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1 TQ �3g)q��+�K&Z3)Q[}j�p+aQ[ %�u�>��3)/3��hIHzy5Z<=�+�ZQ[}ja� [Fe/H] Z�3/N��p��/3���F�5�Z�r�IrJ1��Z%u#��WR�;EL�'�=`!�$"
K&3)��E�~`!+�!�J�F�sZWR}j�?H�8kO7���ZN
j8�℄�s�a�Vf5|^jZj�>+�K&��Z�\�Q[}jZ��79/}�"^3�yQ[On�oÆQ[ÆyZQ[�t��8�B_yQ[Z %�J%|U�D�_+�Q[ %�w
�t��8I{wpBL)q�u6`��HizZ�B [1]: qt��8 (r-) �B"	t��8 (s-) �B�z%;EL�
Zml�u6`t"-g��/�_Z He 6ASn� s- �BKzy= s- �Bz|"|5 s- �Bz|�$t=z||5;ELKs|Z+��/ � He 6ASn�|5z||5;ELt��s| AGB� He n86A�Bt [2].e2�Z [}jO'Zyox8�	Z [}j���>M$�yQ[}jz+Z����Æ IZ+�Q[}jhINe2� [}j�ZZz+�? Ni=Ni⊙×Z∗/Z⊙,Lt Z∗ y+�ZWR}j��5"Æ��Æ��WR�yQ[Z}jÆ�Ne2�Z
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f 3 wt��8e�Q[Z�5}j�jF~ r �= s- �|5 s- 3 
)q %��Bp+�Q[}j�ÆZws�D2V3wsP.~�WR�
IZt��8Q[}j�SO�GLz�Z+�V�Br)�XF �U��a��WR�t��8Q[�5��Z}��o:�\8.z���{9f 2008 ��UZe2� [�5Vf [4], 0D2V3��Zws�P.~�WR�yt��8Q[}jz+�'MC^U�N�5U�\"~�O�
2 =O12Ee2� [}jz+�y��Q[}jZ��z+�HC+�t��8Q[}js
 3 
)q %��B (r- �= s- �|5 s-) Z�q�Æ��WR�Za i wQ[}jC^Z�L [3] y

Ni,cal = (C1Ni,⊙,r + C2Ni,⊙,s,w + C3Ni,⊙,s,m)10[Fe/H] , (1)$t Ni,cal P"�WR�Za i wQ[}jC^U��Ni,⊙,r � Ni,⊙,s,w � Ni,⊙,s,m z%Oe2� r- �= s- �|5 s- Z %��BQ[}j� C1 � C2 � C3 ypB�BZz|�V� [Fe/H] O�WR�ZWR}j�T1e2�Z [}j�y��J�e2�Zz|�V C1 = C2 = C3. ��Ze2��5�� [4−7] �M�KY 95% Z Eu Q[}js
L r- �B�Æ� 85% Z Ba Q[}js
|5 s- �B�Æ� 18% Z Sr Q[}js
= s- �B�Æ��p$dQ[�=
s- �Bp Sr Z�Æ�x�K [8]. ?H��{1 Eu � Sr � Ba �y�WR� r- �= s- �|5 s- �B %�Ze�Q[ [3], M{Æ [4] e2� r- �BQ[}j Ni,⊙,r :> s- �BQ[}j�{Æ [5] Z�xzy Ni,⊙,s,w " Ni,⊙,s,m P< (1) LX
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C1 = 1.02616× 10[Eu/Fe] − 0.02616× 10[Ba/Fe]

C2 = 7.175414× 10[Sr/Fe] + 0.14142× 10[Eu/Fe] − 6.316834× 10[Ba/Fe]

C3 = 1.17733× 10[Ba/Fe] − 0.17733× 10[Eu/Fe]

. (2)GHoi�p5�F�WR� [Sr/Fe] � [Ba/Fe] � [Eu/Fe] Z�5l�d�p� (2)LC^XF C1 � C2 � C3, ^M C1 � C2 � C3 P< (1) L�?oP.�WR�$dyQ[Z}j��{
f{Æ [9-13] �FZ [X/Fe] �5l�M [Sr/Fe] � [Ba/Fe] � [Eu/Fe] ZlP< (2) L�C^~ 66 l�WR�Zz|�V C1 � C2 � C3, 4/P< (1) L�XF�WR�yQ[ZC^}j�'N�5l��O�
3 4(,$Iy~+a)qWR}j6`��w %��Bpt��8Q[}j�ÆZ�x�~�
C^Z4���rd
{Æ [9] tZ 28 l��{Æ [10] tZ 26 l�>{Æ [11-13]
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)q %��Bpt��8Q[}jZ�ÆNWR}jhI��#��{It'1~ −1 < [Fe/H] < 0 � −2 < [Fe/H] < −1 "
[Fe/H] < −2 � 3 
WR}j0IZ�{l��ye�P"\"YÆ�" 1 �F~g 6 l�WR� [Fe/H] � [Sr/Fe] � [Ba/Fe] � [Eu/Fe] �5l" 3 w %��Bz|�V C1 � C2 � C3, $t HD 62644 � HD 121384 � HD 64606 � HD

