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Abstract:

The reduced electric quadrupole transition strengths B(E2) from the first excited
2" state to the ground 0" state of some even-even Neon isotopes (‘**?*?*2¢%¥Ne)
have been calculated. All studied isotopes composed of '°O nucleus that is
considered as an inert core and the other valence particles considered to move over
the sd-shell model space within 1ds,, 2s1, and 1ds, orbits.

The configuration mixing shell model with limiting number of orbitals in the
model space outside the inert core fail to reproduce the measured electric transition
strengths. Therefore, and for the purpose of enhancing the calculations, the
discarded space has been included through a microscopic theory which considers a
particle-hole excitations from the core orbits and from the model space orbits into
the higher orbits with 271 excitations. These effects are called core-polarization
effects.

The transition strengths have been calculated with effective nucleon charges
deduced from the core polarization calculations, and calculated with standard

effective nucleon charges e;ﬁ " =1.3efor the proton and esﬁ” = (.5efor neutron.

The calculations are based on sd-shell model space with USDB interactions.

The harmonic oscillator potential is used to generate the single particle matrix
elements, where the value of the size parameter b is adjusted to get the experimental
root mean square matter radii for each isotope.

Keywords: electric quadrupole transition, transition strength, even-even Neon
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Introduction:

The study of the properties of nuclei far from the stability valley is one of the major topics of
interest of modern nuclear physics. Recent advancements in experimental techniques have probed
extreme types of nuclear structures not previously known [1], termed ‘exotic nuclei’ which are nuclei
with extreme properties, such as an extraordinary ratio of protons and neutrons Z/N, loosely binding
energy, short-lived isotopes and large isospin. These unstable nuclei (far from the betastability line)
are generally weakly bound with few excited states and have a thin cloud of nucleons orbiting at large
distances from the others that forming an inert core. With the development of the on-line mass
separators coupled to powerful accelerators, a wide range of short-lived nuclei far off stability became
accessible for investigation. But most of these nuclei are available in trace quantities only and for a
limited amount of time. Hence the usual scattering and nuclear reaction experiment using these nuclei
as target or beam is difficult to perform. The low intensities of radioactive ion beams available at
present coupled with their short lifetimes require special measurement techniques to be employed for
exotic nuclei [2]. To learn about correlations away from beta-stability, one often needs to do
experiments with short-lived radioactive nuclei. Since one cannot make a target from short-lived
nuclei,these experiments are done in inverse kinematics. This means that rather than a beam of e.g.
electrons being shot at a stationary target to knock out a nucleon from it, the beam itself contains the
nucleus of interest and is shot at a hadronic target (usually a light nucleus such as *Be or '*C) which
induces the knockout. The first series of experiments with unstable nuclear beams aimed at
determining nuclear sizes by measuring the interaction cross section oy in high energy collisions was
performed by Tanihata and coworkers in 1985 [3,4]. The o; was measured with transmission-type
experiments. Successive use of this technique has yielded nuclear size data over a wide range of
isotopes where the measured cross sections have been used to deduce the root mean square matter
(rms) radii by a Glauber-model analysis in the optical limit [5]. The growth of a neutron skin with the
neutron number in several isotopes has been deduced from nuclear and charge-size data. This type of
experiment has been continued at the Fragment Separator (FRS) and there exists an extensive quantity
of measured interaction and reaction cross-sections for isotopes ranging from *He to *Mg [6].Other
techniques, e.g. isotope-shift measurements, have allowed to extract the charge size.

