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Résumé

La région **Sn doublement magique est trés intéressante pour plusieurs raisons. Elle
fournit des informations importantes sur le modele de calculs des processus
astrophysiques, donne 1’opportunité d’extraire les interactions empiriques N-N et de
tester des descriptions théoriques du modéle en couches de la structure nucléaire des
noyaux dans cette région. L’interaction CW5082 du code OXBASH a été dérivée a
Iorigine de la région **Pb en utilisant les informations expérimentales récentes de la
région '**Sn. Cette interaction a alors subit des modifications par différents auteurs tel
que ceux de S. Saha (interactions SMN et SMPN). Nous avons procédé par de nouvelles
modifications de I’interaction CW5082, aux calculs des énergies d’excitation et des
probabilités réduites B(E2) des isotopes de I’étain de A=135-136, dans le cadre de
modele en couches. Les résultats obtenus montrent une amélioration remarquable dans
le pouvoir prédictif lorsqu’on les compare avec les résultats expérimentaux disponibles.
Ils sont aussi en bon accord avec les résultats calculés par les deux interactions SMN et
SMPN.
Mots clés: Isotopes de Sn, Modéle en couches, Code OXBASH, Interactions effectives, Energies
d'excitation, Probabilité réduite B(E2).
Abstract

The doubly magic *?Sn region is interesting for many reasons. It offers the
important information for the astrophysical processes model calculation, can gives the
opportunity to take out the empirical N-N interactions as well as to test theoretical shell
model description of nuclear structure in this region. The CW5082 interaction of the
shell model code OXBASH has originally derived from the ***Pb region by using recent
experimental information of the '**Sn region. Then, this interaction has undergone the
other modifications by different authors such as them S. Saha (SMN and SMPN
interactions). We have developed by the new modifications of CW5082 interaction, at
the calculations of the excited energies and the reduced probabilities B(E2) with
A=135-136 Sn isotopes, in the shell model. The gotten results show a remarkable
improvement in the predictive power when we compared them with the available
experimental results, and contrast well with the calculated results with the SMN and
SMPN interactions.

KM!OI’CIS: Sn isotopes, Shell Model, OXBASH code, Effective interactions, Excited energies, Reduced
probability B(E2).
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I ntroduction

The region around *2Sn, with its closed shells of both
protons and neutrons, is a region of the many isotopes
which constitute an area of significant mass allowing to
extort the precise information on the fundamental nuclear
properties, such as to explain the most interesting
phenomena as the doubly magic of shell, the isomeric
states, the high spins of the rotational bands
corresponding to the nuclei which have a very high
number of protons exceeding the magic number 50.

In few last years, there were important appreciations in
the experimental knowledge of the neutron-rich nuclei
with few particles outside the doubly magic **Sn nucleus.
These nuclei are of special interest since they provide
direct information about the effective charges, nucleon-
nucleon effective interaction, and particle energies [1].
Moreover, the study of very neutron-rich nuclei both
experimentally as theoretically is important not only for
the nuclear structure, but also for the applications in the
astrophysical rapid neutron capture r-process model
calculations. The astrophysical modeling of the synthesis
processes of elements and their abundance in nature relies
heavily on nuclear structure data and predictions from
nuclear models. In r-process about half of the nuclei
heavier than iron are produced in sequences of neutron
capture and B decays [2].

In this paper, we have studied the neutron-rich tin
isotopes by using CW5082 modified interactions. Our
modifications on CWS5082 interaction is based on the
Saha's ones [3]. However, we have used the binding
energies in all of our modification steps. Then, we have
compared the obtained results with that of S. Saha et al.,
and with the experimental results. These new interactions
give an available agreement of the excited energies and
reduced probabilities B(E2) for '*3'36Sn, '3-13%gp, 135
Te and ' isotopes as well as S. Saha’s interactions
(SMN and SMPN).

