5]
considered nuclei in which two (hole or particle) are present in addition to a closed shell. Essentially, Schiffer emphasizes
that the general behavior of the effective interaction in terms of the angle between the interacting nucleons' angular
momenta is a trait that was subsequently linked to the effective interaction's short-range nature [6,7]. In Ref [8] stated the
angle between the proton and neutron angular momentum vectors ja and jb. In the mass range A =50 to 102, J. Kostensalo
and J. Suhonen [9] calculated the characteristics pairing interaction for even-even) reference nuclei. We used modified
surface delta interaction and surface delta interaction to investigate the excitation energies for states two-hole and two-
particle [10,11,12], one particle — one hole [13,14]. In conclusion, investigations accept the new study's purpose, primarily
by the use of MSDI, which predicts low-lying levels structure of **Cu nuclei.

THEORY
The Schrodinger equation has been essential steps to a particular appropriate Hamiltonian, so that a typical shell-
model of effective Hamiltonian may be stated as [11,12].

H=) Hy+>.V, (1)

k<l

where Z V,, is the residual 2-body interaction, which exists in addition to the average shell-model potential, and we
K
can express this as:

V=22 (adslVlicia), ane Gado)ane (Joja) )

k<l IM  j 2]y Jje2Ja

If P, is single particle energy <jajb |V|jl,jd>: Vaﬁd is the matrix element [ 11,12,14]

If the 2 particles occupy the same level, the energy relative to the closed shell is:

(HYy=2p,+ (i, V|jcis) 3)
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Several single-particle levels should be considered the basis for describing low-lying states; if there are two states,
they should be indicated by |j, j,IM > and

[11,13,15]

JedsIM > then their energies with respect to the core are given by

<H >11 = p‘/a + pjb + Vairb (4)

a

T

(H),, = p,tp,;, Y ®)

cded

(H),=(H), =V, ©)

To estimate the matrix element for the residual nucleon-nucleon interaction using the MSDI potential [15,16]

V., =145, 5(;(a)j—R0§(;(b)—R0j+B T o

where f(a), f(b) are the position vectors of interacting particles, Ry is the nuclear radius[14] the strength of interaction
A, The correction term B 7,.7, is introduced to account for the splitting between the groups of levels with different

isospin. Such a form of interaction is called MSDI. The antisymmetrized matrix element of ¥/, is given by[10,15,16]

C

oA [, D@, D D2 +D
abed = 221 +1) (1+0,)1+5,)
[(_1)1a+1,)+j(‘+jd h[(jajb)hl (]c]d) |:1 — (_1)1(+ld+1+T :| _ (8)

[k, (i), G j)] [T+ (=D [+ 42T (T +1)=3] B+C }5,.5,,

1.1
10> lg(];];,):< 'RZ];JII>; where( | ) is the Clebsh -Gordon coefficients

N R
where it is (; ;)= j,— e
The comportment of the diagonal 2 - body matrix element as a function of the spin I ofparticle - particle) state is very
distinctive when their value are plotted in a property way .Consider (particle — particle) in orbits j, and j, with

I=j, +j, onecan write then [11,10,14]
12 :(ja +ja)2 :]j +]Z +2x(jajb)cos 0a,b (9)

where @, , is the angle between the vectors j,and j, . Since the length of vector j is given by 4/ j( j + 1) one
obtains from eq (10 ) in a classical picture[6,8,13,16]

cos ea’b=1(1+l)_]a(]a+1)_]b(Jb+1) (10)

2j. G +DJj, Gy +1)

T
The I-dependence of the matrix element VGM can thus be plotted as a function of the angle Haj » - The radial overlaps of

the particle orbits for light nuclei differ from those for heavy nuclei. The proton -neutron configurations correspond to
nucleon pair having mixed isospin and one find [13,16]

Eypy =054(V) ) (v ) (11

Plotting the excitation energy of these states as a function of the corresponding angle €, , determined as specified by

Eq.(10). For neutron and proton in various orbits the absolute value of average two body energy is given by[10,15]:
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0.5
E = 2(21+1)E1{Z (21+1)} (12)
I I
With E; defined by Eq. (11).

RESULTS AND DISCUSSION
The main properties of nuclear structure for ground bands of 3*Cu nuclei were calculated using MSDI in this paper.
The valence nucleons of these nuclei are dispersed in model space 1pss, 0fspn, 1pi2. MSDI was used to determine the

energy levels and classical coupling angles (9051J for( neutron-proton) in these calculations. The nuclear shell model for

nucleus®®Cu has one (neutron and proton) outside the inert core *Ni. The nucleon's that have taken up residence in the
model space Ipsz, Ofsp, Ipip.

