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X�S
1)

Q>ó
2)

(�®�ÆÔnÆ� �® 100871)

Á� �fØ>Ö�»Rc ¤k�¢�êâÑL², Rc XÚ lA1/3 Æ, =�AO�Rc/A
1/3 XÚ/4

~, Rc/Z
1/3 K'��Cu��~þ. �fØãü4��UþEx ∝R−1 ��þ¢�êâ�|±ù�

(Ø. ���Ï3uA1/3 Æ�Ó ^Ã', Z1/3 Æ®Ü©�N
Ó ^�K�. Äu��., �Ñ


Z1/3 Æ��*�º. ��.¥�fÚ¥f��f³rÝëêωpÚωn ��É, �±^Z1/3 Æ`².

Äu�Wigner��fØÓ ^õ��þúª (IMME)�q�nØ�Ä, JÑ
Ø>Ö�»U?�

Z1/3 Æ.

'�c Ø>Ö�» Ó ^�'5 U?�Z1/3 Æ ãü4��Uþ

1 Úó

Ø>Ö�»´�fØ�Ä��o¬5� (bulk

property)��. ÄuØå��Ú5ÚØÔ��CqØ

�Ø 5, Ï~^e����A1/3 Æ
[1, 2]

5£ãØ>

Ö�»Rc l�Ø�Ø�Cz(A�Øfê)

Rc = r0A
1/3 . (1)

8c®È\
é´L�Ø>Ö�»�êâ
[3, 4]

, §�

©O5gpU>fÑ� (e−), µ�fX��Ì, �f

Kα X���Ó �£Ä (KαIS)Ú�f1Ì�Ó �

£Ä (OIS). éué���fØ, duØfêAé�±

9>Ö©Ù�á±Ï��A (�)/CCz�), Rc �

A�Cz  k�ÌÝÞá, 8cÿ�é���{ü

�²wCz�Lãª. ¢�êâ©ÛL², éuØ�

��fØ (A > 40)�>Ö�», ª (1)¥��»ëêr0

¿Ø��~þ. �AO�, r0 XÚ/4~, =éu�

Ø, r0 ≈ 1.30fm, éuØ, r0 ≈ 1.20fm.

õcc, Äué��β½Ø>Ö�»ék��

¢�êâ, ©z [5—7]JÑ
Xe�Z1/3 Æ (Z�ØS

�fê)

Rc = rpZ
1/3 . (2)

¢�êâ©ÛL², �A1/3 ÆØÓ, éu�ØÚØ,

rp Ä�þ�±�~þ, rp ≈ 1.635fm. Z1/3 Æ`uA1/3

Æ����Ï3u: A1/3 Æ�Ó ^Ã'. 3g,.

¥, β½Ø�Ó ^Tz = (N−Z)/2 = (A−2Z)/2�

AO�4O
[1]

, =
(

N −Z

3A

)

β�½Ø

≈ 2.0×10−3A2/3,

½ Tz

∣

∣

β�½Ø
≈ 3.0×10−3A5/3 . (3)

'�ª (1)Úª (2), �

r0 = (Z/A)1/3rp . (4)

é u é � � β½ Ø, Tz ≈ 0, (Z/A) ≈ 1/2, U

rp ≈ 1.635fm, ��r0 ≈ 1.30fm. éué�β

½Ø (~X 208Pb), (Z/A)1/3 ≈ 0.733, r0 ≈ 1.20fm. d

d, �±n)��oA1/3 Æ��»~êr0 �AO�

ÅÚ~�ù�¢�y�. �A1/3 ÆØÓ, Z1/3 Æ��

´Ó ^�'�. |^Z = A/2−Tz, N´�Ñ, 3

O(Tz/A)�?Cqe

Rc = rpZ
1/3 = rp (A/2−Tz)

1/3 ≈
rp

21/3
A1/3

(

1− N −Z

3A

)

, (5)
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�rp ≈ 1.635fm, ¿|^ª (3), ��

Rc ≈ 1.30A1/3(1−2.0×10−3A2/3)fm. (6)

¦+Ø>Ö�»�Z1/3 Æ®JÑõc
[5]

(3¥©

Ïrþ), �¿�Úå<�2�5¿. 20V90c�,

k<5¿�A1/3 Æ�¢�*ÿk²w� l. ~X

Nerlo-Pomorska & Pomorski
[8]

JÑ
éA1/3 Æ�X

e?�, =3A1/3 Æ�Ä:þ, \þ (Tz/A)��5�

?�,

Rc =







































1.256A1/3

(

1−0.202
N−Z

A

)

fm,

A > 38.

