Shan-Gui Zhou

i)

= T

Institute of Theoretical Physics (ITP), Chinese Academy of Sciences (CAS), Beijing
Center of Theoretical Nucl. Phys., National Lab. of Heavy lon Accelerator, Lanzhou

Collaborators:

J. Meng (Peking Univ., Beijing)
P. Ring (Tech. Univ., Munich)
E. G. Zhao (ITP-CAS, Beljing)

HEFFERARAF
20094£12 43 H


http://www.itp.ac.cn/~sgzhou

Introduction
< Atomic nuclei
< Current hot topics: exotic nuclei, nuclear astrophysics & SHE

Deformation effects in exotic nuclei
<> Nuclear shapes
<> Halos in deformed nuclei: exists or not? if yes, what's new?

Relativistic Hartree (Bogoliubov) model for exotic nuclei
< A brief introduction to RMF: what, why & how
< Deformed Relativistic Hartree-Boboliubov model in a Woods-Saxon basis

Neutron halo in deformed nuclei: Mg
< Density distributions; single particle states in canonical basis; rms radii
< Decoupling between deformations of core & halo
< Mechanism of the decoupling

Summary

Dec 3, 2009 USTC, Hefei



AHE: %)
FIRZ AR

10°m 1014 m

v R (ZE) - &P (BT
v U #: R FEZHEIN IR ISR, s O (Z = 8)
VoL R R EOHELS PO EIZ =, 580 (Z = 8,
N =8) &80 (Z=8,N=10), ...
v R TENR <Z &N, A=Z+N
VRN V~A R~AY (GBZJIMAE. 29 AT 46 1)
VIR EEERE: 41 8 MeV (FRERZ)
v ZJH: 2,8, 20,28, 50, 82, ...

Dec 3, 2009 USTC, Hefeli 3




Dec 3, 2009

USTC, Hefei




Dec 3, 2009

USTC, Hefei




Woods-Saxon il S
9/2 92
—1h-
3 11/2(82
— 35— 2 70
4ha){ —2d T 5/2 64
“““ 712 58
—1g -
i s
w
{ —1f =l 312 32
N 712
_ 3/2 |20
2hw =28 = 1/2 ‘.
1d N 5/2 14
— T 1/2
1hw 1p 35 [53
Oha) _18_ ........ 1/2

Dec 3, 2009 USTC, Hefei

S5 AL

:

AR

magic numbers

A ——
o R [ At



Dec 3, 2009

USTC, Hefei




|. Tanihata et al.
Phys. Rev. Lett. 55, 2676 (1985)

Interaction cross section
measurements at Bevalac

/ (790 MeV/u)
1.pAY3

N
>
Nuclear radius (fm)

| |
6 10
Mass number

effective NN interaction
strong in-medium effects

(almost) bare NN interaction
weak in-medium effects

Dec 3, 2009 USTC, Hefei 208pp 8



Dec 3, 2009

USTC, Hefeli

Nuclear radius (fm)
(%)
=]

W
&

|. Tanihata et al.
Phys. Rev. Lett. 55, 2676 (1985)

Interaction cross section
measurements at Bevalac

' / (790 MeV/u)
1.pAY3

N
o

| |
6 10
Mass number

effective NN interaction
strong in-medium effects

(almost) bare NN interaction
weak in-medium effects




|
Dec 3, 2009

MAGIC

USTC, Hefei

10



|
Dec 3, 2009 USTC, Hefei 11



WIREEERIRETIERR K E
Radroactive 1on beam facilities

o F YL

‘SAC Louvain-lafNeuwve

Ganil Spiral g ® 85!
ye MSUNSCL u. g INFNANS
g :.'No"e Dame CERNfsolde= Fe .~

Oak Ridge

I
H Ann,'r:riu !_f"‘
| f :

