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1 ����[��+k α ����X (Damped Lyα Absorption Systems �T
 DLAs) �t=>�y.`~ 2×1020 cm−2 �66I����X [1] ��?q� DLAs�)�X� 1971��Lowrance�W [2] 566I PHL957 (z=2.72)q<v'sV�=�; Lyα =r� (4 520 Å) �01�{8�����C; 4 025 Å� 3 395 Åqb=�jR�!�����zkO�BY'9uIB��o�� Lyα � (1 215.67 Å) = Lyβ � (1 025.18 Å) ��O λobs/λ0 = 1 + z �5��o z=2.309��� R1OM�2010-07-01 � d8OM�2010-07-19:=_I�{N�S�N6mz"$� (10833005) �973 $� (2007CB815402) �6mnu2QK (10821302)



� 196 �������M�w�L�r�H������� 28 ��3� Beaver�W [3] hsVÆV66I� Lyα ����C\TR;����:df�l�\�t=>�y.5 Lyα v
������d�'�b)8u\�Ta��I�t=>�y.l N(H I)=2×1021 cm −2 ��66I#9v't=�� Lyα ��� (� Lyα iQ) JV� DLAs � Lyα ���e;�8�h!�8���	����t=>�y.������;�������DLAsh��lvK���y� Lyα ����!.�2I�..xf.�q���;..xf.�)�A#�� DLAs � Lyα �h����!.��y����+k α �X�T���y.2I℄{� Lyα �JV��S�em�8&2O!�
DLAs ��lS8�=q�	9sVÆ�T,��I��oBk�0{ 0.1 Æ 5 �+-/�QZ�5����1��6��:d��)��� DLAs ����k!L.&>��<`��u%)T,��2I�q�:d?)�6�t�2I�q�z�9u����6��9v��y�T,����^�:d��9u��pLI�9u^�\#�{Gj.dlX�V � DLAs ��\�t=>�y.�9u%�N�o{ 0 Æ 5 aQ��PI }t=2I�BB�;�o 3 Æ 4 aQ�T6�X7��t=2IqIKN6���XqI��ePI�7u�X� DLAs dlX� }t=2IIM=\#� }&-L.
�6:d=��jw1�_� [4] �h�X�\�o6��6�Jiq
 }K�jaxe�2�1v\�eAd DLAs �41=q�I6�\Y�u=QLsVb|
XEX��qG�

2 DLAs ?-K8������o�66I����X�IlH�6�j6�o`uCa)�=r��o�Xj6C�4=r�)�8��o�9j6'��!.�!�F�!��!; 2 000 km/s uj�yl\� 0.1 c �:F��!T^k� 1 Å �Tj6������`u=r���o��y�&>Yl9u℄{�66I1v�P3�ad.�2I4 [5] �:�j6����PI-�F�!.)� 1 Å�5����!.T^)� 100 km/s����oJV<.)�=r���o��y&>YlT6����66I��D&jX`LI���7m�:d℄%��℄ 1�����j�6�J2I
X`6��t=>����
66Iv'DQN{8������X`LI7��t=>2I�y.�66I����X��Il 3 6 [4,6,7] �
(1) +k α iQ (Lyman α forest, N(H I)< 1017 cm−2) �
(2) +k��X (Lyman Limit Systems, LLS) (1017 < N(H I)< 2 × 1020 cm−2) �+t�t=>�y.�� 1019 cm−2 ��
lV��+k α ����X (sub-DLAs) �
(3) ��+k α �X (DLAs) (N(H I)> 2 × 1020 cm−2) �Tw"ICJ�X{���y. N(H I)=1017 cm−2 5��+k�q�vx0l 1[4] ��y�+k α iQ5+k�v
�vKx.-)� 1�Xd�2×1020 cm−2 Ta#d�d�UuI}6��t=>�y.BXO'��2RT�=�:d�℄��
�� Viegas [8] =

