Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Reduced Quadruple Transition Probability B(E2) for Some Oxygen
Isotopes Using Different Interactions and Effective Charges
To cite this article: Ahmed H. Ali and Akram M. Ali 2018 J. Phys.: Conf. Ser. 1032 012029

View the article online for updates and enhancements.

This content was downloaded from IP address 185.112.233.153 on 04/06/2018 at 12:37

The Sixth Scientific Conference “Renewable Energy and its Applications”
IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series
1032 (2018)
1234567890
‘’“” 012029 doi:10.1088/1742-6596/1032/1/012029

Reduced Quadruple Transition Probability B(E2) for Some
Oxygen Isotopes Using Different Interactions and Effective
Charges
1
1

2

Ahmed H. Ali, 2 Akram M. Ali
College of Medicine, University of Fallujah
College of Sciences, University of Anbar

Author E-mail: dr.ahmedphysics@uofallujah.edu.iq
+
Abstract.
Reduced quadrupole transition rates B(E2;0+
1 → 2 ) the effective charges are
calculated for even-even oxygen isotopes(A=16,18,20,22 )based on p shell and sd shell model
spaces. NushellX@ code are using for calculate one body transition matrix (OBTM) for these
isotopes. Our calculations theoretical for reduced quadrupole transition rates B(E2) are using
the two types of effective interactions to obtain the best interaction compared with the
experimental data were adopted at same time different the effective charges.

1. Introduction
Study the reduced transition probabilities of the oxygen isotopes provide diverse examples of
progress made in experiment and theory. The B(E2) values for transitions from first excited states to
+
ground states (0+
1 → 2 ) in even-even nuclei are important quantities in nuclear physics for
determining the collectivity in nuclei [1].
Quadrupole collectivities (reduced electric quadrupole transition rates), or B(E2)↑ values, play an
important role in nuclear physics and are in high demand for nuclear model calculations. Originally,
these values were compiled by Raman et al. at the Oak Ridge Nuclear Data Project [2, 3].
The general trend of the 2+ excitation energy Ex (2+ ) and the reduced electric quadrupole
transition strength B(E2;2+ → 0+
1 ) for even-even nuclei are expected to be inversely proportional to
one another [3].
In shell-model studies, for many of existing conventional interactions, it is difficult to reproduce
simultaneously the drip lines of carbon and oxygen isotopes as well as some other properties such as
energies of (21+ ) states and B(E2). From a microscopic study, the inclusion of effects of three-body
force is important in describing the drip line of oxygen isotopes [4].
In the present work, shell model calculations are performed with two effective interactions:
Millener-Kurath (MK) interaction for region psd shell [5] and Brown and Richter (USDB) interaction
for region sd shell [6].
2. Theory
A microscopic model has been proposed to include effects from outside the model space, which
is called core polarization effects [7]. The reduced matrix elements of the electron scattering operator
is expressed as a sum of the model space (MS) contribution and the core polarization (CP)
contribution, as follows:
𝑀(𝐸𝐽) = ∑𝑡𝑧 [𝑒(𝑡𝑧 ) ⟨𝐽𝑓||𝑂̂𝐽 (𝑟⃗, 𝑡𝑧 )||𝐽𝑖⟩ 𝑀𝑆 + 𝑒 ⟨𝐽𝑓||∆𝑂̂𝐽 (𝑟⃗, 𝑡𝑧 )||𝐽𝑖⟩ 𝐶𝑃 ](1)
The core polarization CP electric matrix element can be obtained as follows:


J f || Oˆ J ( r , t z ) || J i

cp


 OBTM ( J i , J f , J , t z , j, j) j || Oˆ J ( r , t z ) || j (2)
jj 
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Where OBTM is the one body transition matrix times the single particle matrix elements. The singleparticle matrix element of the CP term is

j || ΔOˆ J || j   j || Oˆ J

Qˆ
Qˆ
Vres || j '  j || Vres
Oˆ J || j ' (3)
Ei  H 0
E f  H0

where the operator is the projection operator onto the space outside the model space.
The single particle core-polarization terms given in equation (3) are written as [8]

j || ΔOˆ J || j ' 

j
(1) j ' j2 
(2  1)

j1 j2  j '   j   j1   j2
 j2
 jj1 | Vres | j ' j2



j' J 
 (1  δ j1 j )(1  δ j2 j ' )
j1  
)4(

j2 || Oˆ J || j1

+terms with and exchanged with an overall minus sign,
where the index runs over particle states and over hole states and ɛ is the single-particle energy. For
the residual two-body interaction Vres, the two-body Michigan three range Yukawa (M3Y) interaction
of Bertsch et al. [9] is adopted.
The electric matrix element can be represented in terms of only the model space matrix elements by
assigning effective charges( ) to the protons and neutrons which are active in the model space,

(5)
M ( EJ )  e eff (t ) J || Oˆ ( r , t ) || J



z

f

tz

J

z

i

MS

The effective nucleon charge can be obtained as follows



e (t z ) J f || Oˆ J ( r , t z ) || J i
 e(t z ) J f || Oˆ J ( r , t z ) || J i
 e J f || Oˆ J ( r , t z ) || J i
MS
MS

ˆ
J f || OJ ( r , t z ) || J i
CP
e eff (t z )  e(t z ) 
e  e (t z )  e e(t z ) (7)

J f || Oˆ J ( r , t z ) || J i

(6)

eff

CP

MS

where is the nucleon polarization charge.
The reduced electric transition can be obtained as follows [8]:

𝐵 (𝐸𝐽) =

|𝑀 (𝐸𝐽) |2
2𝐽𝑖 +1

(8)

3. Results and Discussion
Reduced transition probabilities in units of e2fm4 are calculated for Oxygen isotopes (Z = 8) with
mass number A = 18, 20, 22, 24 and with neutron number N = 10, 12, 14, 16, respectively.
Adopted two interactions such as psdmk interaction for psd model space [5] and the USDB
interaction (universal sd-shell interaction B) for sd model space [6] to generate the one body transition
matrix element (OBTM) values via the computer code NuShellX [10]. The core polarization effect on
the transition strength is based on microscopic theory, which combines shell-model wave functions
and configurations with higher energy. The reduced transition probabilities are calculated by using
different effective charges such as conventional effective charges (CON) [11], Bohr-Mottelson
effective charges (B-M) [12]
𝑒 𝑒𝑓𝑓 (𝑡𝑧 ) = 𝑒( 𝑡𝑧 ) + 𝑒𝛿𝑒 (𝑡𝑧 ),𝛿𝑒(𝑡𝑧 ) = 𝑍/𝐴 − 0.32(𝑁 − 𝑍)/𝐴 − 2𝑡𝑧 [0.32 − 0.3(𝑁 − 𝑍)/𝐴] .

, also using standard effective charges (ST) ep = 1.36 and en = 0.45 [13].
The radial wave functions for the single-particle matrix elements were calculated with the
harmonic oscillator (HO) potential with size parameters calculated for each isotope [14]

