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ùp����{�0�. �éØ²þ|nØ¥, Ø

f–Øfk��p�^ÏL��k�0fJø. Ù¥,

Ó ^Iþ–Iþσ0fJøØf�m�¥§áÚ³;

Ó ^Iþ–¥þ0fω
µ JøØf�m�á§ü½

³; Ó ^¥þ–¥þ0fρµ £ã¥fÚ�f�«O,

Ù�A�Lagrangian�Ý�

L = ψ̄(iγµ ∂µ−M)ψ+
1

2
∂µ
σ∂µσ−

1

2
m2

σσ
2−

1

3
g2σ

3− 1

4
g3σ

4−gσψ̄σψ− 1

4
ΩµνΩµν +

1

2
m2

ωω
µωµ−gωψ̄γ

µψωµ +
1

4
g4(ω

µωµ)2−

1

4
RµνRµν +

1

2
m2

ρρ
µρµ−gρψ̄γ

µτψρµ−

1

4
F µνFµν −eψ̄γµ 1−τ3

2
Aµψ, (1)

Ù¥�«ÎÒ�¿Â�©z[1—3]�Ó, ¥þ0fÚ

>^|�|Üþ½ÂXe:



















Ωµν = ∂µ
ων −∂ν

ωµ,

Rµν = ∂µ
ρν −∂ν

ρµ,

F µν = ∂µ
Aν −∂ν

Aµ.

(2)

dEuler-Lagrange�§, ���£ãØf$Ä�Dirac

�§

{γµ[i∂µ−Vµ(r)]−M−S(r)}ψi = 0 (3)

Ú0f±91f|�Klein-Gordon�§

(∂µ ∂µ
+m2

φ)φ=Sφ, (4)

Ù¥¥þ³Vµ(r)ÚIþ³S(r)©O�







Vµ(r)= gωωµ(r)+gρτ •ρµ(r)+e
1−τ3

2
Aµ(r),

S(r)= gσσ(r),
(5)

0f|Ú1f|�Klein-Gordon�§�
�©O�

Sφ =































−gσρs(r)−g2σ
2−g3σ

3, φ= σ,

gωj
µ(r)−c3ωνωνω

µ, φ=ωµ,

gρj
µ(r), φ= ρµ,

ejµ
p (r), φ=Aµ,

(6)

þª¥��«Øf6Ú�Ý©O�































































ρs(r)=

A
∑

i=1

ψ̄iψi,

jµ(r)=

A
∑

i=1

ψ̄iγ
µψi,

jµ(r)=
A
∑

i=1

ψ̄iγ
µτψi,

jµ
p (r)=

A
∑

i=1

ψ̄iγ
µ 1−τ3

2
ψi.

(7)

Ï~, $Ä�§(3)Ú(4)ª7LÚ\Ã°CqÚ

²þ|Cq?1gUS�¦). NX�é¡5�±{

zO�: XJ==�Ä�±�m�üé¡5�NX,

�fØpvkØf6, K0fωÚρ±9>^|A�

�m©þ��, ��e�A��m©þω0, ρ0 ÚA0;

>ÖÅð¦��I�Äρ3Ó ^�m¥�1n©

þ(�
{Bå�, r§P�ρ0).

�Ä¶é¡XÚ, duNX7é¡¶(z¶)�=Ä

ØC, Ïd3Î�IX¦)���B. Øf³|Ú0

f|�
=�6ur⊥ Úz. 1 i�Øf�Dirac^þd

±eþfêIP: Ωi, πi Ú ti, Ù¥: Ωi =mli +msi
´

o�Äþ1n©þ Ĵz �þfê, πi ´�¡þfê, ti

´Ó ^þfê. Dirac^þäk±e/ª:

ψi =

(

fi(r)

igi(r)

)

=
1√
2π













f+
i (z,r⊥)ei(Ωi−1/2)ϕ

f−
i (z,r⊥)ei(Ωi+1/2)ϕ

ig+
i (z,r⊥)ei(Ωi−1/2)ϕ

ig−i (z,r⊥)ei(Ωi+1/2)ϕ













χti
(t).(8)

