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The intruder configurations (1p-1h), (2p-2h) and (3p-3h) were studied in this work for the island of inversion within the SDPF-U Hamiltonian.
The effect of the proton locations on the structure (energies and transition probabilities) for even-even and even-odd magnesium (N=20-24)
isotopes is studied. The unmixed intruder configurations (1p-1h), (2p-2h) and (3p-3h) in addition to the protons positions are created by
restriction method. The proposed restricted configurations were applied to calculate the low-lying states and probabilities of the transitions
B(FE2 : 07 — 2) with effective chargeg, = 1.32 ande, = 0.421 for the 3*3*3%Mg isotopes and comparing to the results of
available experimental works. The good agreement between the theoretical and experimental values confirmed the existence of the intrude
configurations in these nuclei. The theoretical results showed a suitable SDPF-U Hamiltonian in the calculations for the structure of the
nuclei in this region. The SDPF-U results confirmed many energy states and other suggested J values.
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1. Introduction [12]. While theoretically, it was mentioned in the shell model
calculations [5] that the ground state has a positive parity,
The “island of inversion” region around N = 20 contains Mg, the shell model calculations with an SDPF-U-MIX interac-
Na, and Ne chains linked to the atomic mass number, A = 3%ion predicted an opposite parity to that of the ground state
[1]. The32-36Mg isotopes, Z = 12 and N = 20-24, are wor- [13]. A separate study [14] with anti-symmetrised molecular
thy nuclei due to the large deformation in the ground state oflynamics (AMD) referred to a negative parity for the ground
these isotopes and the intruder effects. g nucleus has state and the first excited state founded on the same struc-
neutrons with the magic number, N = 20, meaning that theéure. However, the ground state of tfiMig nucleus has not
ground state is spherical, and the quadrupole moment shoulseen determined experimentally nor theoretically at this stage
be small since all particles in the sd-shell are bound togethef15,16]. The works of Watanabe, Minomo [17], Doornenbal,
Even though the works by &raz, Guillemaud [2] and Mo- Scheit [18] and Gade, Adrich [19] indicate that the ground
tobayashi, lkeda [3] revealed that these nuclei have largestate of the**Mg nucleus is dominated by a mixture of nor-
guadrupole collectively than anticipated, WimmerpK§4], mal and intruder configurationise., mixing of Op — 0h) and
on the other hand, suggested that@fiestate is spherical and (2p — 2h). Consequently, this means that tHég nucleus
is related to pureQp — Oh) sd configurations,e. there isan can be on the border of the “island of inversion” in the Mg
inversion between the normaly{ — 0h) pure sd configura- chain.
tions and theZp — 2h) intruder configurations. For thesd — pf model space, the shell model calculation
The ground state and first excited states of kg relied on two types of effective interactions. First, the effec-
nucleus have experimentally been described with differentive SDPF interaction [20], using the full — pf shells for
structures and found to have a different parity for the groundhe neutrons. SDPF was reformulated to SDPF-NR [21] and
state usings-decay [5-7]. The other structure having the SDPF-U [19], where the latter has two versions, one fet Z
same positive parity was discovered using proton inelastid4 and N =20 to 40 with the schematic pairingp(— nh),
scattering and Coulomb excitation [8,9]. Similarly, a newi.e. (nfiw) sd — pf calculations so-called SDPF-U, and the
state with unknown (J) has been observetfMg isotope by  other for Z> 14 called SDPF-U-Si. The schematic pairing
two separate works: P. Doornenbal [24] and S. Michimasalamiltonian has been removed from the monopole interac-
[71]. According to the fragmentation experiments carried oution, meaning that thexp — nh) will be absent for the nuclei
and via the laser spectroscopy technique, the last structure wfith Z = 15 to 20,i.e. (0iw) sd — pf calculations for SDPF-
35Mg isotopes revealed a negative parity for the ground andJ-Si. These two interactions are considered suitable for de-
first excited states [10,11]. The level schemes for the groundcribing the nuclei’s nuclear structure with Z = 8 to 20 and
state and excited states were proposed initially by Neyenbl = 20 to 40 [22]. A more recent version of the SDPF-U is
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the SDPF-U-MIX effective interaction [13], a mix between (3p— 3h) intruder configurations. As such, these reasons (de-

