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Á� 3�éØ²þ|nØ¥Ú\Ó ^Iþ–¥þ0fωÜþ�, ± 208Pb�~, ïÄ
Üþ�é�

fØ²þ³|!0f|!g^–;�ÍÜ³!üâfU?�g^–;�3�Ú�fØ��(���K

�. (JuyÜþ�éØf²þ³�K�Ì�Ly3�fØ�L¡. �XÜþÍÜrÝ�O\, g

^–;�ÍÜ³Or, üâfU?�g^–;�3�O�, l���fØüâfU?���(�u)

é�Cz, DÚ�ê¤éA�Ì���, #�Ì�Ñy.

'�c �éØ²þ|nØ Üþ� g^–;�3� ��(�

1 Úó

C20õc5, �éØ²þ| (Relativistic Mean

Field, ±e{¡RMF)nØ3£ã�fØ5��¡�

�
é��¤õ
[1—4]

. ���éØ²þ|nØ�',

RMFnØäk�Ð��*Ä:: Øf�m��p�

^ÏL��0f5¢y. Ù¥, σÚω0f©OJø

Øf–Øf�p�^��§áÚÚá§ü½Ü©, ρ0

f�ÑØ5��Ó ^�'5, �f�m�¥Õ�p

�^d��1f5¢y. �A/, Øf30f|Jø

�Iþ³ (−400MeV)Ú¥þ³ (350MeV)¥$Ä, ù

éu�(/�ÑØÔ���Ú5�±9n)�g^é

¡5Ú�ØfÌ�g^é¡5�å
[5—7]

´�'

��.
3RMFnØ¥, �éØ�A�±gÄ�Ñg^–

;�ÍÜ�p�^. ù�Ñ
��éØnØ¥g

^–;�ÍÜ7L<�Ú\�":. duRMFnØg

U�Ñ
g^–;�ÍÜ�p�^�Ó ^�'5,

ÏdlRMFnØÑu, �ÄëYÌ��z, �±éÐ

/£ã�lβ½���fØ
[4]

Ú'Øy�
[8]

.

¯¢þ�
éÐ/£ã�lβ½���fØ,

�fØ�é¡UÚg^–;�ÍÜ³�ëYÌ��z

Ó��. ©z[9]�ïÄL², RMFnØ�±éÐ/

�Ñ¢�þ�fØé¡U��þêÚ¥f�f'�C

zª³. ��'�, �,g^–;�3����ª³�

±dRMFnØéÐ/�Ñ, �´, OÓ ��¥f%

�Ú 11Be�U?�=�¯K, E,´éRMFnØ�

]Ô. �d, �©8��3&?RMFnØ¥Ó ^I

þ–¥þ0fωÜþ�ég^–;�3�9�Aüâ

fU?(�¤�)�K�.

3RMFnØ¥, g^–;�ÍÜ³Ì�u¥þ

³V ÚIþ³S��û, ��fØ�L¡5����

'. ,	, 3ØL¡å��^�¥þ0f�Øfm

�ÜþÍÜ,
fω

2m
ψ̄(iγµγν ∂ν

ωµ)ψ, ég^–;�ÍÜ

³�kK�
[10—12]

. �©ò± 208Pb�~, ïÄg^–

;�3�9�AüâfU?(��ωÜþÍÜ~ê�
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2 nØµe

�éØ²þ|nØ�Ñu:´¹kfÚ0fg

dÝ�k�.¼þ�Ý. §rfw¤´3Ó ^I

þ–Iþσ0f!Ó ^Iþ–¥þω0f!Ó ^¥

þ–¥þρ0fÚ1fγ�)�³|¥$Ä�Diracâ

f. Ú\ωÜþ��, £ãdØf!0f|¤�Øõ

NåPXÚ�.¼þ�Ý�

L = ψ̄(6 p−gω 6ω−gρ 6ρτ −
1

2
e(1−τ3) 6A−gσσ−

m)ψ+
1

2
∂µσ∂µ

σ−
1

2
m2

σ
σ2−

1

3
g2σ

3−
1

4
g3σ

4−

1

4
ΩµνΩ

µν +
1

2
m2

ω
ωµω

µ +
1

4
c3(ωµω

µ)
2
−

1

4
RµνRµν +

1

2
m2

ρ
ρµρµ−

1

4
FµνF

µν +

fω

2m
ψ̄(iγµγν ∂ν

ωµ)ψ, (1)

