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Drip-line nuclei
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Overflow situations of superfluid fermions in finite mean field potential →
nuclei (drip line),
nuclei in Wigner Seitz cells in crust of neutron stars,
Cold atoms

etc.



: TF; black: quantal; slab with pocket, depth = - 40 MeV and cut off + 50
MeV
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Thomas-Fermi approach to pairing.
TF-BCS
Gap equation

∆n =
∑
n′

〈n|v |n′n̄′〉 ∆n′

2
√

(en′ − µ)2 + ∆2
n′

(1)

Time reversal invariance:

〈nn̄|rr′〉 ≡ 〈r|n〉〈n|r′〉 ≡ ρn(r, r′)

TF: ρn(r, r′)→ δ(En − p2

2m − U(R))

TF-gap equation

∆(E ) =

∫
E ′

g(E ′)V (E ,E ′)
∆(E ′)

2
√

(E ′ − µ)2 + ∆2(E ′)

κn = unvn → κ(r,p) =

∫
dEκ(E )δ(E − p2

2m
− U(R)) + O(~2)



HFB calculation in double HO-potential
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X. Vinyas, P.S. et al., PRA 90. Figure prepared by A. Pastore.
Evolution of the lowest HFB-quasi-particle energy as a function of µ.
Thomas-Fermi pour HFB later...



HFB for some drip-line nuclei
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Vertical broken line corresponds to drip-line. SLy4 force is used.
Pastore, Margueron, P.S., Vinyas, PRC 88.



LDA can become very bad ...
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HFB BCS + TF-BCS
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Some differences between HFB (left) and BCS (right) can be seen. TF-BCS:
broken lines.



However, BCS can also become quite wrong ...
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What is reason for failure?

Ueff. = U(R)− µ+
∆2(R)

Eqp
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Pockets of different Woods-Saxon potentials with varying width parameters a1
= 1, 11
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Anomalous density. Wigner-Kirkwood ~-expansion:

κ = κ0 ≡ κLDA + κ2 (2)

κ2 = −
(

h

4E 3
− 3∆2

4E 5
+

5h2∆2

12E 7

~2p2

m

)
~2∇2∆

4m

+

(
3h∆

4E 5
− 5h∆3

4E 7
+

∆

12E 5

~2p2

m

)
~2(∇∆)2

4m

+

(
∆

4E 3
− 3∆3

8E 5

)
~2

4m
2∇2U

−
(
h∆

2E 5
− 5h∆3

4E 7

)
~2

4m

[
(∇U)2 + +

1

3

~2p2

m
∇2U

]
+

(
1

2E 3
− 5h2∆2

2E 7

)
~2

4m

[
∇U · ∇∆

]
, (3)



Strinati

− 1

g
∆(r) =

∫
dk

(2π)3
∆(r)

2E (r , 0, k)
+

1

2

∫
dk

(2π)3

[
ek − µ(r)

2E 3(r , 0, k)
∇2

r

~2∆(r)

4m

]
. (4)
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Conclusions:

BCS good approximation for containers with steep surface.

TF-BCS very good approximation to quantal BCS.

BCS not applicable for wide HO.

Pairing strongly quenched at the drip.

~-expansion for HFB.

Applications of TF-BCS and TF-HFB
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