Prochaska
 Wolfe [9] >� Haardt 
 Madau [10] E0�+|Or�Æ sub-DLAs t�2I;$
u. T > 104 K ��PI�$:��7uWolfe fl [4] �;\�oq�N(H I)=2×1020

cm−2 �DIt=>�$:>��y.Rgd�T��� Lyα �X�+8��I�X�N1q[B� DLAs �eut=>l��:+866I��I�e�$:>�
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(^".� http://www.physics.louisville.edu/meiring/images/)u�-�WuqjO\ DLAs IlH6 [11] �
(1) 66I�� Lyα �X (QSO-DLAs) �+|+l66I�
(2) "gr�*�� Lyα �X (GRB-DLAs) �+|+l_"gr�*�,�TH6 DLAs 
 sub-DLAs ���JV69�qI
:=�'6�d. [12,13] � sub-

DLAs ��l^��t=>�y.�N(H I) 0l 1019 ∼ 1020 cm−2 �<�PIf$:=�9uT�k!��I`u<`L.C����qI (≤1011M⊙) �'I}6�3'
)6�d. [14] � QSO-DLAs ��?);66Iv't=�� DLAs �9uh0Yl��qI�'I}6�3'
)6�d.�: GRB-DLAs �j6;_"g*�,D&jsVÆ�� Lyα ���� DLAs �T6��I	9sVa1���j 	�^\�t=>�y.�����qI (≤109M⊙) �'I}6��3S�6�d.�
3 DLAs �SOU�>�X`LI�V }t=>2IIM�)"�?-Æ Wagoner [15] � Wagoner ; 1967�fl�^|\1� }�_�axÆ\�oq�
p;66I9~�jaZ^i.6��X`l�IaC�T6X`6��PI�I}6��9uÆ��6
2I�d�6����66I=r�OrT~6����2I�!���C;66IOr'jY�6������9�lNSVlTw�9� Wagoner [�� 21 cm ����?*�I�
mW����j,�2-SV�J~� 21 cm ���QL�V\�oq� H I 2I����L �j�QL��oBk�L�#`QY��o�^�3�GL��QL�oBk ∆z ≃ 0.02 �<�5�\�oLI (z >1.8) ��o�� 21 cm �f; 500 MHz #`u��
<�$E�Æ�B�Wx[U�e�#9��#+|r$+b�-����Æ;Tw+|j�VÆmy9t=>2
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;. f21 = 2.5 × 10−8 �)�5�^�� H I 2I�Æ�VÆ�Æ{ 20 �L 70��k Lowrance�W [2] = Beaver�W [3] ��=�66I PHL957� Lyα ���u��;+8Ca66I�v'th=�NTR����Tw Lyα ���0Yl�X`LI��66IOr7{d��yX`LI:d� Lyα ���dlX�\�oq6�J\y.t=>2I�1�2�� 20 �L 60 ���=��+k α iQ�j/dlX�6�J2I
6�?):d�1V �1W#��R� DLAs �=�`H��66I��D&j�N�t~t=>y.�n��X`LI�C��n�D"I=
\Yl Lyα �����k DLAs �sVqG�m�k�jw�R�=��Æ 20 �L 80 ��k�(k� 20 �L 70 ���R=�� 4 a DLAs [4] � 1986 �
Wolfe �W [1] �O Wagoner �)"��	 DLAs � Lyα ���QLsV���q66Iv'�PN�\�y.� Lyα ���� DLAs QL�q��66Iv'�66I}Imy��y�>� DLAs QLf℄x�VÆmy H I 2I�:< Lyα 28�W
;. f =0.418 �.�� 21 cm >��W
;.�7u� H I 2I5 Lyα �vK���J%5 21 cm ����vK'���y DLAs QL^℄x�VÆ^�� H I 2I�J~���W
;.���>L.��\�7u DLAs QLh^^�VÆfz^l����y.4 (
<�>�eq�$:�=) �^+k α iQ�9udl�B��+k α ���e�T+����q�oQ_�'�y.3�oD�:DO�\�o (z > 4) QL�Æ��TfOWx�Æ z > 5.5 ����+k α iQ��T�Wu\�?=Y�� Lyα ��J~� z < 5.5��=BHS(�JÆ��5� N(H I)> 2 × 1020 cm−2 �t=>�y.�X�}iU��t� Lyα ��*!.l Wr ≈ 10 × [N(H I)/2 × 1020 cm−2]1/2 ��y� DLAs t�� Lyα ��sV�*!.l Wobs = (1 + z)Wr ≈ 10(1 + z) Å �T�℄x�#9+k α iQ��sV�*!. 3 ÅDI�;�I=`
t�4�4�A#�h�\Yl�Th�Wolfe �W�jzQL��PN�#dtl N(H I)> 2 × 1020 cm−2 u=�*!. 10 Å�'� [1,4] �

