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Low-­‐energy	
  dipole	
  strengths	
  may	
  increase	
  
radiaMve	
  neutron	
  capture	
  cross	
  secMon	
  and	
  
affect	
  strongly	
  r-­‐process	
  nucleosynthesis.	


Pigmy	
  dipole	
  strength	
  observed	
  at	
  much	
  
lower	
  energy	
  that	
  IVGDR	
  (Ex~15MeV)	


Pigmy	
  dipole	
  strength	
  is	
  increased	
  in	
  neutron-­‐
rich	
  nuclei.	
  
	
  	
  	
  oscillaMon	
  between	
  neutron	
  skin	
  and	
  core?	
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RPA	
  Green’s	
  FuncMon	
  Method	
  

RPA Green's function is given by
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ConMnuum	
  coupling	
  is	
  properly	
  accommodated	
  in	
  the	
  
response	
  funcMon	
  (coordinate	
  space	
  soluMons)	
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where  ( ) is the regular (irregular) solution at the origin and 
 ( ) behaves like a standing (outgoing) wave at infini .
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The	
  inverse	
  operator	
  equaMon	
  can	
  be	
  solved	
  as	
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ConMnuum	
  coupling	
  is	
  properly	
  
accommodated	
  in	
  the	
  response	
  funcMon	
  
(coordinate	
  space	
  soluMons)	




	
  

1)	
  Sharp	
  resonance	
  with	
  the	
  width	
  of	
  1MeV	
  exists	
  for	
  the	
  	
  	
  
monopole	
  response	
  near	
  the	
  threshold?	


2)	
  Spin-­‐orbit	
  spli_ng	
  of	
  the	
  states	
  	
  near	
  the	
  threshold	
  will	
  be	
  disappeared	
  ?	
  
	
  	
  	
  	
  (E.	
  Yuksel	
  et	
  al.,	
  Eur.	
  Phys.	
  J.	
  A49,	
  124(2013)	

The	
  answer	
  is	
  NO!	


3)	
  Threshold	
  strength	
  	
  	
  proporMonal	
  to	
  (E-­‐Ethreshold)l+1/2	
  appears	
  in	
  neutron-­‐rich	
  
nuclei.	
  
	


The	
  answer	
  is	
  NO!	


QuesMons	
  and	
  Answers	


The	
  answer	
  is	
  YES!	
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RPA	
  correlaMons	
  are	
  negligible	
  for	
  
the	
  response	
  below	
  Ex=13MeV	


Red:	
  	
  	
  proton	
  p-­‐h	
  configuraMon	
  
Black:	
  neutron	
  p-­‐h	
  configuraMon	


68Ni	
  neutrons	


Non-­‐resonant	
  parMcle	
  state	


There	
  is	
  no	
  unperturbed	
  p-­‐h	
  states	
  below	
  
Ex=20MeV,	
  in	
  which	
  parMcle	
  is	
  either	
  a	
  bound	
  
or	
  resonant	
  state	


a	
  broad	
  
shoulder	


Discrete	
  basis	


Phys.	
  Rev.	
  C90,	
  031302(R)	
  (2014)	




The	
  conMnuum	
  response	
  of	
  78Ni	
  is	
  the	
  same	
  as	
  68Ni,	
  	
  
except	
  1g9/2	
  à	
  conMnuum	
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ConMnuum	
  RPA:	
  no	
  smearing.	
  	
  	
  	


E.	
  Yuksel	
  et	
  al.,Eur.Phys.J.	
  A49,	
  124(2013)	
  
RPA	
  with	
  discreMzed	
  basis	
  with	
  smearing	
  the	
  
strength	




A	
  	
  broad	
  bump	
  appears	
  as	
  an	
  oscillaMon	
  of	
  neutron	
  
skim	
  against	
  the	
  core	
  in	
  60Ca.	


I.	
  Hamamoto,	
  H.	
  Sagawa	
  and	
  X.	
  Z.	
  Zhang	
  
Phys.	
  Rev.	
  C56,	
  3121(1997)	




Summary	


1)  Threshold	
  conMnuum	
  strength	
  as	
  a	
  	
  broad	
  shoulder	
  	
  appears	
  the	
  monopole	
  
response	
  less	
  than	
  Ex=15MeV	
  in	
  a	
  neutron-­‐rich	
  nucleus	
  68Ni.	
  

2)  No	
  resonance	
  state	
  appears	
  below	
  Ex<20MeV.	
  
3)  Spin-­‐orbit	
  spli_ng	
  should	
  be	
  discussed	
  using	
  	
  resonance	
  states.	
  	
  	
  
4)  TheoreMcally	
  the	
  proper	
  treatment	
  of	
  the	
  conMnuum	
  effect	
  is	
  extremely	
  

important	
  for	
  the	
  monopole	
  excitaMons	
  in	
  neutron-­‐rich	
  nuclei.	
  
5)  To	
  measure	
  the	
  cross	
  secMons	
  at	
  the	
  forward	
  angles	
  is	
  	
  desperately	
  	
  
	
  	
  	
  	
  	
  	
  	
  needed	
  to	
  	
  assign	
  the	
  monopole	
  strength	
  and	
  	
  excluding	
  other	
  mulMpoles.	
  	



