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            Search for Jacobi-Poincarè Transitions 
     

 Evolution of Nuclear Shapes of HOT nucleus  
at the Highest angular momenta 

Oblate (MacLaurin) 

Elongated	  triaxial	  (Jacobi)	  
-‐>	  gateway	  to	  	  

	  	  	  Hyperdeformed	  	  shapes	  at	  T∼	  0	  

Octupole, left- right 
asymmetric (Poincarè) 

 Lublin-Strasbourg liquid Drop (LSD)  model  
by K. Pomorski and J. Dudek, PRC67 (2003) 044316 

à Important for FISSION dynamics, search for HyperDeformed shapes at T≈0 

A.Maj et al. Int. J. Mod. Phys. E19, 532 (2010); 
K.Mazurek et al., Acta Phys. Pol. B42, 471 (2011) 

Analogous effect in fast rotating gravitating bodies 



  
!    Fission: 
    - Symmetric (Jacobi)  
       - Asymmetric (Poincarè)   
 
!    Line Shape of Giant Dipole Resonance 
    
!    Warm Rotation (Variation in moment of Inertia):  
     - Giant Backbending 
         - Ridge-Valley Structures in γ-γ spectra  
       

        

 Search for Jacobi-Poincarè Transitions 
 

Experimental Signature 



142Ba-Theory 

1- Line Shape of Giant Dipole Resonance 

Euroball + HECTOR  
experiment in Strasbourg 

Evidence for  
Jacobi shape transition in 

nuclei  
(oblate -> very elongated prolate)  
and for the Coriolis splitting 

A.Maj et al, Nucl. Phys. A731 (2004) 319 ;   
M. Kmiecik et al., Acta Phys. Pol. B36, (2005) 1169 

IVGDR 

More on Jacobi transitions seen through GDR:  
see talk of Marysia Kmiecik during the Workshop 



2-  Giant backbending         (T≈0) 

Sudden change in moment of inertia  
of warm rotating nuclei 



-160 -120 -80 -40 0 40 80 120 160

Eγ1 - Eγ2  (keV)

40

50

60

70

80

90

100

Co
un

ts 
x 

10
-3

 

 
 

750 keV 

163Tm 

projection at <Eγ> = 750 keV  

quasi-continuum γ-γ spectra 

FWHMRidge~20 keV 

clear signature of warm rotation 

2x42/J(2) 

Ridge spacing: Average Moment of Inertia J(2) 
Ridge FWHM: Spread in J(2) 

Superdeformed 152Dy 
was FIRST observed 
as ridge structures !!! 

163Tm 

3-  Ridge Valley Structure in γ-γ Spectra  

Eγ1  

Eγ2  



 New calculations based on the LSD model, allowing odd-rank 
deformation parameters (α30, α50, α70) to be free: 

 
 K. Mazurek, J. Dudek, A.Maj, to be published 

 
 A.Maj, K. Mazurek, J. Dudek, M. Kmiecik, D. Rouvel 

     “Shape evolution at high spins and temperatures: nuclear Jacobi and Poincare transition”, J. 
Mod. Phys. E19 (2010) 53 

 142Ba  (Z=56, N=86) 

Best Candidates are expected  
in neutron-rich nuclei 

 Lublin-Strasbourg liq.Drop (LSD)  model by K. Pomorski and J. Dudek, PRC67 (2003) 044316 

~430 MeV 94Kr beam on 48Ca target → 142Ba* 

SPIRAL2  beam with I∼109 pps (@DAY1 I=1.3x107 pps) 



Jacobi shape transition sets in around I=76 

From I=88 octupole 
deformation sets in  

Poincare shape transition? 



Similar behaviour is expected already for 128Ba: 
Oblate  → Jacobi  → Poincare  → fission  
          I≈70          I≈82           I≈90  

à n-rich Ba nuclei are expected  
to exhibit Jacobi-Poincarè transitions 



OUR  EUROBALL IV+DIAMANT experiment, 
 

B. Herskind et al. 
 

64Ni + 64Ni  128Ba*, 255 and 261 MeV 
 

Search for Discrete HyperDeformed Bands  



ND         HD 

The Jacobi Transition Effect 
is considered very important  

for the population of  
hyperdeformed states 

Including Shell and Temperature Effects 

Microscopic Calculations 
  

extented to include  
higher temperature regions  

 
N. Schunck et al. PRC75(2007)054304 

~7 MeV 

~  9 MeV 
~11 MeV 

Fission 
Barrier 



Results from EUROBALL experiment: 
!   NO discrete HyperDef bands 
!   Particle gated Ridge  with very large J (2)  in limited Spin Region 

Several charged particle channels 
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Ridge intensity 
(α2n)→122Xe 

 

