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A unified description of halo nuclei
from microscopic structure to reaction observables

Shi-Sheng Zhang (76 4 % )
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Outline

|.  Background & Motivations

[I. Theoretical Framework:

® RAB + Glauber approach
@ DRHBc + Glauber approach

3 D-RHBF + Glauber approach

I1l.  Results & Discussions: 3Ne, 3’'Mg, > °C (1n halo)

V. Summary & Outlook: °Na, 3!F, 1’Ne (2n/2p halo)



Background & Motivations: Nuclear physics under extreme conditions

O S 246, RES. B, KEas

Zhang K. Y., etal., PRC 107: L041303 (2023).
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Hints for halo nuclel

3.38+0.1 fm (2018)

O small separation energy: eg. 1Li, 1B, 5C, °C, ... (s-wave halo) :"
& weekly bound system *Ne, 'Mg, ... (p-wave halo) °° ’
-
= i ; large uncertainty from exp.
g O sudden increase of radius: 22C95,4i0_9fm (2%'10); P o
b dilute density distribution 3.44:£0.08 fm (2016) ; ol )
(¥p)

O large occupation probabilities of low angular momentum

ob ervabléls: 0, 1)

O large reaction CS, large one-neutron removal CS  *™|

reaction

1 narrow momentum distribution

do/dp ,[mb/(MeV/c)]
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Structure models for nuclear halos

Interaction

Asymptotic

Model space

(Self-consistent)

Mean-filed effective
approaches
AMD effective
ab initio
(Gamow SM, Couple- Chiral EFT

cluster, NCSM ...)

Few-boby methods phenomenological

Complex scaling
methods

phenomenological
| effective

Halo EFT effective

behavior SCLLTEL
\/
(r-space, |
WS basis)
v v
X
\/
(Jacobi \
coordinate)
\/
X X

single-particle
space

configuration space
(valence space)

configuration space
(w. /w.o. core)

3-body space
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S(P) - wave

courtesy to Xiangxiang Sun



Main factors from nuclear structure

- Potentials
» Phenomenological: e.g. Woods-Saxon potential () —_ —*
» Microscopic: e.g. mean field theory 1 +e-

« Skyrme force (HO basis, r-space)
« CDFT (r-space or spherical WS basis): RMF+ACCC+BCS, DRHBc, D-RHFB

‘/ IOW Iylng reSOnant Sta’[eS (Resonant energy and width, asymptotic behavior of Wavefunction)

 Scattering phase shift (SPS) « Proton emission
* Analytical Continuation of Coupling Constant (ACCC) PRC2004, PRC2015 - Haloformation
« Green function (GF) * Glant resonance

* Reaction rates for nucleosynthesis

» Complex Scaling method (CSM)
« Complex representation method (CRM) etc. Xu & Zhang SS, NST2023

/ pal rl n g CO r re I atl O n S Pairing is a two particle correlation around the Fermi surface. As
such it manifests in all quantum-mechanical many fermion systems:
* BCS approx SIm p Ie & effECtIVG 9 P BCS y FBCS *metals: superconducting electrons
Bardeen, Cooper, Schrieffer, Superconductivity in metals, Phys. Rev. 108 (1957) 1175
. HFB

atoms: superfluidity of 3He-3He anisotropic phases

*nuclei: odd-even effect

L]
/ d e format 1 O n Bohr, Mottelson, Excited spectrum in odd-even nuclei, Phys. Rev. 110 (1958) 936
e o o

*quark phase: color superconductivity

« shell evolution: island inversion, new magic number neutron stars: post-glitches and cooling

Migdal, neutron star, Soviet Physics JETP 10 (1960) 176

° expanSion baSiS: HO, Spherical WS *stellar evolution: reaction cross section



Reaction measurements

One neutron halo structure in Neon isotopes

0]

3INe| : [T. Nakamura et al., PRL. 103, 262501 (2009).