63077 Z�5U�1
{Æ [11], HD 6268 1
{Æ [12], HD 1154441
{Æ [13].� 1 6 8R�M�VC%�+":JA
Table 1 Element abundances and component coefficients of six sample stars

Stars [Fe/H] [Sr/Fe] [Ba/Fe] [Eu/Fe] C1 C2 C3

HD 62644 -0.29 -0.03 -0.12 -0.2 0.6276 1.9939 0.7812

HD 121384 -0.53 -0.05 -0.05 0.15 1.4262 0.9650 0.7988

HD 64606 -1.09 -0.25 -0.25 0.38 2.4469 0.8221 0.2367

HD 63077 -1.15 -0.14 -0.13 0.38 2.4422 0.8546 0.4474

HD 6268 -2.63 0.07 -0.04 0.52 3.3741 3.1376 0.4865

HD 115444 -2.95 0.32 0.18 0.85 7.2251 6.4318 0.5266M" 1t C1 �C2 �C3 P< (1)LC^XVZ�WR�yt��8Q[Zu�}j�N�5U�\"�O�:t 1∼3
M�tt*�� Z yQ[ZT�&V�
��y�Q[Z}j�m{)t>:�Q[T�VN-T�V�lZpVs"M�? lg ε = lg(Ni/NH)+12 ($t NH = 1012).Gt 1 oK� −1 < [Fe/H] < 0 Z{l�WR� HD 62644 � HD 121384 O+t��8Q[}j (: Sr, Y, Zr) "Oyt��8Q[}j (: Ba, Eu) ZC^lN�5lh�%X)��G" 1 oK�N�v{
WR}j0IZ�WR����g{l�Z C1 �
C2 � C3 hÆR℄Le2�Zz|�V 1. YÆ�WR�ZWR}jZ� (R℄e2�ZWR}j [Fe/H] = 0), yQ[Z}jz+Ne2�ZQ[}jz+Z8q�?�p�WR�Æ I Z�WR�
pBZ %��BZ!�Ne2�Z�Z [14].t 2 O −2 < [Fe/H] < −1 Z�WR� HD 64606 " HD 63077 ZyQ[C^}jN�5U�Z�O�G" 1 oK�g{l�jF
~ C1 > 1 � C3 < 1, "Æ r- �Bz|p�WR�yt��8Q[}j�ÆZ�xKLe2�Z�r|5 s- �Bz|Z�Æ�x�Le2�Z�GL r- �BZ�Æ|5sWLKs|+��+�ZQ�Om�_��!�`!pyQ[dIo�Z�Æ�|5 s- �B|5;E_t��s| AGB � He n8Z6A�Bt�+�ZQ�O?�_��!�`!pyQ[}jZ�ÆOB�?H~�ZC^U�N��Z3)/3u��8q [15].t 3 O [Fe/H] < −2 Z�WR� HD 6268" HD 115444ZyQ[C^}jN�5U�Z�O�GtoK�pOyZt��8Q[ (Ba :/Z) Z�%5�pO+Z (: Sr,

Y, Zr) �%��Æ��N�v{
WR}j0IZ�WR����" 1 �M HD 6268 "
HD 115444 hI C1 ≫ C3 " C2 ≫ C3, YÆ [Fe/H] < −2 Z=�WR�Z|5 s- �Bpt��8Q[}jZ�Æ�pOB�yt��8Q[}j|5s
L r- �BZ�Æ���/3`!�_WR}jZ�WR�yt��8Q[}j|5;EL r- �B�g8U�N=�WR�Oyt��8Q[}jZe2� r- �Bz+�8q [16].
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u 1 D_YW\,� HD 62644 $ HD 121384 {S℄D_�lO�7�l\�Q (uvO�:�\K�VdQ$�7m�f�Q$D_V�)

Fig. 1 Comparison of theoretical calculations (solid line) with observed abundances (filled circles) of

HD 62644 and HD 121384

u 2 HD 64606 $ HD 63077 {S℄D_�lO�7�l\�Q�u!;u 1

Fig. 2 Comparison of theoretical calculations (solid line) with observed abundances (filled circles) of

HD 64606 and HD 63077
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u 3 HD 6268 $ HD 115444 {S℄D_�lO�7�l\�Q�u!;u 1

Fig. 3 Comparison of theoretical calculations (solid line) with observed abundances (filled circles) of

