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1957[�Burbidge d� [1] TA�F:5;A�M�K6�O����EImK�t	�LTzF:a5;A�Ml}^�:�t	�L<2y.[�$Pr.a/E�X�t	�L/E (r–/E) 8Et	�L/E (s–/E) �FI�*w7?.[at(H�� r–/E}){�T�ZaSQt(H�t�
?Æ��{� s–/EV{�TA�W3℄�a He ���i�
B�qvNh���i (Asymptotic Giant Branch, AGB) qv [2] �T r–/E8 s–/Et�y	5 (})' 56Fe VkEY�F:�
 Co �Ni d) �Lt	�AzF:� s–/E�gzF:5;A(B [1] az)�A3��gw)��xzF:alKN 6<0a(B,��
2 �v��e5�1B AGB � s–1G7=C&? s–/E5;Aa 	�+ Æ��g 3 �qv� 20 %℄ 60 [Y� Clayton d� [3]Z/w�l s–/E�E��`_[w ψ(τ) �;?I'y5:�s�/'>i�yG�%Gat.�w7?�yt	�L5;At.aS%�℄f	h|t	3�/35gm56e�# ρsun(τ) = G exp(−τ/τ0) � (ktt	3 τ =
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0
ρsun(τ)ψ(τ)dτ �kt σA '5: A af�t	�LrM� NA 'Æ;Aas35g A a5:a/	5S) ��n4hY;KI'ya5:�s�/ [4] � 20 %℄ 70 o 80[Y� AGB ��DIw> He �85;AQ� [5] X��h�Km5�#at	3�/

