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|^/C�å��éØ²þ|nØïÄ
 Pt Ó �ó - óØ�/Güz, '�
Ä�(ÜUÚo4/C�
nØO��Ú¢��, ©Û
ù
Ø� U­�!üâfU?9Ù�o4/C β2 �Cz5Æ, uyl N = 88

� N = 126, Pt Ó ��Ä�C/l¥/é¡Ø² X(5) é¡5Ø!üz�äk­½/C�Ø, 2üz�¥/Ø�C
zL§. Ù¥, 166−172Pt ´C¥/Ø, 174Pt Ú 192−196Pt  u¥/Ú­½/C�m, �Uäk X(5) é¡5, 176−190Pt

äk­½�C/, 198−202Pt ´C¥/Ø, 204Pt ´¥/Ø, ù
(J�¢���.
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1 Ú ó

þf�C´þfõNXÚ��9���ë
þ (X^|rÝ!Ør�) Cz�, duþfÞá
���ÙÄ�5��âC1� [1], ´�8Ônï
Ä�­��K��, 3và�Ôn!©fÔn�
+���
2��ïÄÚA^. �fØ�þf�
CÌ�Ly�Ä�/G�âC1�, =/Güz�
âC —— /G�C. §�9÷*XÚ�C�k�
âfê�A!#�ÄåÆé¡5!UNÔn r- L
§ [2] �­�¯K, Ï
É�nØÚ¢�ó�ö�
ÊH'5. 3 IBM �.¥, �fØ�±�w�´
d U(6) é¡�ÀÚf|¤�XÚ, §�3n«Ä
åÆé¡5: U(5), SU(3) Ú O(6), AÛÆþ©Oé
A¥/�Ä, ¶é¡^=Ú γ Ø­. l¥/�¶é
¡/C����C [3] ´�o4/Cëê β2 �'
�, Casten � [4] 3 152Sm é�éA� X(5) é¡�
C:, iå
éd�CïÄ�9�, ©z [5, 6] u
y
 150Nd Ú 154Gd � X(5) é¡5. l¥/� γ

Ø­½^=����C [7] �9 β Ú γ ü�gd

Ý, Casten � [8] 3é 134Ba �ïÄ¥uy
éA
� E(5) é¡5. Ù�, Frank[9] é Ru Ó �ó�ï
Ä¥Ïé�äk E(5) é¡5Ø, Zamfir[10] é 102Pd

�ïÄuy§´��äk E(5) é¡5Ø, ©z [11]

�Ñ 128Xe ´äk E(5) é¡5Ø, ©z [12] éä
k E(5) é¡5� 64Zn ?1
ïÄ.

Cc5, Pt Ó ��(��5�Úå
<��
,� [13−17]. ©z [13] ïÄ
 178Pt �pg^8N
(�, ©z [14] ïÄ
��� Pt Ó �¥Ûó�»
���y�, ©z [15] ïÄ
 169−173Pt "¥fØ
�'=Ä�Ú���, ©z [17] ïÄ
 182Pt �p
g^�(��. ©z [18—23] �Ñ Pt Ó ��Ä
�/G u SU(3) Ú O(6) ÄåÆé¡5�mÚ'
���ØäkAý/G, ¢��Ñ 174Pt (N = 96)

´ γ Ø­½Ø [24]. ©z [25] ?Ø
 γ gdÝé Pt

Ó �Ä�5��K�, ¿�¢�?1
'�. ©
z [26] æ^ Hartree-Fock-Bogoliubov (HFB) �{X
ÚïÄ
äk E(5) Ú X(5) é¡5� Pt �fØ, �
�
� IBM ���(J.

Cc5, �éØ²þ| (RMF) nØ3£ã�f
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Ø�/C�C�¡��
¤õ [27−29]. ©z [30] |
^ RMF nØXÚïÄ
 Sm Ó �l¥/�¶é
¡/C�/Güz, �ßÐy
l¥/ U(5) �¶
é¡ SU(3) /G�C��.:. ©z [31] XÚï
Ä
 Nd, Gd 9 Dy Ó ��/Güz, ýó
e
Z�Uäk X(5) é¡5�Ø. ©z [32] ^ RMF n
Ø(Ü�I)¤�{ïÄ
�fØ�/G�C, ©
z [33—35] ò RMF nØÚ Bohr �.(Ü, XÚï
Ä
¥/!¶é¡/C�m��C. ©z [36] �*
£ã
 Ba, Xe �fØ¥/Ú γ Ø­�m��C.

©z [37] |^ RMF nØïÄ
l¥/�l4/
C��fØ/GüC. ©z [38] �|^ RMF nØ
ïÄ 152Sm o4�l4/G�m�üz¯K. �©
^ RMF nØïÄ Pt Ó ��/Güz5Æ.

