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Clustering - possible origin of deformation in 32S? 



Why lifetimes are important for nuclear structure studies? 
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Lifetimes  provide information about absolute probabilities (decays per 

second)  for transitions between two nuclear states and thus shed light on 

their structure. Normally, the modulus of the reduced transition matrix 

element  

                                          <Ff||O(s,l)||Fi>   

 

is determined. The electromagnetic interaction is well understood and this 

gives us the possibility to extract pure nuclear structure information. 

Electromagnetic transition probabilities are sensitive to the wave functions 

of both initial and final states and thus represent an important  tool for 

testing nuclear models. 
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Line shape analysis and lifetime 
determination according to the DDCM 
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Starting point: First observation of a-clustering in 

heavy nuclei (212Po) 
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 Some related publications for 212Po=a + 208Pb 
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Mutual displacement and/or vibrations of “magic” 

clusters as driving deformations 
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Level energies and E2 transition strengths in 32S 
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P 

How these short  lifetimes have been measured:  

Principle of DSAM 

(Non-relativistic formula) 

Physical basis: Emission of g-
rays with different (generally 
decreasing)  Doppler-shifts 
during the deceleration  of 
excited nuclei 
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Generating velocity projection spectra on observation axis 

Stopping process: 
- electron (continuous)  
- nuclear  (scattering with 
discrete energy losses) 

Modified Monte-Carlo 
code of Georg Winter 
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Example of GFA analysis from NIM A 437 (1999) 274 

DDepopulating transition 

t = {SB,UA}/<d{SB,SA}/dt> Lifetime: 

A la DDCM: 

U – unshifted 
S-shifted 
{X,Y}-number of 
coincident events 
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Differential Decay Curve Method (DDCM): 
A. Dewald,  S. Harissopulos, P. von Brentano. Z. 
Phys. A334 (1989)163 
G. Boehm, A. Dewald, P. Petkov, P. von 
Brentano, Nucl. Inst. Meth. A 329 (1993) 248 



Idea for two-level mixing calculation involving Shell-model 

states (sh) + clustering induced vibrations/deformations (cl) 
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Experimental data on some electromagnetic transition and 

static E2 matrix elements in 32S 
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Two level mixing calculation and fitting  procedure 
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- Mixing of the lowest two 0+ and 2+ level belonging to the Shell-model space  and to the 
deformed (statically or dynamically) two-cluster space 
 

- Since the level energies are known, a given interaction strength for each spin uniquely 
determines the mixing amplitudes 
 
-The intra-structure E2 matrix elements are “theoretical” – taken from the literature or 
calculated by  us within some simplifications for  fixed average distance between the two 
magic clusters  while the inter-structure are subject of variation. It was found that without 
them the entire date set cannot  be consistently reproduced 
 
-A computer code was developed which performs the fitting procedure by varying the 
Interaction strengths and the unknown E2 matrix elements between the unperturbed 
states with the aim to minimize χ2 
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Results 
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Interpretation within the cluster hypothesis 
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Approximation with an ellipsoid: 
R0(

16O) 

d } 
R0(

16O) 
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Plan for future investigations 
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Study of 80Zr 
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Conclusions 
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Interesting (sometimes crucial) nuclear structure information can 
be obtained by measuring lifetimes and comparing experimental 
and theoretical transition matrix elements 
 
Large scale clustering, especially the one involving magic clusters, 
may lead to a new type collective motion (relative 
displacement/vibrations) at  relatively lower excitation energy 
 
This effect was shown to be a possible origin of the enhanced 
quadrupole collectivity in 32S within some correlation with filling 
of subshells i.e. single particle properties 
 
Further investigations are in progress 
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10/10/2015 P. Petkov  < Clustering as a  possible origin of deformation > 

Thank you very much for your  attention! 
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