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Isospin distillation mechanism

Isoscalar-like ⇒ unstable mode
Rotation of θ in the plane (ρp , ρn)

tan θ =
δρn

δρp
⇐ tan 2θ =

c

a− b

Asymmetry δI of the density fluctuation

δI =
δρn − δρp

δρn + δρp
=
δρn/δρp − 1
δρn/δρp + 1

Isospin distillation mechanism

δI < I

Neutron distillation

Liquid phase is more symmetric than
gas phase!
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Liquid-gas phase transition and spinodal instability
Pairing effects on spinodal instability in ANM

HFB theory: pairing effective interaction
Effect on isospin distillation

Pairing effect on ANM instability: why and how?

Nucleons form paired states (Cooper pairs)
⇒ Pairing treatment: BCS theory (analogous to electrons in metals in
the superconducting phase)

Pairing correlations active at low density ⇒ impact on spinodal instability

ANM ⇒ only nn or pp pairing

Pairing interaction: nucleons of the same type
vs.

Symmetry potential: nucleons of different type
⇒ Different isotopic feature of ANM

Extension of mean-field approach: Hartree-Fock-Bogoliubov (HFB) theory
⇒ unified formalism for pairing and mean-field effective interaction
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Liquid-gas phase transition and spinodal instability
Pairing effects on spinodal instability in ANM

HFB theory: pairing effective interaction
Effect on isospin distillation

BCS theory at zero temperature: gap equation
Ground state: Fermi sea

HF theory

|HF 〉 =
∏

k<kF

â†k |0〉

En =
∑

k<kF

(
2ξk v2k |n − Γk v2k |n

)
=⇒

Ground state: only Cooper pairs

BCS theory

|BCS〉 =
∏
k>0

(uk |s + vk |s â†k â†
k̄

) |0〉

Es =
∑
k>0

(
2ξk v2k |s − Γk v2k |s −∆k vk uk |s

)

v2k Occupation number

ξk = εk−µ∗k µ∗k = µ−Γk Effective chemical potential

Γk =
∑
k′

V̄kk′kk′v
2
k′ |n,s Mean-field potential

∆k = −
∑

k′>0

V̄kk̄k′ k̄′vk′uk′ |s Energy gap⇒ Gap equation

N = 2
∑
k>0

v2k |s Particle number conservation⇒ Density equation
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Liquid-gas phase transition and spinodal instability
Pairing effects on spinodal instability in ANM

HFB theory: pairing effective interaction
Effect on isospin distillation

Gap and density equations: effective interaction

Effective pairing interaction

Vπ(ri , rj ) =
1

2
(1− Pσ)vq

π(ρq )δ(rij ) q = p, n

zero range ⇒ energy cutoff εΛ = 16 MeV
Density equation

ρq =
(2m)3/2

4π2~3

∫ µ∗q +εΛ

0
dε
√
ε

[
1−

ξ

E∆

tanh
(
βE∆

2

)]

Gap equation

1 = −vπ(ρq )
(2m)3/2

8π2~3

∫ µ∗q +εΛ

0
dε

√
ε

E∆

tanh
(
βE∆

2

)

β =
1

T
, E∆ =

√
ξ2 + ∆2, ξ = ε− µ∗q , µ

∗
q = µq − Uq

T = 0 ⇒ strength vq
π(ρq) ≡ vπ(ρq)

vπ(ρq ) = V Λ
π

[
1− η

(
ρq

ρ0

)α]
also for pp

T 6= 0⇒ ∆(T )

T = TC superfluid ↔ normal phase

1S0 pairing gap of neutron matter
(Brueckner calculations with Argonne v14 potential)
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Conclusions

Clusterization studies with pairing confirm the leading role of the
symmetry energy in determining isotopic properties of density fluctuations

At the transition temperature (from superfluid to normal phase)
significant effects may appear for the asymmetry of the density oscillations

⇒ Implications in the astrophysical context
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Conclusions

Clusterization studies with pairing confirm the leading role of the
symmetry energy in determining isotopic properties of density fluctuations

At the transition temperature (from superfluid to normal phase)
significant effects may appear for the asymmetry of the density oscillations

⇒ Implications in the astrophysical context

Thank You!
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