éuz��äk�Ωi �)ψi, ÑkéA��ÓUþ�

m�ü)ψī, ψī = −iσyKψi. p��m�ü��ü�

�é�Ý��z´�Ó�. Ïd

ρs,v = 2
∑

i>0

ni[(|f+
i |2 + |f−

i |2)∓(|g+
i |2 + |g−i |2)], (9)

Ó��±¦�ρ3 Úρc. ù
�Ý�Ò´σ, ω0, ρ0 Ú

A0 |�
, ¦Ú�H9�Ωi ��. 3�Ä
é'é�

�, âféÓâAÇni �±ÏLSLAP�{O��Ñ.

�â¦)Dirac�§(3)���üâfU?ÚÅ¼

ê�±�E�¹üâfUþÚé�p�^�Hamilto-

nian,

H =
∑

ν

ενa
+
ν aν −G

µ6=ν
∑

µ,ν>0

a+
µ a

+
µ̄ aν̄aν , (10)

Ù¥G´²þéårÝ, d���fØ�Ûó�þ�

(½. �ì©z[18], �±|^SLAP �{rþª�

Hamiltonian3õâf|��m(MPC)¥é�z. é

uóê�âf�XÚ, �A�MPC�:
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(a) ���é�|�(seniority s= 0)

|ρ1ρ̄1 · · ·ρnρ̄n〉= a+
ρ1
a+

ρ̄1
· · ·a+

ρn
a+

ρ̄n
|0〉, (11)

(b) �éâf�
Ñ�|�(seniority s= 2)

|µν̄ρ1ρ̄1 · · ·ρn−1ρ̄n−1〉= a+
µa

+
ν̄ a

+
ρ1
a+

ρ̄1
· · ·a+

ρn−1
a+

ρ̄n−1
|0〉,
(12)

Ù{��gaí
[25]

. éuÛAØ, �A�MPC©Od

éAk��!n�!Ê�, · · · Ø�éâf�|�¤|

¤.

éu¶é¡/C��fØ, �A�MPC�m�

±©�Nõ�f�m��Ú

MPC�m = (s= 0,K = 0+)⊕(s= 2,K = 0+)⊕

(s= 2,K= 1+)⊕(s= 2,K = 2+)⊕·· ·⊕

(s= 4,K= 0+)⊕(s= 4,K = 1+)⊕

(s= 4,K= 2+)⊕·· ·⊕· · · . (13)

éuØ�Ä�Ú$-u�, ­��õâf|�ê8k

�, =k|�Uþ�$��êõâf|��z��w

Í
[25]

. ¤±æ�õâf|��ä´Ü·�, eEi ´1

i�õâf|��|�Uþ, =kEi−E0 6Ec �|�

�^5�Eé�zHamiltonian�Ý
, Ec Ò´|�

�äUþ. ù�, �A�ØfNXÅ¼ê�

ψβ =
∑

ρ1,··· ,ρn

V β
ρ1···ρn

|ρ1ρ̄1 · · ·ρnρ̄n〉+

∑

µ,ν

∑

ρ1,··· ,ρn−1

V β(µν)
ρ1···ρn−1

|µν̄ρ1ρ̄1 · · ·ρn−1ρ̄n−1〉+ · · · ,

(14)

Ù¥β= 0(Ä�), 1, 2, 3, · · · (é-u�). XÚ?uβ

��, 1 i^üâfU?��éâfÓâ�AÇ�

nβ
i =

∑

ρ1,··· ,ρn−1

∣

∣V β
ρ1···ρn−1i

∣

∣

2
+

∑

µ,ν

∑

ρ1,··· ,ρn−2

∣

∣V
β(µν)

ρ1···ρn−2i

∣

∣

2
+ · · · , i= 1,2,3, · · · ,

(15)

^ù�ÓâAÇO�(9)ª¥�ni, ù�Ò����

�Ä
é'é���Klein-Gordon�§�
�, ¦)

