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Introduction: Pairing correlations in nuclel

Coherence length of a Cooper pair:

¢ = h2kp I ____________________ ® l

mA

m=m====P> much larger than the nuclear size

(note)
kp = 1.36 fm~—1

A = 12/+/140 =1.01 MeV

(for A=140) I

——> &£=155.61fm

R=1.2x140"3=6.23 fm



Coherence length of a Cooper pair:

>

much larger than the nuclear size

Di-neutron correlations in neutron-rich nuclei

cf. HFB calculations for 18-24Q, 50-38Ca, 80-86Nj:
M. Matsuo, K. Mizuyama, Y. Serizawa, PRC71(°05)064326
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BCS-BEC crossover
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BCS (weak coupling) BEC (strong coupling)

eWeakly interacting eWeakly interacting
fermions “diatomic molecules”

eCorrelation in p space eCorrelation in r space
(large coherence length) ﬁ (small coherence length)

cf. BEC of molecules in 4°K
M. Greiner et al., Nature 426(°04)537

cf. BCS-BEC crossover in color superconductivity: Y. Nishida and H. Abuki,
PRD72(05)096004



BCS-BEC crossover

Cooper pair wave function: W (7, r’") ~ <<D0|ch(r, 1) CT(T, 1 |Po)
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BCS (weak coupling)

Correlation in p space
(large coherence length)

r W(r)

Sin(kF’l“)

W(r) ~

/T

exp(—r/&)

BEC (strong

coupling)

Correlation 1n r space
(small coherence length)

r ¥(r)

W(r) ~

exp(—kpgr)
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BCS-BEC crossover
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BCS-BEC crossover behavior in infinite nuclear matter

Neutron-rich nuclet <——=> eWeakly bound levels
eUnsaturated density around surface

(halo/skin)
pairing gap in infinite nuclear matter
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Spatial structure of neutron Cooper pair in infinite matter
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Spatial structure of neutron Cooper pair in infinite matter
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Our Motivations

»How can this behavior be seen
in finite nucle1?

» Relation to di-neutron
correlation?

ULj=9Li+n+n

M. Matsuo, PRC73(°06)044309



BCS-BEC crossover behavior in halo nuclei

Three_body model G.F. Bertsch and H. Esbensen,

Ann. of Phys. 209(°91)327
n H. Esbensen, G.F. Bertsch, K. Hencken,
Phys. Rev. C56(°99)3054

Density-dependent delta-force
v(r1,r2) = vo(l+ ap(r))

X5(T1 — 7“2)
n
2
pl ‘|‘ p2 + Ve (r1) + Voo (r2) + Van + (P1 + o)
 2m 2A:m
==) Diagonalization: | Wys(r1,70) = A Y Xl W?(i)/lj (ri,72)

nn'lj

w2 (ry,rp) = > {gmg — m|00) ¢y im (1) V1 —m (12)

nn'lj
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Application to ''Li

Van(ry,r2) = 6(r1 —712) (UO T3 + exp[( ”19 Rp)/ ]>
r1 — ILip)/ap

m v — 2kc aAnn

> Yy =

vp, Rp, ap :adjusted so that S, can be reproduced

WS: adjusted to p;, energy in °Li & n-°Li elastic scattering
(maximum: near 540 keV)

Parity-dependence +— to increase the s-wave component

S, (r2 )y (rZ_o,) dominant fraction  S=0
(MeV) (fm?) (fm?) config. (%) (%)

0295 414 263  (pp)?  59.1 60.6
(5,,)? 227




Two-particle density for ''Li

K.H. and H. Sagawa, PRC72(°05)044321
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Di-neutron wave function in Borromean nuclei

wE=0) () 1) = fr.(r, R)[YL (7)Y (R)] (0
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B.F. Bayman and A. Kallio, Phys. Rev. 156(°56)1121



Di-neutron wave function in Borromean nuclei

wE=0) () 1) = fr.(r, R)[YL (7)Y (R)] (OO
L

P; = /TQdT/RQdRUL(’r, R)|?

(00)
4 N
L PL:O — 0.578 ==
PL:2 = 0.020
PL:4 — 0.00452
~ g Sum = 0.603

> Pgy=0.606



wE=0) () 1) = fr.(r, R)[YL (7)Y (R)] (0
L
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Plot the wt at several values of R

r°R?| fr,—o(r, R)|?

Probing the behavior
at several densities
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2

good correspondence
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2-neutron rms distance
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Universality? : Di-neutron wave function in '°C

14C + n + n model for '6C

Y. Suzuki, H. Matsumura, and B. Abu-Ibrahim, PRC70('04)051302
W. Horiuchi and Y. Suzuki, PRC73('06)037304
K.H. and H. Sagawa, PRC in press ('07)

E,. =1.63 MeV [exp: 1.77 MeV]
B(E2)=0.899 e’fm* [exp: 0.63 +/- 0.27 e*fm*]
rms radius = 2.64 fm [exp: 2.64 +/- 0.05 fm]
also longitudinal mom. distribution for 'C+12C —15C +X
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Gogny HFB calculations
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» Application of three-body model to Borromean nuclei
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> Di-neutron wave function for each R R

e Close correspondence to the matter calculations

e BCS/BEC crossover phenomenon

eConcentration of a Cooper pair on the nuclear surface

e Unified understanding of di-neutron and cigar configurations
eAlso in other superfulid nucle1 (universality)



N. Vinh Mau/Nuclear Physics A 592 (1995) 33-44
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PYC exp. SPM

/ Fig. 4. Same as Fig. 2 for 15C. \

WS + particle-vibration coupling Woods-Saxon(WS)



Two-particle density for °He AT T T
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