The sd shell nuclei are very interesting from a theoretical point of view, because they are very
appropriate for a study of the applicability of nuclear models, the property of the residual interactions
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and the mechanism of nuclear rotational motion. Among a number of models, the nuclear shell model
is one of the most successful, where residual forces play a very important role. These interactions can
induce configuration mixings, which can sometimes be interpreted as rotational motion.A study of
nuclei in the sd shell can thus lead to a better understanding between a microscopic description of the
nucleus (shell model) and a macroscopic (collective) description [7]. The calculations of shell model,
carried out within a model space in which the nucleons are restricted to occupy a few orbits are unable
to reproduce the measured static moments or transition strengths without scaling factors. Shell model
within a restricted model space is one of the models, which succeeded in describing static properties of
nuclei, when effective nucleon charges are used. Calculations of transition strengths using the model
space wave function alone are inadequate for reproducing the data. Therefore, effects out of the model
space, which are called core polarization effects, are necessary to be included in the calculations.

The sd-shell nuclei are considered as an inert '°O core and the valence nucleons are distributed over
1dsp, 281 and 1d;, states. Higher configurations can be included through perturbation theory, where
particle-hole excitations are allowed from the core and the valence nucleons to all allowed orbits with
nhao excitations. The number 7 depends on the convergence of the calculations. These effects are
called core-polarization effects. Anyway, the core-polarization effects on the electromagnetic
transition strength are based on a microscopic theory, which combines shell model wave functions and
configurations with higher energy as first order perturbation.

In the present work, the rms matter radius is reproduced by fixing the size parameter of the single
particle wave function of the harmonic oscillator (HO) potential for each isotope in its ground state,
where '°O nucleus considered as an inert core. The reduced electric quadrupole transition strengths
B(E2) from the first excited 2" state to the ground 0" state of some even-even Neon isotopes
(182022242628 e) are calculated by using the effective nucleon charges which deduced from the core
polarization calculations with excitations up to 2%® , and calculated by using the standard effective

nucleon charges ef)ﬁ =1.3eand esﬁ = (.5 efor protons and neutrons, respectively; and the results are

compared with the available experimental values. The occupation numbers of the valence particles
outside '®O core are also calculated for the ground state of 1d;p, 1ds, and 2sy,, orbits to identify the
contribution of these orbits for the valence particles.

Theory:
The longitudinal (Coulomb) one-body operator for a nucleus with multipolarity/ and momentum
transfer ¢ is given by [8]:

T (@) = [ i, (@)Y (DPGF) ()

where j,(qr) is the spherical Bessel's function, YJM(Q) is the spherical harmonics and /5(77 ) is the

density operator, which is given by:
p(F):Ze(kb(F_Fk) Q)
k

The longitudinal (Coulomb) one-body operator becomes:
R n
TJM(qa”):Ze(k)jJ(qr)kYJM(Qk) 3)
k=1

wheree(k)is the electric charge for the 4-th nucleon. Since e(k)= 0 for neutron, there should appear no
direct contribution from neutrons; however, this point requires further attention: The addition of a
valence neutron will induce polarization of the core into configurations outside the adopted model
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space. Such core polarization effect is included through perturbation theory which gives effective
charges for the proton and neutron. Equation (3) can be written as:

~ . S 1+7_(k l-7_(k)) .
TJM(q’r):Z(ep 22( )+en 2( ))]J(qr)kYJM(Qk) 4)
k=1

where T Z|p> = |p> and ‘L'Z|Il> = —| n> . Equation (4) can be rearranged to:

n - ~(e te, e
TJM<q,r>=Z[ P2 4P
k=1 2

which can be written as:

Tor(@:F)=e Y j (@) Y () +ew Y j(ar) Yo (200, (k) ()
k=1 k=1

2

& Tz(k)jjj(qr)kYJM Q)

e +e e —e
2 and €, = 7 (7)

are the isoscalar and isovector charges, respectively. The bare proton and neutron charges are denoted

where €1 =

by e, ande_, respectively.

A

The reduced matrix element in both spin-isospin spaces of the longitudinal operator 7, is expressed
as the sum of the product of the elements of the one-body density matrix (OBDM) X 14)( I (a, ﬁ )

times the single-particle matrix elements, and is given by [9]:
x A x
(FAITNE) =S xh @ plal Tl B)
af

where ¢ and ﬁ label single-particle states (isospin is included) for the shell model space. The states

‘ F1> and ‘ r f> are described by the model space wave functions. Greek symbols are used to denote

quantum numbers in coordinate space and isospace, i.e [ ; = J;T;, I’ = J fT  and A=JT.