N=20 and N=28 in some instances. Secondly, the Montdiciencies of mixed technique) have motivated the researchers
Carlo Shell Model (MCSM) of the effective interaction of to embrace another technique such as the truncations of the
the SDPF-M [23] utilises the full sd-shell with th ,, and  model space similar to the work of F. Mare'cletlal., [26]

p3/2 subshells of the pf model space. that truncates thed — pf model space to the sd model space

A common attribute discovered in many previous theoretand only f7,, andps/, shells of the pf model space to re-
ical studies has been the application of mixed configurationgjuce the dimensionality of the calculations foMg and
namely, 0p — OR), (1p — 1h), (2p — 2h) and @p — 3h), in  3'Al. Further to the truncation, other works by Kimura [27],
the full model space [22]. Accordingly, this technique (mixed Kimura [14] and Momiyamaet al. [16] utilised the unmixed
configurations) revealed the following deficiencies for SDPF-0p — 0h) (1p — 1h), (2p — 2h) and 8p — 3h) configurations
M and SDPF-U-MIX interactions: (1) non-observance of theto explain the structure of th& Mg, 33Mg and3*Mg nuclei
intruder states’ presence could have an impact at high exciising the AMD model with a Gogny interaction.
tation energy; (2) the higher excitation energy of a negative
party state, which could be ascribed to the over-prediction o
the excitation energy for th&g — 2h) configurations or the
overestimation of thedp — 0h) and @p — 2h) mix as in the
Hamiltonian SDPF-M [24].

However, despite the good agreement of the first
21, 47 with the experimental results described well by most
theoretical models, the higher energies remain challengin
for those models. In E. Caurier’s work [13] (SDPF-U-MIX
effective interaction), the secorzi~ state with the energy
(3 MeV) is distinctly different from the experimental result
(2.558 MeV) by 0.442 MeV. Even though any indication of
the third2* or the secondi™ states was not found in this

Two phenomena may cause a reduction in the N = 20
ghell gap: (1) the nucleon-nucleon residual interaction, par-
ticularly the monopole proton-neutron interaction, known as
a “spin-flip” or spin-isospin interaction, and (2) the tensor
(non-central) interaction, also responsible for shifting the en-
ergies of the nuclear levels (subshells) [28-35]. In other
words, two interactions affect the size of the N = 20 gap and,
goncurrently, depending on the number of protons in the sub-
shellds,. The first interaction is the attraction between the
subshellsis , andds,,, and the second interaction is the re-
pulsion between the subsheils,, and f7 /5. When thed; /,

is full or semi-full, the interactions are very strong; therefore,

i the shell gap will be wide, preventing the neutrons from mov-
work, some experimental works refer to these levels. Moreing across this gap. While for those interactions that are very

over, the negative parity states were higher in energy thamleak, when it is empty or semi-empty, and the shell gap wil

the experimental{(esults, similar to the values in V. Tripathi’sbe narrow, then the neutrons will be able to cross this gap, as
work [25] for the33Mg isotopes, found the positive 1/2 and iIIustrated’in Fig. 1 '

3/2 states with the energies 0.04 and 0.12 MeV, respectively

were distinctly distant from the first positive (1/2-7/2) statein ~ The restricted configuration is a common technique often