above the closed N = 20 at *°Ne

O large Coulomb breakup cross section o (first indication)
O soft E1 excitation

“Heaviest halo nucleus and perhaps a first case of a p-wave 1n halo”

o One-neutron separation energy Sn : — 0.06 =0.41 MeV small
o small radius: 3.27 fm (~ 3.3 fm from r,Al3) 2

[0)]

L. Gaudefroy et al., PRL. 109, 202503 (2012).




Antisymmetrized Molecular Dynamics (AMD) & Skyrme-Hartree-Fock (SHF)
+ double-folding model (DFM

PRL 108, 052503 (2012) PHYSICAL REVIEW LETTERS

week ending
3 FEBRUARY 2012

Determination of the Structure of 3'Ne by a Fully Microscopic Framework

Kosho Minomo,' Takenori Sumi,' Masaaki Kimura,” Kazuyuki Ogata,” Yoshifumi R. Shimizu,' and Masanc
N 'Department of Physics, Kyushu University, Fukuoka 812-8581, Japan
“Creative Research Institution (CRIS), Hokkaido University, Sapporo 001-0021, Japan
3Research Center of Nuclear Physics (RCNP), Osaka University, Ibaraki 567-0047, Japan
(Received 31 October 2011; published 31 January 2012)

We perform the first quantitative analysis of the reaction cross sections of 2%732Ne by '>C at
240 MeV /nucleon, using the double-folding model with the Melbourne g matrix and the deformed
projectile density calculated by antisymmetrized molecular dynamics. To describe the tail of the last
neutron of *'Ne, we adopt the resonating group method combined with antisymmetrized molecular
dynamics. The theoretical prediction excellently reproduces the measured cross sections of 2*~32Ne with
no adjustable parameters. The ground state properties of *' Ne, i.e., strong deformation and a halo structure
with spin parity 3/27. are clarified.

PHYSICAL REVIEW C 85, 064613 (2012)
Deformation of Ne isotopes in the region of the island of inversion

Takenori Sumi,! Kosho Minomo,' Shingo Tagami,! Masaaki Kimura.” Takuma Matsumoto.! Kazuyuki Og;
Yoshifumi R. Shimizu,' and Masanobu Yahiro'
'Department of Physics, Kyushu University, Fukuoka 812-8581, Japan
2Creative Research Institution (CRIS), Hokkaido University, Sappore 001-0021, Japan
‘Research Center of Nuclear Physics (RCNP), Osaka University, Ibaraki 567-0047, Japan
(Received 17 November 201 1: revised manuscript received 16 April 2012: published 19 June 2012)

Deformations of Ne isotopes in the island of inversion are determined by the folding model description of
the interaction cross sections measured for **?Ne isotopes incident on a '*C target at 240 MeV /nucleon, using
the Melbourne g-matrix interaction and the nuclear densities calculated by antisymmetrized molecular dynamics
(AMD). The double folding model with the AMD density well reproduces the measured interaction cross sections,
if the tail correction is made to the AMD density for *' Ne. The quadrupole deformation determined is around 0.4
in the island of inversion and *'Ne is a halo nucleus with large deformation. We propose the Woods-Saxon model
with the AMD deformation and a suitably chosen parametrization set as an approximate but simple method to
reproduce the AMD density with the tail correction. The angular momentum projection is essential to obtain the
large deformation in the island of inversion. Effects of the pairing correlation are investigated.

Q

T. Sumi, et al., PRC 85, 064613 (2012).

1500 — . T T T

AMD
AMD-RGM =

1400

1300

O [mb]

1200

1100

1 000 1 1 1 1 1
20 22 24 26 28

A ( mass number)

The tail problem is solved

30

+ Glauber Model

oR [Mb]

1500

1400

1300

1200

1100

1000

by the resonating group method (RGM).

:iéi@ Ne

10 12 14 16 18 20 22 24
Neutron Number N

W. Horiuchi, et al.,
PRC 86, 024614 (2012).




Main approaches

O Antisymmetrized Molecular Dynamics (AMD) + Double-Folding Model (DFM) + RGM
Minomo K, et al. PRL 108 (2012) 052503.