Rl

Dec 3, 2009 USTC, Hefei



WIREEERIRETIERR K E
Radroactive 1on beam facilities

o F YL

‘SAC Louvain-lafNeuwve

Ganil Spiral g ® 85!
MSUNSGL o INEIIANS

Argonne CERN Isolde
:’;’:ﬁ‘gﬁ dngi"‘e = ® ExeYT

+
CSR@Lanzhou
BRIF@Beljing

KH FRIB . H A<RIBF
Facility f. Rare — KR FAIR ~ Radioactive lon
Isotope Beams ~ Facility f. Antiproton Beam Factory

Dec 3. 2009 & lon Research 13




|
Dec 3, 2009

r-process abundances
o
<
w

=y
<
-

g =y
. <
LI LELBLRRL LR

oy
<
(=]
1L

experiment
pronounced shell structure
shell structure quenched

|

Loss i

Lol ol [T AW R TIT

L L LLLIL

120

180

140 160
Mass Number A

USTC, Hefei

14




|
Dec 3, 2009

USTC, Hefei

15



SHE: experimental status
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Nuclear Shapes
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Halo in deformed nucl.
Island of inversion
7 A Evolution of shell structure
Diff. deformation of proton & neutron

|
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Deformed Halo? Deformed core?

Decoupling of the core and halo in deformed nuclei?

11,14Be
Ne Isotopes

[Poschi etal., PRL79(97)3841 |
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ﬂMisu, Nazarewicz, Aberg, NPA614(97)44
ﬂ Bennaceur et al., PLB296(00)154

Hamamoto & Mottelson, PRC68(03)034312

Hamamoto & Mottelson, PRC69(04)064302

—r—

ﬂNunes, NPA757(05)349
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Misu, Nazarewicz, Aberg, NPA614(97)44
The deformed spheroidal square well potential is given by
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[Misu, Nazarewicz, Aberg, NPA614(97)44

U=-800MeV  R;=4.0fm =+
R —

- 0_e=0greshold =1 - _/_\io.
% - 23- e N _QFZ-.»——_-
2>, 10 == = ‘!_ '
o b
@ 20b
8 E
!a o
;-30:—
.
Y -40F
] n
’.E -
M-SO-_
ﬂ.‘ -
& S0
=T o} -
.053-70:—15 —OO

- Locoabonpa v by deveg v beere b berga s

0 0.2 0.4 0.6 0.8 1

Deformation o

60 = 0.2 and two valuen nucleons occupy

the [11—] orbital with e = —5 keV.
Dec 3, 2009 USTC, Hefei 22
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[Pei, Xu & Stevenson, NPA765(06)29 |
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Nunes: no halo 1n deformed nuclei

Available online at www,sciencedirect.com

BGIENOE@DIHEGT' NUCLEAR

PHYSICS

Nuclear Physics A 757 (2005) 349-359

Valence pairing, core detormation and
the development of two-neutron halos

F.M. Nunes !

NSCL and Department of Physics and Astronomy, Michigan State University, East Lansing, MI 48824, USA
Recetved 7 February 20035; received in revised form 1 April 2005; accepted 5 April 2005
Available online 3 May 2005

Abstract

We explore the evolution of the structure of the ground state of a nucleus with two valence nucleons
as the system approaches the two particle threshold. We use a three-body model of core + n + n
where the core 1s deformed and allowed to excite. We find that both NN correlations and correlations
due to deformation/excitation of the core inhibit the formation of halos. Our results suggest that it 1s
unlikely to find halo nuclei on the dripline of deformed nuclei.
© 2005 Elsevier B.V. All rights reserved.
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Valence pairing, core deformation and
the development of two-neutron halos

F.M. Nunes !

Abstract

We explore the evolution of the structure of the ground state of a nucleus with two valence nucleons
as the system approaches the two particle threshold. We use a three-body model of core + n 4+ n
where the core 1s deformed and allowed to excite. We find that both NN correlations and correlations
due to deformation/excitation of the core inhibit the formation of halos. Our results suggest that it is

unlikely to find halo nucle1 on the dripline of deformed nuclei.