The original MSDI Hamiltonian is also modified to account for the ground state energy. Energy levels were
obtained using the equations (4,5,6 and 8). As a result, it's discovered that the experimental value's acceptability is quite
high. Configurations mixing between the orbits are used to include the neutron and proton contributions.

To find energy levels, use the single particle energy .For proton particle , pips» = -0.6901MeV, p0fs:
=0.3381MeV, and pip,» =0.4161MeV may be used; however, for state neutron particle, plp;» = -10.2543MeV, p0fs/
=-9.4861MeV, and plp;, =-9.1422MeV can be used. The use of particle energies inside the space of the
aforementioned model, [17,18]. The angular momentum possibilities for this nucleus range from 0 to 5.

Table 1. A comparison between a theoretical result and experimental result excitation energies, MeV, for 3*Cu nucleus by using MSDI

Ve Energy Energy Levels Ve Ve Energy Energy Levels Ve
Levels Levels
Theor. Res. Exp. Res. [19] Theor. Res. Exp. Res. [19]
1 0.0000 0.0000 1+ 2% 3.111 - -
0.2029 0+ 1% 3.26 3.230 -
0.4436 3+
1.051 1+
25 1.43 1.427 2+ 2% 3.28 3.2802 (0+ to 4+)
1% 1.663 1.549 4+ 1% 3.29 3.310 -
3.4210 (7+)
3.4601 (H+
0 1.79 - - 3% 35111 3.5126 -
3% 1.8214 1.647 (3+) 5% 3.5743 3.570 -
25 1.8723 1.652 2+ 0", 3.6322 3.6779 (D+
3% 1.9211 - e 3% 3.6356
4 2.0801 2.0650 (5+) 2% 3.7645 3.717 ()+
2.070 3.820
2.170
2.249
2.270
1" 2.556 - - 4% 3.9545 3.890 -
2.690 4+ 3% 4.1403 4.010 -
2% 2.7404 2.7502 4+) 2% 4.1823 4.0656 (7+)
2.780
2.8152
2.840
2.9206 (5+)
2.949 (D)+
3% 3.0821 2.9309 (0+ to 2% 4.5755 4210
4+) 44414 (8+)
4.720 )+
5.065
12.034 ()+
1% 3.0834 - - 1% 12.4011 12.45 -
4% 3.0911 - - 0% 12.543 12.520 (15+)
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Theoretically, the energy level (1.8214, 3.0821and 3.28) MeV was uncertain at the state (3;, 3*sand 2%5) .The
energy of the states (2*jand 2%,) near the experimental data. The levels 2%, 1% 3%45712%4%; and 1%;with practical
energies (2.780, 3.310, 3.5126, 3.570, 3.820, 3.890 and 12.45 ) MeV ,respectively correspond to state for which the
angular momentum and/or parity of the corresponding state are not established experimentally .

The new energy levels which are expected for this nucleus in the states 07y, 3%, 175, 174, 4%, and 2%4were not well
established experimentally.

The particle orbits have a low overlap in the style of the curve in Fig.1 for 8,5 =90, resulting in a weak interaction.
The orbits of (neutron- proton)interacting in opposing directions have a high overlap for 0,, =180. Because the nuclear
force has a limited range, the contact will be strong. This interaction explains why the curves in Fig.1 (A, B and C) have
an appositive slope for differences ranging from 180 to 90 degrees. For smaller angles, the Pauli principle expresses
itself. The two isospin coupling metrics must be recognized for 6, = 0.0 and.

(A)g o X O Cu-58 B)1; 00 ¥ Cu-58
29 A5, IHjtj,=even 10 ; ! I+j,+j,=odd
Y s
% 3 Y’ £+ 8 >A|,(+ Af5/2f5/2 a 3 ; : Xp1/2 p3/2
= w £ #p1/2 p1/2 % fo of5/2f5/2
% 2 A ?r 4 Xf5/2p3/2 % 6 i : . Ap1/2f5/2
- 1+ ©p3/2p1/2 = 4 o0 >|£é1+ op1/2p1/2
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b 5 2
2 of5/2p1/2 g
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Figure 1. The relationship between classical coupling angles of an even and an odd cases, with the energy levels of all possible states

The particle occupies a spatially symmetric particle state in the 6,1, =180 scenario, which results in a significant
negative matrix element due to the high short-range attraction. When T=1, the (neutron- proton) constitute a spatially
antisymmetric instance, and their relative space increases when the angle is reduced to 0.0.

The curves displayed in Fig. 1 A. may be created by plotting the excitation energy of these states as a function of
the identical angle supplied by Eq. (10) for even states and Fig. 1 (B and C) for odd states of effective interaction
determined from the data. Curvature is a measure of short-range attractive force.