G. Neyens's work [12] with the experimental energy (0.546€mployed to solve the island of inversion problems. In 1998,

MeV) by 0.506 and 0.426 MeV, respectively. R. W. Ibbotsonet al., used the restricted configurations of
Furthermore, the results did not refer to the inversion beneutrons s 2)° (ds 2, s1/2)* (f7/2p3/2)? for 32Mg nucleus

tween the normallp — 1k) and the intruderdp — 3h), as  for (np—nh) with n = 2 only [36]. Similarly, Pritychenket

mentioned in V. Tripathi’s work [25]; it only made mention to al., employed the restricted configurations of protafg)®
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FIGURE 1. Spin-flip and tensor interactions effects.
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(d3/2,51/2)° and @s,2)* (ds2,51/2)" for the> Na nucleus  the excited state only; and (iii) to reduce the dimensionality

[37]. However, in a separate study, T. Siiskoeeal. applied  of the calculations due to the difficulty of diagonalizing the

the restriction method for unmixe@x — 0h) and @p — 2h) Hamiltonian precisely in a wide model space [26].

[38]. Similarly, the ground state of th& Mg nucleus has

been established from Yordanet al. by assuming the re- 2.1. Standard shell model

striction for neutron spacesd — f7/2,ps3/2) and for proton

space {s,2)? (ds/2, S1/2)* with mixing (0.1 and 2fiw [11].  The normal configuration of th&~3¢Mg nuclei with Z = 12
According to the new outputs (spin-flip and tensor in-and N = 20-24. According to the rules for a normal configu-

teractions effects) discussed above, none of these restrication, four protons are supposed to be in #3g, subshell,

tions considers the positions of the protons with the unmixedhereby creating a strong attraction betweentdg,, and

(I1p — 1h), (2p,2h), (3p — 3h) which is critically important  v43,, subshells in addition to a strong repulsion in the ten-

in producing high correlation energy to reduce the energy ofor interaction between thel; , andv f3/, subshells. Both

the N = 20 shell gap. interactions will consequently create a large energy gap be-
In the present work, the SDPF-U interaction under re-tween thesd andp f-shells for the neutrons. In this situation,

stricted configurations was used with the OXBASH code [39]the neutrons are prevented from moving up to thfeshell

to investigate the nuclear structure of tHe3¢Mg isotopes.  and creater(p — nh) intruder states. In other words, the cho-

Using restricted configurations provides the best correlatiosen configurations (restricted configurations) are used to pro-

energy required for vanishing the N = 20 shell gap. The workvide the best correlation energy required for vanishing the N

of this study further aimed to investigate the effects of the= 20 shell gapi.e., the best correlation energy for the appear-

unmixed (p — 1p), (2p — 2h), (3p — 3h) intruder configura-  ing inversion phenomenon between two subshells [46-53].

tions and demonstrate the precision in the application of the

Hamiltonian predictions under this restriction. 2.2. Even-even Mg nuclei

2. Shell model calculations This section presents the results for #é*3Mg isotopes.
According to the shell model, the ground staté¥¥lg has a

In this work, the calculations were based on restrictions teclosed'®O core, with 16 nucleons, namely, four protons and

the configurations of the nucleons in the model space. Th&2 neutrons, in the sd model space. The ground states for

restrictions were made in order to (i) reduce the attraction othese isotopes are considered within the 21) configura-

the spin-flip interaction between thel;,, andvds/, sub- tion.

shells and to reduce the repulsion tensor interaction between

therds/, andv fs,, subshells; (i) to reduce mixing between 2.2.1. The case of?Mg isotope

the Op—0h) normal configurations and they(—2A) intruder

configurations in the ground state and excited states, and mix-he restricted configurations used to calculate the energy lev-

ing between thelpp — 1k) and Bp — 3k) configurations for ~ els of the**Mg nucleus are illustrated in Fig. 2 below. Three
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FIGURE 2. (Colour online) Restricted configurations used in calculation§¥btg nucleus.
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FIGURE 3. (Colour online) Positive and negative states with SDPF-U Hamiltonian under restriction compared with available experimental
data taken from [40,41] and theoretical results taken from [25,41,42], respectively fiMigenucleus.

