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To learn many of the
secrets of the nucleus -
we have to put it at
extreme conditions and
study how it su:*vwes
such a stressl

2 Increasing Angular Momentum and EXxcitation Energy is one
of the most excellent ways to investigate nuclear structure
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2.

CNS
formalisme

S. Kaim

"Cranked Nilsson-Strutinsky" [Beng85, Afan99, Carls06].
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2. Theoretical Approach : The CNS code

CNS "Cranked Nilsson-Strutinsky" [Beng85, Afan99, Carls06].
formalisme
[Beng85] T. Bengtsson and I. Ragnarsson, Nucl. Phys. A 436, 14 (1985). b
[Afan99] A. V. Afanasjev, D. B. Fossan, 6. J. Lane, and I. Ragnarsson, Phys. Rep. 322, 1 (1999).
dCarIsOb] B. 6. Carlsson and I. Ragnarsson, Phys. Rev. C 74, 011302(R) (2006) y
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2. j

CNS "Cranked Nilsson-Strutinsky" [Beng85, Afan99, Carls06].
formalisme

E(? o) = Eunla] = 0) + 31

% n g Esh(éﬁ IO)

(€2, Y, €4, ... )
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2. j

CNS "Cranked Nilsson-Strutinsky" [Beng85, Afan99, Carls06].
formalisme

1 72
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Macroscopic contribution

X4

Etnt(éa IO) - ELD(Ea I = 0) 7 n g Esh(éa IO)
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2. j

X4

CNS "Cranked Nilsson-Strutinsky" [Beng85, Afan99, Carls06].
formalisme
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2. j

CNS "Cranked Nilsson-Strutinsky" [Beng85, Afan99, Carls06].
formalisme
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2. j

CNS "Cranked Nilsson-Strutinsky" [Beng85, Afan99, Carls06].
formalisme
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Macroscopic contribution microscopic correction

X4

Etnt(éa IO) - ELD(Ea I = 0) .

E (1) | + Evp(e, I = 0) _ {ZJlﬁg B

S. Kaim ICTP-TAEA Workshop on Nuclear Structure and Decay Data 10 oct. 2018



2. Theoretical Calculation : The CNS code
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2. Theoretical Calculation : The CNS code

@ 6,7 and 8n — {lg ,2d,,and 1h }
-5,-4 and -3v — {2d, ), 3s, , 2f ), Ih, , 1h  and 11, }
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2. Theoretical Calculation : The CNS code

@ 6 7 and 87 — {1g7/29 2d and lhll/z}
-5 -4 and -3v — {2d3/29 1/2° 2f7/29 1h9/2’ 1h11/2 and 1i13/2}

7 ((ds/297/2)%, (h1yj2)By] ® v [(da/281/2)ag” (har/2)ag (hojafrj2)ag (irs/2)ag)
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2. Theoretical Calculation : The CNS code

@ 6 7 and 87 — {1g7/29 2d and lhll/z}
-5 -4 and -3v — {2d3/29 1/2° 2f7/29 1h9/2’ 1h11/2 and 1i13/2}

7 ((ds/297/2)%, (h1yj2)By] ® v [(da/281/2)ag” (har/2)ag (hojafrj2)ag (irs/2)ag)

[1p2, n1n2 (ngny)]
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2. Theoretical Calculation : The CNS code
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2. Theoretical Calculation : The CNS code

S. K
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2. Theoretical Calculation : The CNS code
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2. Theoretical Calculation : The CNS code
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3. Results and Discussion
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2 Deeulte and Nierneceian

Nuclei  Bands Configurations & ¥°
%_Ba Band2  m(dg)*hun® v(ds) h s 0.13 29,33
Band4  m(d2)’h'un® v(ds) h s 0.11 16,76
Band1 1(dg)’ ® v(ds)h 0.14 31,7
Band?2 1(d2)h11n ® V(ds) 21 0.27 -35.06
Band5 m(dg)’ ® v(ds)'h> 1 0.13 -10.584
35 12  Bands 1(dg)® h' 1@ VA1 0.13 5,09
Band7  m(dg) K21 ® v(ds) his 0.14 526
Band9 1(dg)’ ® Vi 0.09 -14.55
Band10 T(dg)® h' 11, ® v(ds) ' h7 1, 0.12 -23.99
Band2 w(dg) h' 11, ®V(ds)*h 11 0.16 26,7
5 oo B3 Wd)Wuno V@) Hua 018 26.56
Band5 1(d2)h1n ® V(ds) h 1 0.18 26.75
Band6 1(d2)* ® v(ds)h s 0.14 -39.48




