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Äu²;¯L§nØ�., ïÄ
�fØÔnÑ\þ�Ø(½5é Th/U, Th/Hf, Th/Eu, Th/Os, Th/Ir �Ø�¨
���»c#�K�. Ù¥|^�AkÛ�[�{, O�
ØÓ�þ�.edü¥f©lUÚå�Ø(½5. (J
L², Th/U Ø�¨d�fØ�þØ(½5Úå�Ø���� 1.66 Ga, 'Ù¦Ø�¨� 2 Ga ±þ. é Th/Eu, Th/Os

Ú Th/Ir Ø�¨, TØ�©O� 5.15, 3.93 Ú 3.95 Ga. du Th/Hf Ø�¨É�þ�.K���, 
 Th/Os Ú Th/Ir �
O�(Jq²w �, Ïd3c#O�¥ÑI>&¦^. nÜ�Ä�fØÔnÑ\þÚU©*ÿ�5�Ø�, |
^ Th/U Ø�¨����»c#� 14.1 ± 3.8 Ga.

'�c: �»c#, Ø�¨, ¯¥fÐ¼L§, �fØ�þ

PACS: 26.30.Hj, 98.80.Ft, 21.10.Dr

1 Ú ó

��y�UNÔnÆ�­�Ônþ��, �»
c#�±ÏLÿ��»g��¿±5��m [1]!
ÿ½�Æ·��5����)�m [2−5]!ÿ½¥
G(ì½Õ��c# [6] ½ÿ½xL(�/¤�
m [7] ��{5��.

|^�Æ·��5��ÿ½UNc#��
{�±��J���fØÔnÆuÐ��Ð�
ã. @3 1929 c, Rutherford[8] ÒJÑ�±|^ñ
�¥ 235U/238U ��é´Ý5(½/¥c#�g
�. Ø 235U/238U 	, 232Th Ú 235U �Æ·©O�
� 14.05 Ú 4.47 Ga, ��»c#3Ó�êþ?, Ï
d��±|^ Th-U ´Ý'�Cz5ÿ½�»c
#. Ù¥, y3�´Ý�±dU©*ÿ�Ñ, Nod-

dack � [9] 3 1930 cÒ®l"��©Û]�¥�Ñ
��´Ýã. �3c#O�¥�IO(ýóù
�
��Ð©´Ý. 1957 c, Burdidge � [2] ïá
��

�ØÜ¤nØ, @�¯¥fÐ¼L§ (r L§) KI
�)���m��c��, 
�Æ·��5�� Th

Ú U KX{ÏL r L§�), �A�Ð©´Ý�
d r L§O���. Burdidge �?
|^(Xüz
�.Ú��X¥ 235U/238U ��é´Ý�ÑÕàX
c#e�� 6.6 Ga. 1960 c, Fowler Ú Hoyle[10] |
^ Th/U ´Ý'5O�ÕàXc#.1987 c, 3��
NC�ð(¥*ÿ�
 Th Ì�, Butcher[11] òT�
{^u��±	�ð(. � 1993 c, François � [12]

qòù«�{ÿÐ�«7á(c#�O�¥. ,
,

þãÿ�c#��{þ�6u(X�zÆüz, Ï
däk���Ø(½5.

4«7á(¥c���´Ý'����Z©
��$���. ��@�, §��)u(X/¤�
ÐÏ, Ùc#�±Cq@�´(XD��»�c#.

d	, 4«7á(/¤��¿vkë�(X�U�
zÆüz, ÙL¡���´ÝE,´(X/¤��
Ð©´Ý. C
c�*ÿL², 4«7á(¥ Ba ±
�� r L§��´Ý���X� r L§��´Ý©
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Ù��, Ïd�±|^ r L§ØÜ¤�nØ�.5
�í��/¤��Ð©´Ý, l
¦�»c#�O
�{ø(XzÆüz�K� [13].