kinds of configurations were proposédp — 1h), (2p — 2h) (2p-2h)
and(3p — 3h), and were considered separately, though they -
relied on the same ground state. Two protonsdfy,, and e —-0-0-0—

two protons inT S5/, subshell were proposed for the even in-

truder configurations2p—2h) of neutrons while two protons

in 7ds 2 and two protons imrds /, subshell were proposed for

the odd intruder configurationdp — 1) and(3p — 3h) of (daz)”

neutrons. (s12 d)'. @ @-O0O@
Accordingly, the positive parity states were predicted  (s13)* —O0-0—

with the (2p—2h) configurations. Figure 3 below displays the

comparison between the values calculated using the SDPF-U  (dss)? OO0 4-2)"" 9000000

interaction and the available experimental data and the pre-

vious theoretical values with different interactions. The lev-

els with “()” refer to the assignment and/or the parity of the Core (O)

states that were poorly established through the experiments. ) _ _ . _
FIGURE 4. (Colour online) Restricted configurations used in the

As illustrated in Fig. 4, good agreement was revealectalculations foP*Mg nucleus.
between the first excited state” 2at 0.98 MeV with the
experimental data [40,41] and previous theoretical works The present work also revealed that the prediction of the
[25,41,42). The calculations further revealed that there istates withJ = 43, 47 at the energy levels of 3.1 and
an energy at 1.98 MeV belonging to thg This energy is 4.02 MeV were close to the experimental values at 3.117
the best compatible value to the experimental value of 1.0581eV and 4.215 MeV, respectively, having been found with
MeV [40,43], more than the theoretical value in Ref. [61]. tentativeJ values [40]. On the other hand, in our calcula-
The excited state predicted with= 4] and energy of 2.34 tions, the predictions were not very distinct nor clear above
MeV appeared to be compatible with the experimental statéhe energy 4.02,e. (6] state at the energy in Ref. [59] and
with J = 47, energy of 2.32 MeV [40,41] and the shell 3.1 MeV in Ref. [61] in addition to the2(",2*,37), (2+,37)
model calculations [41,42]. The calculations revealed a prefand @, 37) states at the energies of 4.819 MeV, 5.169 MeV
erence for the state witth = 2 at an energy level of 2.62 and 5.203 MeV respectively in Ref. [58]). The negative par-
MeV, which was in better agreement with the experimentality states were identified using two types of configurations:
data [40] than the (MCSM) calculations [25]. the normal {p — 1h) configuration and the intrudes — 3h)

Rev. Mex. 5. 67051201
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configuration, adopting the same ground state. two protons inrSs, subshell for the even intruder configu-
According to V. Tripathiet al. [25], the states with en- rations(2p — 2h) of neutrons.
ergy levels of 2.858 and 3.037 MeV are expected to have a As shown in Fig. 5 below, the comparison with the avail-
negative parity. However, there will also be uncertainty inable experimental data [18,53,54] showed a good agreement
the determination of the spin. The state with experimentafor the ground and excited states,= 2] andJ = 4], of
energy of 2.858 MeV [40] was identified as the theoreticalthe 3*Mg nucleus. Moreover, the Refs. [18,54] showed an
state withJ = 1~ in the calculation. The prediction showed excited state with the energy levels of 3.13 and 3.19 MeYV,
thatJ = 2~ at an energy level of 3.05 MeV was the closestrespectively, with unknowwy values. According to the cal-
to the experimental data with = 2=, 3~ at an energy level culations, the coincidental theoretical state was= 4 at
of 3.037 MeV [40]. Similarly, the energy level at 3.553 MeV an energy level of 3.24 MeV in the study by Nowacki and
was shown to agree with the negative parity state in the calPoves [22], who used the SDPF-U interaction to calculate
culations withJ = 2~ at 3.5 MeV the energy level of thé*Mg nucleus. However, the results
Transition probabilities are considered as one of the mosdf the current study were more consistent with the experi-
sensitive parameters in the evaluation of effective interacmental values, as shown in Fig. 6. In fact, the consistency
tions. Therefore, to evaluate this sensitivity, the reduced eledemonstrated the importance of the restricted configuration.
tric quadrupole transition probability, B(E2) and the defor- Further support was also shown for the calculations through
mation parameterd2), were calculated. The theoretical and the B(E2) values. Likewise, the comparison with the avail-
experimental values of B(E2) (in units otfen®) for the tran-  able experimental and theoretical values showed an apparent
sition of 0 — 27) and the32 values for theé’?Mg isotope  convergence, especially with the referenced result [47], as il-
are depicted in Table I. Compared to the previous work, thdustrated in Table 2.
values exhibited acceptable agreement, especially if the error