O Energy Density Functional Theory + Glauber Model  Glauber R 3, In lecture on Theoretical Physics New York (1959).

 Nonrelativistic: Skyrme-Hartree-Fock (SHF) Horiuchi W, et al. PRC 86 (2012) 024614.
« Relativistic: Covariant Density Functional Theory (CDFT)
« RMF+ACCC+BCS (RAB) Zhang S S, et al. PRC 70 (2004) 034308.

« Deformed Relativistic Hartree-Bogoliubov theory in continuum (DRHBc)

« Deformed Relativistic Hartree-Fock-Bogoliubov (D-RHFB)  Zhou S G, etal. PRC 82 (2010) 011301(R).
Geng J, Long W H, et al. PRC 105 (2022) 034329,

Structure effects Reaction observables
1500 T T T T T 1
Models Halo ~»— AMD (DFM)
resonant pairing deformation  Tensor Reaction Momentum - AMD + RGM (DFM) ;
states correlation force  cross section  distribution R L e Byl (Gladbeh 7
CDFT + v \ \ v = 1300+ SKM'(Glauber) X i
Glauber DRHBGC N J J J N o Bxp
DRHFB v v v v \ V 1200} ANe |
AMD + RGM + DFM v v v V
1 1 | | | | |
SHF + Glauber v X X
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RMF+ACCC+BCS approach

and its applications to 3'Ne



Covariant Density Functional Theory
——— RMF+ACCC+BCS approach

O bound orbitals: RMF 1 Narrow and broad

1 resonant orbitals: RMF-ACCC 2.1=0and | >0
3. bound-type method

S. S.Zhang, J. Meng, S. 6. Zhou and 6. C. Hillhouse, PRC 70, 034308 (2004).
S. S.Zhang, J. Meng, S. 6. Zhou, Eur. Phys. J. A 32, 43(2007).

[ pairing correlations: BCS approx.
5. S. Zhang, ITMPE 82, 2031 (2009). |
A fully self-consistent microscopic method!

Successfully describe the properties for
1208”, 58-98Ni’ 122-1382r’ 131,133Sn,17|\|e’ 27—31Ne

MPLA IJMPE | (EPJA PRC EPJA PLB
(2004) | | (2009) | | (2012)) | (2012) (2013)| | (2014)




Covariant density functional theory (CDFT)

Nucleons are coupled by exchange of mesons E,[ ]
through an effective Lagrangian (EFT) P

P

S(r)=g9,0(r) V(r)=g,0(r)+g,7o(r)+eA(r)
/ / \

Sigma-meson: Omega-meson: Rho-meson:
attractive scalar field short-range repulsive isovector field




Relativistic Mean Field Theory (RMF)

» Equations of Motion for the nucleon spinors:

[a- p+V, (r)+ﬂ(M +V, (r))] W, = &Y,

» Lagrangian density " _
V, (r)=g,0(r)+g,70(r)+eA(r) V,(r)=g,o(r) are the vector and scalar potentials

L= tﬁ[iy"@ﬂ - M —ggo'—gwy“a)ﬂ—gpy“*[-pﬂ—ey“l_T%Aﬂ}w For spherical nuclel, the radial equation of the spinor:

Lo -tmint-Lgot Lo | K e (6) s - M -V, (]G] (1) =0
—%ww%v +%mf)w“a)ﬂ +%C3(a)’“‘a)ﬂ)2 % +§Gi"(r) —[&; +M +V_(r)]F*(r) =0,
_% o p, +%m§ o, where Mo(0)=V4 (1) +Vs (1), V.. (1) =V, (1) =V, (r)
_%AWAW Meson field equations can be reduced to Klein-Gordon equations:

( 2 3
—0,P9:—0,0 =030 for ¢ meson

> s 0,0, —Cx% for @ meson
B.D. Serot and J.D.Walecka, Adv.in Nucl. Phys.,16 (1986) 1 (m¢ -V ) P=S,; ;=1 ] (,0(”) B (p)) o b meson
P.G. Reinhard, Rep. Prog. Phys, 52 (1989) 439 p \ P v P

P. Ring, Prog. Part. Nucl. Phys, 37 (1996) 193 ep!?) for photon, m =0




Physical picture of resonant state

(1 +1) Low-lying resonance
V (r) / r2  Proton emission

 Halo formation

T
complex E — ER _i

energy « Glant resonance

 nucleonsynthesis
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Analytical Continuation of the Coupling Constant (ACCC)

V(r)
\ E STV H =T + AV
R = 4+ V <« =
\ /%@ Y, A=1
SR
t~hT T ocW, __/
—F r
T —
E-E_,—i—
R '2 .