1996 c, Sneden � [14] 3 4 « 7 á ( CS

22892-052 ¥*ÿ� Th Ì�, ¿|^ Th/Eu Ø�
¨�ÑT(N�c#e�� 15.2 ± 3.7 Ga. d�,

Th Ì�3�5�õ�«7á(¥�*ÿ�, X HD

115444[15], CS 31082-001[16], HE 1523-0901[17] �.

2001 c, Cayrel � [18] 34«7á( CS 31082-001

þ*ÿ� U Ì�, ¿nÜ
 U/Th, U/Os, U/Ir Ø�
¨�O�(J, �ÑT(Nc#� 12.5 ± 3.0 Ga. U

Ì���q34«7á( BD +17◦3248[19] Ú HE

1523-0901[17] ¥�*ÿ�. � Th/X ½ U/X(X �L
­½��) Ø�¨�', du U � Th ��f5��
üzL§���C, ÏdØ�¨ Th/U �Kþ��
��, U Ì�34«7á(¥�*ÿ¦�|^�Æ
·��ÿ½�»c#��{���5��Or. �
U©*ÿ¥ U Ì��~f, 
�� CH Ú CN ©f
��Ì�·Ü, ÏdU*ÿ� U Ì��4«7á(
êþék�, ¤±&¢|^Ù¦Ø�¨��c#�
ó�Eék7�.

|^Ø�¨é4«7á(?1°(�c#ÿ
��,{ø
(XzÆüz�K�, �%�6u
é Th Ú U � r L§��Ð©´Ý����O.

r L§nØ�[¥�9�þ´¥fÛA�fØ�
Ônêâ, Ù¥�­��Ônþ�)�fØ�þ
Ú β PCÆ·�. Ø�ê�fØ	, ù
Ônþ
8c�U|^nØ�.�ýó�. 
ØÓnØ�
.é´¥fØ�ýóE�3X���É, Ïdk
7�&¢ØÔnÑ\þ�Ø(½5éc#µ��
K�. 1999 c, Cowan � [3] |^²; r L§�.
µ�
�fØ�þ�.éc#O��Ø(½5,

��(N CS 22892-052 Ú HD 115444 �²þc#
� 15.6 ± 4.6 Ga. Äuõ¯��., ©z [20] ©Û

 32 «ØÓ�U©^�±9�fØnØ�.�O
�(J, ��XÚ/µ�
�»c#�Ø(½5,

¿|^ Th/U Ø�¨�Ñ«7á( CS 31082-001

�c#� 8.94—17.73 Ga. 2002 c, Schatz � [21] ¦
^�#��fØÔnÑ\þ, ­#O�
 Th/Eu

Ú Th/U �Ð©´Ý', ©Û
²; r L§�.
µ�(Nc#�Ø�; ¿|^�AkÛ�{, µ
�
 β PCÆ·�Ø(½5éO�(J�K�,

��|^ Th/U Ø�¨�Ñ CS 31082-001 �c#
� 15.5 ± 3.2 Ga.

Cc5, �l β ­½��fØ��þêâ�
\�[ [22,23], �fØ�þ�.�k
é�?Ð,

X DZ10 (Duflo-Zuker) Ú DZ28 �. [24]!KTUY

(Koura-Tachibana-Uno-Yamada) � . [25], HFB-17

(Hartree-Fock-Bogoliubov) �. [26] Ú�éØ²þ
| (RMF) �. [27] �, Ïd(Ü#��þÚPCê
â5ïÄØ�¨ék7�. 2007 c, Kratz � [28] |
^#�ØÔnêâ, 3²; r L§�.�µee2
gO�
 r L§Ø�´Ý, ¿�JÑ Th/Hf �U�
�«#������Ø�¨. 2009 c, ©z [4] (
Ü#�¢�êâ±9l��þ�., uy|^ØÓ
�þL���c#��O���� 6.3 Ga. ,
,

T©z=�uïÄ Th/U Ø�¨, 
�ÿ��Ä3
,��fØ�þ�.Sü¥f©lU�O�Ø�
é��c#�K�. �©(Ü�CuÐ��þ�.,

Äg|^�AkÛ�{�[,��fØ�þ�.
Sdü¥f©lUO�Ø�¤Úå�O�c#�
Ø(½Ý, Ó�µ�~^ Th/X Ø�¨�Ø(½Ý.