1.240A1/3

(

1−0.141
N−Z

A
− 1.646

A

)

fm,

A < 38.

(7)

Warda�
[9]

^�éØ²þ| (RMF)nØO�
Ó 

�ó¥��fØ�>Ö�», uy§�Cq� (Tz/A)

�5Cz. ¦�O�¤��Ø>Ö©Ù�», �±^

eªCq[Ü

Rc = 1.237A1/3

(

1−0.157
N−Z

A
−0.646

1

A

)

fm. (8)

©z [3, 4]¥�Ñ
î8����Ø>Ö�þ�

(rms)�» 〈r2〉1/2 =

√

3

5
Rc ¢�êâ. 5¿, Ø>Ö�

»��6uØ/C, Ï~��Ä���o4/Cβ

�K�. 3�Ä/Cβ �K��, Ø>Ö�»�¥/�

¹ÑkO\. ª (1)�UP�

Rc =
◦

r0

(

1+
5

8π
β2

)

A1/3 , (9)

◦

r0 � � u ¥ / Ø (β = 0) � ¹ e � Ø > Ö � » ~

ê. C/Ø�o4/Cβ �±�âÙS�>o4

ÝQ0 ½Ñ. óóC/Ø�Q0 ¢���±|^Ä�

(Iπ = 0+) � 1 � - u � (Iπ = 2+) � � z > o 4

� [ A Ç B(E2,↑) = 5e2Q2
0/16π 5 J �. ©z [10]

¥�Ñ
óóØQ0 y8®k��¢�êâ. ã1

� Ñ 
 A > 40 β �½ Ø � > Ö © Ù � » ~ ê
◦

r0 �Cz. �±wÑ,
◦

r0 �AO�4~, =éu

� Ø,
◦

r0 ≈ 1.30fm,  é u é  Ø,
◦

r0 ≈ 1.20fm.

Rc =
◦

r0

(

1+
5

8π
β2

)

A1/3, Rc =

√

5

3
〈r〉2,

√

〈r〉2 ´�

þ��». ©z [10]�Ñ
óóØlÄ� (Iπ = 0+)�

11-u� (Iπ = 2+)��z>o4�[AÇB(E2,↑),

¿UQ0 =

√

16π

5

[

B(E2 ↑)
e2

]1/2

J��fØS�>o

4ÝQ0 ��. 3�©¥, o4/Cëêβ ´Ue�'

X, Q0 =
3ZR2

c√
5π

β(1+0.158β)±9Q0 �¢��O�Ñ

5�. 3©z [10]¥, K´UQ0 =
3ZR2

c√
5π

β O�Ñ5

�. �β 6 0.10�§ù�O�Ñ�β ´°(�, ��

β > 0.10�, KØ
°(.

ã 1 Ø>Ö�»~ê
◦

r0 �A�Cz

�Ø�»���'����*ÿþ, Ò´�f

Ø��«ã��Uþ. AO´ãü4�� (GMR)U

þEx, §�Ø�»¤�', Ex ∝ 1/R. XØ�»�

A1/3 Æ¤á, KExA1/3 A�±���~þ (Ø�6u

A). ¢�êâ©ÛL², �AO�, ExA1/3 4O, (¦

+Ex ¢�êâ�Ø�'Ø>Ö�»�Ø���õ),

éuA > 50�Ø, ExA1/3 ≈ (72−83)MeV, ¿Ø�±

���~þ, Xã2¤«. Ex êâ�g©z [11,12]. Ø

Ó¢�¿�Ñ�Ó���fØ�Ex¢��  k�


�O, �©æ^©z [11]L III¥�Ñ�, ²L²þ

�Ex �. 90Zr, 116Sn, 144SmÚ 208Pb�Ex ¢���g

©z [12].

ã 2 �fØãü4�� (GMR)UþEx ∝R−1
c �A�Cz

2 Ø>Ö�»Z1/3 Æ��*�º

¯¤±�, 3Mayer�Jensen�rg^;�ÍÜ

��.¥, �fØS��fNXÚ¥fNX©OCq

w¤�3²þ³| (~X, ?�
���f³)¥�Ã

�p�^�¤�fNX
[1, 2]

. ¢�(y, éuβ½�

NC��fØ, ©O�3Xe�f�Ú¥f�, =

Z = 2,8,(14),20,(28),50,82 ,

N = 2,8,(14),20,(28),50,82,126 .
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�
`²üâfU?�©Ù�ù«�(�, Øf�r

g^;�ÍÜ´7��. �éu£ãØ>Ö�»ù«

o¬5�, Ø�b½÷�NC¥/Ø¥��f (p)½

¥f (n)©O3Xe��f³¥$Ä,

V (r) =
1

2
Mω2r2 . (10)

�A�üâfU?9Ù{¿Ý (®�Äg^gdÝ)©

O�

Ek =

(

k+
3

2

)

~ω,

fk = (k+1)(k+2), k = 0,1,2, · · · , (11)

�fÚ¥f��f³�rÝëêω ©OP�ωpÚωn.