percentage was considered. 2.2.3. The case of®Mg isotope

2.2.2. The case of*Mg isotope Accordingly, three exited states were found for thkg nu-
cleus [18,19,54], where the proposed restricted configuration

Figure 4 illustrates the presupposed structure ofthg nu-  in this work is shown in Fig. 6. The proposed positions of

cleus with the restricted configuration, where the configuraprotons were two protons inds » and two protons inrSs /o
tion was used to predict the energy levels of this nucleus. Theubshell for the even intruder configuratiof®» — 2h) of
proposed positions of protons were two protonsdlj,, and  neutrons.
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FIGURE 5. (Colour online) Energy states with SDPF-U Hamiltonian under restrictipn{ 2h) compared with available experimental data
taken from [18,53,54] and theoretical results are taken from [22,42], respectively fSilgenucleus.
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{2p-2h) be the closest to it. Moreover, the calculated B(E2:— 27T)
value of3Mg showed good agreement with the experimen-
A tal values similar to the B(E@+ — 21) values for the*>Mg
P - 000000 34Mg nuclei. Table Ill displays the comparison between the
calculated transition probability and the available experimen-
n tal and theoretical values.

3

1]
(dsz2) 2.3. Even-Odd Mg nuclei

(812 d)' - 0 @O0-O0@
Two isotopes with odd neutron numbers, nam&y3°¢Mg

2
(S172) QO and3*Mg were also considered in this work. The same rules
of the ground state i#?34:36Mg isotopes are considered for

(ds2)’ @OO-0-9) -9-0-0-00-0 the ground state of*3°Mg isotopesj.e., the ground states

for these isotopes are considered within tye-{ 2h) config-
Core (O") uration.

FIGURE 6. Restricted configurations used in calculations for the 2.3.1. The case of*Mg isotope

36Mg nucleus. o o _
The proposed distributions of th&—3¢Mg nucleus are il-

The experimental and theoretical energy spectréigly  lustrated in Fig. 8 below, where three configurations were
are shown in Fig. 7 below, in which comparison is made beadopted(1p — 1h), (2p — 2h) and(3p — 3h), based on the
tween the theoretical and experimental values, showing agame ground state. Two protonssid;,, and two protons
agreement for the first excited state with= 2]. The calcu-  in wS5,, subshell are proposed for the even intruder config-
lations confirmed thd value of the excited state at an energy urations(2p — 2h) of neutrons while two protons inds;/,
level of 1.95 MeV. This state was also present in [18] withand two protons inrds,, subshell are proposed for the odd
J = 47, while Michimasaet al,, [54] included this state with  intruder configurationglp — 1h) and(3p — 3h) of neutrons.
an unknownJ value. In this work, the state witlh = 4T at  Previous experimental works have highlighted inconsisten-
an energy level of 1.94 MeV was predicted, which appears tg@ies regarding the identification of the ground states of this
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FIGURE 7. Energy states with SDPF-U Hamiltonian under restrictizm{ 2h) compared with the available experimental data taken from
[18,19, 54] and theoretical results taken from [22,23], respectively fot’thig nucleus.
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FIGURE 8. (Colour online) Restricted configurations used in the calculations fot’th& Mg nucleus.
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FIGURE 9. (Colour online) Energy states with SDPF-U Hamiltonian under restriction compared with the last available experimental data
taken from [10,12] and theoretical results taken from [13,14], respectively fof ti€Mg nucleus.