© 2005 Elsevier B.V. All rights reserved.
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Characteristics of halo nuclein

7 Weakly bound; large spatial extension
/7 Continuum can not be ignored

Stable | Nulcei Drip-line

T T\
\V %

T
=i

Meng, Toki, SGZ, Zhang, Long & Geng,
Prog. Part. Nucl. Phys. 57 (06) 470
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Weakly bound; large spatial extension 0"_'
Continuum can not be ignored @

Stable | Nulcei Drip-line | Nuclei

N 550,

N\

Self-consistent description:
» Deformation
» \WWeakly bound, continuum

o Large spatial distribution Mleang, T;hi.tSﬁz, fh;ln:g, Long & Geng, 7
I . . . .57 (06) 470
» Couplings among ... rog. Part. Nucl. Phys. 57 (06)
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ﬂ Dobaczewski, et al., PRC53(96)2809
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HF+BCS+SkP wave function r¢ (E ,r)
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> Positive energy States

Even a smaller occupation
of positive energy states
gives a non-localized density

> Bound States
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> Bound States

> Positive energy States

ﬂ Dobaczewski, et al., PRC53(96)2809
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HFB+SkP wave functions r?(E 1)
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> Positive energy States

e \V/(r) determines the density

N | the density is localized even
If U(r) oscillates at large r

> Bound States

ﬂ Dobaczewski, et al., PRC53(96)2809
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Relativistic mean Field model

__ /. 1 _
L=(i7,0" =My +20,00" ~U(0) - 9,70,

- %QWQ#V " % maz)a)ua)ﬂ B gw%yﬂwﬂWi

1. - 1
—ZRWR” +2mpp,,p -9, vir.P Ty,
_%F FU e Ty Ay,

ﬂ Serot & Walecka, Adv. Nucl. Phys. 16 (86) 1 ]

[! Reinhard, Rep. Prog. Phys. 52 (89) 439 ]

ﬂ Ring, Prog. Part. Nucl. Phys. 37 (96) 193 1

Phys. Rep. 409 (05) 101 Prog. Part. Nucl. Phys. 57 (06) 470
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Nucleon-nucleon interaction
<> Mesons degrees of freedom included
<> Nucleons interact via exchanges mesons

Relativistic effects
<> Two potentials: scalar and vector potentials
= the relativistic effects important dynamically
= New mechanism of saturation of nuclear matter
= Psedo spin symmetry explained neatly and successfully
<> Spin orbit coupling included automatically
— Anomalies in isotope shifts of Pb

Others

<> More easily dealt with
<> Less number of paramters
<.

Dec 3, 2009 USTC, Hefei
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Ground state properties of nuclei
<> Binding energies, radii, neutron skin thickness, etc.
Halo nuclei
< RMF description of halo nuclei
< Predictions of giant halo
< Study of deformed halo
Symmetries in nuclei
< Pseudo spin symmetry
< Spin symmetry
Hyper nuclei
< Neutron halo and hyperon halo in hyper nuclei

@

Meng, Toki, SGZ, et al.,
Prog. Part. Nucl. Phys. 2006

Condens. Matter Theor. 2007

U Meng, SGZ, Zhang, et al.,
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Shapes Mean field or Schrédinger Dirac
Beyond W-S basis W-S basis
Spherical | Rela. Hartree SRH SWS SRH DWS |/
SGZ, Meng & Ring,PRC68,034323(03); PRL91, 262501 (03)
Axially | Rela. Hartree + BCS DRH DWS |/
deformed SGZ, Meng & Ring, AIP Conf. Proc. 865, 90 (06)
Axially | Rela. Hartree-BogoIiubc;v DRHB DWS
deformed [5Gz, Meng, Ring, ISPUN 2007 |
Triaxially | Rela. Hartree-Bogoliubov TRHB DWS
deformed

Many difficulties to solve deformed problem in r space

Woods-Saxon basis might be a reconciler between
the HO basis and r space [ Schunck & Egido 2008 |
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Spherical Rela. Hartree Theory: 7?Ca

—— SRHR (R, =35 fm)
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- SRHHO (N, = 25)

0

SGZ, Meng & Ring,
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Woods-Saxon basis
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SGZ, Meng & Ring,
PRC68,034323(03)
>/ @
Y $GZ Meng & Ring,
PRL91,262501(03)