2 nØµe

���5Ø��Ð©´Ý� N0, PC~ê
� λ, K²L�m t �Ù´ÝC�

Nt = N0 e−λt = N0 e

(
−0.693t

τ1/2

)
, (1)

Ù¥ τ1/2 = ln 2/λ �Ø���PÏ.

�
~��*ÿØ�, O�c#��æ^ü«
���´Ý', d (1) ª��:

t =46.7 × [lg(Y (232Th)/Y (X))0

− lg(Y (232Th)/Y (X))obs], (2)

t =14.8 × [lg(Y (238U)/Y (X))0

− lg(Y (238U)/Y (X))obs], (3)

t = − 21.8 × [lg(Y (232Th)/Y (238U))0

− lg(Y (232Th)/Y (238U))obs], (4)

Ù¥, Y (X) �L,� r L§­½�� X �Ø�´
Ý. eI 0 L«Ð©´Ý, �d²; r L§�.O
���, eI obs L«*ÿ´Ý, Ù�dU©*ÿ
�Ñ.
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3²; r L§�O�¥, �©±cx���
�«fØ, §Ý�� T = 1.5 GK, ¥fê�Ý nn

3 1020—1027.5 cm−3 ��SCz, ¿� 16 �©|
?1U\5�[ý¢�¯¥fÐ¼L§u)�|
¤. ÏLN�ØÓ©|�Ëì�m τ ±9�­Ï
f ω, 5[Ü��X r L§´Ý, dd�[Ñ��ý
¢� r L§|¤. Ï~, b��©|� ω � τ ´¥
fê�Ý nn ��ê¼ê [29,30]

ω (nn) = a × nb
n,

τ (nn) = c × nd
n, (5)

Ù¥ëê a, b, c, d �ÏL�Z[Ü��X r L§´
Ý5��.

�c�ïÄuy [4], [Ü�þê A > 125 �
��X r L§Ó �´ÝÚ�fê Z > 56 �«
7á(���´Ý�±�����(Ø. ±«7á
( CS 31082-001 �~, �À^ DZ10, DZ28, KTUY,

HFB-17, RMF �þ�.�, c�«�{�Ñ�(J
� 14.1 ± 3.2 Ga, ��«�{� 14.0 ± 2.5 Ga, üö
3Ø���S�ÎÜ. ù?�Úy¢
4«7á(
¥ Ba ±�� r L§��´Ý���X� r L§�
�´Ý©Ù���ß� [13]. ,��¡, du«7á
(�*ÿêâE,é"y, 3ïÄ Th/X Ø�¨�,

ØUéÐ/�å�A�´Ý'. Äuù
�Ä, e
¡�?ØþÏL[Ü��X r L§´Ý5O� r L
§Ð©´Ý.

3p§9p¥fê�Ý�^�e, ¥fÐ¼�
AÚ1)�A�Cq��²ï; d�, �^Ó �
óþ��Ó ��´Ý'deª�Ñ:

Y (Z,A + 1)
Y (Z,A)

=nn

(
h2

2πmµκT

)3/2
G(Z,A + 1)
2G(Z,A)

(
A + 1

A

)3/2

× exp
[
Sn(Z,A + 1)

κT

]
, (6)

Ù ¥ Y (Z,A), Sn(Z,A) Ú G(Z,A) © O � L Ø
� (Z,A) �´Ý!ü¥f©lUÚ�©¼ê, h,

κ, mµ ©O�ÊK�~þ!À�[ù~þÚ�f�
þü . �Ñ��Ø�m�©¼êÚ�þê��É,

�^Ó �óþ�´Ý©Ù�ûu nn, T Ú�fØ
ü¥f©lU Sn.