Padé approximant .~
- PAII \\\\\ 2« > A‘O > 1

V. I. Kukulin, et al. 7Theory of Resonances. Principles and
Applications (Kluwer Academic, Dordrecht, 1989)

ACCC: | Energy
Il Wave function



® B.1: HiSWEBTRE y(x) =1+ > - 05+0.1(z — 0.5 HIXMA.

ZX[E o ARXE b yo=y(r=0) X 20 Padé 2= prEL
0.650 1.000 0.9986615  0.406202690 1 branch point
0.650 1.000 1.0000000  0.499933645 2
0.650 1.000 1.0000000  0.499999853 3
0.650 1.000 1.0000000  0.500000001 4

Zx B.2: TR y(2)=1+V2—05+0.1(z —0.5) M 2 € [3.0,5.0] ZEHE] » = —4.0 B}

y(z) B IR (A AR R E AL &L exact numerical exact numerical
value value value value

Padé ZI=FrEk gt . y(z) SR y(z) MEHP
M=N L ORmME R R M
1 0.6E-01 -4.00 0550 [0.658020] 2.121320 [2.214777
2 0.6E-08 -4.00 0550 [0.550000| 2.121320 |2.121320
_ . , 3 0.1E-26  -4.00 0550 [0.550000| 2.121320 |2.121320
Analytlcal function 1 0.5E-46  -4.00 0550 [0.550000| 2.121320 [2.121320
5 L0.3E-66  -4.00  0.550 0.550000] 2.121320 [2.121320
6 0.2F-86 -4.00 0550 [0.550000| 2.121320 |2.121320
7 03107 -4.00 0550 [0.549991] 2.121320 |2.121329
8 0.8129 -4.00 0550 [0.549513| 2.121320 [2.121470
9 0.1-150  -4.00 0550 [0.552488| 2.121320 |2.121421




Resonant BCS method

v Gap eq. _ I'/2rx
p q Z (J'I'E) 1 '|'Z (J +1)J ga(ga) i :E ga(ga) (gr _ga)z RE /4
2 e U
v Particle number eq.
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_Ej(gopso-ﬂ + gmpva)l] + gppjpl] + epcz%)d r _J.[;géo-ﬁ + Zgjo-l] F r

41 p, (1) = ¥ (2j, + DV, (G, (I +]F, ()

~

-G [Z(]; + %)1’}”5 +Z(ja + %)L g, (e W (e)u, (e )de, —l_ _ % A1 473

Binding
energy

+ T, D, 8,625,060, 0 + 7, 0 s,

X2+, (6, [ +|F, )

DTS R RCREACY X6, +|E, ) We,
47rp.(r) = a;(z Jp + VG, ()] +]E, ()

S. S. Zhang, ITMPE 82, 2031 (2009).
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RAB approach: RMF+ACCC+BCS

S.'S. Zhang, el. al., PLB 730, 30 (2014).