171

The role of the core and the truncated space can be taken into consideration through a microscopic
theory, which combines shell model wave functions and configurations with higher energy as first
order perturbation to describe EJ excitations: these are called core polarization effects. The reduced

matrix elements of the electron scattering operator OA is expressed as a sum of the model space (MS)

contribution and the core polarization (CP) contribution, as follows:
<rf Al n> =(F T ) +(0 AT ) o)
which can be written as:

(T )= X @ plfa 7 8)+ (il a1 6)] a0
ap

According to the first-order perturbation theory, the single particle core-polarization term is given
by [10]:
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0
5o Ve |||ﬂ>

<a IIAZ ] ﬂ>=<a I,
(1T)
+<a|||v, 9 7 |||ﬂ>

es Ef —HO

where the operator Q is the projection operator onto the space outside the model space.
The single particle core-polarization terms given in equation (11) are written as [10]:

(ll AT, 11 )= A
_1 Pro,+I” o ﬂ
> (=1

A
QI + 1){ - }\/(1 +08, J1+3, 5)

aa, €~ &y _8051 + 80:2 o, o >
x (ot |V, | Bas) (e I Tyl )
+ terms with @; and &, exchanged with an overall minus sign (12)

where the index ¢t runs over particle states and &, over hole states and E‘i< the single-particle

energy, and is calculated according to [10]:

—l(£+1)<f(r)>n/ for j=0-1/2
€, =2n+0-1/2)ho+ 12 ’ (13)

5£<f(r)>n[ for j=0+1/2

with(f(r) , =204 and  ho=454""7-2547"

For the residual two-body interaction V, the Michigan sum of three range Yukawa potential
(M3Y) interaction of Bertsch et al. [11] is adopted. The form of the potential is defined in equations
(1)-(3) in Ref. [11]. The parameters of 'Elliot' are used which are given in Table 1 of the mentioned
reference. A transformation between LS and jjis used to get the relation between the two-body shell
model matrix elements and the relative and center of mass coordinates, using the harmonic oscillator
radial wave functions with Talmi-Moshinsky transformation [12,13].

Using Wickner-Eckart theorem, the single particle matrix elements reduced in both spin and
isospin, are written in terms of the single-particle matrix elements reduced in spin only:

o, 1) = 22 L) 17, 11
2 .

th L(t) 1 for =0 (15)
W1 N =
T\%z (_1)]/2—t: for :Z :1

where 7= 1/2 for a proton and -1/2 for a neutron. The single particle matrix element of the electric
transition operator reduced in spin is:

<j2 | erZ | ]1> =€, <j2HYJHjl ><n2€2‘jJ (qr)‘n1€1> (16)
where ‘ n/t > is the single-particle radial wave function.
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The reduced single-particle matrix element of the longitudinal operator becomes:
(@ 174 e ) = er 2T + D (oo )bl (gl 1)

where e, is the isoscalar (7'= 0) and isovector (7 = 1) charges.

Electron scattering form factor involving angular momentum J and momentum transfer g,
between initial and final nuclear shell model states of spin J; s and isospinT;sare [14]:

2
, TT, x
F,(q) i < T |IT AT>
O e v P [ TOT) I AN T

where F, () is the center of mass correction which is given by F,,(q)=e? 4 , with b is the

2 2
2J +1 F,(@)F;(q)(18)

harmonic oscillator size parameter and Fj,(g) is the finite size correction given by
Fy@=l1+@/433m )" pis)
The reduced electromagnetic transition probability B(CJ1) can be obtained from the longitudinal

E .
form factor evaluated at g =k = —x (photon point) as [16]:

B(CJ M= ﬂ[(kaH) } IF, (k)\ (19)

