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Nuclear magic number
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Physica Scripta. Vol. 26, 267-272, 1982

Pseudospin in Rotating Nuclear Potentials

A. Bohr, I. Hamamoto and Ben R. Mottelson

The Niels Bohr Institute, Blegdamsvej 17, DK-2100 Copenhagen (), Denmark
and

NORDITA, Blegdamsvej 17, DK-2100 Copenhagen ¢, Denmark

Received July 7, 1982; accepted July 10, 1982

Abstract

It is found that the concept of pseudo-spin and pseudo-oscillator quan-
tum numbers, introduced by previous authors, can be helpful in under-
standing the qualitative features of quasiparticle motion in rotating
potentials, for the orbits with normal parity (excluding the high j orbits).
In the first part of the paper, the use of pseudo-spin in static deformed
potentials is briefly reviewed.

2013-07-27 A. Bohr, I. Hamamoto, and B. R. Mottelson, Phys. Scr. 26,267 1982
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VOLUME 68, NUMBER 14 PHYSICAL REVIEW LETTERS 6 APRIL 1992

Pseudospin Symmetry in Nuclear Physics

C. Bahri and J. P. Draayer
Department of Physics and Astronomy, Louisiana State University, Baton Rouge, Louisiana 70803

S. A. Moszkowski

Department of Physics, University of California, Los Angeles, Los Angeles, California 90024
(Received 12 November 1991)

The origin and consequences of pseudospin symmetry in nuclear physics, which is exact for an oscilla-
tor potential with one-body orbit-orbit (vy) and spin-orbit (v) interaction strengths in the ratio
u=2vy/vi, =0.5, are considered. Specifically, the v; = 4vy; condition is consistent with relativistic
mean-field results and a pseudo LS coupling scheme. When deformation dominates, pseudospin extends
to pseudo SU(3), which is applicable to superdeformation.
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Since PSS was suggested, lots of nuclear
phenomena have been Interpreted In
connection with the PSS, for example ...
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VOLUME 59, NUMBER 13 PHYSICAL REVIEW LETTERS 28 SEPTEMBER 1987

Abundance and Systematics of Nuclear Superdeformed States; Relation to the Pseudospin and
Pseudo-SU(3) Symmetries

J. Dudek
Center de Recherches Nucleaires et Université Louis Pasteur, F-67037 Strashbourg Cedex, France

W. Nazarewicz
Institute af Physics, Technical University, PL-00-662 Warsaw, Poland

Z. Szymanski

Centre de Recherches Nucléaires, F-67037 Strasbourg Cedex, France, and Institute of Theoretical Physics,
Warsaw University, PL-00-68] Warsaw, Poland

and

G. A. Leander

Oak Ridge Associated Universities, Oak Ridege, Tennessee 37830
{Received 31 December 1986)

Results of a multidimensional (., y, Ba, @, Z, and N) search for nuclear superdeformed config-
urations are presented. Calculations based on a realistic deformed average field give a relatively strong
dependence of the “super™ elongation on the particle number. This dependence is shown to be a cyclic
function of the particle number. It originates from the pseudospin and pseudo-SU(3) symmetries which
are obeyed approximately in a realistic average field.

PACS numbers: 21.10.Gv, 21.60.Fw
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VOLUME 64, NUMBER 14 PHYSICAL REVIEW LETTERS 2 APRIL 1990

Natural-Parity States in Superdeformed Bands and Pseudo SU(3) Symmetry at Extreme Conditions

W. Nazarewicz,"” P. J. Twin,m P. Fallon,m and J. D. Garrett

O Institute of Physics, Warsaw University of Technology, ul. Koszykowa 75, PL-00662 Warsaw, Poland
Doliver Lodge Laboratory, University of Liverpool, Liverpool L69 3BX, United Kingdom
0ak Ridge National Laboratory, Oak Ridge, Tennessee 37831
(Received 18 December 1989)

RAPID COMMUNICATIONS

PHYSICAL REVIEW C VOLUME 44, NUMBER 5 NOVEMBER 1991

Spin determination and quantized alignment in the superdeformed bands in '>2Dy, '*'Tb, and '*°Gd

