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Introduction

asy-EOS : a crucial issue 
for compact-star physics

Focus : core-crust transition

crust

Liquid npe

?

ρ t ~ 0,07 fm-3
Ypt ~ 3%

asy-EOS affects:
 

 Transition density ρt

 Transition pressure Pt

Observations: glitches, X-ray transcients, ...

This work : 
how the symmetry-energy slope at saturation
affects transition position and pressure
using Skyrme + Relativistic effective models

Mass + Width 
of the crust

C. D. et al., PRC 78 (2008)

Skyrme Modèles relativistes

Proton fraction at β-eq.

Esym(ρ)



  

Symmetry-energy slope L
and position 

of the core-crust transition

L=30

E sym


0



  

Core-crust transition : β-spino crossing

Core

Neutron star core-crust transition

Surface

Thermodynamic spinodal

Finite-size instabilities

Symmetric matter

Neutron matter

β - equilibrium

We will discuss
this point



  

Effect of L on the proton fraction Yp          

BSk17 L = 36 MeV
SkI6 L = 60 MeV
Rσ L = 86 MeV

pe− n νe n− pe−ν=0β-equilibrium : 

~ 4 Esym (ρ) * (1-2Yp)

Higher  
L

Higher 
Yp (ρ<ρ0)

Lower 
Esym (ρ<ρ0)

Skyrme 
models

L=30

E sym


0  



  

Effect of L on the spinodal border

BSk17 L = 36 MeV
SkI6 L = 60 MeV
Rσ L = 86 MeV

Spinodal

Skyrme 
models

CNM,s = Energy-density curvature 
of neutron matter at spinodal density 
(~ 0.1 fm- 3 )

C NM , s=
2L
30

...
Higher L
Higher CNM,s

Lower ρ t






  

Effect of L on the transition point

BSk17 L = 36 MeV
SkI6 L = 60 MeV
Rσ L = 86 MeV

Spinodal

Crossing between β-equilibrium and spinodal border:

L affects Yp,β (ρ)
L affects ρspino (Yp)

Conjonction 
of the 2 effects

Higher L
Lower Yp,t

Lower ρ t

lower L

higher L

Skyrme
+
Relativistic 
models



  

Effect of L on the transition point

  Clear decreasing correlations

Higher L 
Lower ρ t

Lower Yp,t

Important dispersion for Yp,t 

Linked to dispersion for Esym(ρ0)



  

Symmetry-energy slope L
and core-crust transition pressure

L=30

E sym


0



  

Effet of L on the transition pressure

Skyrme + Relativistic 
effective models

Chen et al. 2009
Decrease of Pt

Moustakidis et al. 2010
Increase of Pt

L - Pt correlation ?



  

P
t
(L) : what should we expect ?

In n-rich matter, for a fixed density:
P increases with L

But the transition point moves...

Decrease
of P

Increase
of P

Increase
of P

P  , y =
2

30
[ L y2K 0K s y2

−
0

30

... ]



  

Transition pressure: different contributions

P  , y =
2

30
[ L y2K 0K s y2

−
0

30

... ]

2

3

1

Total

2  P
 

y , L

t , y t  ∗
t

 L

3  P
 y 

 , L

t , yt  ∗
 y t

 L

1  P
L 

 , y

t , y t 

Opposite contributions
 

Total   Pt (L) increases

Variations due to δL :



  

Role of the correlation K    (L)sym

2

3

1

1'

Total

1'  P
K s


 , y , L

t , yt  ∗
 K s

 L

P  , y =
2

30
[ L y2K 0K s y2

−
0

30

... ] Opposite contributions
 

Total   Pt (L) in/decreases



  

Previsions of a schematic model

E=E0E s y2Ly2 −0

30

K0K s y2 −0

30

2

Q0Q s y2 −0

30

3

 ...

Typical values (isoscalar):
  

ρ0 = 0.16 fm-3 ; 
E0 = -16 MeV ; 
K0 = 240 MeV ; 
Q0 = -350 MeV 

Typical values (isovector):
 

Es = 31 MeV
L = [40-100] MeV
Ks = 3.33 * L - 281 MeV
Qs = -6,63 * L + 765 MeV 



  

Previsions of a schematic model

E=E0E s y2Ly2 −0

30

K0K s y2 −0

30

2

Q0Q s y2 −0

30

3

 ...

Different Es (MeV):

29 - 31 - 33

Different dKs/dL:

2.8 - 3.3 - 3.8

Different K0 (MeV):

220 - 240 - 260



  

Conclusion



  

Summary

Robust correlation between symmetry-energy slope L 
and core-crust transition position (rt, Yp,t) : 
 

 Good correlation L - ρt

 Correlation L - Yp,t : dispersion due to different Esym(ρ0)

Delicate link between L and the transition pressure Pt :
 

 Opposite contributions : no qualitative prediction is possible
 Important role of L-Ksym correlation

Outlook

How can we obtain lab­experimental constraints on Pt ?
What model­independence can be reached? 

Understanding the correlations between coefs of the asy-EOS expension
(such as L-Ksym-Qsym)
 

Constraining the n-rich fonctional at lower density points (~0.1 fm-3) instead of ρ0

through relevant observables (neutron skin, multifragmentation, isospin diffusion...)











  

Grazie



  

Dynamic versus Thermodynamic

Skyrme models



  

Generalized Liquid Drop Model (GLDM)

E  , y=∑
n≥0

c IS ,nc IV ,n y2  xn

n!
 E kin−E kin

para

x=
−0

30

P  , y =


2

30
[ L y2∑

n≥2
c IS , nc IV ,n y2  xn−1

n−1! ]  2 E kin−E kin
para





C NM ,s=
2L
30


1

30
∑
n≥2

c IV ,n
xn−2

n−2! [
n1
n−1

x
1
3 ] 

2 [E kin−E kin
para ]


2

0 for n=2, ρ/ρ0=2/3



  

Third order of the GLDM

Isoscalar Isovector

Skyrme data fit:
Qsym = -6,63 * L + 765
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