Physics Letters B 730 (2014) 30-35 1 ! |
40 [ | —— NL1 ] RMF+ACCC+BCS approach
Contents lists available at ScienceDirect _ . 31Ne
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b Institute of Theeretical Physics, Chinese Academy of Sciences, Beljing 100790, China
< Kavli Institute for Tk ical Physics China, CAS, Beijing 100790, Chir - - - - . . . . )
& Physics Division, Oak Rdge National Laboratory, Ock Ridge, TN 378316354, USA Neutron density distributions (DD) predicted spin and parity for g.s. in 3'Ne 3/2
confirmed by T. Nakamura, et al. PRL 112, 142501 (2014).
R | | | 1 o T
B - EXP J 1 L L] T 1 l 1 T 1 1 l
S § N 1.0x10° |~ -
Q i ] 3
= "F NI i PP 3/2 |
o b a ] 8.0x10* |- -
& 4L . -
= —_
] i 1 < i -
ch - - ! . L‘g g 6.0x10
S 2 -_ —- ’:“\ 8 -4
'.g - -1 — = 4.0x10
© L 4 o o
S I . ]
% 0 AuRRRRREEEECEE R EEEERCREREREEEEEERERERERE (RRE - 2.0x10™
e | 1 1 “ ]




Reaction: Glauber model

 proposed by R. J. Glauber based on Eikonal approx. R.J. Glauber, In lecture on
« applied to stable nuclei collision by Franco et. al. Theoretical Physics New York 1959,

» Karol adopted Guassian-type density to obtain analytical
phase shift profile function

» Not suitable for intermediate and low energy region J

Ogawa Y, Suzuki Y,
Yabana K. NPA, 1994,

« (Ogawa and Al-Khalili et. al. proposed few-body Glauber model
571(4): 784-802.

« Abu-lbrahim developed many-body scattering method

» Takechi and Fukuda add Fermi motion and Takechi M, Fukuda M, Mihara M, et al.
multi-scattering effect in low energy region PRC, 2009, 79(6): 061601.

. Hong J, Bertulani C A,
« Hong and Bertulani used deformed Glauber } Kruppa A T. PRC, 2017,

model to describe 31Ne 96(6): 064603.

gL a'é’t:ILBSi‘Lgl\:A}fgg?égz(Oz%“z)é) « S.S. Zhang etal., used RAB / DRHBc theory + spherical
S5, Zhang.etal. PG 49: 025102 (2022) Glauber model to describe 3'Ne, 3’Mg and >19C




Goals

» Microscopic Structure model + Glauber model mmp  deformed halo

 Reaction cross section (CS)

Radius, den_3|tyd|str|but|on ‘ Observables | « One-neutron removal CS
cannot be directly detected . Momentum distribution

{ RAB } { DRHBcC } { DRHBcC }
(spherical) (deformed) (deformed)
e I - —> C
spherical spherical deformed
Glauber model Glauber model Glauber model

JPG 2022. 01 cover article SCPMA 2022.06 In confirmation



Formulae of Glauber model

» Lippmann-Schwinger equation

B Ez

O (r) =2 exp(ik, -r)JFJ(’é“(f‘ rOUG) w7 (rdr’

e
Y
L4 ‘ !

> Eikonal Approximation b AN =7 aw

______________ -{j,‘—‘l, (EAf)
GeP(R) =GP (R) + GO (R) + ++

exp(iP - R)

GV(R)-=-—(2m) 3 exp(ik; - R) f dp

2k; P, — ie ] ) ..
o nuclide-nuclide collision
» Scattering amplitude
f(q) =% [ dbexp(iq - b) {1 — explix(h)]} = [ db exp(iq - b) I'(h) Xior(ByS1 Sty i) = ) (b4 s:—t))
i=1j=1
= ik e
x(b) = —%  dzU(b,2) Fap(@)-= 5 f db exp(—iq - b) (01 - ﬂjﬂ[l = (b + ;= t;)] [¥o60)



Reaction method:

spherical Glauber model

Modification |

i two-body ) Total reaction CS
scattering OLA(optical limit
L phase shift ) approximation)

iXCT(b)=—fd"fdf‘fpc(i‘)m(i")r(b-l-s —s')

ixnT(b) =

« Multi-set Gaussian-type density
p() = ) ciexpl—a;r?].

i

B. Abu-lbrahim, et al. CPC, 2003, 151(3): 369-386.

 Fourier transformation

ixcr(8) = | 4 apc(@pr(@)fun(@Jo(ab).

7

do

—fdrpT(r)F(b—s). ap

.