The relation between the B(CJ) values for the emission | and absorption 1 process is [10]:

B(cy =2t S BT
2J,
wherei and £ are the initial and final states, respectively.
For electromagnetic transition, the B(£J) value can be calculated directly in terms of the electric

multipole transition operator [10]:

0,, () =3 e()r’Y,,(2,)

So, replacing the operator 7 in all the above equations by the operator O, equation (17) for the reduced
single particle matrix element becomes:

(@110, Il 04y = ey 2T +D{ A AN mat o 1) 1

The reduced electromagnetic transition probability B(E.) is defined as [10]:

e DSl ( " §]<JT |||0JT|||JT>2

TOl

B(EJ)=

which can be written as:

T TT
> e (- ( TOT]<JT |||MJT|||JT>

T=0,1

2

1

BED =531

(22)

where M = <J A M o T lTl> The isoscalar (7=0) and isovector (7=1) charges are given
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The reduced electromagnetic transition probability can be represented in terms of only the model
space matrix elements, but with effective charges, as:

1 eff T,-T. Tf TY: n
27 +1) - T M, ||JT
(2Ji+1) T=Zo,1eT ( ) [_TZOTZ < fr ”| JT |||J, ,>

Then the isoscalar and isovector effective charges are given by:

M, +AM,, e +(=D)"e"
= e =

2

B(EJ) = (23)

eeff (24)
T
oM, 2
The proton and neutron effective charges can be obtained as follows:
eff __ eff eff eff _eff eff
e, =e, te ande =e¢; —¢

The above effective charges work for mixed isoscalar and isovector transitions. For pure isoscalar

transition, the polarization charge O¢ is given by:

AM
de = Le (25)
oM,
and the effective charges for the proton and neutron becomes

e

epff =e+de, e =de (26)

The longitudinal form factor /,(q) can be written as:

4 0
Fy(q)= N—”z [arr* jyarpy,, ) @)
t; 0

where the normalization factor N, is defined as:

A (mass number)
N, =3 Z(protonnumber)
N (neutron number)
From equations (18) and (27), the nucleon transition density can be found to be [9]:

1 4
r)=—
PJ,tZ( ) ir

2 OBDM(J;,J r,a,b,J 17)
2J;+13

1. I .
X <na Eja ”YJ (Qr)”nb §]b> Rna lna (7‘) Rnblnb (7‘) (28)
The corresponding mean square radius is given in terms of the nucleon density as [17]:
4 0
<r2> :—ﬂjp(r) ¥ dr (29)
4 0
or it is given in terms of the occupation number as :

1 |
<r2>=Z S narty (tr5J) (20 +1, _E)bz (30)

a,fZ

wheren ,t,(t,, j, )is the average occupation number in each orbit.
atz\lz>Ja g p
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Results and Discussion:

The single-particle wave functions of the harmonic oscillator (HO) potential are used with size
parameter b that plays the role of a characteristic length of the harmonic-oscillator potential. This
parameter is chosen to reproduce the measured ground state root mean square matter radii for all Ne-
isotopes under consideration in this work by using relation (30). The reduced electromagnetic
transition probabilities B(E2) from the first excited 2" state to the ground state are expressed in terms

of the electron scattering form factors evaluated at g=k, where k = E, / hic, Ey is the excitation energy

of the state. These B(E2) values represent basic nuclear information complementary to our knowledge
of the energies of low-lying levels in these isotopes. The calculation of B(E2) for the isotopes
considered in this work are performed by using the relation (19), where the calculation of the form
factors are taken into account at ¢ — 0, and the relation between B(EJT) and B(EJ]) is given by

relation (20). The one-body density matrix element (OBDM) values are obtained by the shell model
calculations that performed via the computer code OXBASH [18] using the SD shell model space with
Universal SD-shell interaction B (USDB)[19].