Ù¥ψ´£ãØf�Dirac^þ, méAØf��þ,

mσ, gσ, mω, gω, mρ, gρ ©O´σ, ωÚρ0f��

þÚÍÜ~ê, g2, g3 Ú c3 ©O�σÚω0f�gÍ

Ü~ê. fω ´ω0f�ÜþÍÜ~ê, ωÚρ0f

±9>^|�Üþ/ª©O�, Ωµν = ∂µ
ων −∂ν

ωµ,

Rµν = ∂µ
ρν−∂ν

ρµ−gρ(ρ
µ×ρν), F µν = ∂µ

Aν−∂ν
Aµ.

é.¼þ�Ý?1C©, �±��ØfÚ0f�ÍÜ

$Ä�§.

éuäk¥é¡5��fØ, Øf¤÷v�»�

$Ä�§�

εαGα=

(

−
d

dr
+
κα

r
+VT

)

Fα +(m+S+V )Gα, (2a)

εαFα=

(

d

dr
+
κα

r
+VT

)

Gα−(m+S−V )Fα, (2b)

Ù¥, ¥þ³V = gωω0 +
1

2
gρρ0τ3,α + eA0

1+τ3,α

2
, I

þ³S = gσσ, Üþ³VT =−
fω

2m
∂rω0. ùp�αI�

�A�þfê. òDirac�§z�aSchrödinger�§

/ª, �±���A�g^–;�³:

Vsol •s =

[

1

2m2

1

r

d

dr
(V −S)−

2VT

m

1

r

]

l •s≡

(V 0
so +V T

so)l •s , (3a)

m = m−
1

2
(V −S) , (3b)

�A/, £ã0f$Ä�»��§�
(

∂2

∂r2
−

2

r

∂
∂r

+m2
σ

)

σ=−gσρs−g2σ
2−g3σ

3, (4a)

(

∂2

∂r2
−

2

r

∂
∂r

+m2
ω

)

ω0 = gωρv −c3(ω0)
3 +

fω

2m
ρT

v , (4b)

(

∂2

∂r2
−

2

r

∂
∂r

+m2
ρ

)

ρ0 =
1

2
gρρ03, (4c)

(

∂2

∂r2
−

2

r

∂
∂r

)

A0 = eρc, (4d)

Ù¥, ��0f$Ä�§���±ÏL�A�Øf

�Ý��

ρs(r) =
occ
∑

α

ωα

(

2jα +1

4πr2

)

(|Gα(r)|2−|Fα(r)|2), (5a)

ρv(r) =

occ
∑

α

ωα

(

2jα +1

4πr2

)

(|Gα(r)|2 + |Fα(r)|2), (5b)

ρT
v (r) =

occ
∑

α

ωα

(

2jα +1

4πr2

)

∂r[2Gα(r)Fα(r)], (5c)

ρ03(r) =

occ
∑

α

ωα

(

2jα +1

4πr2

)

(|Gα(r)|2 + |Fα(r)|2)τ3,α, (5d)

ρc(r) =

occp
∑

α

ωα

(

2jα +1

4πr2

)

(|Gα(r)|2 + |Fα(r)|2). (5e)

3 O�(J�?Ø

Dirac�§ (2)ªÚKlein-Gordon�§ (4)ª|¤

�ÍÜ�§|�±3�I�m, ���20fm, Ú��

0.1fm�Ýf¥, |^²þ|Cq?1gU¦)
[8]

. �

©± 208Pb�~, À�k��p�^PK1ëê|
[13]

,

ïÄÜþ�ég^–;�3��K�.

