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Symmetric Nuclear Matter (SMN)
and Neutron Matter (nM) 
FL, FʼL, GL, GʼL, FnL, GnL
inequalities > - (2L+1)
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Gʼ0, Gʼ1Gʼ0, Gʼ1

x = t1x1, y = t2x2, z = t3x3
T0, TS, Ci(ρ) combinations of inputs
α1, α2 constants
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SNM SNM+nM

x=t1 x1

y=t2 x2

z=t3 x3

Densities:
from ρ0 on
in steps of
0.5ρ0

A surface in the 3D 
space (x,y,z)
The interior volume 
fixes the 
stability region.
As the density 
increases, the 
volume is reduced

jueves 31 de mayo de 2012



Dependence
on the 
inputs

jueves 31 de mayo de 2012



For any Skyrme interaction
there is a ρcrit above which 
FL, GL, ... < -(2L+1)
For a reasonable choice of
empirical inputs ρcrit ≤ 3.5 ρ0 

Dependence
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But the fine tuning in finite 
nuclei usually results in a 
lower value of ρcrit

For any Skyrme interaction
there is a ρcrit above which 
FL, GL, ... < -(2L+1)
For a reasonable choice of
empirical inputs ρcrit ≤ 3.5 ρ0 Effects of tensor?

Dependence
on the 
inputs
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Plus the analogous inequalities 
in the spin-isospin channel
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Static limit:

Inverse static
susceptibility
in units of
the HF one
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A new inequality:
1+G0-2(H0)2 > 0

Static limit:

Inverse static
susceptibility
in units of
the HF one
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A new inequality:
1+G0-2(H0)2 > 0 ⇒  ρcri(tensor) < ρcri(no tensor)

Static limit:

Inverse static
susceptibility
in units of
the HF one
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Channel
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I=0
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Susceptibility:
ω→0

Channel
S=1 
I=0
M=0 

The χ0,2,4(ω=0,q) 
are known functions 
of k=q/2kF 
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Dynamical susceptibility

k=q/2kF 
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Dynamical susceptibility

f(0)=1  fi(0)=0k=q/2kF 

jueves 31 de mayo de 2012



Dynamical susceptibility

�
χHF

χ
(1,0,0)
RPA

�

static

= 1 + G0 − 2[H0]2

Static susceptibility

f(0)=1  fi(0)=0k=q/2kF 
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2
> 0

Plus the equivalent with
Gʼ0, Hʼ0 (spin-isospin) 
and Gn0, Hn0 (neutron S=1)
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Li-Gang Cao, G. Colò, H. Sagawa

ρcri ≈ 2-2.5 ρ0
jueves 31 de mayo de 2012



Skyrme: only G0, G1, H0 parameters 
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Skyrme: only G0, G1, H0 parameters 

Static susceptibility including up to L=2 parameters

Higher L ⇒  finite-range interactions

2+2
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Finite-range interactions
H. Nakada
Hartree-Fock approach to nuclear 
matter and finite nuclei with M3Y-
type nucleon-nucleon interaction
Phys. Rev. C 68, 014316 (2003)
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Hartree-Fock approach to nuclear 
matter and finite nuclei with M3Y-
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f(r) =
eµr

µr
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Skyrme
- Instabilities in the (1,0) or (1,1) channels
- Zero-range tensor terms lower the critical 
  density to ρcri ≈ 2 - 2.5 ρ0
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Finite range interactions
Landau parameters (L=0, 1, 2) from 
Nakadaʼs interaction (preliminary results)
- No instabilities in the (1,0) or (1,1) channels with
or without tensor terms
- Neutron susceptibility in qualitative agreement
with CBF or DMC calculations
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Skyrme
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- Zero-range tensor terms lower the critical 
  density to ρcri ≈ 2 - 2.5 ρ0

Finite range interactions
Landau parameters (L=0, 1, 2) from 
Nakadaʼs interaction (preliminary results)
- No instabilities in the (1,0) or (1,1) channels with
or without tensor terms
- Neutron susceptibility in qualitative agreement
with CBF or DMC calculations

☛ Instabilities in the 5D space t1x1, t2x2, t3,x3, te, to

☛ Other interactions (GT2)
☛ Well-defined J
☛ Inclusion of L > 2 
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Skyrme
- Instabilities in the (1,0) or (1,1) channels
- Zero-range tensor terms lower the critical 
  density to ρcri ≈ 2 - 2.5 ρ0

Finite range interactions
Landau parameters (L=0, 1, 2) from 
Nakadaʼs interaction (preliminary results)
- No instabilities in the (1,0) or (1,1) channels with
or without tensor terms
- Neutron susceptibility in qualitative agreement
with CBF or DMC calculations

☛ Instabilities in the 5D space t1x1, t2x2, t3,x3, te, to

☛ Other interactions (GT2)
☛ Well-defined J
☛ Inclusion of L > 2 

☛ Other terms? More tensor terms? 
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