2V Dacnlde and Niesneecian

Nuclei Bands Configurations & p°
s pg  PAnd2 7(dg) h1 ® V(ds) s 0.13 29,33
Bandd  m(dg)*h'yn® v(ds) hun 0.11 16,76
Band1 ’J'E(dg)T ® V(dS)_zh_zu,Q 0.14 31 ,7
Band2 ’J'E(dg)sh211;2 ® V(dS)-zh-zllfz 0.27 -35.06
Band5 1(dg)’ ® v(ds) h 0.13 -10.584
13557La Band6 Tﬂ(dg)ﬁ hjllgg@ Vh_411;2 0.13 5,09
Band7 T[(dg)s hzll,fg ® V(dS)_lh-311;2 0.14 5,26
Band9 ﬂ:(dg)? ® Vh_41112 0.09 -14.55
Band10 'J'E(dg)ﬁ hjlljz ® V(dS)_lh_?’ll;z 0.12 -23.99
Band2 TE(dg)ThIHQ@V(dS)-zh_Sn,Q 0.16 26,7
13558Ce Band3 R(dg)6h211;2 ® V(dS)-zh-jllgg 0.18 26.56
Band5 R(dg)6h211;2® V(dS)-zh_ju,Q 0.18 26.75

Band6 ﬂ(dg)8® V(dS)-zh-gufg 0.14 -39.48




2V Dacnlde and Niesneecian

Nuclei Bands Configurations &2 p°
o5 pg B2 1(d2) Hon® Vds) h oy 0.13 29,33
Bandd4  m(dg)hlun® v(ds) s 0.1 16,76
Bandl 'J'E(dg)7® V(dS)-zh-zlLQ 0.14 31,7
Band2 'J'E(dg)shzlyg ® V(dS)'zh'zufg 0.27 -35.06
Band5 ﬂ:(dg)?@ V(dS)-lh-311;2 0.13 -10.584
135 1.4  Band6 1(dg)* h'11,® VA1 0.13 5,09
Band7 ’J'l:(dg)5 h211,r;3 ® V(dS)'lh'311,f2 0.14 5,26
Band9 'J'C(dg)? ® Vh_411;2 0.09 -14.55
Band10 'J'l:(dg)6 hflm ® V(dS)-lh-311j2 0.12 -23.99
Band2 n(dg)ThleQ@V(dS)-zh-Sll,Q 0.16 26,7
135 Ce Band3 R(dg)6h211;2® V(dS)-zh_'?nQ 0.18 26.56
% Bands5 1(dg) 11 ® V(ds) 21 0.18 26.75

Band6 (dg)® ® v(ds)*h~ 1 0.14 -39.48




2 Dacnléda and Nlasaalianm

Nuclei  Bands Configurations & ¥°
_Ba Band2  m(de)*hlun ® v(ds) h 2y 0.13 29,33
Bandd  m(dg)h'yn® v(ds) 2wy 0.11 16,76
Band1 (dg)’ ® v(ds)*h? 1, 0.14 31,7
Band2 1(dg) h 11, ® V(ds) 2 h 11 0.27 -35.06
Bands5 1(dg)’ ® v(ds) his 0.13 -10.584
135 1.2  Band6 1(dg)® h' 1,8 VA1 0.13 5,09
Band7  m(dg) K21 ® v(ds) hin 0.14 5,26
Band9 1(dg) ® Vi1, 0.09 -14.55
Band10 (dg)® h' 11, ® v(ds)'h> 1, 0.12 -23.99
Band2 w(dg) h 11, ®V(ds)*h7 11, 0.16 26,7
5 _Ce Band3 1(dg)h 11, ® V(ds) 2 h 11 0.18 26.56
Band5 T(dg)°h’ 11, ® v(ds)*h7 1 0.18 26.75
Band6 1(de) ® v(ds)h 1, 0.14 -39.48




2 Dacnléda and Nlasaalianm

Nuclei  Bands Configurations & ¥°
_Ba Band2  m(de)*hlun ® v(ds) h 2y 0.13 29,33
Bandd  m(dg)h'yn® v(ds) 2wy 0.11 16,76
Band1 (dg)’ ® v(ds)*h? 1, 0.14 31,7
Band2 1(dg) h 11, ® V(ds) 2 h 11 0.27 -35.06
Bands5 1(dg)’ ® v(ds) his 0.13 -10.584
135 1.2  Bands 1(dg)® h' 1,8 VA1 0.13
Band7  w(dg) Hun® v(ds) h s 0.14 (.20
Band9 1(dg) ® Vi1, 0.09 -14.55
Band10 (dg)® h' 11, ® v(ds)'h> 1, 0.12 -23.99
Band2 w(dg) h 11, ®V(ds)*h7 11, 0.16 26,7
5 _Ce Band3 1(dg)h 11, ® V(ds) 2 h 11 0.18 26.56
Band5 T(dg)°h’ 11, ® v(ds)*h7 1 0.18 26.75
Band6 1(de) ® v(ds)h 1, 0.14 -39.48




2 Dacnléda and Nlasaalianm

Nuclei  Bands Configurations £ y°
_Ba Band2  m(de)*hlun ® v(ds) h 2y 0.13 29,33
Bandd  m(de)h'yn® v(ds) s 0.11 16,76
Band1 (dg)’ ® v(ds)*h* 1 0.14 31,7
Band?2 N S TT 0.27 -35.06
Band5 112 0.13 -10.584
13557La Band6 e 0.13
Band7 o | L Whe 014
Band9 = 0.09 -14.55
Band10 (dg)® h'11,® v(ds)'h3 1, 0.12 -23.99
Band2 (dg) h' 11, ®V(ds)*h7 11, 0.16 26,7
% _Ce Band3 1(dg)h 110 ® V(ds)2h 111 0.18 26.56
Band5 (dg)°h’ 11, ® v(ds)*h7 1 0.18 26.75
Band6 1(de)* ® v(ds)h 1 0.14 -39.48




