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Configuration mixing near the dissociation threshold 



Nuclear clustering is arguably one of the most mysterious nuclear phenomena 

Theoretical modelling: 
   - a posteriori approaches: different cluster models 
   - a priori approaches:        shell model do not provide an understanding  
                                            of this phenomenon 
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α-cluster states can be found in the proximity of α-particle decay threshold 

Phenomenological	
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Nuclear clustering is arguably one of the most mysterious nuclear phenomena 

Theoretical modelling: 
   - a posteriori approaches: different cluster models 
   - a priori approaches:        shell model do not provide an understanding  
                                            of this phenomenon 

Conjecture:	
  
-  The coupling to a nearby particle/cluster decay channel  
   induces particle/cluster correlations in the continuum shell  
   model wave functions which are the imprint of this channel. 
 
 
-  The clustering is the generic near-threshold phenomenon in  
   open quantum systems which does not originate from any 
   particular property of the nuclear forces or any dynamical 
   symmetry of the nuclear many-body problem, and holds for 
   all kinds of clustering, including unstable clusters such as 
   dineutron or ⁸Be 
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The flux conservation (unitarity) 
implies that the mixing of SM  
eigenfunctions changes if a new 
channel becomes available 
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Generic vs specific features of clustering 
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Correlations in the near- 
threshold states depend  
always on the nature of  
the nearby decay threshold 
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The structure of the near-threshold (cluster) states is ruled by the coupling 
of ‘internal’ (shell model states) and ‘external’ (decay channels) states. 
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The structure of the near-threshold (cluster) states is ruled by the coupling 
of ‘internal’ (shell model states) and ‘external’ (decay channels) states.        
 
 
The relevant theoretical description should be based on the many-body open 
quantum system formalism. 



Shell Model for open quantum systems 
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Instability of SM eigenstates in the vicinity  
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Continuum coupling correlation energy 
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Instability of SM eigenstates at     
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Weights of SM states in 
‘aligned’ CSM eigenstates 

Interaction through the continuum leads to the  
collectivization of SM eigenstates and formation  
of the aligned CSM eigenstate which couples  
strongly to the decay channel and, hence, carries  
many of its characteristics. 



Anatomy of the mixing of SM wave functions 
   near the charge particle decay threshold 
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  All exceptional threads which are relevant for the collectivization of Shell Model  
  states involve the eigenstate     . They exhibit a minimum of       at the same energy. 
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The ‘window of opportunity’ for charged-particle clustering is situated around the  
turning point above the charged-particle decay threshold.    
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The ‘window of opportunity’ for charged-particle clustering is situated around the  
turning point above the charged-particle decay threshold.    
      
       depends on         and    but is independent of the continuum coupling strength 
              gives the centroid of the energy window for a possible cluster formation. 
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  For a given value of          , the maximum continuum coupling 
  energy depends weakly on the nature of the charged particle 
  decay channel and the parameters of the potential.  
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Multineutron clusters or multineutron correlations? 
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Conclusions       



The clustering is the generic near-threshold phenomenon in open quantum 
system which does not originate from any particular property of forces or 
any dynamical symmetry of the many-body problem.  
 

   - Nuclear clustering is a consequence of the collective coupling of Shell Model 
    states via the decay channel which leads to the formation of the ‘aligned 
    state’ in the open quantum system which captures most of the continuum 
    coupling and carries many characteristics of the decay channel.  
 

      The mechanism responsible for the formation of an aligned near-threshold  
    state is mathematically similar to the formation mechanism of collective 
    super-radiant states but is not restricted to the region of large density of 
    resonances in the continuum and can even correspond to a bound state at 
    energy below the lowest decay threshold (neutron halo states). 
 

  - Collectivity of an aligned state is a fingerprint of instability in an ensemble 
    of all SM states having the same quantum numbers and coupled to the same 
    decay channel.  



    Quantitatively, manifestations of this instability depend on the strength 
    of the continuum coupling, the density of SM states, and the nature of 
    the decay channel       one can estimate the energy interval of maximum 
    continuum coupling for any charged-particle decay channel using the 
    results for 1p-decay, however the quantitative description of decay 
    properties of the cluster states is more involved and requires a 
    microscopic calculation of both the continuum coupling to the cluster 
    decay channel(s) and the cluster formation amplitude. 
 

In future studies of nuclei far from valley of stability, it would be  
interesting to study                      (high-  ) clustering/radioactivity. 
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