The Nucleus *Ne:
"Ne nucleus composed of the core '°O nucleus plus two protons surrounding the core. These outer
two protons are considered to move over the sd-shell model space. The ground state of this unstable

nucleus is J*7T =0"1, with half-life 7 =1672ms [20]. The sd-shell model space with USDB

interaction [19] is used to generate the OBDM elements for the ground state with /=0 and excited state
with J=2. The harmonic oscillator size parameter is chosen to reproduce the rms matter radius. The
size parameter is fixed at 1.818 fm , which is reproducing the measured value 2.81 £ 0.14 fm [5]. The
ground state configurations show that two protons distributed outside the core over sd shell orbits with
77.62% over 1ds,, orbit, 4.91% over 1ds, orbit and 17.47% over 2s,, orbit. The first excited 2" state of

this nucleus is at 1.998 MeV. The calculations of the electric transition strength B(E2;21+ - 01+ ) by
using the core polarization effects with the two body Michigan sum of three range Yukawa potential
(M3Y) as a residual interaction [11] with excitation up to 2%®, gives the value of 25.078 ¢* fm*. The
effective nucleon charges that deduced and used are 1.154 ¢ and 0.401 e for the proton and neutron,
respectively. The calculations are performed by using the standard effective nucleon charges which are
1.3 e for the proton and 0.5 e for the neutron and the deduced transition strength value is 31.824 ¢’
fm*. There is an excellent agreement between the calculated value of the transition strength B(E2) of
"®Ne nucleus, in terms of the core-polarization effects, and the measured value 23 + 4 ¢* fm* [21] than
the value that calculated in terms of the standard nucleon charges, where this value is overestimates
the measured value by about a factor of 1.3. The calculated and experimental values are tabulated in
Table 1. The analysis of the above calculations shows a strong contribution of 1ds, orbit for valence
two protons, and that is so apparent from Figure-1a.
The Nucleus *’Ne:

This isotope composed of the core '°O nucleus plus two protons and two neutrons distributed over

the sd-shell model space. The ground state of stable *°Ne isotope is J”7 =07 1. USDB interaction

[19], is adopted to generate the OBDM elements for the multipolarities/=0 and J=2. The single-
particle wave functions of a harmonic oscillator potential is used with size parameter 4=1.815 fm, to
reproduce the rms matter radius 2.87+0.03 fm [5]. Two sets of the nucleon effective charges are used

to calculate the electric transition strengths B(E£2;2;" — 0;) of **Ne nucleus from the first excited 2"

state with excitation energy 1.811 MeV to the ground 0’state. The first set is the effective nucleon
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charges, which are 1.3 e for the proton and 0.3 ¢ for the neutron, deduced by adopting the core
polarization calculation with M3Y interaction [11] and particle-hole excitation up to 2% . The
second set is the standard nucleon charges, which are 1.3 ¢ and 0.5 ¢ for the proton and neutron,
respectively. It is so apparent from the Table 1 that the calculated B(E2]) in terms of the standard
nucleon charges is closer than that of the effective nucleon charges to explain the measured value 66 +
3.8 ¢’ fm'[22]. There is a major contribution of 1ds orbit for valence four particles, as that shown
from Figure-1b, where the occupation number percentagesare calculated and presented for the ground
states of 1ds5, 1ds» and 2s;/, orbits.

The Nucleus **Ne:

The electric transition strengths B(E2;2]" — 0;) of *Ne nucleus from the first excited 2" state

with excitation energy 1.457 MeV to the ground 0" state are calculated with sd-shell model space,

where the ground state of **Ne stable isotope is J” T = 0" 1and there are six nucleons considered to