�Ñ�C�K�, ²L βPCl�^Ó �ó
�,�^Ó �óþ�´Ý��m�Cz�d±

e�©�§¦�:

dY (Z)
dt

=Y (Z − 1)
∑
A

P (Z − 1, A)λZ−1,A
β

− Y (Z)
∑
A

P (Z,A)λZ,A
β , (7)

Ù¥ λZ,A
β �Ø� (Z,A) � β PC~þ, Y (Z) =∑

A Y (Z,A) =
∑

A P (Z,A)Y (Z) L«z^Ó �
ó�o´Ý. éu�½� nn, d�§ (6) Ú (7) =�
(½ r L§Ü¤���Ø��´Ý.

�u r L§�.O��9���fØ�þ, �
©©O�Ä
 DZ10, DZ28, KTUY, HFB-17, RMF

�Ê��þ�., ®k�¢�êâ�g©z [22]

Ú [23]. �uÙ¦�
~^��þ�., Xk�
å§��%�. [31]!�Ä�fz�A� ETFSI

(extended Thomas-Fermi plus Strutinsky integral) �
. [32], duýó� Th/U ´Ý'��, Ø·^uØ
�¨�O� [4]. r L§O�¥�9���fØ βP
Cêâ�g©z [33]. 4«7á( CS 31082-001 �
��X�*ÿ´Ýêâ©O�^©z [16] Ú [34].

3 (J?Ø

ÄklØÜ¤Ånþ½5/µ��Ø�¨�
��5, ,��Ñ Sn éO��»c#�K�, ��
(ÜU©*ÿêâXÚµ��Ø�¨�Ø(½Ý.

3.1 ØØØÓÓÓ���¥¥¥fffêêê���ÝÝÝ��������� r LLL§§§������
´́́ÝÝÝ

r L§u)�¸�¥fê�Ýé���Ü¤
äk­�K�. ã 1 �Ñ
 r L§Ü¤�����
´Ý�¥fê�Ý�Cz­�, Ù¥UN�¸¥�
§Ý T = 1.5 GK. ã 1 À�
 6 «�L5���.

Ø��c#�~^� Th, U, Eu ��	, �©��
Ä
1n¸þ�C Th � U ��� Os Ú Ir; 2007

c, Kratz � [28] JÑ Th/Hf ´�«�����Ø�
¨, ��'�, ©¥��Ñ
 Hf �O�(J. þã
��ÑÌ�d r L§�), �äk�p�*ÿ°Ý.

ã 1(a) Ú (b) ©OéA|^ DZ28 Ú RMF �.�
O�(J, éu DZ10, HFB-17 Ú KTUY �þL, �
A�´Ý­�Ñ�ã 1(a) aq. �
��*/'�
� nn ��z, ã 1 ¥���´Ý­�Ñò���
8�� lg Y = 1.
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dã 1 ��, ØÓ��þ�.�Ñ�­�Ñä
kaqA:. Äk, z«��¤éA�­�/GÄ
��Ó, ¸�éAuÜ¤T����Z¥fê�Ý.

Ùg, �fSê�����, ÙÜ¤I��p�¥
fê�Ý. ü«���­���C, =��¥fê
�Ý©| nn �z�'~��C, K`²ùü«�
��Ü¤Ån��q, dùü«��|¤�Ø�¨
�Ò����. Th Ú U 3���þ�.eÜ¤�
¸Ä���, Ïd Th/U Ø�¨�Ø(½ÝAT�
u Th/X Ø�¨. e¡½þïÄnØ�.ýó� Sn

Ø(½ÝéØÓØ�¨�K�.

