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Strong spin-orbit interaction

Great  for:
magic numbers
ground state properties
some low lying excited states

Lead to deformed Nilsson model

S. G. Nilsson, Mat. Fys. Medd. Dan. 

Vid. Selsk. 29, No.16(1955).

S. G. Nilssion, et al., Nucl. Phys. 

A131(1969) 1.

Shell model & Collective model

J. H. D. 
Jensen

M. G. Mayer E. P. 
Wigner 

Nobel Prize in Physics 1963

http://en.wikipedia.org/wiki/File:Wigner.jpg


Pseudo-spin symmetry
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Origin: Ginocchio, PRL78(97)436.         Review：Liang, Meng, Zhou, Phys. Rep. 570 (2015) 1-84 



Schmidt magnetic moments

The experimental nuclear magnetic moments are almost sandwiched between 

the Schmidt lines Blin-Stoyle, Rev. Mod. Phys. (1956).
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Magnetic moment of a nucleon in a orbital with ljm

With orbital and spin g-factors of proton (neutron)
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Understanding the deviations from Schmidt lines

⚫ Non-relativistically, the deviations from Schmidt lines can be explained 

by: Arima, Shimizu, Bentz and Hyuga, Adv. Nucl. Phys. (1987), Towner, Phys. Rep. (1987).

✓ Meson exchange current (MEC): caused by the fact that the mesonic

cloud surrounding the nucleons in the nuclear interior is no longer

identical to that of a free nucleon.

M. Chemtob, Nucl. Phys. A 123 (1969) 449.

K. Shimizu, M. Ichimura and A. Arima, Nucl. Phys. A 226 (1974) 282.

I. S. Towner and F. C. Khanna, Nucl. Phys. A 399 (1983) 334.

S. Ichii, W. Bentz, and A. Arima; Nucl. Phys. A404 (1987) 575

✓ Arima–Horie effect / Configuration mixing (CM): correlations beyond the

mean field, the first-order configuration mixing (core polarization): the

single-particle state coupled to more complicated 2p-1h configurations,

and the second-order core polarization.

A. Arima and H. Horie, Prog. Theor. Phys. 11 (1954) 509.



原子核协变密度泛函理论
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Enhancement of magnetic moment in relativistic approach

 From Gordon identity, the spatial part of the Dirac current

where the effective (scalar) mass:

 The corresponding nuclear magnetic moments,  

 Compared with the magnetic moment in non-relativistic theory

 Dirac magnetic moment in RMF theory is enhanced.
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Magnetic moments in relativistic approach

◆ Therefore the straightforward applications of RMF theory fails to

reproduce the experimental magnetic moments

Miller, Ann. Phys. (1975),  Serot, PLB (1981)

◆ Isoscalar magnetic moments in LS closed-shell plus or minus one

nucleon can be reproduced well by either the renormalized current

with RPA, or the Self-consistent deformed RMF calculations with

time-odd fields because:

1) because of the LS-closure there are no spin-orbit partners on both

sides of the Fermi surface and therefore the magnetic-moment

operator cannot couple to magnetic resonances;

2) the pion-exchange currents couple in first order only to the

isovector part of the magnetic-moment operator and contributions of

other processes to the isoscalar currents is small.

RPA:

McNeil , Amado, Horowitz, Oka, Shepard and Sparrow, PRC (1986), Ichii, Bentz, Arima and Suzuki,

PLB (1987), Shepard, Rost, Cheung and Mc Neil PRC (1988),

Time-odd fields:

Hofmann and Ring PLB (1988), Furnstahl and Price PRC (1989), Yao, Chen and Meng PRC (2006).



Present Understanding

Magnetic moments in 

⚫ Relativistic mean-field theory with time-odd fields

Consider

⚫ One pion exchange current

⚫ CM(1st, 2nd)

Demonstrated for

⚫ magnetic moments of LS closed shell nuclei ±1 nucleon

⚫ magnetic moments of jj closed-shell nuclei ±1 nucleon

Yao,  Chen, and Meng, Phys. Rev. C 74 (2006) 024307

Li,  Meng, Ring, Yao, and Arima, Sci. China Phys. Mech. Astron. 54 (2011) 204.

Li, Yao, Meng, and Arima, Progress of Theoretical Physics 125 (2011) 1185



Magnetic moments with time-odd fields

Isoscalar magnetic moments 

⚫ without time-odd fields: much 

larger than Schmidt values.

⚫ with time-odd fields: good 

agreement with Schmidt values

Isovector magnetic moments 

⚫ large discrepancy exists  

between the calculated results 

and  the data.

Yao,  Chen, and Meng, Phys. Rev. C 74 (2006) 024307
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Magnetic moment with MEC and CM(2nd) 

for nuclei with LS closed-shell ±1 
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Magnetic moments in  209Bi, 207Tl, 209Pb and 207Pb are well described in relativistic 

way by including CM(1st and 2nd) and MEC, in agreement with non-relativistic 

results. In the CM(1st, 2nd), the residual interaction due to π is included
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Summary and Perspectives   

➢ Magnetic moments are described in relativistic approach by including the time-

odd fields, the meson exchange current and CM(1st and 2nd).

➢ The same quantitive description for magnetic moment as the non-relativistic 

one has been achieved.

➢ The important contribution of pion in as demonstrated in the meson exchange 

current and CM(1st and 2nd). 

➢ Magnetic moments for LS closed shell nuclei,16O and 40Ca, ±1 nucleon are well 

described by including CM(2nd ) and MEC.

➢ Magnetic moments for jj closed-shell nuclei ±1 nucleon 209Bi, 207Tl, 209Pb and 

207Pb are well described by including CM(1st and 2nd) and MEC.

Thank you for your attentions!
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Professor Akito Arima, Happy Rice Birthday！

恭贺 有马朗人 先生 米寿！祝健康快乐！

Looking forward 白寿 and 茶寿 celebration！