distribute over the sd-shell orbits outside '°O core. USDB interaction [19] is used to generate the
OBDM clements for the multipolarities/=0 and J=2. The single-particle wave functions of a harmonic
oscillator potential is used with size parameter 5#=1.783 fm, to reproduce theoretical rms matter radius
2.87 fm [23]. The calculated value of the transition strength is 40.880 ¢’ fm* which is obtained in
terms of the core polarization effective charges 1.201 e for the proton and 0.442 e for the neutron that
deduced by adopting the core polarization calculation with M3Y interaction [11] and particle-hole
excitation up to 2/i@ . Another calculated value of the transition strength 49.304 ¢* fm* obtained by
introducing a standard nucleon charges 1.3 ¢ for the proton and 0.5 ¢ for the neutron. As shown from
Table 1 which contains all calculated and measured values, there is a reasonable agreement between
the both calculated values of B(E2]) and the measured value 46.4+0.6 ¢* fm*[22]. There is a major
contribution of 1ds, orbit for valence six particles outside '°O core nucleus, as that shown from Figure-
Ic.

The Nucleus **Ne:
The single-particle wave functions of a harmonic oscillator potential is used with size parameter
1.708fm to reproduce the rms matter radius 2.7940.13 fm [5], where the ground state of this unstable

isotope is J*T =072, with a half-life of 7 = 3.38m [20]. This unstable nucleus composed of the

core '°O nucleus plus eight particles (two protons and six neutrons) surrounding the core. These outer
eight particles are considered to move over the sd-shell model space. USDB interaction [19], is
adopted to generate the OBDM elements for both multipolarities/=0 and J=2. Core polarization
calculation, with M3Y interaction [11] and particle-hole excitation up to 2/@ , gives the value 28.285

¢’ fm* of the electric transition strength B(E£2;2{ —> 0{") of **Ne nucleus from the first excited 2"
state with excitation energy 1.981 MeV to the ground 0" state, where the deduced effective nucleon
charges that applied are 1.292 ¢ and 0.409 e for the proton and neutron, respectively. The standard
effective nucleon charges that applied are 1.3 e for the proton and 0.5 e for the neutron, gives the value
32.122 ¢ fm* of B(E2]). All calculated and measured values are tabulated in Table 1, and it so clear
that the calculated B(E2]) in terms of the core-polarization effects matches the measured value
28.2+6.4 ¢ fm*[22], and the calculated value that deduced in terms of the standard nucleon charges is
a good value and locating within the range of the measured value. A strong contribution of 1ds, orbit
for outer eight particles is so clear from Figure -1d.
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The Nucleus **Ne:
The size parameter b of the used single-particle wave function of the harmonic oscillator potential
is fixed to be 1.730 fm to reproduce the measured rms of the unstable **Ne isotope that equal to

2.86+0.05 fm [5]. The ground state of this isotope is J*T =07 3, with a half-life of 7 =192 ms

[20]. **Ne nucleus composed of '®O nucleus that considered as a core, plus ten nucleons (two protons
and eight neutrons) distributed over the sd-shell model space. The OBDM elements for both
multipolarities/=0 and J=2 are calculated in terms of the USDB interaction [19]. Two values of the

electric transition strength B(E2;2{ — 0{") of **Ne nucleus from the first excited 2" state with

excitation energy 2.018 MeV to the ground 0" state, are calculated and compared with the measured
value 45.6+8.2 ¢* fm*[22], as well as with each other as that shown in Table 1. The first value 27.116
e’ fm® is calculated according to introducing the core polarization calculation, with M3Y interaction
[11] and particle-hole excitation up to2/@ , where the effective nucleon charges that obtained and
used to calculate the B(E2|) are 1.167 ¢ and 0.505 e for the proton and neutron, respectively. The
second value 32.059 ¢’ fm* deduced with using the standard effective nucleon charges which are 1.3 ¢
for the proton and 0.5 e for the neutron. Both calculated values are underestimating the measured
value by factors of 1.6 and 1.4 for the calculation in terms of the core-polarization effective charges
and standard effective charges, respectively. Finally, and for the purpose of explaining the measured
value, we can say that the calculated B(E2|) value in terms of the standard charges is closer than the
calculated value obtained in terms of the core-polarization effects. Figure -le shows a strong
contribution of 1dss, orbit for the outer ten particles.