1986 ��Wolfe �W=�N�ja DLAs QLg�b| [1] �QL;�o z ≃ 2 qq<�v'I=`l 10 Å �; 68 a66It=� 47 a Lyα ����!.��'I=`��o\� ∆z = 55 ∗ ��- Turnshek �Wu= Wolfe �W\�+tlm� 15 al DLAs [17,18] �8u{sV�l�;$Æ�o 〈z〉 = 2.5 q� DLAs =�`l dn/dz = 0.29±0.07 �� � DLAs 0=��X�6�:d
\#�xe�g	aj�{ 20 �L 90 ��k�	�j�P�oQLDG�G��XU�v� [16,19-22]�;T,QLg�t�=�Nj�P
DLAs�XEBX�̂ 1991� Lanzetta�W [16] �jz�l�o$y.l n(z) = n0(1+z)γ �
DLAs �y.IMl
 f(N) = BN−β �Lanzetta�W [19] =�N
 } G �6{G��Wolfe�W [20] T~QL=� }t=2IqIy. Ωg 3�o�V):V)�{ 20 �L 90 ���)/� DLAs �QLsV&\�o 4∼5 Zu� Storrie-Lombardi [21] \Bk(�Æ z > 4 �C=�N f(N)  :|_IM�q` 21 �L�f8�QLg�l� [14,23−26] �BB� Sloan Q�� ∗ TPRZ��q℄� ∆z (~m ∆z =

∫

∞

0
g(z)dz, g(z) m�ATP��qV�0�&� g(z)dz AÆj�l(SZ —— ~j�+"0��h(e=s=�q (z, z + dz) R` —— �TPTd���&���w���H1 ∆z =

m
∑

i=1

(zmax
i − z

min
i ) ���y� [16] 	
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 Herbert-Fort [27]>�DR1, Prochaska>� DR3 [28], Prochaska �W>� DR5 [29], Noterdaeme �W>� DR7 [30] �7�T,��
SDSS $�,6 DLAs �g�-H���qG�?^� Noterdaeme �W>� DR7 ;�o
2.15< z < 5.2 BkNÆ lgN(H I)≥20 ���I 1 426 a�+t DLAs 937 a�C=�����y.�Æ lgN(H I)=22.0±0.1 �4� SDSS � DR5 $�� Prochaska �W [29] 5:+|66I�..[ dV <3 000 km/s�Su��+k α �X (T
 PDLAs) �NQLI��T,��I�8-�9u�+|66I��;C��8u>�T, PDLAs X� z ≃ 5 �66I�&��TwX��Æ
Su*���
#��+|66I�I�$:Or�Uu6�t�t=2I$:�8u5 108 a PDLAsq<XE�l 2.2 ≤ z ≤ 5 � H I #$IM f(NH I) � PDLAs �=�`
qIy.�=�
z ≃ 3 q�=�`
qIy.u*lX` DLAs � 2 ,�5� z < 2.5 
 z > 3.5, f(NH I, X)�7DO
XEb|PÆX` DLAs �8u�66I – 6�d`-f�66I|k7sVÆ� PDLAs DO�'�8u=��66I|k� PDLAs $I�)i$I� 1/10∼1/5�T�66I�$:Or�Uu DLAs 6�t� H I t=2Ivm$:�\���yV)N DLAs ���a~�T�
Su*����jz�V�{G^8����o DLAs QLg��+tja'�� z <1.65 � Lyα �f;v'��dD#�bÆ IUE t6
�Hi.� HST jL�RFiNTaE2���$��4� 260a
IUE 66I
 AGN v' [31], Lanzetta �W [32] oEN DLAs ;�d�=�`���T,v'CJ����-� HST sVk\�N 1 a DLAs [33] ���^yD?PN��o DLAs �g�CJdh��y�m��$:k!����l\�y. H I 4e�1�)"�{ QSOs v' Mg II ���Xa1,P DLAs �QLg��6:{ [25,34] ��u� Sloan $���Fl��o DLAs QLFiN^���Ja1� Rao �W [26] { SDSS-EDR tJlN 197 a�o z <1.65 � Wλ2796