b


, withħω =45A- 1/3- 25A- 2/3
M p
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Theoretical Calculations of B(E2) are presented using different effective interactions and
use different effective charges for each interaction. The results presented for B(E2) in this
work and are compared with the available experimental data give in Ref. [15].
3.1. PSDMK Interaction
The calculations are performed psd -model space with psdmk interaction [5] to generate the
OBTM elements for the ground state with J=0 and excited state with J=2. The harmonic oscillator size
parameter was fixed and calculated for each isotope. Calculations of B(E2) are presented using the
conventional effective charges (CON) which are for proton 1.3 e and for the neutron 0.5 e [11], The
Bohr-Mottelson effective charges (B-M)[12] and the standard effective charges ST which are 1.36e
for the proton and 0.45e for the neutron [13] in a comparison with experimental results [15]. The
Bohr-Mottelson effective charges (B-M)[12] are calculated for oxygen isotopes (A=18, 20, 22, 24) as
shown in Table1.
The shell-model calculations, 4 He is chosen as the core for psd model spaces, neutrons and
protons are distributed on the p and sd shell. The size parameter was calculated for 18 O isotope (stable)
18
b= 1.75 fm. The B(E2;2+ → 0+
O isotope where B(E2)CON=19,
1 ) were calculated for
B(E2)ST=15.4 and B(E2)B-M=36.8, these values agree with experimental data 43±38 e 2 fm4 [15]. The
size parameter was calculated for 20 O b= 1.751 fm and the B(E2;2+ → 01+ ) were calculated for 20 O
isotope where B(E2)CON=24.1 and B(E2)ST=19.6 and B(E2)B-M=34.3, these values agree with the
experimental data 29.8±26 e 2 fm4 . The size parameter was calculated for 22O isotope b= 1.795 fm
22
and the B(E2;2 + → 0+
1 ) were calculated for O isotope where B(E2)CON=24.68 and B(E2)ST=19.9
and B(E2)B-M=26.1, these values agree with the experimental data 21±8 e2fm4. Also the size
parameter was calculated for 24 O isotope b= 1.815 fm and the B(E2;2+ → 0+
1 ) were calculated for
24
O isotope where B(E2)CON=7.93 and B(E2)ST=6.42 and B(E2)B-M=6.33, the experimental data
not available.
The results of B(E2) agree with experimental data for all these isotopes. The B(E2) values
calculated with B-M effective charges agree very well with the experimental for all oxygen isotopes
considered in this work as shown in figure.1.a. Calculations of the excitation energies are compared
with the experimental data and tabulated in Table1 and plotted in figure.1.b (lower panel) which
shows a reasonable agreement except for the 24 O isotope, where the theoretical value overestimates the
experimental data.
3.2. USDB Interaction
The calculations are performed with sd -model space with usdb interaction [6] to generate the
OBTM elements for the ground state with J=0 and excited state with J=2 and All isotopes in the
present work takes 16 O as the core. The harmonic oscillator size parameter was fixed and calculated
for each isotope. Calculations of B(E2) are presented using the conventional effective charges (CON)
which are for proton 1.3 e and for the neutron 0.5 e [11], The Bohr-Mottelson effective charges (BM)[12] and the standard effective charges ST which are 1.36e for the proton and 0.45e for the neutron
[13] in a comparison with experimental results [15]. The Bohr-Mottelson effective charges (B-M)[12]
are calculated for oxygen isotopes (A=18, 20, 22, 24) as shown in Table2. The size parameter was
18
calculated for 18 O isotope (stable) b= 1.75 fm and the B B(E2;2+ → 0+
1 )were calculated for O
isotope B(E2)CON=20.1, B(E2)ST=16.3 and B(E2)B-M=38.96, these values agree with experimental
value 43±38 e 2 fm4 [15]. The size parameter was calculated for 20 O b= 1.751 fm and the B(E2;2+ →
0+
1 ) were calculations for 20O isotope where B(E2)CON=25.4 and B(E2)ST=20.5 and B(E2)BM=36.1, these values agree with the experimental value 29.8±26 e 2 fm4 . The size parameter was
calculated for 22 O isotope b= 1.795 fm and the B(E2;2+ → 0+
1 )were calculated for 22O isotope
B(E2)CON=24.68 and B(E2)ST=19.8 and B(E2)B-M=25.9, these values agree with the experimental
value 21±8 e 2 fm4 . Also the size parameter was calculated for 24 O isotope b= 1.815 fm and the
24
B(E2;2+ → 0+
O isotope where B(E2)CON=10.28 and B(E2)ST=8.32 and
1 )were calculated for
B(E2)B-M=8.20, the experimental value not available.
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Figure.2.a show excellent agreement between theoretical results and experimental data for most
isotopes. The Calculated B(E2) values show a decrease with increasing neutron number for N ≥10.
The calculated B(E2) values, with B-M effective charges are closer to the experimental data than
those of the other sets of effective charges . Calculations of the excitation energies are compared with
the experimental data and tabulated in Table2 and plotted in figure2.b (lower panel) which shows a
reasonable agreement except for the 24 O isotope, where the theoretical value overestimates the
experimental data.
4. Conclusions
The shell model is less successful in describing the transition rates unless taking the core
polarization CP effects into account. The CP is necessary, beneficial and plays a major role for
describing nuclear properties.
The calculations in the psd model space were for proton number P= 8 and neutron number N > 2,
which covered the orbits 1p3/2 ,1p1/2 and the orbits 1d5/2 , 2s1/2 and 1d3/2 . Also calculations in the sd
model space were for proton number P≥8 and neutron number N ≥ 8, which covered the orbits 1d5/2
2s1/2 and 1d3/2 .
In this present work, two effective interactions adopted, PSDMK interaction (psdmk int.) in the
region psd model space and USDB interaction (usdb int.) in the region sd model space and are
employed different effective charges. The B(E2) values calculated with B-M effective charges agree
very well with the experimental data than of that the other sets of effective charges for all O-isotopes
considered in this work. The results show a systematic decrease in the B(E2) values for 10 ≤N ≤16.
The small B(E2) values of 22 O, 24 O indicates that these nuclei are nearly spherical closure in
accordance of previous conclusions of the magic number 20. Good agreement is obtained between the
theoretical excitation energy with USDB interaction and experimental excitation energy for all O
isotopes considered in this work.
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Table1. The reduced electric transition probability B(E2) in units of e2 fm4 and excitation energies for
oxygen isotopes (Z = 8). Experimental Ex and B(E2) are taken from Ref. [15]. Calculations B(E2)
using psdmk int.[5] and set effective charges, conventional effective charges (CON) ep = 1.3 and en =
0.5 [11], Bohr-Mottelson effective charges (B-M)[12], and standard effective charges (ST) ep = 1.36
and en = 0.45 [13]
B(E2)B -M