��`5, ωp Úωn ¿Ø�Ó, ©O�6u�fêZ Ú

¥fêN . e¡k?ØØ�fNX�©Ù�», §�

9�f�U?WÙ. éulk = 0�k = K �Ñ��f

W÷�÷�Ø, �foêZ�

Z = Z(K) =

K
∑

k=0

(k+1)(k+2) =

1

3
(K +1)(K +2)(K +3)≈ 1

3
(K +2)3. (12)

Uì å (virial)½n, 〈V 〉 =
1

2
Mω2

p〈r2〉k =
1

2
Ek, �

�Ñ

〈r2〉k =

(

k+
3

2

)

~/Mωp . (13)

éu÷�Ø, �f©Ù��þ�» 〈r2〉p�

〈r2〉p =
1

Z(K)

K
∑

k=0

(k+1)(k+2)(k+3/2)
~

Mωp

≈

3

4
(K +2)

~

Mωp

. (14)

éÜª (12)Ú (14), ��

~ωp =
3~

2

4M〈r2〉
p

(3Z)1/3, (15)

éu¥fNX, aq��

~ωn =
3~

2

4M〈r2〉
n

(3N)1/3, (16)

ωp Úωn ©O�6uØS��fêÚ¥fê. ��y

�fÚ¥f©Ù�»�Ó, 〈r2〉p = 〈r2〉n = 〈r2〉, �¦

ωp

ωn

=

(

Z

N

)1/3

. (17)

éué��β½Ø, N ≈Z ≈A/2

~ωp ≈ ~ωn ≈ ~ω0 =
3~

2

4M〈r2〉

(

3A

2

)1/3

=

5~
2

4MR2
c

(

3A

2

)1/3

. (18)

X^A1/3 Æª (1)�\, ¿�r0 = 1.20fm, K�

~ω0 ≈ 41A−1/3MeV. (19)

dD�fØÔn©z¥~��úª
[1]

, §L«��.

��f³rÝëêω0 Cq�A1/3 ¤'~. 5¿, ª

(19)´�Ó ^Ã'�. éu�Ø, A1/3 Æ¥��

»~êr0 ≈ 1.30fm. Udëê�, ª (19)A�~ω0 ≈
35.1A−1/3MeV, §�·^u�Ø, éuØ, §�

¢�k��Ñ\. éu���β½�fØ, N > Z,

ωp <ωn. URc �Z1/3 Æª (2) (�rp =1.635fm), ±9

ª (15)Ú (17), �

~ωp =
5~

2

4MR2
c

(3Z)1/3 ≈ 27.1Z−1/3MeV, (20a)

~ωn =

(

N

Z

)1/3

~ωp ≈ 27.1N−1/3MeV. (20b)

|^Z = (A/2−Tz), N = (A/2+Tz), ��

Z1/3 =

(

A

2
−Tz

)1/3

≈ A1/3

21/3

(

1− 2Tz

3A

)

=

A1/3

21/3

(

1− N −Z

3A

)

, (21a)

N 1/3 =

(

A

2
+Tz

)1/3

≈ A1/3

21/3

(

1+
2Tz

3A

)

=

A1/3

21/3

(

1+
N −Z

3A

)

, (21b)

©O�\ª (20a)Ú (20b), ��

~ωp,n ≈ 41.0A−1/3

(

1∓ N −Z

3A

)

MeV. (22)

ù ´ 8 c I S © z ¥ ~ ^ � ú ª (~ X, �

Nilsson
[13]

), Ù·^5®�ØUÌÆ�¯õ¢�(

J¤�½. ÃØé�ØÚØ, ª (22)Ñ·^. ±þÒ

´U>Ö�»�Z1/3 Æé§��º. ª (22)´�Ó 

^�'�, ´éª (19)�í2.

3 Ø>Ö�»Z1/3 Æ�U?