Momentum
distribution

J \. J

One-neutron
removal CS

Oreac(P+T) = f db (1 _ |((poleiXCT(bC)-HXNT(bc-FS)|¢0>{2)

fur

mel dO‘ir}Vel 1
fdl Znh,[de (1-—

szjdz ehp”(z Z) Uy (1 )unl](r) 1 Pl(r ™

ZEZE5

e_ZImXNT(bN))J.dSe (1

101
102
.“],-3 =
10-4 =
105
10-5 -
107 .

Z 2 Z Z &

1
th Is L b2

p [fm™]

i
b o 1 3 3

ﬂ” 2 4 “E
r[fm]

—e —ZlmeT(bN))

S.-S. Zhang, S.-Y. Zhong, etal. JPG 49 (2022) 025102.
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Structure: CDFT-RAB (spherical + pairing + resonance)
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O mechanism: low-lying p-wave resonant state coupling with
the pairing correlations

O large occupation probability of p-wave

O pairing correlation results in weekly-bound system with negative Fermi
surface

S. S. Zhang, et al. PLB 730, 30 (2014).

0 3/2-the spin & parity are confirmed by PRL article

T. Nakamura, et al, PRL 112, 142501 (2014).



Results & Discussions

Unified description from structure to reaction observables

Step 1:

spherical + spherical

Multi-set of Gaussian functions (x)
Direct reading the density from RAB ~ '

.- = R

Journal of Physics G
Nuclear and Particle Physics
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DRHBc approach

and its applications to 3'Ne, 3’"Mg and 1>1°C



Deformed Relativistic Hartree-Bogoliubov theory in continuum (DRHBCc)

Meson exchange picture
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1 1+ Reinhard1989 RPP52-439
— ZF,, F*" — e >0, Ring1996_PPNP37-193
4 2 Vretenar_Afanasjev_Lalazissis_Ring2005_PR409-101
Equation of motion Meng_Toki_Zhou_Zhang_Long_Geng2006_PPNP57-470
Liang Meng_ Zhou?2015 PR570-1
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(_VQ n 2) o B 3 ® Legendre transformation: Hamiltonian (ph channel)
my)wW = JuwpPv — C3W ® Density-dependent zero-range pairing force (pp channel)
(_V2 + mi) P = GpP3 ® Bogoliubov transformation for the pairing correlation
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Spherical Dirac Woods-Saxon basis
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® Reproducing results of r-space

® Matrix diagonalization Zhou Meng_Ring 2003 PRC68-034323

Solving the Dirac-Hartree(-Fock)-Bogoliubov equations have been achieved!

courtesy to Xiangxiang Sun



Dirac Woods-Saxon %
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v T rEsEEk, FEH2EAE Fermi sea A1 Dirac sea.
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CDFT: DRHBc (deformation + pairing + continuum) oE
E 105: \E
- = 100k -
Step 2 - Stnbnsivai_l 10t <« -
10-L -
= 110 (a) 3
deformed + spherical - o
10 I
= 50 —@— o
Improved 5 104 5w B
105 ; 30_—
* Removal CS: 30% e 5 F
« Momentum distribution: 26% 10-50 51 -10-5 0 5 10 or
x (fm) x (fm) 00‘ b A e
2
Reaction CS 1n Removal CS Momentum distribution
1600_ I I I I I I ] 300-I LI L | LU I L | LI I LI I I- -I | L L l L L L I L L L I L L L I L
- [ DRHBC ‘ ‘ RAB ‘ . | ® Nakamura DRHBc RAB 1 20~ #INe+“C—*Ne+X | DRHBc RAB o
] (2014) C
[ —— NL1 ——NL1 7 - , NLT PK1 NL3 NLT ] [ NLT PK1 N3 NLT i
et * NL1 GFs fit ] 200 -_ .Eg$g;1' o e — 3 15 . ® Exp. o e -
= [ ——NL3 ] Y — -- —-*Ne | % A0 ]
E 1400 o p1 -4 2 | . = [ ]
d S . :Z' i ] E 10 .
1300:— —: 100__ __ 3;' E :
C _ . L - 05— -
1200 — o -] L T . i - B
| [ [ [ [ I E | ".__“‘-1"--'-‘ et e e Ty i ¢ Y Al e Ao | N i
25 26 27 28 29 30 31 32 po ool ev s bvv v s b bev s a by o b [
0 200 400 600 800 1000 00 100 0 100 00