15.4

ep , en
B-M
1.12,0.7

36.8

𝑩(𝑬𝟐)𝒆𝒙𝒑.
PSDMK
43±38

24.1

19.6

1.08, 0.6

34.3

29.8±26

3.199

24.68

19.9

1.04, 0.51

26.1

21±8

4.72

7.93

6.42

1.01, 0.45

6.33

A,N
8O
18,10

(Ex )thor.(MeV)

(Ex )exp.(MeV)

B(E2)CON

B(E2)ST

1.98

1.982

19

20,12

1.77

1.673

22,14

3.25

24,16

5.42

Table 2.The reduced electric transition probability B(E2) in units of e2 fm4 and excitation energies for oxygen
isotopes (Z = 8). Experimental Ex and B(E2) are taken from Ref. [15]. Calculations B(E2) using usdb int.[6] and
set effective charges, conventional effective charges (CON) ep = 1.3 and en = 0.5 [11], Bohr-Mottelson
effective charges (B-M)[12], and standard effective charges (ST) ep = 1.36 and en = 0.45 [13]
A,N
8O
18,10

(Ex )thor.(MeV)

(Ex )exp.(MeV)

B(E2)CON

B(E2)ST

B(E2)B -M

16.3

ep , en
B-M
1.12, 0.75

38.96

𝑩(𝑬𝟐)𝒆𝒙𝒑.
USDB
43±38

1.99

1.982

20.1

20,12

1.77

1.673

25.4

20.5

1.08, 0.6

36.1

29.8±26

22,14

3.15

3.199

24.68

19.8

1.04, 0.51

25.9

21±8

24,16

5.04

4.72

10.28

8.32

1.01, 0.45

8.20
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Figure1. Calculated and measured B(E2; 0+ → 2+) and excitation energy of eve- even oxygen
isotopes. The experimental values are taken from Ref.[15].
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Figure 2. Calculated and measured B(E2; 0+ → 2+) and excitation energy of eve- even oxygen
isotopes. The experimental values are taken from Ref.[15].
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