Z1/3 Æ
[5]

Ì�´�âβ½�NC��fØ�Ø

>Ö�»¢�êâ�©ÛJÑ�. �âé��®k

β½Ø�>Ö�»êâ�©Û, Z1/3 Æ�(`u�

Ó ^Ã'�A1/3 Æ. Cc5, �X¢�Eâ�U?,

�lβ½��¯õÛAØ (exotic nuclei)�Ø>Ö

�»�®��°(/ÿÑ
[3, 4]

. ØU�", Xd{ü

��¹��ëþ�Z1/3 ÆUéÐ/£ã�)ÛAØ

3S�Ø>Ö�». AO´é�½Z ���Ó �ó

þ�Ã�fØ, Ù>Ö�»´ÑkCz�
[7]

(Ø�N/
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C�Cz�	). rZ1/3 Æ����Ð�Ñu:, ©z

[14]JÑ
Xe/ª�U?Z1/3 Æ (¹kü�ëþ)

Rc = rpZ
1/3[1+b(η−η∗)], (23)

ª¥η = N/Z = (1+2Tz/A)/(1−2Tz/A)≈ 1+4Tz/A,

η∗ ´ � ½ Z � Ó � ó ¥ β �½ Ø � N/Z �,

rp =
◦

rp

(

1 +
5

8π
β2

)

. T©é1995c±c�Ø>Ö

�»¢�êâ
[3]

�©ÛL², U?
�Z1/3 Æª (23)

U�Ð/[Ü�)ÛAØ3S�Ø�»�Cz. ��

5{ü�Z1/3 Æª (2)�', �þ� (rms) l?�Ú

 �. ©z [14]��Ñ
^RMFnØO�Ñ�A�Ó

 �ó (Ca, Ni, Zr, Sn, Pb)�Ø>Ö©Ù�»�¥f

êN �Cz, O�(J|±ª (23)¥�Tz �5�.

|^Z = A/2−Tz, N = A/2+Tz, ª (23)��±

U�¤ (Ñ�é��O((Tz/A)3)�)

Rc = c0 +c1(Tz/A)+c2(Tz/A)2 . (24)

ª¥

c0 = rp(A/2)1/3[1−b(η∗−1)],

c1 = rp(A/2)1/3

(

−2

3
+4b

)

, (25)

c2 = rp(A/2)1/34

(

1

9
+b

)

.

5¿, �Ó ^Ã'�ëþ c0, c1 Ú c2 ��6uü�

ëþ (rp Úb), ¤±ª (24)¢Sþ´���ëþúª.

�d, -<�åõc±cWigner
[15]

�Ñ�ék

¶��fØÓ ^õ��þúª (IMME)

M(A,Tz) = a+bTz +cT 2
z , (26)

§´£ã���½A�Ó ^õ� (isobaric mul-

tiplet)�ØÓTz Ø�þ�úª, ª¥¤¹3�Õáë

þa, b, c�6uA, �Ø�6uTz. Wigner� IMME

´ÄuXeb½, =Øf�mk>Ök'��N�p

�^ (charge-dependent two-body interaction), ¿3

Å¼ê�?�6Cqe�Ñ�. éuT > 3/2�Ó 

^õ���þ�©ÛL², Wigner� IMMEª (26)

éÐ/¤á
[16—18]

. ��ëþ�>Ö�»úª (23)½

(24)ØÓ, IMME¥¹k3�Õáëþ. U�q�nØ

�Ä, ±Ø>Ö�»�Z1/3 Æ����ûÐ�Ñu:,

üëþúª (23)½ (24)�?�ÚU?�

Rc(A,Z) = rpZ
1/3[1+b(Tz/A)+c(Tz/A)2]. (27)

ª¥rp, b, c�3�Õáëþ. �±Ï", ù�{ü�3

ëþúªU�Ð/£ãl����)ÛAØ3S�

Ø>Ö�».
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Isospin Dependence of Nuclear Charge Radii and Its

Microscopic Demonstration *

LEI Yi-An1) ZENG Jin-Yan2)

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

Abstract The analysis of experimental nuclear charge radii Rc indicates that Rc deviates systematically from the A1/3

law, i.e., Rc/A
1/3 gradually decreases with increasing A, whereas Rc/Z

1/3 remains almost a constant. This statement

is also supported by the analysis of a large amount of experimental nulcear giant monopole resonance energy data

Ex ∝ R−1. The deviation of nuclear charge radii from the A1/3 law is basically caused by the isospin independence

of A1/3 law, and the isospin dependence has been partly included in Z1/3 law. In the frame of nuclear shell model, a

microscopic demonstration of the Z1/3 law is given. The difference in the harmonic oscillator potential strength between

proton and neutron (ωp and ωn) can be accounted for by the Z1/3 law. Similar to Wigner’s nuclear isobaric multiplet

mass equation (IMME), a modified Z1/3 law for nuclear charge radii is proposed.

Key words nuclear charge radius, isospin dependence, modified Z1/3 law, giant monopole resonance energy
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