2. OXBASH
interactions

calculations and Modified

Shell model calculations for the '**'3Sp, 135-136gp, 135

%Te and '*I nuclei have been performed using the code
OXBASH [4], the calculations induced a model space
consisting of the '**Sn inert core and all orbitals between
13281 and *®Pb as following: 1gg,, 2ds;, 2ds,, 351, and
lhy,, for proton with the energies in MeV: -9.6629, -
8.7005, -7.2233,-6.9657 and -6.8714 [5] respectively and
lhg/z, 2f7/2, 2f5/2, 3p3/2, 3p1/2 and 1i13/2 for neutron with the
energies in Mev: -0.8944, -2.4553, -0.4507, -1.6016, -
0.7996 and +0.2397 [5] respectively. The neutron and
proton single particle energies are acquired from the
experimental values [6], except 3s1), spe is obtained from
the local systematic [7] and 1i13/2 spe which is taken
from the reference [8].
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The CW5082 interaction was obtained by replacing the
five proton-neutron 0" and 1" levels that were nearly
degenerated, as is known for 219Bi [9] of KH5082
interaction, where this later was obtained from the Kuo-
Herling “bare + one particle-one hole” or “bare G matrix
+ core polarization” matrix elements of the **Pb region
E)/%/ multiplying them by the mass-scaled factor (132/208)
[9].

We have changed the neutron-neutron tbme and proton-
neutron tbme were keeping the same ones as those in
CWS5082. The six neutron-neutron diagonal TBME with
J*=0" being too attractive were multiplied by the factor of
0.48 [3]. This factor is obtained by reproducing the
experimental binding energy -6.365 MeV of '**Sn.

Then, we have used the experimental binding energies -
5.6394, -5.2916, -5.1176 and -3.8561 MeV of the first
four excited states J™=2", 4", 6 and 8" respectively of
4Sn nucleus. By the same steps of modifications, we
have also used the experimental binding energies: -
12.9520, -12.9390, -12.6213, -12.5685, -12.3972,
12.6690, -11.8790, -105180, -10.8260, 8.8580, -8.5270
and -8.4350 MeV of the levels: =0~ , 1~ 2~ , 3,
4,7 ,8 ,9,10°,10" ,11° ,and 12° respectively
of the **Sb nucleus for modifying its matrix elements.

Thereafter, we have modified four proton-proton TBME
by using the binding energies of the "*Te nucleus of
J'=0", 2%, 4", and 6" with (ng;,)* which are: -20.560, -
19.281, -18.984 and -18.868 MeV respectively.

Finally, we have obtained two new interactions. The first
interaction is called SLN, by the modification of 22
matrix elements of CW5082 interaction; and the second
one is named SLPN by changing 26 matrix elements of
the CW5082 interaction.

3. Results, comparison and discussion

In this work we have calculated the level spectra and
B(E2) values for Sn, Sb and Te isotopes of A=135-136
masses and also of '*°I nucleus by the new interactions
SLN and SLPN, where we have attempted to find the
different between these interactions and the ones of S.
Saha et al.,.

The figure (1) shows the comparison between the
interactions SLN and SMN with very recent experimental
spectra for the 1358, 1338b, *3Te and '*1 isotopes. Then,
in the figure (2), we compare also the calculated spectra
that have obtained by using the new interactions, with the
ones that calculated by SMN and SMPN interactions and
with the experimental spectra for *°Sn, *°Sb and "*°Te
isotopes.
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According to the figures (1.a) and (1.d); one can observe o 152 1663 o

that for the '*Sn and "I isotopes which have three 2 s —ZTA 2 s
neutrons and three protons of valence respectively o7,  143% 22, 13 9y, 144
(identical valence nucleons), the different between SLN 92 1320

and SMN isn't notable where the great value of |AE| is 12 37, 1018 1wz 1193 37, 1020
keV for the first excited level 52~  of **Sn, and both of 1577 1002 3 03 157 993
these interactions have given a good agreement with the 9/2 701 P — 92 701
experimental value for '*I spectrum except the 19/27,23/2" 2 6% ﬂ——mj wr 65
and 21/2" levels. However, the figure (1.b) shows a great . 151 32 7 - 353
different between SLN and SMN for the '**Sb nucleus 7 21 YT

that has one proton and two neutrons (non-identical

valence nucleons), the great value of |AE]| is 250 keV for 12 0 it 0 2 2
the level 23/2". Whereas, the figure (1.c) illustrates that a) SLN CW5082 SMN
the difference between the SLN and SMN [10] w1971

interactions isn't important for the low spin, although, it is = 232" 1398
very big for high spin where the big value of |AE| is 426 232" leds )

keV for the level 21/2". T s 172 14ms 172 1564
Similarly, SLN and SMN interactions have given the 195‘21 p— — P e
analogous results for '°Sn and '*°Sb approximately p—= 2 i 152 11
(figures (2.a) and (2.b)). On the other hand, they haven’t .

given good results for '*°Te; there is a remarkable e — 12 707 12 711

difference between the SLN and SMN interactions, and 52 716 527 630
between the SLPN and SMPN interactions, too.

