


HFB equations in coordinate space

“Echivalent local potential”

Linear interpolation procedure
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Nuclear many-body problem

Calculations  based on bare NN force

- the need of effective 3-body forces !? 

Models  based on effective NN forces

Non-relativistic mean field models  

density-dependent two-body forces of Gogny or Skyrme type

Relativistic mean field models 

point-like nucleons interacting by meson exchange

Question: what are the effects of nucleon structure ?



Nuclei with finite size nucleons

mesonic fields
nucleons

ρωσ  , ,

• non-overlaping bags of 3 quarks

• the quarks interact locally with  meson fields



Boundary
condition

This is just a schematic representation of this

In the true picture, the confined quarks are floating
in the non perturbative vacuum. They are coupled 
to every of its fluctuations.





A static bag in meson field:
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Numerical study  



Saturation mechanism
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Total energy for static bags and meson fields
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Including the motion of the nucleonic bags
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Framework : Born- Oppenheimer Approximation
Nucleon  velocity<<Quark velocity

The characteristic time it takes to the quark to adjust its motion is small
enough that, during this time, the nucleon motion  is locally inertial 

(P.A.M Guichon et al, NPA601,349)



Instantaneous rest frame (IRF)
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Constant part of the fields
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Non-uniform field and Thomas precession
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“magnetic” Thomas precession

Add the effect of the rho meson 
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Total energy of the system

Hamiltonian :

Quantisation ? !!!operator body many  a  toscorrespond     ,....),,()( 21 RRrr σσ ≡



The solution of the field equations

1) Mean field: replace all operators by their
ground state expectation value 
drawback: loose  correlations

2)  Expand the operators around their ground state
expectation value and solve the equations for the
fluctuations



Equation for sigma field
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Solve the equation order by order:
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Plug this into the energy:

∫ ⎟
⎠
⎞

⎜
⎝
⎛ >

∂
∂

<−
∂
∂

+>
∂
∂

<−=

→=

)()(
2
1)(

2
1)(

)(

3 σ
σ

σ
σ

δσσ
σ

σσ

σσ
KKKKrd

EH solution

(+ terms of order 3 )



the quantum expression for K (and derivatives)
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Finite nuclei case

• Non-relativistic expansion
• Expand in power of gσ up to second order
• HF approximation



Energy functional for finite nuclei



Spin-orbit  energy density
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Parameters

are fixed by the saturation point and the 
symmetry energy. 

ρωσ GGG ,,

Compressibility:~345MeV 



Binding energies given by HF-QMC



Spin-orbit splitting  given by HF-QMC







Nuclei far from stability

Two-neutron drip line

Ni isotopes :  N=60
Similar predictions as SLy4

Zr isotopes:  N=82

Shell quenching

8 MeV for Z= 32S2n across N=28 :
3 MeV for Z= 14



Symmetric nuclear matter



Neutron matter



Conclusions

• The QMC energy functional has a similar structure
with Skyrme functionals

• Different density and isospin dependence !!
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