J. Y. Zeng,'2¥ . Men%,(z'” C.S. Wy, 23 E_ G. Zhao,"""¥
Z. Xing," and X. Q. Chen®
China Center of Advanced Science and Technology (World Laboratory), Center of Theoretical Physics,
P.O. Box 8730, Beijing 100080, China
@ pepartment of Physics, Peking University, Beijing 100871, China*
O pnstitute of Theoretical Physics, Chinese Academy of Science, Beijing 100080, China
“”Department of Modern Physics, Lanzhou University, Lanzhou 730000, China
(Received 13 May 1991)

The spin of the lowest level observed in the superdeformed band in '*?Dy is determined to be o =25
rather than the previously assigned fo=22. As a result, we have 7 "> 7 ® and both 7" and 7 @
decrease very slowly with rotational frequency. From the spin determination of the two pairs of identi-
cal bands in '*’Dy and "*'Tb*, '"'Tb and '°Gd*, evidence has been obtained to support the assump-

tion of quantized alignments in units of A/2.
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PHYSICAL REVIEW C 80, 034303 (2009)

Properties of the rotational bands in the transitional nucleus Pt

W. Hua and X. H. Zhou™
Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, People's Republic of China and
Graduate School of the Chinese Academy of Sciences, Beijing 100049, Peaple's Republic of China

YH_ZhangTY_Zheng+ | W 4 O b Aapog M hano [} Eapnog 51 _an . O
Institute af

PHYSICAL REVIEW C 78, 064301 (2008)

Identification of pseudospin partner bands in '®Te¢

School of Physics, a Q. Xu (#:5%).' S. J. Zhu C&MET),>" 1. H. Hamilton.” A. V. Ramayya.? J. K. Hwang.” B. Qi (7T%&).” J. Meng (#&7%).’
ST 1L Peng (3235).* Y. X. Luo,> J. O. Rasmussen,” 1. Y. Lee.” S. H. Liu,”> K. Li.2 J. G. Wang (F #t[H),! H. B. Ding (T 4+ 1).!
L. Gu (JHJg).! E. Y. Yeoh (#%i#)[i).! and W. C. Ma®
! Department of Physics, Tsinghua University, Beijing 100084, People’s Republic of China
’Department of Physics, Vanderbilt University, Nashville, Tennessee 37235, USA

(Rechried 3School of Physics, Peking University, Beijing 100871, People’s Republic of China
*Department of Physics, Beijing Normal University, Beijing 100875, People’s Republic of China
High-spin s SLawrence Berkeley National Laboratory. Berkeley, California 94720, USA
of B8 and 95 ®Department of Physics, Mississippi State University, Mississippi State, Mississippi 39762, USA
Rotational ban (Received 31 July 2008; published 8 December 2008)

shape and a ne:
transition sequy
the vigz v fsal
as a pair of pse

High-spin structures in the neutron-rich 1%Tc nucleus have been reinvestigated by measuring the prompt
y-rays from spontaneous fission of BN A previously known collective band has been extended up to higher
spin states and a new side band has been identified. These doublet bands are proposed as pseudospin partner
bands with configurations 7 1,/2%[431] ®v[iﬂ§ 5/2%,3/2%], which is a first identification in A ~ 100 region.
The particle-rotor model (PRM) was applied to calculate levels and B(M1)/B(E2) ratios of the bands in 103,
The calculated results are in good agreement with the experimental values.
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Even for Magnetic moments, transitions and y-vibrational states

O On the validity of the pseudo-spin concept for axially symmetric deformed
nuclei

D. Troltenier, W. Nazarewicz, Z. Szymanski, J.P. Draayer, Nucl. Phys. A
967, 591 (1994).

Q |-forbidden M1 transitions and pseudospin symmetry

P. von Neumann-Cosel and J. N. Ginocchio, Phys. Rev. C 62, 014308
(2000)

O Neutron number dependence of the energies of the y-vibrational states in
nuclei with Z~100 and the manifestation of pseudospin symmetry

R. V. Jolos, N. Yi. Shirikova, and A. V. Sushkov, Phys. Rev. C 86, 044320
(2012)
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Some themes in the study of very deformed rotating nuclei

Ben Mottelson
Nordita
Blegdamsvey 17

Very briefly the concept of psudo-spin is built on the following observations
(Hecht and Adler, Nucl.Phys. A137, 129 {6Y); Arima, Harvey, and Shimizu, Phys.Lett. 308, 517

a) Ey (™'Tb:SD Excited)
Y .
~Ey ("**Dy:SD Vrast) 69 :

a) The observed single particle spectra in spherical nuclel exhibit a number of approximate
2| degeneracies of orbits with the same parity and Aj=1:
o711 - I