Klein-Gordon�§�±�Ñ#�0f|Ú>^|, d

ù
#�|q�±O�Ñ#�Iþ³Ú¥þ³, �\

Dirac�§��#�Dirac^þ, 2|^SLAP�{O

�ÓâAÇ, ÏLgUS�­EdL§, ��Âñ. �

�, �±O�XÚ�oUþ

ERMF =Enucleon+Eσ+Eω+Eρ+Ec+ECM+Epair, (16)

�Uþ�L�ªXe:

Enucleon =
∑

i

n2
i εi,

Eσ = −1

2

∫
d3r

{

gσρs(r)σ(r)+

[

1

3
g2σ(r)3 +

1

2
g3σ(r)4

]}

,

Eω = −1

2

∫
d3r

{

gωρv(r)ω0(r)− 1

2
g4ω

0(r)4
}

,

Eρ = −1

2

∫
d3rgρρ3(r)ρ00(r),

Ec = − e2

8π

∫
d3rρc(r)A0(r),

ECM = −3

4
41A−1/3,

Epair = 〈ψβ |Hpair|ψβ〉,

Ù¥Enucleon ´üØfUþεi�Ú, Eσ, Eω, Eρ ÚEc

©O´��0f|Ú>^|�Uþ, ECM ��%?�

�, Epair �éU�.

3 (JÚ?Ø

äN¦)DiracÚKlein-Gordon�§�, À�


�(�Ä�%?��k��p�^PK1
[33]

, Dirac

^ þ f±
i (z,r⊥) Ú g±i (z,r⊥) ± 9 0 f | © O � ± 3

��f
[19]

ÚWoods-Saxon³
[34]

¤éA�Schrödinger

�§�Ñ�Äþ?1Ðm, À��Ì�ê�14, ¿Ï

LÜ·/À���fÄ�/Cβ0 ���¦�NX?

u�$UþG�. ù�, ¦)DiracÚKlein-Gordon�

§�¯KÒ=z�HermitianÝ
é�z¯K, äN

O�[!ë�©z[18].

3.1 éårÝ��äUþ

é'éÌ�K�¤�¡NC�Ü©üâfU?.

3SLAP�{¥, �äUþÚé�p�^rÝ´�­

��ü�ëê. dØf�md�äUþ�â¥f½ö

�fêUìl$�p�Óâ5(½. XJ²þéår

Ý´~ê, K�X�äUþO�, �A��Ä�üâ

fU?ê8O\, dØf�m�O�, ¦�éU�O

�. L1± 124Sn�¥f�~, `²
âfê�m, dØ

fê8, ÚGn = 0.25��éU�|��äUþEc �

Cz. �X�äUþ�O\, duâf|��m�ê

O\, ¦�d¥fê8ÚéU��AO\. ¢Sþ, |

��äUþO��, XJ·�~�²þéårÝ, K

���$-uÌA��Ó
[25]

.
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L 1 124Sn�¥fõâf|��m�ê, dØfê

8Ú Gn = 0.25��éU�|��äUþ Ec �

Cz

Ec/MeV MPC valence nucleons Epair/MeV

8 321 16 −5.635

10 455 24 −6.252

15 1128 24 −7.556

XJ�äUþ�½, KÏLÎÜ¢�Ûó�þ�

�±(½²þéårÝGn . du�©Ì�ïÄSnÓ

 �ó, ¤±3±eO�L§¥, �f�²þéår

Ý��~ê, Gp = 0.35MeV, d124Sn�§���123In

Ú 125Sb�¢�Ûó�þ��½Ñ. ã1 �Ñ
�ä

ã 1 �äUþEc = 15MeV�, N!²þéår

Ý, RMF+SLAPO��SnÓ �ó�Ûó�þ

�(◦)�¢��'�(•)

UþEc = 15MeV�, ÏLN!²þéårÝ[ÜSn

Ó �ó�Ûó�þ�¤���RMF+SLAPO�(

J(◦)�¢��(•)�'�. �A�¥f²þéårÝ

Gn ��þêA�CzXã2. ùp, Ó �ó�Ûó

�þ��

∆n =
1

2
[B(N−1,Z)+B(N+1,Z)]−B(N,Z). (17)

ÏL[Ü¢�Ûó�þ�¤���¥f²þéår

ÝGn 3A=101—113 � � 0.35MeV, 3A=117—131

��0.25MeV. ù�y�L²: 1) 3�½�Ó �

«m, ²þéårÝCq��~ê, 
��±éÐ/

£ã¢��Ûó�þ�; 2) ��ÑÛó�þ�, ²þ

éårÝ�dØf�m�U?�Ý���'; 3) 3

A < 114ÚA> 116�, ²þéårÝk���C, ù

´du�äUþ¤û½�üâf«m�U?�Ý¤û

½�.