HD 6268 and HD 115444�v��Lt 3 tO+Zt��8Q[�%)�o�ZT?I
8w
OG C2 Z)3g#b�Z�?y� Sr Æ+ZQ[�5Vf)B�_H: Sr �y= s- �BP"Q[2�~|5 s- �Bp+t��8Q[Z�Æ
�8w
o�O_��!�`!J_)qZ r- �B=
 [9]. OyZt��8Q[Z�%��)��YÆ�WR�yt��8Q[}jz+Oe2� r- �BZz+�N{Æ [7] Z+aU�8q�hE~{Æ [4] =�WR�yQ[}jZe2� r- �Bz+��%nF��WR�t [Sr/Fe] � [Ba/Fe] � [Eu/Fe] Z�5�97OUqC^U�N�5U�;E)�ZT?j8��v�[pI�Z�WR�\"z�7)�XF �U��Æ3)ZU�9tLK4��WR�}�Z�5���
4 4;�{wDt��8 %��BZ 3 we�Q[�5}jl�0D2V3ws�z�~)qWR}j0I�Z�WR�ZyQ[}jz+�h�~)qZ %��BpyQ[}jZ�Æ�

(1) −1 < [Fe/H] < 0 Z�+�WR� r- �B�Æ)sF�M$FN��WR�yt��8Q[}j|5s
L s- �BZ�Æ� C2 > C3, YÆ= s- �BpO+t��8Q[}jZ�Æ�xKL|5 s-�BZ�?= s-�BpWR}jO�ZO+t��8Q[}jI)o�Z�Æ�N��`!= s- �BpyQ[}j�0
I�ÆZ��/3u��8q�
(2) −2 < [Fe/H] < −1 Zt℄WR}j�WR� r- �Bpyt��8Q[}jZ�



226 n | * � 51 iÆ�xOK�= s- �B"|5 s- �BZ�ÆO�� r- �B�= s- �Bj;ELKs|Z+��r|5 s- �Bz||5;ELt��s| AGB �Z He n86A�Bt�_��/3Zt!� 3 wz|�B�qp�WR�yt��8Q[}j;E�Æ�WR}jZ_� r- �BZ�Æ�xZK [17−18].

(3) [Fe/H] < −2Z=�WR�yt��8Q[}j|5G r-�B"= s-�B;E�OyZt��8Q[ (Z ≥ 56) }jOe2�G r- �B}jz+ [19], ?OyZt��8Q[}j|5O r- �B;EZ
O+Zt��8Q[ (38 ≤ Z ≤ 56) }jNe2� r- �B}jz+)q�= s- �Bp$�Æ�Oo��O+t��8Q["Oyt��8Q[}jZz+)qNe2� r- �B}jz+ZTo�B���"Æd�;EL)qZ %�=
 [20−21].U�"Æ��WR�ZWR}jZ_�= s- �B�|5 s- �Bpyt��8Q[}jZ�Æ�xdZ��$yt��8Q[}j|5s
L r- �B %����`!= s-�BpQ[}j�0
I�Æ
WR}jZ��= s- �B�|5 s- �BpO+t��8Q[}jZ�Æ�xdZK�OyZt��8Q[}j|5s
L r- "|5 s-�BZ�q�Æ
WR}jZR℄Le2�Zl� 3 w %��BpyQ[}jZ�Æ7Z/℄Le2�Z�x��{
0DZC^wsy>9tL
'Z��Q[�x:)' Ba r'$dZ s- �BQ[�y|5 s- �BZe�Q[�XVZQ[}jz+8gOI9>Z�?ws�DdI8gZ�9�`4)�I
%Z��i
XF �ZU��SOGL�( r- �B4��)B�= s- �BZP"Q[Z)3g#�t��8Q[}jZ!�<r8)Hz3g [22], ~�Z+apLgb+�Q[Z %�u�hI8gZ<=���Z}k7IRL\8.Zw?� � 7 G K
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Study on Abundance Distribution of Heavy Elements in

Metal-poor Stars by Parameterized Method
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ABSTRACT The abundance distribution of heavy elements of solar system is considered

as the standard abundance pattern in this paper. Based on a large number of observational

data of element abundances in metal-poor stars, Sr, Ba and Eu are chosen as the repre-

sentative elements for the weak s-process, main s-process and r-process, respectively. The

parameterized method is adopted to explore the heavy element abundance pattern of these

stars. Then the different contributions from three kinds of neutron-capture processes to the

abundance distribution of heavy elements are discussed. It is shown that, considering the

stars with metallicities similar to the solar system, the contributions from three kinds of

neutron-capture processes to this abundance distribution are also similar to the solar sys-

tem. The heavy elements of the metal-poor stars are mainly produced by r- and main s-

neutron-capture processes at low metallicity.

Key words nuclear reactions, nucleosynthesis, stars: fundamental parameters, galaxy:

abundances