ã 1 Ú \ Ü þ � (fω/gω = 0,0.2, · · · ,1.0) �,
208Pb�²þ³V (r)+S(r)

ã1¥�Ñ
�fω/gω ©O�0, 0.2, 0.4, 0.6, 0.8

Ú1.0�¤éA�¥f(a)Ú�f(b)³V (r)+S(r). �

±wÑ, Üþ�é²þ³�K�Ì�Ly3 L¡
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(r =4—6fm): �Xfω/gω l0Cz�1, L¡�¥f

²þ³k���, ÌÝl−65MeVCz�−73MeV;

�A/, �f²þ³�k���, ÌÝl−57MeVC

z�−65MeV.

�?�Ún)ã1¤«(J, 3ã2¥�Ñ
Ú

\Üþ� (fω/gω = 0,0.2, · · · ,1.0)�, σ, ω, ρ0f|

9ω0fÜþÍÜé²þ³��z, =úª (2)¥�

Vσ = gσσ, Vω = gωω0, Vρ = gρρ0, ÚVT = −
fω

2m
∂rω0.

�XÜþÍÜ~ê�O\, ω0f|Jø�ü½³

Vω, σ0f|Úå�áÚ³Vσ, Ú�NÓ ^�A�

Vρ þ3�fØL¡²wOr. �, 3�fØ�L

¡ (r =4—6fm), Vσ 'Vω Ñ��
, l�Ñã1¥

�fØL¡�²þ³�. �,Üþ�é�fØSÜ

(r < 4fm)�Vσ ÚVω þk��K�, �´duüö�

ÌÝ��, ¤±vk3²þ³V (r)+S(r)¥NyÑ5.

Üþ�é³��zVT �'uω0f|��û, �XÜ

þÍÜ~ê�O\üNO\.

ã 2 Ú\Üþ� (fω/gω =0,0.2, · · · ,1.0)�, 208Pb¥�σ, ω, ρ0f|9ω0fÜþÍÜé²þ³��z

Ù¥Vσ = gσσ, Vω = gωω0, Vρ = gρρ0, VT =−

fω

2m
∂r ω0.

dúª (3a), �±ïÄ0f|ÚÜþ�Ü©é

g^–;�³��z. ã3¥�Ñ
Øfg^–;�

ÍÜ³�ÜþÍÜ~ê�Cz, �ã�g^–;�

ÍÜ³V 0
so =

[

1

2m2

1

r

d

dr
(V −S)

]

, mã�ÜþÜ©�

�zV T
so =

[

−
2

m

1

r
VT

]

, Ù¥, V �¥þ³, S�Iþ

³, m = m−
1

2
(V −S). ¢Sþ, Üþ�éog^–

;�ÍÜ³�K��)���zV T
so ±9Üþ�é

¥þ³V ÚIþ³S�K�¤���m�Ü©. l

ã¥�±w�, ÃØ´���z�´m��z, Ü

þ��Ú\ég^–;�ÍÜ³Vso �K�Ñ�~

�: éur= 0fm, ¥f�Vso 3fω = 0��−0.8MeV,

fω = 0.8gω ��−4.0MeV; �f�Vso 3fω = 0��

−1.5MeV, fω = 0.8gω ��−5.0MeV; éu r =6fm,

¥fÚ�f�Vso �þlfω =0��−1.7MeVO\�

fω = gω ��−4.0MeV. ùL²
?Ø�g^–;�Í

Ü�'¯K�Ú\Üþ���5.

lã4�±wÑ, ¥fÚ�füâfU?�g^

;�3��Xfω/gω �O\O�. �, XJ;�

�Äþ l��, Kg^;�3����. é¤k�üâ

fU?, fω/gω = 1.0��g^;�3�'fω/gω = 0

�O\
���. AT5¿�, O��üâfU?�

g^;�3��¢��3fω/gω = 0���ÎÜ, ù

Ì�Ï�3N!ëê|�, 208Pb�üâfÌÑ¬�

�Ñ\þ. Ïd, ù¿ØL«Ün�Üþ�rÝA�

". ¯¢þ, Ü·�Üþ�rÝAT3N!ëê|�,

�Ù¦ëê��Ú�/½Ñ. ,	, �©�Ì�8�

´ïÄÜþ��Ú\���U?��Cz. �d,

Ü·�Üþ�rÝXÛ(½Ø3�©?Ø��.
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ã 3 Ú\Üþ� (fω/gω = 0, 0.4, 0.8)�, 208Pb

�g^–;�³

�ã�g^–;�ÍÜ³V 0
so =

[

1

2m2

1

r

d

dr
(V −S)

]

,

mã�ÜþÜ©��z V T
so =

[

−

2

m

1

r
VT

]

, Ù¥, V

�¥þ³, S �Iþ³, m = m−(V −S)/2.