� � � � � � � � � � � � � � � �� 	 
 �
� � � � � � � � � � � � � � � �� 	 
 �

� � �� � 
� � � �� � � �� � � �� � � �� � � �� ��
� � �� � 
� � � �� � � �� � � �� � � �� � � �� �� � �� �� �� �� � 

� �� �� �� �� � ! " � #
$ % &

' ( )
' * )

ã 1 |^ØÓ¥fê�Ý nn O���� r L§����é´
Ý (a) DZ28 �.; (b) RMF �.

3.2 Sn ØØØ(((½½½ÝÝÝéééccc###���������KKK���

3²;¯L§�.¥, l (6) ª��, K��
�´Ý�ü�'��fØÔnÑ\þ´�fØ
ü¥f©lU (�d�fØ�þ��) Ú�fØ β
PCÇ. Ù¥, β PCÇ�5�Ø�ë�©z [21].

T©z|^�AkÛ�[, 3 0.2—5 �m�ÅU
C�fØ� β PCÇ, ¿Ó�Cz β �u¥fê

â, ÏL 100 gO�, �Ñd�fØ β PCÇÚ
å lg(Y (Th)/Y (U)) Ú lg(Y (Th))/Y (X)) Ð©´
Ý'�Ø�©O� 0.07 Ú 0.1.

aq/, �©|^�AkÛ�{, ÏL�Å
UC�fØ�ü¥f©lU Sn 5µ�nØ�.
ýó� Sn Ø(½ÝéO�4«7á(c#�K
�. UC Sn �I÷vXeü:Ôn�¦: 1) d
u�é�A, I��yäkó¥fê N ��f
Ø� Sn �u��Û¥fê�fØ, =� N �ó
ê�, k Sn(Z,N) > Sn(Z,N − 1) � Sn(Z,N) >

Sn(Z,N + 1); 2) 3�^Ó �óþ, ¥fê�O\
¬¦�fØé����¥f�åPUå~f, 
d
u�fØ/G�C��3q¬��Ñy�Ü© Sn

O\��¹, Ïd, A- Sn �Nþ�X N �O\
¥eüª³, Ó�#N�O���þ,. d	, lÔ
n��Ý�Ä, ��¦zg�[�O�Ñ5� Th/U

´Ý'7L�u�A��Ð��X´Ý [35,36], =
�»c#�����u��X�c# 4.6 Ga.

± RMF �þL¥ Eu Ó �ó�~, ã 2 ��
AkÛ�[¥ Sn �����«¿ã. Ù¥, ¢%:
��AØ�� Sn, ÒK«��pÝ�Ù�C��,

T��d±eü:(½: o¢����Ø Sn �²
þ�, §î��y
ó N Ø� Sn �uÛ N Ø; J
�� N �� 2 �ü�Ø� Sn �²þ�, -Ý:�
��LT� 1/5, K�¦� Sn �Nþ¥eüª³,

Ó�q��)� 0.1 VÇ�þ,.

� �� � �� � �� � �� � �� � �� � �
� � � � � � � � � � � �	
 ��
 �� � � �� � � � � � � �

ã 2 ± RMF �þL¥ Eu Ó �ó�~, �AkÛ�
[¥ Sn �����«¿ã

± DZ28 �þ�.�~, |^�AkÛ�{�
ÅUCü¥f©lU Sn ���c#Ø(½Ý (=
õg�ÅÝ:c�c#Cz�IO �) �o�
[gê�'X�ã 3. w,, �X�[gê�O\,
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�AkÛ©Û�Ø(½Ý�$, 
�A���c#
Ø(½Ýªu­½. dã 3 �±wÑ, 3�� 100

gÝ:��, Th/U Ø�¨�Ø(½Ý®Ä�­½,

ÅÄ��Ø�L 0.1 Ga, 
éuÙ¦Ø�¨, KI
� 500 g±þ��[âU��Ó��­½5. lØ
(½ÝO��(Jþ5ù, Ù¦Ø�¨O��»c
#��Ø(½Ý' Th/U ���±þ, ù`² Sn �
Ø(½5éù
Ø�¨�K���, 
é Th/U Ø
�¨K���. éuÙ¦�þ�., ���Ñ±þ
(Ø.

