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CNS calculations for CNS calculations for 138138Nd :Nd : high spins ! high spins !

I. RagnarssonI. Ragnarsson



CNS calculations for CNS calculations for 138138NdNd

I. RagnarssonI. Ragnarsson



Stable triaxiality:Stable triaxiality:  �� ~ +30° for N<82~ +30° for N<82

PRC 61 (1999); 69 (2004); 70 (2004); 72 (2005); 74 (2006); PRC 61 (1999); 69 (2004); 70 (2004); 72 (2005); 74 (2006); 
84 (2011); 86 (2012); 87 (2013); 88 (2013); 88 (2013)R84 (2011); 86 (2012); 87 (2013); 88 (2013); 88 (2013)R
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Chiral mode

Wobbling mode

Triaxiality at high spins



��  h h11/211/2 ��  h h11/211/2

X-axis 90X-axis 9000
Z-axis 0Z-axis 000

E2 bandsE2 bands

TAC, CSMTAC, CSM
S. FrauendorfS. Frauendorf



C. Petrache et al., PR C86, C. Petrache et al., PR C86, 
044321 (2012) 044321 (2012) 

138138Nd Nd – 21 bands at medium spins ! – 21 bands at medium spins ! 

PAC-short
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C. Petrache et al., PR C86, 044321 (2012) C. Petrache et al., PR C86, 044321 (2012) 
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Configuration assignments for the 21 Configuration assignments for the 21 
bands at low and medium spin of bands at low and medium spin of 138138NdNd



C. Petrache et al., C. Petrache et al., 
to be submittedto be submitted

138138NdNd

15 high-spin bands15 high-spin bands

γγ<0<000

γ>γ>0000



C. Petrache et al., PRC(R) 2013C. Petrache et al., PRC(R) 2013

Switch of rotation from short to intermediate axis Switch of rotation from short to intermediate axis 
at high spin in at high spin in 138138Nd Nd   

Short axis Short axis 

Intermediate axis Intermediate axis 

Short axis Short axis 

Intermediate axis Intermediate axis 



CNS calculations for CNS calculations for 138138Nd – I. RagnarssonNd – I. Ragnarsson

Existence of triaxial shapes with Existence of triaxial shapes with γγ  >>  00oo and and  γ γ < 0< 0oo    

Calculated potential energy surfaces in the 
(ε

2
,γ)-plane, illustrating the shape change 

around I = 35 for the [3,3(10)] configuration 
assigned to the T1 band. The contour line 
separation is 0.25 MeV. 

�� ~+30~+30oo

�� ~-30~-30oo

C. Petrache et al., PRC(R) 2013C. Petrache et al., PRC(R) 2013



SCTAC calculations for SCTAC calculations for 158158ErEr

Y. Shi et al., Y. Shi et al., 
PRL 108, PRL 108, 

092501 (2012)092501 (2012)



Existence of stable triaxial shape at high Existence of stable triaxial shape at high 
spins in Lanthanides with N < 82 : spins in Lanthanides with N < 82 : 140140Nd Nd 

CNS calculations for CNS calculations for 140140Nd for Nd for (I,(I,ππ)=(even,+))=(even,+)  
and for theand for the [82,22(20)] [82,22(20)] configuration of band Q1 configuration of band Q1



Leguillon et al, PRC 88, 014323 (2013)

Energies relative to a 
axially deformed  
rotating liquid drop

Comparison CNS - experiment for Comparison CNS - experiment for 140140Nd Nd 



Why study of isomers ? 

 Constraints for matrix elements of effective residual 
interactions used in the shell-model calculations

 
 Improve the predictive power of effective interactions for 

neutron-rich nuclei 

Seniority isomers in nuclei around the N=82 Seniority isomers in nuclei around the N=82 
shell closureshell closure



Systematics of Systematics of 
N=80 nucleiN=80 nuclei

17N+124Sn
(p4n)

14C+130Te
(� 4n)

1414++

58Ni+96Ru
(p3n)+ 

p emission

238U+12C
(fission)

24Mg+124Sn
(6n)

18O+126Te 
(4n)
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JUROGAM+RITU at Jyväskylä (48Ca + 96Zr)



Level scheme of Level scheme of 139139NdNd

�� (d(d5/25/2hh11/211/2))-2-2�� (s(s1/21/2/d/d3/23/2)h)h11/211/2
-2-2

    

�� dd3/23/2hh11/211/2
-2-2

IIpp=23/2=23/2++

TT1/21/2=272(4) ns =272(4) ns 

JUROGAM II + RITU
Prompt � -rays + recoil selection

Phys. Rev. C87, Phys. Rev. C87, 
064303 (2013)064303 (2013)

Isomers in nuclei close to N=82 Isomers in nuclei close to N=82 



23/223/2++

13561356

12231223

12081208

TT1/21/2=272(4) ns =272(4) ns 

19/219/2++

E=45 keVE=45 keV

139139NdNd

Phys. Rev. C87, Phys. Rev. C87, 
064303 (2013)064303 (2013)



Prompt coincidence spectra between Prompt coincidence spectra between 
transitions above the 27transitions above the 27-- isomer isomer



CollaborationCollaboration
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IPN Lyon – N. Redon, O. Stezowski, D. Guinet,A. Vancrayenest 

LTH Lund – I. Ragnarsson

Notre Dame University – S. Frauendorf

Fukuoka University – M. Matsuzaki

University of Jyväskylä – P. Greenlees et al. 

University of Padova – S. Lunardi et al.
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