ã 2 �äUþEc = 15MeV�, [Üã1 SnÓ 

�ó�¢�Ûó�þ�¤���¥f²þéår

Ý��þêA�Cz

3.2 gU5é'éé124Sn�K�

�
ïÄRMF+SLAP gU5�Äé'é�é

�fØ5��K�, 3L2¥�Ñ
RMF+SLAPg

UO�, �gU�RMF+SLAP* O�(JÚgU�

RMFO�(J�¢��
[35]

�'�. Ù¥, RMF+

SLAP*L«3gU�RMF�O�(JÄ:þ, =�

�gSLAPO�¤���(J. §�RMF+SLAP�

«O3ué'é��AØ2K�²þ|. d(J�±

wÑ, RMF+SLAP*��gUO��RMF�(J�

', ==3oUþ¥\þéU, éØ�Ù¦Ä�5�

A�vkK�. ���'�, gU�RMF+SLAPO�

Ø=gU�Ä
é'é��A, 
��Ä
é'éé

²þ|�K�, AO´�fØ�o4/C�u)
�

A�UC, ¦ 124Sn3é'é�K�eª�¥/.

L 2 é 124Sn, RMF+SLAPgUO�, RMF+SLAP*�gUO����o(ÜUE, zØf(ÜU (E/A)/MeV,

¥f, �f, Ô��»Rn, Rp, Rm(fm), ¥f, �fÚo�o4/Cβ2n, β2p, β2m ��ARMFO�(JÚ¢�

�
[35]

�'�

E E/A Rn Rp Rm β2n β2p β2m

Exp. −1049.963 −8.467

RMF −1047.175 −8.445 4.849 4.589 4.746 −0.118 −0.086 −0.105

RMF+SLAP* −1049.168 −8.461 4.850 4.589 4.746 −0.109 −0.087 −0.100

RMF+SLAP −1050.058 −8.468 4.844 4.579 4.739 0.001 0.001 0.001

ã3�Ñ
RMF+SLAP(•)ÚRMF+SLAP*(◦)O
���� 124Sn�o4/C�¥f²þéårÝ�C

z. �±wÑ, 3Gn 6 0.2MeV�, RMF+SLAP Ú

RMF+SLAP* O � � � o 4 / C � A � � Ó. 3

Gn > 0.25MeV�, RMF+SLAPO���o4/C�

l−0.1Cz�0, =lAý¥C�¥/. �´�gU
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�RMF+SLAP*O�KØU�Nù�Cz. ù`²g

U�Äé'éé�fØ²þ³|�K��­�5.

ã 3 �äUþEc = 15MeV�, RMF+SLAP(•)

ÚRMF+SLAP*(◦)O���� 124Sno4/C

�¥f²þéårÝ�Cz

ã4�Ñ
RMF+SLAP(•)ÚRMF+SLAP*(△)

O���� 124Snd¥füâfU?ÓâAÇ, �

RMF+BCS(�)�(J'�. lãþ�±wÑ, é'

éÌ�K�Fermi¡NCüâfU?ÓâAÇ. Ó�,

RMF+SLAPgUO�¦� 124Sn�U?(��u)


�AUC.