������
�

� � � � � � � � � � � �
� 	 
 � �� 	 
 
 � � 	 
 � � � 	 
 � �� 	 
 ��� � � � � �

ã 3 ^ DZ28 �þ�., ÄuØ�¨ Th/Eu, Th/Hf, Th/Os, Th/Ir,

Th/U O����c#Ø(½Ý��[gê�Cz

��� �� �� �� �� �
� � � � � � � � � � � � � � � � � � � � � � � �� � � 	 
 � � � � � � � � 
 �� � � � � � � � ��� � � � � � � � � � � � �

ã 4 |^ØÓØ�¨O����«7á( CS 31082-001 �c
#, z�fã¥ 1—5 ©O�L|^ DZ10, DZ28, HFB-17, KTUY

Ú RMF �þ�.���(J, Ø�5g Sn �Ø(½Ý

ã 4 �Ñ
|^ØÓØ�¨O����«7
á( CS 31082-001 �c#, Ø�5g Sn �Ø(
½Ý, O�¥�Ä
 DZ10, DZ28, HFB-17, KTUY

Ú RMF Ê��þ�.. Ø�Ä�þ�.�m��
É, Th/U Ø�¨d Sn Ø(½ÝÚå�Ø�²þ�
� 1.66 Ga, 
é Th/Eu, Th/Hf, Th/Os, Th/Ir Ø�¨

K©O� 5.15, 4.30, 3.93, 3.95 Ga. ��, �ã 1 ½
5�©Û(J��, Th/U Ø�¨�Ø�²w�u
Ù¦Ø�¨. Ó�uy, Th/Hf Ø�¨O����c
#É�fØ�þ�.�K�L�, |^ØÓ�þ�
.���c#Ø�ÎÜ, Ïd3¦^�I>&é�.

�'
ó, Ù¦Ø�¨|^��þ�.ýó�c#
3Ø�#N���SÄ���.

3.3 ØØØÓÓÓØØØ���¨̈̈OOO���ccc###���ØØØ(((½½½ÝÝÝ

(ÜcüÜ©�(J, ã 5 �Ñ
�Ø�¨
O����«7á( CS 31082-001 �c#, Tc
#�¤ïÄ�Ê��þ�.O�(J�²þ�.

ã 5 ¤«���Ø�¥, U©*ÿ�Ø� σobs d
*ÿêâ�Ñ, r L§O��Ø� σcal ¥�)Ø
Ó�þ�.¤�c#��þ�� �!β PCÇ
Úå�Ø� [21] ±93,��þ�.¥� Sn Ú
å�Ø�. du σobs � σcal m�pÕá, ¤±oØ
� σ2

total = σ2
obs +σ2

cal. d	, X 3.2 !¥©Û, Th/Hf

Ø�¨|^ØÓ��þ�.O����(J�å
��, 3¦^Ù��Ø�¨�I>&, Ïdã 5 �
�Ñ Th/Hf Ø�¨�(J.

�� �� �� �� �� �
� � � 	 
 � � � � �� � � 
 � � � � ��� � � � � � � � � � � � �� � � �� � � �� � � � � �

ã 5 |^�Ø�¨O��«7á( CS 31082-001 c#

dã 5 ��, Th/U �Ø���uÙ¦Ø�¨,

ÙdU©*ÿÚ r L§O��5�Ø�©O� 2.4

Ú 2.9 Ga, |^ Th/U Ø�¨O��4«7á( CS

31082-001 �c#� 14.1 ± 3.8 Ga, =�©z [4]