nucleus, such ag = 3/2* from the works of [5-7],J = particles in the pf-shell give a negative parity for the ground
5/2% from the works of [8,9], and with/ = 3/2~ from the  state in which this configuration assigns the ground state of
works of [10-12]. 32-36Mg with J = 3/2~ which is consistent with the ex-

The predictions in this current study for the ground stateperimental results from [10,12]. The first excited state was
of the island of inversion nuclei were dominated by thefound experimentally witt/ = 5/27, where the calculations
(2p— 2h) configurations. According to this assumption, threepredicted this state with/ = 5/2~ at an energy level of

Rev. Mex. k5. 67051201
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FIGURE 10. (Colour online) Restricted configurations used in the calculations fot*fiig nucleus.

0.534 MeyV, as reflected in Fig. 9. The experimental worktwo protons inrS; /» subshell were proposed for the even in-
of G. Neyens [12] noted a state with an uncertdin=  truder configuration&p—2h) of neutrons while two protons
1/2t — 7/2* at an energy level of 0.546 MeV. Nonethe- in nds /o subshell and two protons inds,, subshell were
less comparing these findings with the results of this currenproposed for the odd intruder configuratiofip — 1h) of
work, the nearest theoretical state was= 3/2" at an en-  neutrons.

ergy level of 0.62 MeV. Moreover, the theoretical state with  The ground state was identified in this work wifh =

J = 5/2" and energy of 0.733 MeV confirmed the presence; /2-  This prediction seemed to be identical to the results
of the experimental state, also demonstrated from the work qfy, 5 \watanabet al, [17]. As shown in Fig. 11, the first ex-
G. Neyens [12], without & value at an energy level of Q.705 cited state was found with an uncertain= 5/2,7/2~ atan
MeV, anf also+from+that of A. L. Richareit al, [10] with  energy level of 0.206 MeV from the work of S. Momiyaret
J =1/27,3/27,5/2" atan energy level of 0.703 MeV. al., [16]. According to the calculations in this study, the first
The fourth excited state from the work of A. L. Richard gycited state was found with = 5/2~at an energy level of
[10] with J = 7/27 at an energy level of 0.78 MeV was (171 MeV. Furthermore, similar to t&~3Mg isotope, our
shown to hgve an equivalent theoretical state from the calg|cylations revealed a positive parity state witk 1/2+ at
culations withJ = 7/2~ and energy of 0.8 MeV. The last (.21 MeV which is back to the configuratiofi — 1h), and
energy state, found experimentally by G. Neyens [18] at afy5ck to the(3p — 3h) configurations irF2~36Mg.
energy level of 1.243 MeV, showed a good agreement with Also, the calculations using the SDPF-U Hamiltonian

the theoretical state from this work with = 7/2% and an . : .
X ; confirmed the experimental value of the doublet consist-
energy level of 1.29 MeV. Our calculations predicted a new,

o+ - o ing of states at an energy level of 0.443 MeV [16] with
state forl /2" at 0.180 MeV, this prediction supports the no ﬁ] — 3/2* at an energy level 0.423 MeV. For the next ex-