Mass number A

E (MeV/A)

S.-Y. Zhong, S.-S. Zhang, et al. SCPMA, 65 (2022) 262011

P, (MeVic)




Reaction measurements for Magnesium isotopes

o One-neutron separation energy S, : 0.2210-12 MeV

= Narrow momentum distribution o Reaction cross section increase
] oSty ————————
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wnified description of the hato nucleus *TMg from microscopic
reaction observables
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Reaction method: spherical Glauber model Modification |1
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O >19C: DRHBc + Glauber Observables
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D-RHFB approach

and its applications to 1°C



O 1°C: D-RHFB + Glauber
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O 1°C: D-RHFB + Glauber
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Glauber model
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DRHBc theory + deformed Glauber model

Step 3:

deformed + deformed oreparetio®
n
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2+ 25 : Qi Lu’s latest results for NL1 & NL3




DRHBc theory + deformed Glauber model

Step 3:

deformed + deformed 1nP
Reaction C Momentum distribution
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Realize a unified description of halo nuclei
Summary

from microscopic structure to reaction observables

O Spherical structure + reaction

 Reaction CS: RAB density vs. Gaussiaid@lensity
Improved by 50 mb

 Momentum distribution: narrow < dilute in coordinate space

O Deformed structure + spherical reaction
* Reaction CS : Close to the upper limit of Exp. data
* 1nremoval CS: improved by 30%
« Momentum distribution: improved by 26%

0 Deformed structure + deformed reaction
e Reaction CS : Agree well with Exp. data

« Momentum distribution : NL3 improved by 30 %
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Outlook

1. Search for new halo nucleus:
Core + 1n
Core + 2n
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Z Vk, KV, k"

Vik. k)= Vk.K) - 2E(K")

k" —kp|> Ak
V.¢s : the effective interaction
Viare - The bare interaction
a = |kg - k| : the momentum cut-off

PRC81 (2010) 044313
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Induced Interaction Landau limit

PRC 93 (2016) 044329
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The BCS-BEC crossover: From ultra-cold
Fermi gases to nuclear systems
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More recently [450], the induced pairing interaction was calculated at
various asymmetries. The screening in neutron matter goes smoothly
over to anti-screening in symmetric nuclear matter. About half way in
between there is practically total cancellation between screening and
anti-screening and only the mean field remains active. However, so far

[ 450] Zhang S.S., etal., PRC 93 (2016) 044329

. #HBE PRC .. PLBYEIF5

PLB 776, 72 (2018)

solutions [18]. Regarding infinite nuclear systems, recent studies
of the gap equation with medium polarization effects [#8] showed
that the superfluid spin-triplet phase disappears in asymmetric nu-
clear matter.

PRC 85, 064314 (2012) EEitERFHER—3!

these modifications do not happen. We have found qualitative
agreement with the results of Refs. [2,6] where a BCS
calculation 1s performed based on the the AV18 model. It is
worthwhile to mention that the inclusion of three-body forces
in Ref. [2] improves the similarity.

PRC 88, 061302(R) (2013)

Unlike our previous nuclear mass models since HFB-16
[19], the pairing force that we have adopted here is purely
phenomenological. It has been already shown that the density
dependence given by Eq. (2) is not flexible enough to allow
for a good fit of the 'Sy pairing gaps in both charge-symmetric
INM and NeuM, as obtained from microscopic calculations
using realistic nucleon-nucleon potentials [21,39.40]. This is



Outlook

1. Search for new halo nucleus:
Core + 1n
Core + 2n

2. CFT/Lattice QCD %5 th A% ¥tz FAHEAE s I AXIFRAZ Y %) e
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