ã 4 Ú \ Ü þ �(fω/gω = 0,0.2, · · · ,1.0) �,
208Pb �¥f (a) Ú�f (b) üâfU?�g^

;�3� Els =
εnlj=l−1/2−εnlj=l+1/2

2l+1
�Üþ

ÍÜ~ê�Cz

Ù¥, ¢%ÎÒ©OéA¥f3p, 2f , 1i Ú�f2d,

1h�¢��
[14]

.

dug^;�3��O\, Úå
�fØ��(

��UC. �
ïÄ�fØ���(�3Ú\Üþ�

��UC, ã5�Ñ
208Pb¥, Øf¤�¡NC�ü

âfU?�ÜþÍÜ~ê�Cz. duÜþ��Ú\

¦�g^;�º���U?3�O�, lÑy
Ø

Ó���(�: 3fω/gω =0.0—0.4�, Üþ��Ú\

é��(�K��±�Ñ; 3fω/gω =0.4—0.6�, O

�(J���C¢��; 3fω/gω > 0.6�, DÚ�ê

Z = 82ÚN = 128¤éA�Ì���, ����´

#��Z = 70, 76, 106ÚN = 106, 114, 142. dd(

J, �±ýO3Ú\Üþ��, k")ûIORMFn

ØØU)º�'uOÓ ��¥f%�Ú 11Be�U

?�=�¯K, k'¯K�3ïÄ�¥, ò,©uL.

ã 5 Ú\Üþ� (fω/gω = 0, 0.2, · · · , 1.0) �,
208Pb ¥f(a)!�f(b)¤�¡NC�üâfU

?, ¢��(Expt.)�g©z[14]

4 o(

�©?Ø
�éØ²þ|nØÚ\Ó ^Iþ–

¥þ0fωÜþ�ég^–;�ÍÜ3�¤�)�K

�. ± 208Pb�~, ïÄ
ØÓÜþÍÜ~êe, Üþ

�é�fØ²þ³|!0f³!g^–;�ÍÜ³!

üâfU?�g^–;�3�Ú�fØ��(���

K�. (JuyÜþ�éØf²þ³�K�Ì�Ly

3�fØ�L¡. �XÜþÍÜ�^�O\, g^–;

�ÍÜ³Cr, üâfU?�g^-;�3�Or, �

�(�u)é�Cz, DÚ�ê¤éA�Ì���,

#�Ì�Ñy. l�±ýOÜþ��Ú\òk")

ûIORMFnØ¤ØU)º�OÓ ��¥f%�

Ú 11Be�U?�=�¯K.
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Effects of Tensor Coupling on Spin-Orbit Splittings in

the Relativistic Mean Field Theory *

LÜ Hong-Feng1 MENG Jie1,2,3;1)
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2 (Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100080, China)

3 (Center of Theoretical Nuclear Physics, National Laboratory of Heavy Ion Accelerator, Lanzhou 730000, China)

Abstract The effects of iso-scalar ω tensor coupling on spin-orbit splittings are studied in the framework of the

Relativistic Mean Field theory. Taking 208Pb as an example, the influence of iso-scalar ω tensor coupling on nuclear

mean-field potentials, σ-, ω- and ρ-meson fields, spin-orbit potentials, spin-orbit splittings and the single-particle level

structure near the Fermi level are presented. It is found that the tensor term mainly changes the nuclear mean-field

potential at the surface. A larger tensor coupling term will lead to stronger spin-orbit potential and larger spin-orbit

splitting in the single particle level, which will change the single particle level structure, remove the traditional magic

numbers and produce new ones.

Key words relativistic mean field theory, tensor coupling term, spin-orbit splitting, shell structure
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