ρAGB(τ) �fgI'yt	3�/35 ρsun(τ) |m5�#N 6SQt(,��\w>5;AQ�	STr�3qO�X(BZ>ar�3�sdf�
20 %℄ 90 [Y� Straniero d� [6,7] T AGB �a%G85;A 	�M�K6z)a+2�EIQ: Schwarzschild_�M(w>�{�TÆ<I'y0�s�s3g 1.5 M⊙ (.�?s3B�) N 2 M⊙ (�?(℄as3B�A) aA�t��/�mh`_^pA�)M 12C8 s–5:X�a	iQa�
�EImK� 13C t	K'T�;2QDIb�jb�M?�f��Ja� He tb�8t)�t	Ry;Az5:a�5:f+Æa s–/E5;ARr� Straniero d� [7,8] Z>6fs3 TP–AGB �a5;A�+�K�	iQa�
<&at(3�DI5a&Gv�� Gallino d� [9] ~+2w)+{[6Æ2Rr�EI,�K� H � He �8ba q 8 (13C pocket) tas	;b_Was3.[�j q 8{�g 3 �zD�Tf 3 �zDW� 12C x*s	+Z/y9}7�A 13C +)�Kt	�4y s–/E5;A{�Tfy�H�|a q 8W� 1999 [� Busso d� [10] �{g26f+Rr�
Gallino d� [9] a 	)O�w? 13C T�DIb�qva�f��J)�t	av��AGB �5;AzDWt	3aV��jq<&�kt	3�/35 ρAGB(τ) �p�?Y�[am_�;?	$:w>5;AQ�tI	5T�+�[aDI5CjL`�[at	�Q5a`��!`f+tB/?dG�k�/35�#	l`~+2 	�&�Æ����5;AQ��[+QDI��_w> He �8taÆ~I	5T�+�[aDI5C�jL`.[at	�Q5�yt�+�[�Q5ay	54kT5;AzDtDMjq.[�*jÆ<.[at	3�[�P?m5�/a�lQ�8�5;AA�Q�qX�KI'ya5:�s�/�UF�f2�Q�at	3�/�.7<IV93 (IVÆ8��9a�s�/7��9at	3�/w7) �~+2a��7P?[+QDI��_w> He �8taÆ~I	5T�+�[aDI5CjL`.[at	�Q5�`_ He �8W�+�y�Q5ay	55S_ He �8Wy	5�5a"-��CS�?�+�[�Q5ay	54kT5;AzDtDMjq.[jÆ<.[at	3�`_ AGB � He �8Wat	3�/35 ρAGB(τ) �w AGB � He �8Wat	3�/35 	�[�/�o65Mo|lv�| AGB � s–/E5;At.�KI'y5:�s�/aI4�>�/ 	.[s3Vy0�s AGB � s–/E5;AF:�sa�/+��+g~+2w)I'yf	at	3�/am56e�#U|PL�
Travaglio d� [11] w AGB � s–/E5;Aa 	)O�zF::38�s�/r:h,$?y0�s (℄ [Fe/H] = −0.3��5;At.�/`_I'y�/)�Tey0H�|k�s�/�I'y�/.�9����ey0H�|t	�LF:�s�/+�qO	G<`_w���� Straniero d� [12] g26�["&? AGB �t$8%Ga 	~[�mK~+2a��7Utw� 13C pocket �A/Eta>Qp0�.o��MaqO�Sq 	�y�%GqvzF:�s�/a})�|�	'j[�A��s(7l� AGB � s–/E5;At. [13∼15] NI'ya5:�s�/ [16∼18] ~�"n�;?�A���t(�JVD
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A����J"s3�J"y0�sd4:a8���TIG`_�oat. [18,19] �R�yG�%Gms��5�+,:��b&Ga�yt	3�/35 ρgal(τ, t) �"N2�%Gqv�y s–/E5:�sa�/+�/VI'yt	3�/a�A7�'ds<�a�\Sq,\Æf�Ma 		g���I'yf	at	3�/35 ρsun(τ) � AGB �5;AzDWt	3�/35 ρAGB(τ) [<O�z*><|K1y�?�Sq s–/E(B.|`z)A.�\;?�V_�A�s3Vy0�s<&a
AGB � s–/E5;A�{t./Vt	�LF:a�yG�%Gd�R(BqO� ρsun(τ)� ρAGB(τ) a&yIG<i.� ρsun(τ) g�F'm5�#*+kG<o3w)�fqOaw�.�%Lh)�Vw�yt	3�/35a 	�,:�yt	3�/35[�`_�%Gqv�y s–/E5:�sa�/+���o s–/Ew�yt	�LF:�sa�w"��*�w r–/E(BN ���a�s�/N4Xg�Ly�g 	�s�/qOPLaI'y5:�s�/�I'y s–/E�s�/8I'y r–/E�s�/al���w�ey0H�|�yt	�LF:�saf��/qO�Ryw&F:5;A(B����yG�%G8I'ya�A�/V5SQt(�t+y9P!qOl_&f�:�Sq(7_zF:�sa AGB �8ey0�.T5���wf�s(7�8~��w�R(B8(7ms`Kt	�LF:�s�/V%G+�a�R.|hA/ [20] �
3 �p�B�p�+b�8D�zF:?�yh(7_ 99Tc aM-B� (�! Ba �� CH �d) �;?)sIf�(BÆ�gFIIh%G_ AGB qv [21] �y AGB �' s–/E5:�})a"K [22] �4P��I�g�f&A�[ AGB �azF:?�<�~.[aRr —— �X"�7�tsxS [21] � Lambert d� [23] j�2 C V s–5:�\(7._ 99Tc aA�|Pg	b� AGB � (Extrinsic AGB stars) 
�;?7�bas3N.{�T 106 yr /q�?'TI AGB �t:�a 99Tc YF~36&� Ba �8 CH ��b� S ��ey0an� (Pb

stars) ��n�/V s+r �q0?b� AGB � [24,25] �;?b� AGB �aF:�s�/bp}96 AGB �5;AMk�4Pw 	 AGB �5;Aat(XgÆ<z)12�M*'
C ?�aTey0��;?�A[YnU�s3nVa}� (AGB �) .%Gt4 (�T'���) �SqnX(7_Fa�� —— b� AGB � [19,25,26] �

2000[�Goriely8 Mowlavi [27] afs3 AGB�5;AQ�E"�Ty0�sn���;?5;AzDWt	5Ksnf�t	3n��;Ana�Anf�n�w?kEzF:.J?��y℄y0�s [Fe/H] < −1.3 ��;?5;AzDWt	5Ksn� (t	5Ks�9�y0�sA}") �t	3*nV�;Ana�An��n�w?kEzF:?��� s–/Eafs3 AGB �q'n� ([Pb/hs] ≥ 1 �kt hs Y)nzt	�LF:�

Ba �La �Ce) �Æ2E" ^{V�SlGa 	�JDh� [28] �EI,: 3.6 m SldL�(7_6 3�n� ——HD 187861�HD 2249598 HD 196944�./EI[�mK��;y0�sXgaey0� LP 625–44 ([Fe/H] = −2.71) +.'n�� 2001 [ Busso d� [13] g



� 1 j a�,e� AGB � s–0F6<B�'rPb!
�\ 57�6w)fy0�s AGB �aF:�s(7t.�Y�ghj(�v�at	5Kskf 24���� Stranierod� [12] gw)fy0�s AGB�na(7�s�/ (
℄ 1D$) ��'j(�v�at	5Kskf 75��f1i��ey0H�|t	5Ks�I'y0H�YFG<z*�f�t	5Ksay0�s,$&y.+p [29] �?O��Sqa AGB �5;AQ�I.X;(w)�n�aST [30,31] �
Aoki d� [32] ,:.,$?�:ÆQA�%GQ�a65G�|�?4fy0�s ^ 1 [Pb/hs] Az1	tb�0 [12]hY;K�n� (LP 625-448 LP 706-7)a s–/E5:�s���|t�5:�xa�sn�

4�t(3<&�FI'�HQt	�aH��b ∆t�2QDIazn4	 r �{� s–/Eaks T9 (/ 109 K g[j) Vt	5Ks Nn �fY�3t;l"�/�KHQ�at	3 ∆τ = VTNn∆t �kt VT '�oks|at	f��Qp=s�T�DI AGB 5;AQ�t�HQDIat	3 ∆τ 8zn4	 r '2�z)at(63� Aoki d�w�n� (LP 625–448 LP 706–7) a�sQYt.)O�kzn4	 r }g 0.1 �Lf? Gallinod� [9] �KaI'yy0�s|fs3 AGB �azn4	 (r = 0.4∼0.7)���wR C ?�Tey0�a(7t.�$ [33,19] �kzF:?�n���oYF.?���/�K��n�a�sQYt./VTey0�a+y9�s(7&��wfy0 AGB�5;AQ�NK6��aW`�SqaA�%G(BI.Xw)Æ2(7&� [33,19] �;?~65G�|`'6ÆQaA�%GQ��X`'65;Aat(H��D/nX`_�5;A�&at(63�.X:"w)ey0 (b�) AGB �[<n�><�n�at(I4�&�Æ�~65G�|D�Va 4 �63� AGB �%G/EtaA�63Ks�&�
t	5Ks Nn �A�J"y0�s�&�zn4	 r V�;2QDIa�bb� (Nd?t	aH��b) �A�a5�s3�&�4P�A�%GZ>t.�t;a65G�|�X' 	ey0 AGB�F:�s�//Vn�qOdsy<�a�|�RA�%Gms��
s–/E5;Aat.7}),$? AGB �aJ"y0�s8J"s3�n��gfs3�fy0�s AGB �a%G:t�k�A/E[Æ< AGB �%Ga#��>Æ<��aMk�

AGB �5;AzDW�Tks�o�t	5Ks�y0�s&G+��oav�|�zn4	 r 8HQt	aH��b (Nd?�;2QDIa�bb�) ' AGB �5;AQ�az)t(63�yf2�63� AGB �a5�s3Ks�&� 1977 [ Iben [34] ��tds3aA�%GQ���K6zn4	 r �5�s3a&G&y�t.)O���5�s3aX_�zn4	 r |hkf�℄5�s3T_ 1.4 M⊙ (J"}�s3Ng 8 M⊙) ��zn4	 r Ng 0.1 �f+t.��n�aY;t.�<p��;?zn4	 r });5�s3�o� 1986 [ Howard d� [35] jP!#_*gZ> AGB �zn4	 r ah(!#�
Gallino d� [9] T�?��s3B�av�|��K6Æafs3 AGB �5;AQ��



� 58 �������T�m�����\������� 24 ��kt.	g5�s3|hX_^pzn4	 r |hkf�\Fazn4	 r f? Iben [34] �Ka�7t.� 1988[ Boothroyd8 Sackmann [36] ��tds3aA�%GQ���K6�;2QDIa�bb��5�s3a&G&y�t.)O���5�s3aX_��;2QDIa�bb�e�� Travaglio d� [37] a 	��*h�6f+tB�fs3 AGB � s–/E5;AT�;2QDIba�Xg|~� [9] �1i�HQt	aH��b ∆t ��;2QDIa�bb�Ks�&�;? AGB �Q�a}).�o�"���tsB�A [9] � 2004[ Zijlstra [38] NK�Tey0H�| AGB �a��tsB�ALf?�y0�sv��Ry!fy0�s AGB �a�x5�s3�/T_?�a5l�f+t.+�Mkp^p AGB ?Æ�a�A�g s+r�a�AN a�at(PL�<+�M�*jkp8�fy0�s AGB �azn4	 r 8HQt	H��b�M*'fy0�s|� 3 M⊙ a AGB �a5�s3�T 1.4 M⊙ ��7azn4	 r Ng 0.1 �f� Aoki d� [32] w�n�a65Y;t.�℄�4P��?y0�sw5�s3a8���Xwey0 AGB �t[<n�*<�n�a(7&��/VTey0 AGB �(7t.at(w)Æ<z)12�
4 �E AGB �H<
u�1C AGB � (Post AGB stars) 0?W� AGB � (intrinsic AGB stars) �kF:�s�/T
AGB�5;A(B�(7t.w"/EtÆ<�<z)ahj�C AGB �.	b� AGB�U(�+/�Ratsl>qv�%G~E*.,kE4:8� (
��) �4PFaF:�s�/�� AGB �5;A(Bkpw"�<b�C AGB �.�A6 M→MS→S→SC→Ca~3 AGB �%G�9�kF:�s�/Y)6 AGB �a�x%Gt.�

2004[�Reyniers d� [39] T 	C AGB �aF:�s�/�{��Y)t	3V�aF:�s" [hs/ls] (kt lsY)nuat	�LF:�
 Sr�Y�Zr)�y0�s [Fe/H]jbYF~.�&�.[? AGB �5;A(BaE"�FIjbÆ<Z�&��gw)f+(7&���5�nVt	5Ks~e�Reyniersd�mK�SqgQYC AGB �aF:�s�/D5�anVt	5Ks~eIG<�:t(PL�<b�(7)O�C AGB �a
[hs/ls] � [s/Fe] jbÆ<�<ra�&��tST�℄53zF:.?�aC AGB ��f(7&�q�)~+2at(w)��� Engels [40] mK�TC AGB �(B 	t��Va.o�"���tsB�aN2�C AGB �F:�s�/ay9(7&�w AGB �5;A(BNK6��aW` [39] �
5 s+r �

2000 [� Hill d� [41] w� C aTey0��s(7)O�<+3��aF:�s�<M-�[.X: s–/E(Bw)�*.X: r–/E(Bw)�FIa s–/EV r–/E5:�s�?��f+(7&�.X:I<ab� AGB �Q�w)�=� O [17] �



� 1 j a�,e� AGB � s–0F6<B�'rPb!
�\ 59�
2003[�Qian 8 Wasserburg [42] NK6+yRr��gf&A�"�7s�&g�+}�J"s3nVa}�%G��℄%G_ AGB qv��Z/	iQa�
�� He ���8W;AazF:8 C a�_A�)M�Z/s3N.�X_k��Æ�Ry�&��)MzF:8 C a�s�}��g�b�8`KC������P%Gg�����C��7�y\a~+2%G����RJ"s3n�a��xSts�5l5�KC�~y{�?Æ��{�[�K� r–/E5;A�+j5;A:tSQ`
���Z/zQs��A s+r ��nVs3�T�Ca�{/Et)�aV3X3jk��{Ky\aRr��w) s+r�+.q0?7�y\a(7&� [29] �\'f+Rr?�0?p,�*ST+oqO�+}F� Ia �?Æ�a�{RrP!�[�y Ia �?Æ�a�{j:�V3a Fe �! s�a��y0�s�~���kQ���Sqa5;A(B� II �?Æ�4' r–/E5;Aa});D [43,44] �y Ia �?Æ�YF.:� r–/E5:�;?Sqh'�g�2 r–/EF:aey0� (r-only �) �A? II �?Æ�s�aPt [45∼47] ��&qOI<Z?�� 	�[[ Cohen d� [18] NK6�y\a7s�Rr�Vs3�a II �?Æ��{:�a

r–/E5:�/Vnfs3a AGB �:�a s–/E5:,Qs�y\t��s3A���A
s+r ��\f+�ARrSTa�X�?���C Barbuy d� [29] >~+2mK��y\Tp0�Æ'T.poa�

2004 [ Zijlstra [38] mK�Tey0H�|� AGB �a��tsB�ALf?�y0�sv��Fj^pfy0�s AGB �a�x5�s3T_?�a5l�Tfy0Xg|���A�a%G� 3∼5 M⊙ a AGB �a5�s3�?/���as3T��kp�A AGB �a?Æ��{�f&SQ �� 1.5 �?Æ�N AGB ?Æ��;?fyA�5�s3�nVs3��℄�4Pt(Æ� II �?Æ�v�����<�h~� r–/E5;A�fg s+r �a�AN 6nga�at(PL�
.f+Rr0��Vf& AGB � s–/E5;Aazn4	 r 7?��0?�n��℄��T II �?Æ�s���2 r–/EF:aPt�Aa7�y\�kn�s3�T���+ AGB qv��xS�2 s–/EF:ats*�XAg s+r �� Ivans d� [48] a 	)O�s+r� CS 29497–30aF:�s�/:f+Rr"w)��7a<+��*wkE
s+r ��6&9a�w [14,15] �TfyRrt� s+r�� r– only�a�A;D�[��y�(7�$�nV53 s+r �9F.X�n�53a�?� r– only ��a�f!`�Iw s+r�a�ARrNKs-� Barbuy d� [29] �oNK r– only �*�X�A?7�y\�
.f`�`_h�� r–/Ea})5;A;DjK�&G�RywA�W3a5;AVt	�LF:aG�%G(B 	:�zV8��
6 �v��C�[" AGB�5;Aa(B 	.�|`?V~[�\	<�xqO<Z 	�
� (1)

AGB � He �8Wat	3�/35 ρAGB(τ) _g'Y�[an_�I'�p�?m5�+ ÆK�a2�t	3�/35a&y
:��<(B'�Xw)I'y
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:�A���(7�8aXx�/V�&qOa|2w�� AGB �5;A(B 	j~�+��Æaqv��+58�
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Progress in the Study of the s-Process Nucleosynthesis

on the Asymptotic Giant Branch
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Abstract: In this paper a review of the theoretical investigation of nucleosynthesis and evolution

of low mass AGB stars is presented. AGB stars are the source for the main component of the

s-process. Some details of the s-process in AGB stars seem now to be well understood, and

yet others remain a mystery, such as the mechanism responsible for the observed spread of Pb

abundance of metal-poor AGB stars. The present status of post-AGB stars is also introduced.

Special abundance pattern of the elements, in particular of the neutron-capture elements, is

observed in some metal-poor stars recently. It shows a strong enrichment in “r” and “s” process

elements. The possible origins of this abundance pattern and especially of the strong enhancement

of both “s” and “r” elements are discussed. The new challenge of AGB modeling, namely the

study of C-rich and s-rich very metal-poor stars, is also discussed.

Key words: astrophysics; AGB stars; review; neutron capture: s-process; Pb stars, Post-AGB

stars, s+r stars