0 ≥ 0.3 Å�66I���a1�	-q< DLAs ��dQL [26] �Xd�
2006 � Wild �WT~5 SDSS 66I���v't Ca II ���q<X�=�� Ca II ����jaPN\�y.t=>����X�ja�*�2��+�{ SDSS 66Iv'tPN��o (z < 1.3) DLAs a1 [72] �QLg��qGlXEX� DLAs �BXFiN1-1��a1��LvKM5 DLAs1v�B=�u=9u�6��:d
\#�?)�6:d� }�t=2I\#��Nfx`�Y��
4 DLAs �^[|H

DLAsQL��jOe��g��T~�� Lyα��\YPN DLAs��I�j (-�\Y�� Lyα �Xe4\Y+866I��If%Æ��e%Æ-Æ+k α iQ��T�+k α iQhq� Lyα =r��01 (X℄ 1) �^97#�;�o z < 5.5 ����y.4� Lyα ��F�#9�+k α iQ�!� 1 Å ��y{+k α iQ℄{��T�zt�B�� Lyα �CJ%Æ��R�;t�I=`sVA#���� Lyα �����.�Æ+k
α iQtE8F���T�T����UZ�b).0%%�f>���66I��j��.$Æ	�^�..xf.���y.2I4�9uh℄{�j� Lyα ��e\Tw Lyα ��
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DLAs � Lyα �DI�-��\Y DLAs ��e%Æaj�T�ud�k!���Ou�B�;66I Lyα =r���1�b[k!�����e� C IV ��'� (2P2P0 → 2S2S �E_ 1 549 Å, 1 551 Å) 
 Mg II ��'� (3P2P0 → 3S2S �E_ 2 796 Å, 2 803 Å) ��+��S�sa DLAs -� [4] �d�9u�'�BX℄x�Bl DLAs ��xC��\Y��+k α �X�D?� Lyα ���?�; H I QLv't,6��
Lyα ��TwD?��� Wolfe ; 1986��q��z Lanzette ; 1991��Wolfe ; 1995�qjO�# [4] �VD?[�;\�o6���uS6����*B=�Ptj�Yl℄{
Lyα ��6���y.\�u.��..xf.)�$:.���y Lyα 6��� Lyα ���	��d!.�� 10 Å �..xf.J`~ 50 km/s �BX�Tdl�J DLAs ����:<��I=`v'rsV���Æ�Z DLAs �	��>�TwD?PN z >1.6 j� DLAs }Idh���Tw Lyα ���?�Jj�jw�J�D?�9;��oqPN
DLAs �CJdh�PI'�� }�M���oq�q�oQ_�X`��I$I��Vm�(�PI'�� z <1.6��Lyα �l�;�dE2��~�?sV�:�Q UV E2;
z <1.6 ksVÆ�m�66I�?^ HST �66I���QLE" (QALS) k; z =1.37NÆ 1 a DLAs [35] �; 1999 �u9���o DLAs �XEB=pp�m� 4 a DLAs �X�Æ���y�;J����Æ 2005 � z <1.7 � DLAs h�0k� 50 a [36] �PN��o DLAs �D?�Ha�j�m����+k��XPN DLAs �<�m� Mg II �XPN DLAs �
��jwD?�L � Lyα ���?q��q[B�:<$Ih�m��^Æy� 1995 � Rao �W [34] d�9Ws\��Ha��o DLAs [19] FlN�<wD?�

Mg II '�JD?�Jj���[�ja Mg II a1�;Taa1<:�j# Lyα ���?PN Lyα ��j	�Æ� N(H I) PÆ DLAs ?	<9��oPÆ Mg II ��o���H^NÆja DLAs �X�TwD?�4p��7�\Yl-� DLAs -=���$:k!��%&$:r (Mg II) ;�j:==�4=�285�j5�d'� λλ 2 796.3 Å � 2 803.5 Å �T5'�;�o 0.1 < z < 2.2 aQ-�sVÆ��ydlPN DLAs ����V� Rao 

Turnshek [25] d�9WsV�z~En=IjsV�[�N 87 a}i�d!.J)� 0.3 Å�
Mg II�Xa1���{tNÆN 12a DLAs�X�2006��Rao�W [26] \ Mg II '�J?qjO=Gd Mg II '� –Fe II �XJ?�8u=��Mg II }i�d!. Wλ2796

0 < 0.6 Å�
Mg II �X0\Yl DLAs �X`C�l 0 �:� Wλ2796

0 > 0.6 Å�� DLAs �$	�mJ<� DLAs �4?3 Wλ2796
0 �DO:F\�5� Wλ2796

0 ≥ 0.5 Å< Fe II (λ 2 600 Å) }i�d!. Wλ2600
0 ≥ 0.5 Å� Mg II �X� DLAs �l�`�Æ 36%±6% ��0 1/3 ;� Mg II�X� DLAs �X�8u
al Mg II–Fe II ���Xd�8u=� Wλ2796

0 /Wλ2600
0 > 2 � Mg

II �XC�KJ� DLAs � DLAs �e<t; 1 ≤ Wλ2796
0 /Wλ2600

0 ≤ 2 �D#��y�8uYl Wλ2796
0 /Wλ2600

0 � DLAs ~;�f�*�jwf�1� DLAs �t=>�y.�3 Wλ2796
0D�:V)�C&�Mg II ���L �D?Wxm/�k!����~;�j	$Æ�k!�\�y.2I4�TwD?���lB�9Jl�a1�� �?) DLAs �,6-��;�tI=`�66Iv'tNÆ DLAs �J�X�R�:�\I=`v'rsV�yOV'9u��y.�OY�NlDLAs �X� SDSS $��F��THaO�Æ<lj�b`� Lyα ���?; SDSS �66Iv'tPN DLAs �X��l

SDSS v'�I=`(\NI�u\Y DLAs �J	?�h�VI N(H I) �:<��N,6�KÆ*# [27,28,30] �



� 3 * �lG
����,l α ���
YY�rH ( I ) —— RMtW�YF>r 201�
SDSS QL�I=`�v'E_QY
4�4�Æ,6 z > 2.2 � DLAs �TjQL1�N���dh���(�N DLAs �a1� Prochaska 
 Herbert-Fort >� DR1 NÆ 50 a

z >2.1 uj1� DLAs [27], Noterdaeme �W [30] f�>� DR7 ;�o 2.15 < z < 5.2 Bk�NÆ 1 426 a lgN(H I)≥20 ���I�+t 937 ai� N(H I)≥ 2 × 1020 cm−2 RY� DLAsa1(�Æu6a�J~�Ta$	*�(.m�+kQ46� (LBGs) �T���{vKJ
QSOs v't,6 DLAs �{G�vKJ QSOs ���b�(v�/a1� n��y�d�r$J QSOs a1q<
DLAs QL�\Y DLAs �jR1�_� [24,37−39] � Ellison �W� CORALS QL��Tj6��jag� [24] � PKS r$6�a1m� 878 a QSOs �8u{tJl 66 a=r��o; 2.2 uj� QSOs �b|=�N 22 a DLAs �+tX` DLAs � 19 a� 17 a�1=���
5 DLAs �ZGD?5 DLAs LI�1q�Nf���g.jm/�59�XEB=�X��{ 1980 �/�X�S�J4�q< DLAs �XEB=X��=�NE8�I�BX�k���a1<)��oBkh<F�E8b|CJ�K~�� DLAs �1q�Xdjaxe�{G�a1�f-=�E8�-.�sVa1� �̂ ;vKE2J�a1\�Æb�(v�
#�JV��oBkQL.�ÆJV�)��B[�*�
#�� 6 L\q<!��Ad�

Wolfe �W 1986 �� DLAs QLk; z ≃ 2 UuNÆ 15 a DLAs [1] � Lanzetta �W�XEI�hk�[�; 38 a DLAs �a1j [16], Wolfe �W 1995 �\a1(�Æ 80 a
DLAs �=� Ωg 3�o�V):V) [20] � Lanzetta �W (u�
 LWT) 5 z < 1.65 �dQL
XE�ppm/7=�� 12 a0Yl!� DLAs �d�a1 [19] �{ 20 �L 90 ���)� DLAs �QLX�&\�o 4∼5 Zu�
�; 2000 �u9�a1� DLAs $	q�`~
100 a� 2000 � Storrie-Lombardi 
 Wolfe [22] >�QL=9Wb|��Æd 85 a DLAs �d�a1� 2004 � Prochaska 
 Herbert-Fort [27] >� Sloan �F�$� DR1 ; z >2.1 jlm=�N 50 a1� DLAs �DVu9�b|[�Nja 163 a DLAs �a1� 2005 �8u:z>� DR3 [�N 600 a DLAs �XEa1�: Noterdaeme �W [30] ; 2009 �\Taa1(�Æu6a DLAs �nN(�a1ud�X�Sh�	X�a1�N� �{G�BB�b�5a1 n�X��7�T,X�l DLAs XEB=�X�%'N4p�
5.1 DLAs -7kSH. nDLA

DLAs ��o$y. nDLA �h0� dn/dz ��f�o z q�q�oQ_�66I��jX`� DLAs $	�^|; DLAs QL,6���o\� ∆z �=�N N a DLAs �
p
DLAs��o$y. nDLA = N/∆z �̂ 1989� Turnshek�W [17] ;u9�I=`sV=��
47 a;+k���BX���It=�� 16 a�����I��l��o\� ∆z = 56 ����l nDLA = 0.29 � Lanzetta �Wfl�o$y.3�o�\#l [16] �

n(z) = n0(1 + z)γ (1)8�Æ γ = 0.13 ± 1.4, n0 = 0.16 ± 0.03 ��y�8�lbd�;�o 4.1 > z > 1.6 Bk��
DLAs ��o$y.�J3�o\#�� Rao �W [40] fl� DLAs ��o$y.�� Mg II
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nDLA(z) = η(z)nMg II(z) (2)+t� η(z) � Mg II a1t DLAs 7K�4?�d�� SDSS $�q<� Mg II QLX�=�� Mg II ��o$y. nMg II(z) l [26] �

nMgll = N∗(1 + z)αe−
W0
W∗ (1+z)−β

(3)+t N∗, W ∗, α, β Æl^$� W0 f Mg II 2 796 Å��d!. [41] �h� Mg II D?5 z < 1.65 � DLAs �X��u= Prochaska 
 Herbert-Fort � DR1 $��QLX� [27] �2006� Rao�W [26] =��\�oj DLAs ��o$y.��\#��{
z ≃ 4 ���0 0.4  .�℄Æ z ≃ 2 Uu� 0.2(X℄ 2) �:�(h^$��y�Rao �W [26]�l� DLAs $y.{ z = 4 Æ z = 2 ��\#��:;��oq DLAs $y.\#J���Tabd�b� n41�q��l8uYl�S n
#�)�T;℄ 2 t����l�+

