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A NEUTRON STAR SURFACE and INTERIOR
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pairing gap in dilute neutron matter

BCS calculation & ab initio calculations

® Strong density dependence
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Skyrme-HFB calc. with Wigner-Seitz approx
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Cooper pair wave function

Wave function of last two neutrons/ two-particle overlap function

W, (5. 5) = (WLl (G Dy )| e
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Inside the potential In the asymptotic region
]/‘1 R ]/‘2 —> OO0
rz r1 R —> 00
Dominated by potential Dominated by two-body attraction
single-particle orbits spatially correlated pair
Weak-coupling BCS like BEC like | Di-neutron correlation
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nn

FEIEZEfSIHFB /Bogoliubov-de GennesIBEfI- kA5 °

M) (7 W (7 RTovILVER
t+V - A A ¢l( 2)(':0) =E ¢’(2)(i0) HEAZRELTIVSL
A -t-V+A )| ¢*Fo) ¢, (ro) | FIFIREE CERT),
T DREEIE
Cooper N7 R EIRE
leair (’_/ia;;) = <1PHFB ‘l/j(’;i 1\)1/}(’_;2 \Il)‘ 1PHFB> - zqﬁi(l) (ﬁ T)('pi(z)(l_;z ‘I’)
%t 5% Ha 25 & / pair density / pairing tensor | Eﬁ%%%ﬁgb
PF) = (Wl F 1 ) W) = 3 2 (F D™ (7 L)
HE DM |

1. very large box to guarantee the asymptotics
1, Radius size = 100 fm
2, Mesh diagonalization method
3, Continuum states with sufficiently large orbital ang. mom. | __ =72 1!

2. Standard nuclear density functional: SLy4, SkM* etc

3. Pairing force (p-dep. contact force) reproducing the nn-scat. length a=-18 fm

V[/O]=v0(1—0.71(p /0.08)0’59) Vo=-458.4 < a,=-18.5fm
o ' E_.=60 MeV

cut

4. Ca, Ni, Zr, Sn from stable nuclei to neutron drip-line
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Y. Zhang, M. Matsuo, J. Meng, Phys. Rev. C86, 054318 (2012)
Giant halo nuclei Zr (122<A<138)
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Systematics of tail slope of the neutron pair density

AR IE#IRE Asymptotic exponential constant

r>0(r) = Cexp(=K r) with numerical fitting to
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Ca, Ni, Zr, Sn from stable nuclei to neutron drip-line
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cf. Leggett: Nozieres & Scmitt-Rink

D) +t2)+v(L2)P ;. (1,75) =24 P .. (1, 73)
2. FA-a—tOVERREFE>THEMERT

Py (7s) = 3 [deCLg! (ORI, (cos Q)
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Dominant S-wave Penetration of
asymptotic formis virtual state a di-neutron
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M =2m Two-neutron separation energy
Di-neutron mass
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