2 nØµe

'u RMF nØ[!�ë�©z [22, 23, 25],

��BO, �©Vã RMF nØ�Ä�µe. RMF

nØ�Ñu:´���¹ØfÚ0f�p�^�
k� Lagrange �Ý [39,40]:

L = ψ (iγµ∂µ − M − gσσ − gωγµωµ

−gργ
µτ · ρµ − eγµ 1 − τ3

2
Aµ

)
ψ

+
1
2
∂µσ∂µσ − 1

2
m2

σσ2 − 1
3
g2σ

3 − 1
4
g3σ

4

−1
4
ΩµνΩµν +

1
2
m2

ωωµωµ +
1
4
g4(ωµωµ)2

−1
4
Rµν · Rµν +

1
2
m2

ρρ
µ · ρµ

−1
4
FµνFµν , (1)

Ù¥:

Ωµν ≡ ∂µων − ∂νωµ, (2)

Rµν ≡ ∂µρν − ∂νρµ, (3)

Fµν ≡ ∂µAν − ∂νAµ, (4)

σ, ω Ú ρ ©OL« σ 0f|, ω 0f|Ú ρ 0f|,

éA��þ©O´ mσ, mω Ú mρ; A �L1f|;

Øf|9Ù�þ^ ψ Ú M L«, gσgω Ú gρ ©O
L«ØfÚ0f|�k�ÍÜ~ê; g2 Ú g3 ´ σ

0f�g�p�^��5�ÍÜ~ê; g4 ´ ω 0f
|�g�p�^ÍÜ~ê. |^ Euler-Lagrange �
§��ØfÚ0f�$Ä�§Xe [41−44]:

[−iα · ∇ + V (r) + β(M + S(r))]ψ = εψ, (5)



(
−∆ + m2

σ

)
σ (r) = −gσρs (r) − g2σ

2 (r)

−g3σ
3 (r) ,(

−∆ + m2
ω

)
ωµ (r) = gωjµ (r) − g4 (ωυωυ) ωµ (r) ,(

−∆ + m2
ρ

)
ρµ (r) = gρj

µ (r) ,

−∆Aµ (r) = ejµ (r),
(6)

Ù¥


V (r) = β [gωγµωµ(r) + gργ

µτ · ρµ(r)

+eγµ 1 − τ3

2
Aµ(r)

]
,

S(r) = gσσ(r).

(7)

�§ (5) Ú (6) �±gU/S�O�, [!��
©z [40, 42]. éA,�/C��(ÜU�±Ï
L3 Hamilton þÏ"�¥Ú\ µ2 ��å>o4
Ý 〈Q2〉 ¼� [27,28]:

〈H ′〉 = 〈H〉 +
1
2
Cµ(〈Q2〉 − µ2)2, (8)

ª¥ Cµ ´�åÏf. /Cëê β2 �±l�Ñ�¥
fÚ�f�>o4Ý 〈Q2〉 ��:

〈Q2〉 = 〈Q2p〉 + 〈Q2n〉 =
3√
5π

AR2
0β2, (9)

ùp R0 = 1.2A1/3.

L 1 ØÓëêO�� Pt Ó �ó�Ä�(ÜU

�¢���'� (ü : MeV)

E Exp[24] PK1 NL3 NLSH TM1

166Pt 1283.678 1291.430 1289.265 1292.584 1294.180

168Pt 1305.999 1313.292 1310.189 1314.462 1316.639

170Pt 1327.406 1334.394 1331.131 1335.559 1338.092

172Pt 1348.344 1353.287 1350.400 1354.544 1357.120

174Pt 1368.705 1373.029 1371.063 1374.665 1376.307

176Pt 1388.457 1393.140 1391.208 1394.895 1396.456

178Pt 1407.670 1412.549 1410.673 1414.529 1416.070

180Pt 1426.250 1431.618 1429.759 1433.825 1435.103

182Pt 1444.126 1450.030 1448.238 1452.358 1453.361

184Pt 1461.431 1466.578 1465.064 1469.435 1469.637

186Pt 1478.107 1482.238 1481.053 1485.319 1485.021

188Pt 1494.208 1496.460 1495.728 1499.481 1499.337

190Pt 1509.850 1509.878 1509.636 1513.280 1512.949

192Pt 1524.963 1423.848 1524.237 1528.142 1526.610

194Pt 1539.576 1538.138 1539.047 1542.543 1540.047

196Pt 1553.603 1551.850 1553.246 1556.329 1553.421

198Pt 1567.006 1564.407 1566.254 1569.729 1565.733

200Pt 1579.844 1577.434 1579.747 1582.637 1578.661

202Pt 1591.962 1590.026 1592.824 1595.171 1591.063

204Pt 1605.480 1602.058 1605.421 1607.067 1602.945
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ã 1 Pt Ó �ó U­�, PK1 ëê

3 ê�O�(J�©Û

3 RMF n Ø ¥, ¶ é ¡ � � f Ä ë ê �
� Nf = Nb = 20, é'éæ^�½UY� Bardeen-

Cooper-Schrieffer Cq?n, =éUY�� ∆n =

∆p = 11.2/
√

A MeV.

