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1. Spatially correlated halo neutrons and the pairing in ''Li and °He
G.F.Bertsch, H.Esbensen, Ann. Phys. 209(1991) 327
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2. Experimental evidences, but somewhat indirect
Coulomb break-up exp. on 11Li

Nakamura et al.
PRL.96,252502 (2006)

8nn=48+14-18 deg
R, ,,=5.01+-0.32 fm

Mueller et al. PR1.99,252501

Charge radius
(2007)

2. Efforts for more direct evidences

Two-neutron decay in 260, Two-proton decay in 17Ne etc
--- angular & momentum correlation

Knock-out reaction (p,pn) on 6He

Y. Kikuchi et al. PTEP. 216, 103D03 (2016)
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Leggett 1980, Nozieres & Schmitt-Rink 1985

BEC BCS
Interaction: Strong Interaction: Weak
In free Bound pair (boson) Crossover In free No bound pair is
space: is already formed space: formed

In medium: Bound pairs (Cooper
pairs)_are formed,
then_condensate

In medium: Condensate of bosons
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Experiment

18keV above threshold

Barely unbound nuclei beyond the drip-line
Y.Kondo et al. PRL116, 102503 (2016)

Model adjustment

Woods-Saxon potential
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Bohr-Mottelson vol.2 for 160

0l = ~%J¥LT"EP'I‘$¥/\D—
Result: very weakly bound solution > @ 1> 3.5 fm
) B N
A,=-235keV S, =S =470keV  '° F
rms,_ =3.54fm i
103
104 —
O —
0 2

11



260 DHY—IN—RTFEEST

0 (R =R [dQ|W

air

FA=—a—rOHEITEE

[ 12
£
= 10 10
a2
HE 8 8
&
i
W O °
4
Rms radius
2 2
0

o 2 4 6 8 10 12
AEE r (fm)

0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

12



Y—IR—RTEBED
P i (R7) = R*r fdQ|\Ppmr(R %R )P
12

0

r)i\

s
HSRB—TRRIE c(R,r) = P pair (R

* JEEBERI TR

p2,uncor (R,I")
| ' T 12
- 1000 1 10
N ///// ///: 8
1/00 P s
o - R
P e 46
10 / ////:,
L ,j’/’; {4
0/ ) A,
0.01
| 1 | L | O
o 2 4 6 8 10 12
\ r )
NO—4fils (BT BB T
HS5RE—FHEATEE s=1~1000
2.2 = 7 — .
2 Pruey (Rr) =R [ A0, (R=5) p, (R+3)
/ 13



EFEAEE (/\O—) TH/=a—bOY
e MRS DD IEZEE D

§®3 Asymptotic form neutron Cooper pairs in weakly bound nuclei
Y. Zhang, MM, J. Meng, PRC90, 034313 (2014)

14



D—IN—RT7 KRB DETT Fh °

R— Pr~0

_>=_>=_>%OO
R=7, =7

D—IN—R7 REEB@F 1 =21—rAVES r=r,
~\
Kr K- \/ZM‘]M _ \/ 4"@2Q 2n-separation
h h

v, R =(pEDYE ) — e

energy
Di-neutron
mass M=2m
1RFERE —_ In-separation
. . . e 2\2mS, 8mS, | energy
PP =y GG D) — e 2= P

N HZHFBERIC K> THEATH - BIERIZSEBATES Y. Zhang, MM, J. Meng, PRC90 (2014)

2n-sep S, =2|A] AM=ITISIRILF—
JEBorromean
| A+A  (RESEARS)  BHEEEA
1n-sep Sln =| A | +min El. ~
201 (BEEEAERE) S, =S,

Borromean



EFEREEIZHETAF A =1—ray

DI R3—R AR

DS A 3—T BRI

= =\ 12 2[ A _IJ
|lppair(r’r)| [A+A
Casym (7") = (at p(r)zpc) = pc
p(r)p(r) .
P,
0 T ]
>0 _ Borromean
40 |-
30 F E
20 E
i " :
10 :_ Q¢ /\“A _:
O F TR AT e R ;. E| T
_10 —8 _6 _4 _2 O

FTLSIRILF— A (MeV)

16

W
T

JEBorromean

Borromean

© EERE\ERZ [M-A, S,,~S,,~2AT

FA4—a—bAVRREHMRHE

@ Borromean$% |A|<A, S, =S, ,<2AT

R S A i el ] N m WS 512



17

D—IN—RT 8 O fETR7EE N

Y. Zhang, MM, J. Meng, PRC90, 034313 (2014)
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Ca, Ni, Zr, Sn from stable nuclei to neutron drip-line
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The asymptotics of @, (r;,r,) and p(r) in the HFB theory is ;9
consistent with the exact asymptotics in the Borromean 3-
body system

General asymptotic form in three-body systems
Fedorov, Jensen, Riisager, PRC49, 201 (1994) r,
Merkurev, Sov. J. Nucl. Phys. 19,222 (1974) m
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