ã 4 �äUþEc = 15MeV, ¥féårÝG =

0.25MeV�, RMF+SLAP(•)ÚRMF+SLAP*

(△)O���� 124Snd¥füâfU?ÓâA

Ç, �RMF+BCS(�)�(J'�

3.3 é'ééSnÓ �óÄ�5��K�

| ^ c ¡ ( ½ � ² þ é å r Ý, ã 5 � Ñ 


RMF+SLAPO����SnÓ �ó�zØf(Ü

U, ü¥f, V¥f©lUÚo4/C��þêA�C

z9Ù��'¢���'�. �±wÑ, RMF+SLAP

gU?né'é����(J�¢��ÎÜ���

Ð. éóóØ, ùp���(J�©z[36]��, �d

uRMF+SLAPU
gU�Ä×l�A¿�yâfê

Åð, Ïd§Ø=�±éÐ/£ãV¥f©lU, 


��U�(�Ñü¥f©lU. ,	, � 124Sn��¹

aq, gU�RMF+SLAPéNõ�fØÑ�Ñ
¥

/(J, ù��N
ïÄ�fØ/C��(ÚgU?

né'é�­�5.

ã 5 �äUþEc = 15MeV�, RMF+SLAPO

����SnÓ �ózØf(ÜU, ü¥f, V

¥f©lUSn, S2n (◦)�¢��(•)�'�, ±9

¥f (△), �f (�)Úo� (◦)o4/C

ã6´RMF+SLAPO����SnÓ �ó�¥

f!�f±9o�éU. ãþ�±wÑ, �féU�

�, ù´Ï�SnÓ �´Z = 50��f�êØ. ¥f

éUk²w�Ûó�, ù´dÛØf�×l�AÚå.

�(��A3¥féU��þê�Czþ�kéÐ�

Ny, éAN = 50Ú82�Ì�±9N = 64��UY,

¥féUþk²w~f.

ã 6 �äUþEc = 15MeV�, RMF+SLAP�

��SnÓ �ó¥f (�), �f (◦)ÚoéU (•)

3.4 éårÝééU�K�

3BCS�{?né'é¥, �²þéårÝG�

��, UY�§�ØÑ�²T), =éUo´�".

�k�GO��,���, éUâØ�". ã7�Ñ


gU�RMF+SLAP(•), �gU�RMF+SLAP*�

{(△), ÚBCS�{ (�)O�� 124Sn¥féU�²

þéårÝG�Cz. �±wÑ, �BCS�{ØÓ,

RMF+SLAPgUO�o´U
�NéU�²þéå

rÝG�ëYCz.
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ã 7 �äUþEc = 15MeV�, RMF+SLAP(•)

Ú RMF+SLAP*(△)O � � � � 124Sn ¥ f

é U � ¥ f ² þ é å r Ý � C z, �

RMF+BCS(�)�(J'�

4 �(

�©3gU��éØ²þ|nØµee, ^î�

�±âfêÅð�a��.�{, =RMF+SLAP�

{, ïÄ
SnÓ �ó�5�¿�vk�Äé'éé

²þ³|K���gUO�?1
'�. (Juy,

gU�RMF+SLAP�{U
�(�Ñ�fØ/C�

²þéårÝ�Cz, =gU?né'é¬¦��f

Ø�o4/C~�. �ÑSnÓ �ó�zØf(Ü

U, ü¥f�V¥f©lU, o4/C��þêA�

Cz��éÐ£ã. L²
ïÄ�fØ/C�, �(

ÚgU?né'é±9×l�A�­�5.
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Properties of Sn Isotopes in the Self-consistent RMF+SLAP for

Pairing Correlations *

LIU Lang1 MENG Jie1,2,3;1) ZHANG Shuang-Quan1

1 (School of Physics, Peking University, Beijing 100871, China)

2 (Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100080, China)

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

Lanzhou 730000, China)

Abstract Nuclear properties of stannum isotopes have been studied by the self-consistent shell-model-like approach

in the framework Relativistic Mean Field theory, i.e., RMF+SLAP, and compared with the results from the non self-

consistent RMF+SLAP* in which the influence of the pairing correlations on the mean field has been neglected. It is

shown that the RMF+SLAP method can reproduce correctly the change of the quadrupole deformation as a function of

pairing strength, the binding energy, one- and two-neutron separation energies and quadrupole deformation of stannum

isotopes. The importance in treating the pairing correlations and block effect correctly has been emphasized.
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