< 11y 1
-~ g7/2,ds/2) _
D Ey(°%6d:SD Excited) (d3/2,51/2) for N = 50 — 82
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Fig.6&: Comparison of transition energies for super-defonmed rotational bands in (g 7/2s ds{' 2) fOI' N> 126
52py 15175 and! 0G4, (ds,fz: S1/2 )
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Relativistic mean field / Covariant density functional theory

Lo pV () +B(M+S() v = e,

1-1,

;V (r)=g,0(r)+g,7,0(r)+e A(r)

S(r)=9,0(r)

15 2013-07-27
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Dirac Spinor quantum numbers
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1 I anc(r) lem(Q)

Wrz\lxm(r) - T
M= Fﬁx(r) ij (Q)

n = node number +1

\

\

(j=1+1/2

K= (_)j+|+1/2(j _|_1/2)

r _ I n (_)j+|—1/2

) -

(231/2’ 1d3/2) (51/2 3/2

2) 51/2,3/2

>

Pseudo quantum numbers are nothing

but the quantum numbers of the lower component.

2013-07-27

Ginocchio PRL78(97)436
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M, (g,,r) =M &, FV.(r) Vo) =1

~

— F5,.(r) Y'Im (Q)

J

V,(r) =V (r)£5(r) 1£i G, (1) Y,—'m(ﬂ)j

1 (dz 1 dVd_IU+Dj 1 xdV

_ + — +M -V, |G=+¢,G
2M, \dr* 2M, dr dr  r? AMZ ¢ dr i "

1 (dz 1 dv+d+jXT+Dj 1 &dv

— — + ~+M -V_|F =—¢F
2M | dr? 2M dr dr 2 AM? r dr } :

For nucleons,
X d[V(r)-S(n)/dr=0 =
v d[V(N+S(n])/dr=0 =

Meng, Sugawara-Tanabe, Yamaji, Ring, Arima, PRC58 (1998) 628R
Meng, Sugawara-Tanabe, Yamaji, Arima, PRC59 (1999) 154
2013-07-27 17
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V. (r) =V (r) £ 5(r) A { (DY (Q)]

Wnkm(r)__
M,(&,,F)=M Fg, FV_(r) i G (N Y ()

oM \dr? 2M dr dr re AM?® r dr

2
{_ 1 (d 1 dV+d+I(I+1)j+ I\ V}F o

_ 1 (d® 1 dvd I(d+D)) 1 Fdv.
2M_ (dr*  2M, dr dr r’ 4M? 1 dr

+

+ M V}G +&G

For anti-nucleons,
X d[V(r)-S(n)/dr=0 =
v d[V(N+S(n])/dr=0 =

Zhou, Meng & Ring PRL92(03)262501
2013-07-27 18
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Zhou,Meng&Ring

(0
For nucleons, the smaller component F I

PRL92(03)262501

V 1
{— —[v(r)—S(r)]»QM2>%dr[V(r)+S(r)I[1+| )+M}F——5NF

For anti-nucleons, the larger component F

{_ ZZIZ* ~[V(r)-S(r)] {4 1\1 d V (r) +S(r)] (1+r°5)+M}F —1&,F

de

The factor 7. is ~400 times smaller for ant
nucleons!

2013-07-27 19
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Origin of the symmetry - Anti-nucleons

Zhou, Meng & Ring, PRL92 (03) 262501

2013-07-27
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Song, Yao, Meng, CHIN. PHYS. LETT. Vol. 26, No. 12 (2009) 122102
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Experiment: exploration of the relativistic symmetry by hyperon
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Kenichiro Arita (Nagoya Institute of Technology)
Haozhao Liang (RIKEN)
Shan-Gui Zhou (Institute of Theoretical Physics, CAS, China)

O Origins of nuclear shell structure

d  Spin symmetry in Dirac negative energy spectrum

O Perturbative interpretation of relativistic symmetries possible

O Pseudospin symmetry in resonances

O Pseudospin symmetry in supersymmetric quantum mechanics

O Pseudospin for deformed nucleus

M

Q Liang, Shen, Zhao, Meng, Phys. Rev. C 87, 014334 (2013) [13 pages]

Q B.-N. Lu, E.-G. Zhao, and S.-G. Zhou, Phys. Rev. Lett. 109, 072501 (2012).
0 Bing-Nan Lu, En-Guang Zhao, Shan-Gui Zhou arXiv:1305.1524

Thank you for your attention!
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