tion of the positive parity state above the ground state as in . . . .
Ref. [19]. In addition, we have new predicted states (1/2, 712 erimental fxcmid state at the gnergy_0.616 with _uncertam
: . L = (1/2%,3/27), our calculations give the assignment
and 9/2 at the energies of 1.195, 1.297 and 1.399 respecuvely) - L :
to explore experimentally. = 3/2 at. the energy 0.711 MeV which is compatible
with the previous theoretical works by [16]. Finally, the en-
2.3.2. The case of°Mg isotope ergy level at 0.670 was reported by [16] having an unknown
J value. In this current study, our prediction suggested the
Figure 10 below illustrates the distributions for tHég nu-  positive parity assignment = 5/2* within the (1p — 1h)
cleus used in the calculations where the configurations wereonfigurations which is compatible with the predicted assign-
(1p — 1h) and(2p — 2h). Two protons inrds > subshelland ~mentin Ref. [23].
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FIGURE 11. (Colour online) Energy states with SDPF-U Hamiltonian under restriction compared with available experimental data taken
from [16,17], respectively and theoretical results, Theo.1 and Theo.4 taken from [16], and Theo.2 and Theo.3 taken from [1%Mar the
nucleus.

3. Summary and Conclusions configurations weredg 2) 2, (d3,2) "2 for 3*Mg. While for
35Mg isotopes, it was found when the propoggg — 1h)
The effects of intruder configurations were investigated inneutrons configurations were;(, dz») ', (f7/2,p*/2)*!
this study using the SDPF-U Hamiltonian with a specific nu-and protons configurations wew(,) 2, (ds/2) ™. The cal-
clei distribution in the island of inversion N = 20 region. The culations of the positive parity states of tfe***°Mg nuclei
study was based on calculating the energy states and the r&ere linked with the(2p — 2h) configurations, while linked
duced electric quadrupole transition probabilities of the Mgwith the (lp—1h) and Bp—3h) configurations in thé***Mg
chain isotopes. This was in addition to the best (protongiuclei. Also, contrary to the negative parity states in'ftidg
and neutrons) configurations that provided good correlatiomucleus linked with thelpp — 1%) and @p — 3h) configura-
energy necessary to reduce the N = 20 shell gap. The rdions, it was linked with#p — 2h) configurations in*3*Mg.
sults were then compared with recently available experimen-  Accordingly, these outcomes confirmed the existence of
tal data. the intruder(1p — 1h) and (3p — 3h) configurations, along
The best agreement between the experimental and thaith an inversion found between them. Furthermore, the cal-
oretical results for positive ground states and excited statesulations administrated determined that the intruder config-
of 32:3436Mg isotopes and the negative ground states ofuration of (3p — 3h) did not exist in the*>Mg nucleus. In-
33,35Mg isotopes was found when the propog@g — 2h)  deed, this outcome may position this nucleus as a border of
neutrons configurations were, (s, ds;2)~2, (f7/2, p3;2)*2  the N = 20 island of inversion region from the right side for
and protons configurations werés(>) 2, (s1/2)"2. While  odd Z. The calculations also showed the possibility to use the
the best agreement between the experimental and theore®DPF-U Hamiltonian with unmixed configurations in the N
cal results for the negative excited states’tiflg isotope = 20 island of inversion region. This appropriation appeared
was found when the proposddp — 1) and (3p — 3h)  through the significant agreement between the theoretical and
neutrons configurations were; (s, ds /)", (f7/2,p3/2)™" experimental results for th8—3°Mg nuclei energy states. In
and (1/2,ds/2) ">, (fr/2,p3/2)"", respectively, and when this case, the SDPF-U calculations confirmed numerous en-
the protons configurations weré®(?)—2, (d3/2)*2. ergy states in thé?—3Mg energy spectrum and suggested

For the positive excited states of the**Mg isotopes the ~ values for others.
best agreement between the experimental and theoretical re- In summary, there is a requirement to use this effective
sults was found when the propos@g — 14) and(3p — 3h) interaction (SDPF-U Hamiltonian) with the odd-even nuclei
neutrons configurations werelg27d3/2)—1, (f7/2,p3/2)+1 and odd-odd nuclei. The good outcomes of our calculations
and (91/2,d3/2)—3, (f7/2,p3/2)+3, respectively, and protons for the transition probabilities showed that the unmixed con-
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