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MICROSCOPIC NUCLEAR-STRUCTURE      
                       THEORY

1. Start with the bare interactions among the nucleons

2. Calculate nuclear properties using nuclear many-body
     theory





H 
  We cannot, in general, solve the full problem in the

 complete Hilbert space, so we must truncate to a finite 

 model space  

 We must use effective interactions and 

operators! 
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                    EXAMPLES OF PHENOMENOLOGICAL 
                            EFFECTIVE INTERACTIONS
 

 RESTRICTED:
  1. p-shell: Cohen-Kurath (CKI) 1965
  2. sd-shell: Universal SD (USD): Wildenthal, et al. 1984
  3. pf-shell: FPD6; Brown, Richter, et al. 1990
  4. pf-shell: Universal PF (UPF): Honma, Otsuka, Brown and
                     Mizusaki, PRC 65, R061301 (2002)
  5. 1hw s-p-d model space: Millener-Kurath 1975

 GLOBAL:
   Skyrme, Gogny, M3Y

 HYBRID:
   Universal SM Interaction; Duflo-Zuker 1996
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1. V_low-k: Schwenk, Bogner, Kuo, Nogga, et al.

2. Similarity Renormalization Group Interactions: Furnstahl, et al.

3. Unitary Correlation Operator Method: Feldmeier, Neff, Roth, et al.

4. Similarity and Unitary Transformations:

    a. Okubo/Lee-Suzuki/etc.: e.g. as employed in the 
                                               No Core Shell Model, etc.
        
    b. Unitary Model Operator Approach: Suzuki, Okamoto, Fujii

         RENORMALIZATION GROUP, SIMILARITY AND
           UNITARY TRANSFORMATION APPROACHES



No Core Shell Model

“Ab Initio” approach to microscopic nuclear structure
calculations, in which all A nucleons are treated as
being active.

Want to solve the A-body Schrödinger equation

H A
A A

A

 R P. Navrátil, J.P. Vary, B.R.B., PRC 62, 054311 (2000) 



Effective InteractionEffective Interaction

 Must truncate to a finite model space:              V  -->--> V V   
   

  ijij
 effective

ijij

  In general,     VV        is an is an A-body interaction eff
 ij

 We want to make an  a-body cluster approximation



Two-body cluster approximation (a=2)

Carry out a unitary transformation on            H 22
Ω

S    is determined from the decoupling condition  (2)(2)

P    = model space= model space,,         Q    = excluded space,= excluded space,           P  ++  Q    =1=122 2222    22



Two-body cluster approximation (a=2)

Analogously, any arbitrary operator can be written in the P  space  
  

Then the Hermitian effective operator in the P2 space can be  
expressed in the form

  

2

      It is convenient to rewrite S(2) in terms of a new operator 



Exact solution for :
Let  E   and       be the eigensolutions    kk k

 H  k
22


k E k

Let  Let  PP QQ  &&   be HO states belonging tobe HO states belonging to

  the model space P and the excluded space Q, the model space P and the excluded space Q, 
  respectively.respectively.  Then is given by:

kQ Q 
 

PPQQ
 PP

kP P 

 kkPQQ

~
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kK
   

PPQQ
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