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The Bethe-Goldstone equation for the G-matrix :

Results : energy density, effective masses .....
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✓Self-consistent and parameter free procedure. 

✓The only input required is the NN potential V.

BUT
Problem : wrong saturation point. 
Solution : Inclusion of three-body forces (TBF’s).
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Fits calculated for several choices of NN potentials and TBF’s.
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 G and K matrices
 NN potentials : Argonne v18, Bonn B, Njimegen 93, CD Bonn

 TBF : Urbana IX (Pudliner et al. 1995) and Microscopic (Grangè et al. 1989)

Case a) :  T=0

➡ Easily extended to asymmetric matter using the parabolic approximation

B
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➡ Symmetric (SNM) and purely neutron (PNM) matter
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 UIX produce EoSes softer than 
microscopic TBF.

 G-matrix calculations give less 
repulsive B/A than the ones with K-
matrix.

 Large uncertainty at high density. 

 More accurate fits at small density, 
in order to reproduce well the 
saturation point. Use of a different 
parametrization up to ⇢ = 0.6 fm�3
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Including hyperons (Phys. Rev. C 84, 035801 (2011))

The basic input quantities are the NN, YN and YY potentials. The large number of degrees of freedom (four partial 
densities) renders inconvenient the use of the resulting hypernuclear Eos in tabular form ---> we tried to approximate the 
numerical results by a sufficiently accurate parametrization. 

In the required range of nucleon densities                                                        , proton fraction                                                
and hyperon fraction                                                                     
an excellent fit of the energy density is given by :

(0.1 fm�3  ⇢N  0.8 fm�3)

(0  ⇢⌃/⇢N  0.5 fm�3, 0  ⇢⇤/⇢N  1. fm�3)

(0  ⇢p/⇢N  0.5 fm�3)

with{
where ⇢N = ⇢n + ⇢p, x = ⇢p/⇢N , � = (1� 2x)2, Y, Y

0 = ⇤,⌃, and C = (3/5)(3⇡2)2/3 ⇡ 5.742

 All calculations performed with the G-matrix.
 Potentials used : V18 (NN), UIX and Micro (TBF’s), NSC89 and ESC08 (NY). No YY. 
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Main differences :
✓          (     )  more repulsive (attractive)  in ESC08 than in NSC89                

✓Swap in the composition

✓ No change in the EoS
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Main differences :
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Case b) : T   06=
The Bloch-De Dominicis theory of nuclear matter

 Calculations performed for the K-matrix
 The free energy density :

 Argonne V18 + UIX as input

Parabolic approx. holds true also @T   06=

with

7



6=
 Extension to G-matrix, more time consuming !
 Frozen Correlations Approximation : at T   0 correlations are almost the same as @ T=0.
 Calculations performed with Argonne v18 + UIX and Micro TBF’s  
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Including hyperons at finite T

 Calculations with : G-matrix plus Argonne v18, UIX TBF’s, and NSC89 NY potentials  

 Use of the Frozen Correlations Approximation.

 Only                         hyperons.⌃�and ⇤
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EoS of the inner crust

• Wigner-Seitz method

• Generalized EDF Method  (DF3 functional by Fayans)
•  Inclusion of neutron and proton pairing correlations
• Neutron drip point same as in BPS and NV approaches
• Slightly different crust composition

• Negligible effects of pairing on the EoS. 

E

A
= �4.58 + 23.44 kF � 33.46 k2F + 27.2 k3F � 7.7 k4F

M. Baldo,  E.E. Saperstein, S.V. Tolokonnikov, 
Nucl. Phys. A  775, 235 (2006). 
Eur. Phys. J. A 32, 97 (2007).
Phys. Rev. C 76, 025803 (2007).
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Fitted by :
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Nucleon effective masses m*
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