The Nucleus **Ne:
The ground state of this unstable isotope is J*T =07 4, with a half-life of 7 =19 m [20]. This

nucleus composed of the core '°O nucleus plus twelve particles (two protons and ten neutrons)
distributed over the sd-shell model space. The single-particle wave functions of a harmonic oscillator
potential is used with size parameter b=1.749fm that fixed to reproduce the rms matter radius
2.9240.10 fm [5]. The OBDM elements are calculated via the computer code OXBASH [18] using the
USDB interaction [19], for both multipolarities/=0 and J=2. The electric transition strengths B(E2 )

of **Ne nucleus from the first excited 2 state (J 7 T, = 2% 4) with excitation energy 1.879 MeV to

the ground 0" state (J7 T; = 0" 4), are calculated in terms of the core-polarization effective nucleon

charges 1.165 e for the proton and 0.505 e for the neutron, and in terms of the standard nucleon
charges 1.3 e for the proton and 0.5 e for the neutron. The core-polarization effective charges are
deduced by adopting the two body Michigan sum of three range Yukawa potential (M3Y) [11] as a
residual two body interaction with particle-hole excitation up to 2%@ , where the obtained values that
mentioned above are introduced in the calculations and gives B(E2]) equal to 24.206 ¢* fm*. Using
the standard nucleon charges gives B(E2|) equal to 28.509 ¢* fm®. There is a good agreement between
both calculated values of the reduced transition strength and the measured value 53.8+27.2 ¢’
fm*[22,24], as shown from Table 1 that containing all calculated and experimental values. There is a
major contribution of 1ds, orbit for valence twelve particles, as in Figure-1f, where the
occupationpercents are calculated and presented for the ground states of 1ds/,, 1ds, and 2s), orbits.

1056



Radhi et al. Iraqi Journal of Science , 2015, Vol 56, No.2A, pp:1047-1060

Table 1 - The calculated and experimental electric transition strengths and effective charges of
the considered Ne — isotopes.

A Ex. (MeV) b (fm) Eff. Charges B(E2|) e’ fm*

T Calc. Exp.[25] ep(e) en(e) || Cale. Exp.

EN T I R
e | e e s i 00 B <0
e | e s [0 o
IR s
1;315 1879 1310 1749 }:;65 8:205 33288 53.8+27.2 [22,24]
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Figure 1- The percent occupation for the ground states of 1d35, 1ds, and 2sy,, orbits

outside'®O core of the considered Ne — isotopes.
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Conclusions:

Shell model calculations are performed over some even-even Neon isotopes. The size parameter b of
the HO potential is fixed to reproduce the measured rms matter radii, and used to calculate the transition
strengths B(E2|), where the transition strengths depends strongly on b.

The quadrupole excitation is interested in this work, and the transition strengths B(E 2;2;r - Ofr) of

the considered nuclei from the first 2” excited states to the ground 0" states are calculated.

The core contributions cannot be ignored in such transitions and the core polarization effects play a
major role for such transitions. The inclusion of core polarization effects with excitation up to 27w, gives
a remarkable improvement in the transition strengths, and describes the data remarkably well.

Two sets of nucleon charges are adopted in the calculation of the transition strengths differ from the

nucleon bare charges e, =1.0eand e, = 0.0e which gives results underestimate the measured values.

p
The first set is obtained in terms of the core polarization effects, and the second set is the standard nucleon
charges which are 1.3 e for the proton and 0.5 e for the neutron. A good agreement between the calculated
values of B(E2]) in terms of the core polarization effects, and the experimental values is obtained for most

. . 2026
considered isotopes, but for =

Ne isotopes there is a slight underestimation of the measured values,
where the calculated values in terms of the standard nucleon charges are closer to theinterpretation of the
measured results.

The analysis of the calculations for the considered isotopes shows a strong contribution of 1ds, orbit

. . . 1
and a clear exotic behavior for the valence nucleons outside '°O core.
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