Woods-Saxon basis
reproduces r space

A —— SRHR (R, =35 fm)
i ~- SRHDWS (R, = 35 fm)
107 k -~~~ SRHDWS (R, =30 fm)
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Deformed RHB 1n a Woods-Saxon basis

Axially deformed nuclei g, = (Z;ulﬁi‘zi),()ai;ﬂ V.
Ulgm)(ro-p) . ((I)K)(lem( Gp) 1 IGIK(r)YKfn(QO-)
(m) N Z ( ) (lem(rO'p) -
V,\"(ron)) 4 (.K)(D.Km( rop) ri—-F_(r)Y_(Qo)

S Smresn o lviren) i)

@ E][\% ) E[\L;j u=um)  v=(",)
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DRHB matrix elements

A, even or odd
r 0-10'2 %%Y@, ZSM 0'1(72 )As/ll\fz;splpz (r) u, 0 or +1
'1’<1 i), ) AZS% Mg, yg:njglgqplazpzj‘ 'R, pzil(r)lezzc ( )Asiil\;/lzsplpz( )
H S 1M2
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Phenomenological pairing interaction with parameters:

Vi, Po» ¥, and the smooth cut off parameters E_ , and I

PO

. i v = =
VPalr = 1V46(ry — 1r2) (1 - M) 1 — 4611/ - G2 [I]1s - Lo/

cut cut

1 Ey—EJ%
S(Ek) T 5 <]— T \/(Ek—Eqp 2_|_(1—1q.p. 2>
Finite range?
Volume or surface?

Microscopic?
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How

to fix the pairing strength and the

pairing window
20Mg: spherical from DRHBWS calculation

NL3, Rpax =20 fm, Ar =0.1 fm

Zero pairing energy for the neutron

Model Pairing force | Parameters Egair (MeV)
SRHBHO | Gogny D1S —9.2382
RCHB Surface ¢ Vo = 374 MeV fm? | —9.2387
PO = 0.152 fm3
Sharp cutoff | EXP =60 MeV
DRHBWS | Surface § Vo = 380 MeV fm? | —9.2383
PO = 0.152 fm?3
Smooth cutoff | EXP = 60 MeV
I' = 5.65 MeV
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Proton Meutron Proton Meutron

z (fm)
z (fm)

. -0 -d 0 4 8
® (fm) % (fm)

arXiv: 0909.1600 [nucl-th]

D SGZ, Meng, Ring, Zhao 7

Prolate deformation
Large spatial extension in neutron density distribution
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The 3rd & 4th states contribute
to tail part of neutron density

distribution

Main component: 2p,,
Rcore = 3.72 fm, Rhalo — 5.86 fm

po(r) (fm™)

4t
~ 2F =
> -
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Z 0 A e
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w _2 i
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Prolate core, but slightly oblate halo with sizable hexadecapole
component !

Decoupling of deformation betw. core & halo
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Why the halo slightly oblate?

€.y (MeV)
-

4 44Mg neutron NL3

Cartoon plots from
Dec 3, 2009

2250 [D.QSE
112

11 172" [0.013]
10 5/27 [0.020]
9 3/2* [0.020]

+ -

0.955

n Q" vl

USTC, Hefei

Y10(0, ¢)|* o< cos?(0)

50


http://mathworld.wolfram.com/SphericalHarmonic.html
http://mathworld.wolfram.com/SphericalHarmonic.html
http://mathworld.wolfram.com/SphericalHarmonic.html
http://mathworld.wolfram.com/

How to measure?

/2 Larger cross section

2 Smaller momentum distribution
<-Double-hump ! ?
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How to measure?

/2 Larger cross section

2 Smaller momentum distribution
<-Double-hump ! ?

“ New dipole modes
a..
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Analogy In moleculear anions

NC-CHo-CHo-NC |] Desfrancois et al., PRL92(04)083003

Gauche-succinonitrile: Trans-succinonitrile:

Dipole-bound anion Quadrupole bound anion
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