Rotational Planes γ-γ-γ	

(2p2n)→124Xe 
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118Te, 42 mb 
120Xe, 40 mb 
121Xe, 132 mb 
122Xe, 118 mb 
123Cs, 109 mb 
124Cs, 96 mb 
125Cs, 44 mb 
123Ba, 49 mb 
124Ba, 107 mb 
125Ba, 52 mb 

255MeV 64Ni+64Ni -> 128Ba 
Lmax=76 



SPIRAL2 Day1 experiment: 
90Kr (∼ 109 pps)  + 48Ca  138Ba* 

LOI, A. Maj and S. Leoni 



	  
Day-‐0)	  LNL	  Legnaro:	  86Kr	  (stable)	  on	  48Ca	  leading	  to	  134Ba*:	  	  	  	  
TEST	  of	  	  inverse	  kinemaNc	  reacNon	  with	  PARIS	  prototype,	  HECTOR+,	  	  
GALILEO	  and	  RFD.	  
TEST	  compeNNon	  with	  fission	  at	  extreme	  spins	  in	  neutron-‐rich	  region.	  
	  

Day-‐1)	  At	  the	  first	  stage	  of	  SPIRAL2	  the	  reacNon	  	  
90Kr	  (with	  intensity	  of	  5x108	  pps	  and	  ~4	  MeV/A)	  on	  48Ca	  
target	  will	  be	  used	  to	  populate	  the	  compound	  nucleus	  
138Ba*	  at	  maximum	  spin	  around	  90	  .	  	  	  
	  
Day-‐2)	  At	  a	  later	  stages	  (Phase2-‐Day2)	  even	  more	  neutron-‐rich	  systems,	  as	  e.g.	  
142Ba*	  will	  be	  reached	  by	  the	  use	  of	  the	  94Kr	  beam,	  with	  similar	  intensity.	  	  

Experimental strategy: Step Approach 



1π AGATA/EXOGAM2	  +	  1π PARIS	  +	  VAMOS/RFD	  +	  DIAMANT	  

Experimental Setup @ SPIRAL2 

Possible	  set-‐up	  :	  
	  
	  	  	  	  PARIS	  (2π)	  	  	  	  	  	  	  	  	  	  	  	  	  	  +	  	  	  	  	  	  	  	  	  	  	  VAMOS/RFD	  	  	  	  	  	  	  	  +	  	  	  	  	  	  	  EXOGAM2/AGATA	  	  	  	  	  	  	  	  	  	  	  +	  	  	  DIAMANT	  
	  	  	  
	  
High-‐energy	  γ	  rays	  (GDR)	  	  	  	  	  	  	  	  	  	  	  	  	  	  Reject	  fission	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Discrete	  γ	  lines	  	  	  	  	  	  	  	  	  	  	  	  	  	  charged	  parNcles	  
	  	  	  γ-‐ray	  mulNplicity	  (~	  L)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Measure	  of	  (v,	  ϑ)ER	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Ridge	  structure	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  High	  efficiency	  and	  selecXvity	  

Thank You for the Attention 

Recoil	  Filter	  Detector	  :	  see	  contribuXon	  of	  Mateusz	  Krzysiek	  





9	  phoswich	  (LaBr3+NaI)	  crystals	  PARIS Prototype 

PARIS prototype:  cluster of 9 phoswich crystals (LaBr3 2”x2”x2” +NaI 2”x2”x6”) 
Dimension (without PMTs and holding structure):  6"x6"x8"  
READY:  beginning of 2012 
October 2011: 5 phoswiches, to form a "clover" or "cross-like" cluster.  

Proposed	  set-‐up	  	  at	  LNL:	  
	  
	  	  	  	  	  	  	  GALILEO	  	  	  	  	  	  	  +	  	  	  	  	  	  	  	  	  LaBr3	  (+	  PARIS	  Prototype)	  	  	  +	  	  	  	  	  	  	  	  	  RFD	  
	  
	  	  	  	  	  	  	  Discrete	  γ	  lines 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  High-‐energy	  γ	  rays	  (GDR)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Reject	  fission	  
	  Ridge	  structures/E2	  bump	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Measure	  of	  (v,	  ϑ)ER	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  High	  efficiency	  and	  selecXvity	  



Heavy Ion detection: 
large-acceptance spectrometer VAMOS @ 0° 

!     Vacuum VAMOS better for  
                94Kr (430MeV) + 48Ca  
          (sufficient beam rejection  
             if lower transmission) 

!     Available Doppler correction  

!     88Kr+40Ca under study 





Experimental setup:	  AGATA/EXOGAM2	  array	  	  +	  2π PARIS	  scinNllator	  array	  	  
+	  detecNon	  system	  for	  	  selecNon	  of	  the	  evaporaNon	  residues	  (RFD:	  Recoil	  Filter	  Detector)	  	  

Best Candidates (n-rich Ba): 94Kr + 48Ca → 142Ba*  (Z=56, N=86) 
 

Fusion reactions with radioactive beams (SPIRAL2) 

LOI SPIRAL2 