¥��[Ü��X r L§´Ý©Ù�(J��
��. Ó�/, |^ Th/Eu, Th/Os, Th/Ir Ø�¨�
��c#©O� 19.0 ± 10.3 Ga, 33.7 ± 11.1 Ga

Ú 33.2 ± 9.5 Ga. ��, |^ Th/Eu Ø�¨O��
��c#�|^ Th/U ���(J���C. 
é
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u Th/Os Ú Th/Ir Ø�¨, �,|^ØÓ�þ�.
���c#3Ø���S�Î, �´� Th/U Ø�
¨(J�'²w �, ù�U´du«7á(¥ Os

� Ir �*ÿ´ÝLp¤�� [34,37]. Ïd, éu,

�*ÿ� U Ì��(N, Ùc#|^ Th/Eu Ø�¨
5������. éu,
��P(N, duÙÌ
�rÝ�f, Ïd U Ì��*ÿ���(J. XJ
U
Äk*ÿ� Th Ì�, B�±|^ Th/Eu Ø�
¨O���ù
�P(N�c#, l
�Ñ��»
c#���C�c#e��.

4 ( Ø

�©Äu²; r L§nØ�., |^ DZ10,

DZ28, HFB-17, KTUY Ú RMF Ê � � þ � .,

é Th/U, Th/Hf, Th/Eu, Th/Os, Th/Ir Ê�Ø�¨�
��5Úc#O��Ø(½Ý?1
©Û�?Ø.

Ù¥Äg|^�AkÛ�{, µ�
ü¥f©l
U Sn �Ø(½5éO�c#�K�, uy Th/U

Ø�¨�­½5�Ð, d Sn Úå�c#Ø(½Ý
� 1.66 Ga, 'Ù¦�Ø�¨� 2 Ga ±þ. dÙ��
4«7á( CS 31082-001 �c#� 14.1 ± 3.8 Ga,

Tc#����»c#�e�.

éu Th/Hf Ø�¨, duØÓ��þ�.O�
(J�É��, òÙ^u�»c#O��I�AO
>&; éu Th/Os Ú Th/Ir Ø�¨, �,|^ØÓ�
þ�.���c#3Ø���S�Î, �´�8c
�°O� Th/U Ø�¨�'O�(J²w �; 

|^ Th/Eu Ø�¨O��c#� Th/U Ø�¨��
�C, �ÙØ(½Ý�é��, ¤±��^u�»
c#�O�.

o�, ���«O��»c#��{, �XU
©*ÿêâ°Ý�Jp±9UNÔn�ØÔn�
.�?�ÚUõ, ØVc{ò¬�Ñ�5����
c#��, é«7á(¥ Re ´Ý�*ÿ�U�Ñ
#���Ø�¨ Re/X . Ó�, ØVc{�kÏu�
åÙ¦ÿ��»c#��., r?UN�¸e­�
�D��­���ØÜ¤Ån��¡�ïÄ.
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Abstract

The influences of uncertainties in nuclear physics inputs on the Th/U, Th/Hf, Th/Eu, Th/Os, Th/Ir nucleo-chronometers are

investigated in the framework of the classical r-process approach. A Monte-Carlo method is used to evaluate the age uncertainty

originating from neutron separation energies for each nuclear mass model. It is found that the deduced age uncertainty for Th /U can

be up to 1.66 Ga, and for the three chronometers, Th/Eu, Th/Os, Th/Ir, the uncertainties are 5.15 Ga, 3.93 Ga and 3.95 Ga, respectively.

The recently proposed chronometer, Th/Hf, shows a clear model dependence, while Th/Os and Th/Ir chronometers tend to overestimate

the age of Universe. Taking into account the uncertainties in nuclear physics inputs and observations, an up-to-date age estimation for

the universe with the Th/U chronometer is 14.1±3.8 Ga.

Keywords: age of universe, nucleochronometer, rapid neutron-capture process, nuclear mass
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