2 Dacnléda and Nlasaalianm

Nuclei  Bands Configurations ) 2°
%_Ba Band2 1 (dg) h21 ® V(ds) B2 0.13 29,33
Band4 2 (dg)*h' 112 ® V(ds) h 2w 0.11 16,76
Band1 (dg)’ ® v(ds)*h* 1 0.14 31,7
Band? 1(d2) H 1128 V(ds) 11 0.27 -35.06
Band5 w(dg)’ ® v(ds) i1, 0.13 -10.584
135 1.2  Bandé 1(dg)® h' 1@ VA1 0.13
Band7 w(dg)° K11 ® v(ds) hin 0.14
Band9 1(de)’ ® Vi, 0.09 -14.55
Band10 (dg)® h'11,® v(ds)'h3 1, 0.12 -23.99
Band2 (dg) h' 11, ®V(ds)*h7 11, 0.16 26,7
5. Ce Band3 1(d2)h 1128 V(ds)h 1 0.18 26.56
Band5 (dg)°h’ 11, ® v(ds)*h7 1 0.18 26.75
Band6 1(dg)* ® v(ds) 1 0.14 39.48 ()




2 Dacnléda and Nlasaalianm

Nuclei  Bands Configurations £ y°
%_Ba Band2  7(de)h’un® V(ds) h s 0.13 29,33
Bandd  7(dg)’h'in® v(ds) hun 0.11 16,76
Band1 (dg)’ ® v(ds)*h* 1 0.14 31,7
Band?2 1(d2) H 1128 V(ds) 11 0.27 -35.06
Band5 w(dg)’ ® v(ds) i1, 0.13 -10.584
135 1.2  Bandé 1(dg)® h' 1@ VA1 0.13
Band7 w(dg)° K11 ® v(ds) hin 0.14
Band9 1(dg) ® Vit 0.09 -14.55
Band10 (dg)® h'11,® v(ds)'h3 1, 0.12 -23.99
Band?2 1] L 0.16 26,7
15_Ce Band3 m(d 31n 0.18 26.56
Band5 (4 P 0.18 26.75
Band6 1 S, 0.14 39.48()




4. SUMMARY

* High spin states of *°Ba, **La and **Ce isobars are interpreted by CNS code.
Calculation Results are represented by plots and curves : E—E_ (1), PES, J¥(w), ...
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* In general these isobars shows a pronounced triaxiality but also axial symetric
shapes: prolate in bands 6 and 7 of *°Laq, oblate in band 6 of *°Ce.
— These nuclei shows shape co-existence phenomenon.

*The quadrupole deformation in not very important for baryum and lanthane nuclei

e,~0.1-0.14, except band2 of **La where ¢,~ 0.27. the 135Ce seems to be more
deformed ¢,~ 0.17.
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* High spin states of *°Ba, '**La and *°Ce isobars are interpreted by CNS code.
Calculation Results are represented by plots and curves : E—E_, (I), PES, JV(w), ...

* In general these isobars shows a pronounced triaxiality but also axial symetric
shapes: prolate in bands 6 and 7 of *°Laq, oblate in band 6 of *°Ce.
— These nuclei shows shape co-existence phenomenon.

*The quadrupole deformation in not very important for baryum and lanthane nuclei
e,~0.1-0.14, except band2 of **La where ¢,~ 0.27. the 135Ce seems to be more

deformed e,~0.17.

* High-spin states are explained basing on simple configurations formed by a
combined contribution on 3- 5 neutron holes in h  orbitals and (ds) sub-shells and
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by 1- 2 protons excitations to the h,  orbitals.
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4. SUMMARY

* High spin states of *°Bq, *°La and "*°Ce isobars are interpreted by CNS code.
Calculation Results are represented by plots and curves : E—-E_ (I), PES, J¥(w), ...

* In general these isobars shows a pronounced triaxiality but also axial symetric
shapes: prolate in bands 6 and 7 of *°Laq, oblate in band 6 of **Ce.

— These nuclei shows shape co-existence phenomenon.

*The quadrupole deformation in not very important for baryum and lanthane nuclei
e,~0.1-0.14, except band2 of ***La where ¢,~ 0.27. the 135Ce seems to be more
deformed ¢,~ 0.17.

*High-spin states are explained basing on simple configurations formed by a
combined contribution on 3- 5 neutron holes in h, , orbitals and (ds) sub-shells and

by 1- 2 protons excitations to the h _orbitals.

1172

» The proposed structures are generally in a good agreement with the observed
results for these nuclei.

S. Kaim ICTP-IAEA Workshop on Nuclear Structure and Decay Data 10 oct. 2018



Thank you for your Attention )

S. Kaim ICTP-IAEA Workshop on Nuclear Structure and Decay Data 10 oct. 2018
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