L 1 � Ñ 
 æ ^ o « Ø Ó ë ê | PK1[45],

NL3[46], NLSH[47] Ú TM1[48] � RMF O��(Ü

U, �'�, L¥��Ñ
�¼��¢�êâ. l
L 1 �±wÑ, RMF nØO��(ÜU�¢�(
JÎÜ��Ð, éu 204Pt, o|ëêO��(ÜU
Ú¢��� ��u 1.0 MeV. Ù¥ NL3 ëê|,

RMF O���¢���²þ ��u 5.0 MeV, �
é �3 0.3%±S. Ü©�fØ(ÜU�O���
¢�êâ ���, �U´�%?�æ^{ü�ú
ª ECM = −3

4
41A− 1

3 , ?�Ú�Ä�*�%?��
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U¬�Ñ�¢��ÎÜ�(J.

L 2 � Ñ 
 æ ^ o « Ø Ó ë ê | PK1[45],

NL3[46], NLSH[47] Ú TM1[48] � RMF O��o4
/C�, �'�, L¥��Ñ
�¼��¢�êâ.

lL 2 �±wÑ, nØO��o4/CÚ¢
�k�½� �, �ê�Cz�ª³´���.

Ù¥ 166−172Pt Ú 198−204Pt �/Cé�, �U´C

¥/Ø, 
 174−196Pt �/C��, �U´­½�
C/Ø.

�
Ð« Pt Ó ��/Güz, ã 1—4 �
Ñ
 PKl, NL3, NLSH, TM1 ëêe Pt Ó �ó
� U­�, ã¥þ±Ä�Uþ��ë�:. l
  U ­ � � ± w �, 166−172Pt � / C � �,  
^�r, = 166−172Pt �U´C¥/Ø. 174Pt � 

ã 2 Pt Ó �ó U­�, NL3 ëê
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ã 3 Pt Ó �ó U­�, NLSH ëê

U­�3 β2 = 0 NC'�²" (l β2 = −0.2

� β2 = 0.2), §´l¥/�¶é¡/C=C�L
ÞØ, äk X(5) ÄåÆé¡5. l 176Pt � 184Pt,

 U­�� ^�5�p, � 184Pt  ^���
p, `²ù
Ø�¶é¡/CÅìªu­½. 

l 184Pt � 190Pt,  U­�� ^qm©Åìü
$, �Nù
Ø�/Cm©Cf. o�,  U­�
Ð« 176−190Pt äk²w�/C, áu�C/Ø.

192−196Pt � U­�Ú 174Pt �q, �Uäk X(5)

ÄåÆé¡5; éu 198−202Pt, /Cé�,  ^é
r, L²§�´C¥/Ø. 204Pt ´��;.�¥/
Ø, §k���L 17 MeV � ^, �~­½.

�
?�Ú&Ä Pt Ó ��/Güz, ã 5 Ú
ã 6 Ð«
 RMF nØO�� 174Pt Ú 184Pt �Xo
?/Cëê β2 Cz�üâfU?, �p�^ëê
|� PK1, J�L« Fermi U. lã¥�±wÑ, é
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ã 4 Pt Ó �ó U­�, TM1 ëê

u 184Pt, 3 Fermi ¡NC, ¥fÚ�füâfU?
mYÑé�, ¿Ñy��y�, �NÑ§´��/
CØ. éu 174Pt, 3 Fermi ¡NC, ¥füâfU?
�3���UY, �3 β2 = 0 NCvkÑy²w�
��, 
�füâfU?Ú 184Pt aq. L² 174Pt

?ulAý/�¥/üz�LÞ«, �Uäk X(5)

ÄåÆé¡5.

ã 7 � Ñ 
 ^ NL3 � p � ^ O � � Pt Ó
 �ó�¥füâfU?, U?���3 –15—

0 MeV �m, J�L« Fermi U. lã¥�±w
Ñ, éu 166−172Pt, 3 Fermi ¡NC, ¥füâf
U?�3²w�mY, L²§�´C¥/Ø. é
u 176−190Pt, üâfU?'�þ!, �N§äk­
½�/C,  u 166−172Pt Ú 176−190Pt �m� 174Pt
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�U´äk X(5) é¡5Ø. 192−196Pt �UY'�
þ!, �U�3/G��. 198−204Pt UYm©C�

'��, �U´C¥/Ø. 
 204Pt NC�UY��,

´¥/Ø.

