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How do these excitations affect the nuclear collision dynamics ?
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Low-Energy Collision Dynamics: Coherent Quantum Description 
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Failure of the Coherent Quantum Description 

Dasgupta, Hinde, AD-T, Bouriquet, Low, Milburn & Newton, PRL 99 (2007) 192701  

 Measure of 

Fusion 

Probability

Coupling Assisted Quantum Tunnelling: Nuclear Fusion

16O + 208Pb

Above 

the Barrier

                                           E - B (MeV)

Below 

the Barrier



Quantum Decoherence in Nuclear Collisions
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Quantum Decoherence in Nuclear Collisions
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Schrödinger description

In Practice (e.g, Pesce & Saalfrank, 1998)
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Absence of Decoherence in the Optical Potential Model
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Optical Potential Model
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Optical Potential Model
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Huisinga et al, J. Chem. Phys. 110 (1999) 5538
Kosloff, Ann. Rev. Phys. Chem. 45 (1994) 145



Lindblad Dissipative Dynamics
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Measure of Coherence
K. Blum, Density Matrix Theory and Applications (2nd Edition, Plenum Press, 1996) p. 39
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Absence of Decoherence in the Optical Potential Model
AD-T, accepted as a Rapid Communication in PRC 



Decoherence significantly affects quantum tunnelling, and thus scattering as well
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Absence of Decoherence in the Optical Potential Model
AD-T, accepted as a Rapid Communication in PRC 



Coupled-Channels Density-Matrix Approach
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Coupled-Channels Density-Matrix Approach
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Coupled-Channels Density-Matrix Approach
Equations of Motion
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Expectation value of an observable:



Coupled-Channels Density-Matrix Approach
Asymptotic Observables



Track decoherence and absorption through different environments
Environments are specific to particular degrees of freedom
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Courtesy of David Hinde



Fusion probability at astrophysical energies ?

Origin of the resonances ?

Application: Understanding fusion of  astrophysically-important 
collisions at low energies
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12C + 12C

AD-T, PRL 101 (2008) 122501

Complex excitation modes

in dinuclear system

E.F. Aguilera et al., PRC 73 (2006) 064601

T. Spillane et al., PRL 98 (2007) 122501



Neutron molecular shell structure of two interacting deformed 12C

AD-T, PRL 101 (2008) 122501



Summary

 Decoherence should always be explicitly included 
  when modelling low-energy nuclear collision dynamics 

  with a limited set of (relevant) degrees of freedom 

 Coupled-channels density-matrix approach, which 

  will quantify the importance of quantum decoherence 
  in various areas of  nuclear reaction theory 



Application: Unified quantum description of reaction processes 
of neutron-rich, weakly-bound nuclei
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