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Constructive interference

Two particle transfer reactions like (t,p) or (p,t), where 2 nucleons are deposited or picked up at the 
same point in space provide a specific tool to probe the amplitude of this collective motion. 

The transition operators <f|a+a+|i>, <f|aa|i> are the analogous to the transition probabilities 
B(E2)’s on the quadrupole case. 

R.A. Broglia, O. Hansen and C. Riedel, Adv. Nucl. Phys. Vol 6 (1973) 287

D. M. Brink and R.A. Broglia, Nuclear Superfluidity, Cambridge Monographs. 

Direct Reactions
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Pairing vibrations and the (t,p) reaction

Collective enhancement over  sp cross-section due to 
coherent contributions of correlated nn pairs 
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Yoshida, Nuclear Physics 33 (1962) 685--692

Pairing rotations and the (t,p) reaction
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On  Supperadiance



Superradiance
Superradiance was first studied by Dicke within the context of coherence effects in spontaneous radiation 
processes. Since then, the phenomenon has been referenced in many areas of modern science, among them: 
quantum optics, condensed matter, biophysics, and nuclear physics. 

In atomic nuclei, seen as a complex open quantum many-body system, the effect arises from the coupling 
to continuum states that can be treated in terms of a non-hermitian hamiltonian (non- hermitian super-
radiance). Increasing coupling to the continuum leads to the separation of long- lived and short-lived 
(superradiant) resonance states. 
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Simplest case   degenerate levels,  e =0

Superradiant state 



Superradiance and two-neutron transfer reactions 
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Superradiance and two-neutron transfer reactions 



Kerman, A. K., 1956, Dan. Mat. Fys. Medd. 30, No. 15.

2x2 matrix  

Superradiance and Coriolis coupling 



Arthur Kerman to Rick Casten,  ca. 1980

“Experimentalists should not dabble in thought …”



Strong Coupling limit
DEW >> 2AIj
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Decoupled limit
Degenerate  Nilsson levels
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The evolution of Shell Structure, Pairing Correlations,  and Collective motion in exotic nuclei near the drip 
lines is a topic of much interest in nuclear structure

A 2-level model calculation, including mixing with an unbound state, was used to explore possible 
consequences on pairing and two-nucleon transfer reactions, and rotational properties of an odd-A system

Despite its simplicity the model captures the main physical (coupling) ingredients  and qualitative effects 
associated with the phenomenon of superradiance  seem to appear  

Possible cases where these effects could show-up include:

  Study of (t,p) reactions crossing the n-drip line:   8He(t,p),  14Be(t,p),   22O(t,p)  ….    
  Band-structure of 39Mg      

Next steps include an extension the N-levels and the transition to the pairing-rotations regime 

Of course,  we trust this work will stimulate more realistic calculations to further guide experimental 
studies

Summary I



We think it looks interesting,   however   ……

 ….. wonder if it passes the audience

?

Summary II



Acknowledgement 

Work supported by:

The Laboratory Directed Research and Development Program of Oak Ridge National Laboratory, managed by UT-
Battelle, LLC, for the U. S. Department of Energy

The U.S. Department of Energy under Contract DE-AC52-07NA27344 with Lawrence Livermore National Laboratory 



Acknowledgement 

Work supported by:

The Laboratory Directed Research and Development Program of Oak Ridge National Laboratory, managed by UT-
Battelle, LLC, for the U. S. Department of Energy

The U.S. Department of Energy under Contract DE-AC52-07NA27344 with Lawrence Livermore National Laboratory 

Danke schön!