ã 5 174Pt ¥�¥f!�f� β2 Cz�üâfU? (PK1 ëê)

ã 6 184Pt ¥�¥f!�f� β2 Cz�üâfU? (PK1 ëê)
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L 2 ØÓëêO�� Pt Ó �ó�o4/C β2

�¢���'�

β2 Exp.[49] PK1 NL3 NLSH TM1

166Pt 0.089 0.091 0.088 0.092

168Pt 0.075 0.060 0.074 0.076

170Pt 0.000 0.000 0.000 0.000

172Pt –0.055 0.275 –0.055 –0.056

174Pt 0.315 0.297 0.315 0.317

176Pt 0.190 0.319 0.319 0.318 0.319

178Pt 0.319 0.336 0.318 0.320

180Pt 0.256 0.319 0.335 0.317 0.322

182Pt 0.319 0.333 0.329 0.336

184Pt 0.224 0.316 0.317 0.315 0.321

186Pt 0.198 0.312 0.313 0.299 0.318

188Pt 0.186 0.295 0.295 0.294 0.301

190Pt 0.149 0.274 0.273 0.163 0.278

192Pt 0.153 0.176 0.159 0.143 0.218

194Pt 0.143 0.139 0.138 0.137 0.176

196Pt 0.130 0.119 0.119 0.115 0.136

198Pt 0.114 –0.076 –0.110 –0.113 –0.115

200Pt –0.076 –0.077 –0.075 –0.080

202Pt –0.053 –0.053 –0.053 –0.072

204Pt 0.000 0.000 0.000 0.000

4 ( Ø

3 RMF nØµee, À� PK1, NL3, NLSH,

TM1 �p�^é Pt (N = 88 —126) Ó �ó�/
Güz?1
XÚïÄ, ¼��Ä�(ÜUÚ¢�

(JÎÜ���Ð, o4/C�O��Ú¢�êâ
k �, �Czª³´���. ùL² RMF nØ
UéÐ/£ã�fØ�Ä�5�, ÏL�[©Ûù

Ø� U­�!¥füâfU?9Ù�o4/
C β2 �Cz5Æ, uyl N = 88 —126, Pt Ó 
��Ä�C/l¥/Ø² X(5) é¡5Ø, üz�
äk­½/C�Ø, 2üz�¥/Ø�CzL§.

Ù¥, 166−172Pt ´=k�f�¶é¡C/�C¥/
Ø. 174Pt  u¥/�¶é¡/C�LÞ«, �Uä
k X(5) é¡5. 176−184Pt ¶é¡/CÅìOrª
u­½, 
 184−190Pt ¶é¡/Cqm©�5�f,

�§�Ñäk²w�/C, ¤± 176−190Pt ´�C
/Ø. 192−196Pt � 174Pt �aq, �Uäk X(5) é
¡5. éu 198−202Pt, §�´C¥/Ø, 204Pt B´
;.�¥/Ø.

ã 7 Pt Ó ��¥füâfU? (NL3 ëê)

[1] Vojta M, Zhang Y, Sachdev S 2000 Phys. Rev. Lett. 85 4940

[2] Han S, Kuang-Tsan W, Kim R 2008 Opt. Express 16 873

[3] Iachello F 2001 Phys. Rev. Lett. 87 052502

[4] Casten R F, Zamfir N V 2001 Phys. Rev. Lett. 87 052503

[5] Kruken R, Albanna B, Bialik C, Casten R F, Cooper J R, Dewald

A, Zamfir N V, Barton C J, Beausang C W, Caprio M A, Hecht A

A, Klug T, Novak J R, Pietralla N, Brentano P 2002 Phys. Rev.

Lett. 88 232501

[6] Tonev D, Dewald A, Klug T, Petkov P, Jolie J, Fitzler A, Möller O,
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Abstract

The relativistic mean field theory is used to investigate the shape evolution of Pt isotopes. The calculated binding energy and

deformation parameter β2 are consistent with those obtained in experiment. The potential energy surfaces and the single particle levels

show the shape evolution for Pt isotopes. From N = 88 to N = 126, the shapes for Pt nuclei evolve from spherical shapes to X(5),

and then to shapes of stable quadruple deformation, finally back to the spherical shapes. In detail, 166−172Pt are spherical. 174Pt and
192−196Pt possess the X(5) symmetry. 176−190Pt are deformed nuclei. 204Pt holds spherical shape. These results in agreement with the

experimental observations.
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