Table 2 shows the lowest angle corresponds to the greatest J reading .The angular momentum of the even cases 5;*
which represents the highest angular momentum inside model space 0fs»0fs;, is 44.4153 degrees as seen in table 3.3.
The angle value is 152.3395 with angular momentum 1% in model space Ofs,0fs, reflects the lowest angular
momentum. The angle of 81.7867 degrees is the angular momentum of the odd states 4,*,which represents the
maximum angular momentum. The angle value 180.0000 corresponds to the lowest angular momentum 0,7in the same
model space.

Table 2. According to cases of angular momentum I, all possible states of the semi-classical coupling angle value

" Confglsgélflatlon state 0 fb i Conf;lggélflatlon state 0 ao’b
1 3333 Even 1+ 3333, Odd
! 2222 137.1665 5 2222 156.4218
+ 3333 Odd + 3131 Even
2 G227 101.5369 s G227 63.4349
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I" Conf}ggaatlon state 0 ﬁb I* Conf}gg;atlon state 0 aOJ)
1+ 5555 Even 1+ 3131 Odd
2 G3337) 152.3395 6 2222 138.1896
; 3333 0dd . 3535 0dd
0% G272 180.0000 3 G222 92,5013
+ 3333 Even + 5555 Even
3N G222 53.13010 > (3377 44.4153
. 5555 Odd " 5555 Odd
27 G337 131.0823 0% 33333) 180.0000
N 5555 Even " 51 51 Even
3% 3777 108.3176 3 3377 60.7940
N 5555 Odd + 3131 Even
4% 37577 81.7867 2’ G222 63.4349
N NN Even + 3535 Even
I3 3737 70.5287 45 G222 49.1066
+ EEEE Even + 51 ) 51 Even
2% 322 124.5667 3 3777 60.7940
+ 3535 0dd . ST 5 0dd
3% G222 92.5013 2 33:77) 133.0881
- 3335 0dd ; 15 0dd
s G222 156.4218 2’ 33:37) 133.0887
. 3535 Even . 3130 0dd
4% (3222 49.1066 17 G222 138.1896
ot 3131 Even % NN 0dd
2222 63.4349 3773 180.0000
CONCLUSION

For energy levels, theoretical and experimental levels are desirable. As a result, there are much too many
experimental excitation energies that are confirmed by calculations and new energy levels is found. As a result, MSDI
theoretical calculations are generally consistent with experimental findings. Angler momentum's minimum values agree
with the greatest angle. Finally, this highlights an essential fact: The MSDI is enough to show the nuclear structure of
38Cu nuclei.
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CTPYKTYPA PIBHIB 3Cu 3 MOJIM®IKOBAHOIO IOBEPXHEIO JIEJIbTA-B3AEMOIIT
Hananx H. Xamin, Aji K. Xacan

Disuunuii paxyromem, Ocsimuiu Koneoc ona dieuam, Yuisepcumem Kygu, Haoxcag, Ipax
Jlns po3paxyHKy 3HaueHb €HEPreTHYHHMX piBHIB sapa Mimi “%Cu BUKOPHCTaHO MOJENb AAEpPHOi OGOJOHKH 3 MOIM(IKOBAHOK
MOBEPXHEBOIO JeibTa B3aemoicio MSDI. HelTpoH i mpoToH B MoAeapHOMY pocTopi Ips/2 Ofs/2 Ipi/2 siapa Mifi 3yCTpidaroThCs mo3a
3aMkHyTHM sapoM “°Ni. ¥V mili po6oTi J0CHimKyeThCs eHeprisi 30y/DKEHHS Ta KyTOBHM MOMEHT. SIK HACHiZIOK, I BHSBJICHHS
CYKYITHOCTI MK eHeprisiMu 30y/KeHHS Ta KJIACHYHAMH KyTaMH 3B’s3Ky 0a,b Ha pi3HHX OpOiTansx BHKOPHCTOBYIOTHCS TEOPETHUHI
migxoxu. HapemTi, MM JEMOHCTpyeMO, IO HaIli Pe3yJIbTaTH MiATBEPKYIOTBCS EKCIEPUMEHTAIBHUMH JOKa3aMH: EHepril
30yIKeHHS MaloTh J1BI OCHOBHI (yHKIIT, HAa OOMJBI 3 SIKMX BIUIMBAIOTHh KJIACHYHI KyTH 3B’SI3Ky, ajie HA HUX HE BIUIMBAE KyTOBUIl
MoMeHT L.
Kuto4ogi cjioBa: eHepreTHuHi piBHi, MoaudikoBaHa NOBEPXHEBA Ae/IbTa B3acMOIis, °Cu, KIAaCUIHUH KyT 3B'A3KY