52 282
Furthermore, it is seen that even with the minor change, 72" 0 72 0 72 0
the result for the binding energies with the SLPN
: SR SLN Exp SMN
interaction is regularly better than that of SLN. b)
. 252 3375
. . 2527 3234 _
Therefore, we can acquire from these comparisons, that 257 3038 282 204
the modification of neutron-neutron and proton-proton . 207 2623
X L 202 2208 112 2623
TBME have given a similar results as of S. Saha et al, .. 2105 -
especially for the tin isotopes that have the identical \2U2 2199 y7p 202 197 058 172 2017 T 2125
- 135136 135 135 ) =T S
valence nucleons like Sn and I, for the "I nucleus 192 72 T T o7 1208 TR L
is of special interest for a test of the basic ingredients of a M 192° 1662 07 1383 192° 1625
shell model calculation like **Te because they represent a 1i-2' 1;09 {; g: Eaﬁ 157 1505 57 150
direct source of knowledge of the effective interaction ] ' 12 1 _—
proton-proton interaction [11]. At the same time as, the
modification of proton-neutron TBME has given the
different results that of S. Saha et al., if we would apply " - o i
them on the isotopes which include the non identical 0 0 2 Y 2 g
valence nucleons with the same number like '*°Sb
(1proton-2neutron) and '°Te (2protons-2neutrons), c) SLN SLPN Exp SMN
however, they have given the same results as of SMN and 32 5); 3y I - B oUT 8L e
SLMP if the number of valence proton is bigger than —— FRUL BT 6 s 0 —
valence neutron and vice versa. Hence, our modifications bz 3138 1977 3641 T 192" 3688
are dependent on the valence nucleons interaction.
Figure (1): Comparison of calculated (SLN, SLPN, SMN 12 1953 ——— (Ll Ul 172" 1938
and SMPN) and experimental excitation energies . e - .
C152 1404 o 92 152 419 13 1520 1307 92 152 1378
for A=135 mass a) '>>Sn, b) '**Sb, ¢) **Te and d) '*I. 92—/ 1I§ T e LZ0r o 108 ﬁ\j
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Figure (1): Comparison of calculated (SLN, SLPN, SMN
and SMPN) and experimental

excitation energies for A=136mass a) '*°Sn, b) '*°Sb and
c) *Te.

According to the results of the exited energies of Sn, Sb,
and Te that calculated with SLN, we have calculated its
reduced probability B(E2) for the effective charge 1.47e
and 0.72e of proton and neutron respectively (table (1))
and have compared with SMN and with the experimental
B(E2) results.

We have obtained a good results of B(E2) with SLN as
well as SMN *Sn and "**Te isotopes. For '*’Sb, the
calculated B(E2) value of 19/2" —15/2% transition
with both of SLN and SMN are too far from the
experiment, but we see that SLN and SMN give the
nearly value, it is the contrary the exited energies results.

Isotopes |7 17 Exp SLN | SMN

134gn 0 27| 36 36.65 | 37

6—» 4" - 365.4 | 366

134Te 0—» 2| 835 | 100.3 | 100.2

6~ 47| 960 | 872.1 | 869.8

133Sb —»9/2" | =45 | 8594 | 84
15/2*

136T¢ 1030 | 1781 | 2165
o—> 2
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Table (1): Comparison of calculated (SLN with SMN)
and experimental B(E2) (in €fm’) values for N=84
isotones using 1.47e and 0.72e proton and neutron
effective charge respectively.

CONCLUSION

On conclusion, the two modified interactions SLN
and SLPN of CW5082 interaction following the S. Saha's
modification steps [3] supply the very interesting results
for a '*2Sn region. We find that these interactions have the
same behavior that of SMN and SMPN, hence, one be
able to demonstrate that a binding energy of the ground
state doesn't have a great influence on the nucleon-
nucleon interaction and especially for the nuclei of
identical valence nucleons as example, the *>'*°Sn and
5T nuclei. We must make other modifications on the
proton-neutron matrix elements of the non-identical
valence particles nuclei in order to improve the spectra
results of these nuclei. The calculated values of reduce
probability B(E2) for 1.47e and 0.72e proton and neutron
effective charges respectively, are in a good agreement
with the experiment.
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