^ 2 DLAs �%z/4�p℄$r
 [26]t���m� (h, ΩM , ΩΛ) = (0.7 , 0.3, 0.7) ?	 LCDM �9�Æ� DLAs �o$y.�\#F� (zj#Æ z = 0) �8u\y<lf�l Lyα ��I�mV��a~�3�oV)��℄�j!�R�(h^$�b|�CYl�+86�\#X��bdjm��nL�6�l�; z ≃ 1 u9�9u�y9 .ÆC3 .>5�Y�b|�Rao >�T,b|�Æ
 (3) ��Æ γ = 1.27 ± 0.11 �J~�Z^ Noterdaeme �W [30] d� SDSS-DR7 �QL7fl��
Rao �a1�D?7�:���� ��8u��� Mg II J DLAs D?��ya1 &�t�o� DLAs �XjD~� Zwaan�W [36] 51�6�� H I 21 cm �r$QL�Va�l
z = 2 �$y.� z =4 �j!�:; z ≈1.5 u���\#��8u�Æ n0 = 0.045± 0.006�
5.2 ubNxH./( f(N) 9 f(N, X)t=>�y.IM f(N, X) �'}l���
:; (X, X + dX) jt=>�y.f;
(N, N + dN) Bk����I$	l f(N, X)dNdX �
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����,l α ���
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��
:��+'}l [4] �
dX ≡

H0

c
(1 + z)3

∣

∣

∣

cdt

dz

∣

∣

∣
dz (4)3S�

X(z) =

∫ z

0

(1 + z
′

)2
H0

H(z′)
dz

′

(5)+t� H(z) = H0[(1 + z)3Ωm − (1 + z)2(Ωm + ΩΛ − 1) + ΩΛ]1/2 [42] ���
:�X�66I����X�jwÆR!?�m*�Qy.
1Xi.-l^$��X;��D&js�q��
:j�y.hl^$��y;Tw!?t��q��
:j��I�y.� X =
z -�q [43] �t=>�y.IM f(N, X) �ub`0d f(N) ������
:; (X, X+dX)jt=>�y.f; (N, N+dN)Bk����I$	l [4]�

dN(N, X) = f(N, X)dNdX = (c/H0)n(N, X)A(N, X)dNdX� +t�t=>�y.IM f(N) ≡ (c/H0)n(N, X)A(N, X) �y���o$y. nDLA l
nDLA =

∫ Nmax

Nmin

f(N, X)dN (6)T< Nmin, Nmax l�)
���y.�Pt5 n a66Ia1;�y.Bk (N − 0.5∆N, N + 0.5∆N) �SVÆ m a���I����
:l ∑

i

∆Xi �
p�t=>�y.IMl f(N, X) =
m

∆N
∑

i

∆Xi
� 1987 �

Tytler =�t=>�y.�IMPÆ|_�$IM [45] �
f(N) = BN−β (7)5� lgN(H I) > 17.3 ���I�8�Æ β = 1.39 �

1991� Lanzetta�W [16] 5 DLAs �y.IMq<X��Æ β ≈ 1.67�� 8��ÆXja$d β ≈ 1.25 [46] �J~�
�;\�t=>�y.�Xh%&;��Æ��d��1a1�X��l� DLAs t=>�y.IMJ���j�|_�$��� 2005� Prochaska �W [28]>� SDSS-DR3 $��Æ 600 8a DLAs �8u�ewJV�IM�ÆsVb|��|_IM
(f(N) = k1N

−α1) � Schechter �$IM (f(N) = k2(N/Nγ)−α2 exp (−N/Nγ)) 
'|_IM
(�y.l f(N) = k3(N/Nγ)−α3 �\y.l f(N) = k3(N/Nγ)−α4) �=��HwIM�f��PÆsV$��4� Ryan-Weber �W [47] >� H IPASS �sV$�� 2005 � Rao [40] h�ÆN'|_IM�+t�y.IMf$l α3 = 1.4±0.2�\y.IMf$l α4 = 1.8±0.1�2009� Noterdaeme �W [30] d�u6a DLAs �XEb|��℄ 3 ���o Γ �$
'|_IM�f��PÆsV$� (χ2 = 0.73 1.1)�8u1��IMf$; lgN(H I)<21.4�0l 1.6�T� Petitjean �W [48] �ZI}BK$���vm$:�97%)�$d�P�4 Prochaska�W [28] 5Yaa1�Æ� 2.0 e$�;f�� N(H I) j� α ≃3.5 �Tab|4v� [44] �b| (0 6) e$�8�����l Noterdaeme �W�O=�ja lgN(H I)=22.0 � DLAs 7m�;\�y. (lgN(H I)>21.5)j/`�,�T{p��y. DLAs �H^�m��T(\N
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DLA
g ��E�8u(flxn4tt=>�I
>aQJ~;^ Schaye [49]7[��\R<#��, CO =r�sVh��I
>IM�$�\�y.t=>IM�$�$zZu [50] �

^ 3 4F�z/JN�% [30]4^ Ryan-Weber�W� 2003� [47] 51��Æ�b|�}I�I��5 z = 08u�Æ�t=>�y.IMl� lgN(H I) < 20.9��β = 1.4±0.2�lgN(H I) ≥ 20.9��β = 2.1±0.9�
2005� Zwaan�W51�t=>�y.IM�I�1�Va�b| [36] ��y����sV-�����o
\�oj��y.IM f(N) 41jm�[Bj)�(�t=>�y.IMJ~;\#*��Twjm=�u�lCaxebd [44] �j� DLAs t��6:d*�J� Schmidt'_ (�q~7��6:d`Z4����2IqI~y.� 1.4zD∑

SFR ∝
∑1.4

g ) q<��<� }�t=>qIy.;�u 100 y�u-q�\#�(hJ<�e��~� H I 6�52I�76'l:d�6(�u=�,�6�t2I(n��$~g7$��
5.3 nwfsEH. Ω

DLA
g

DLAs 0�l }�t=2I���l }�PIt=2I-q� DLAs t��y��
DLAs 
l�t=2IqIy. Ω

DLA
g � DLAs �jaxeXEB=�95 }x
�q���q�X�;+xe� }KqIy. Ω

DLA[30]

g ���l�
Ω

DLA
g (X) =

µ mH H0

c ρc

∫ Nmax

Nmin

N(H I)f(N, X)dN (8)+t� µ = 1.3 ��^Æ2IHx>�d (75%H, 25%He) �qIAZ� ρc � }RgqIy.�5 DLAs -(� Nmin = 2 × 1020 cm−2 � Nmax → ∞ �j
�I�
��l�
Ω

DLA
g (X) =

µ mH H0

c ρc

n
∑

i=1

Ni(H I)

∆X
(9)
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:l (X, X + dX) �� DLAs $	� ∆X l���
:�
1991 � Lanzetta �W [16] ��
l Ω

DLA
g �$d�YlVdPÆI}6��7�L�q�qIy.�
�?)VI� Ω

DLA
g �[����J	O� 2005 � Prochaska �Wd�

SDSS-DR3 [�� DLAs a1u= 2009� Noterdaeme �W [30] >� SDSS-DR7 [�� DLAsa1�5 Ω
DLA
g �X�1�Nj�Pxeb|�T,b|�mq�eaD~�j�q� Ω

DLA
g��o\#�<�q� Ω

DLA
g ��E{G�e� Ω

DLA
g 5 }t=2Iy.�k��

Ω
DLA
g ��o\#{Gs=6�:d{G�%&�6:dt(�3�r2I�{G�Rao�W [40] E�lbd�t=2I� }KqIy.; 0.5 < z < 5aQ�0(hl^$�J~�8u�a1<)�{ SDSS-DR3 
 DR5 ��a1XE-��\#*����Æ�'��℄ 4�X�; z > 3.5 uj�Ω

DLA
g 41J<�
�JV�S�sVb|[B���DR7�b|l Ω

DLA
g (z = 3.49) = 1.29 ± 0.15 � Notedaeme �WYl� SDSS u9�a1~;\�o DLAs J��{G��R� SDSS sVh��~;oE~\�{G��e�9��I=`��.0`+k α iQ�{ z =3.5 /Æ z =2.3 � Ω

DLA
g { 1×10−3 V)Æ 0.5×10−3 �TjDQ�JV�sVb|�m�V� DR3 � DR7 aQ�[B;�[Bk��+[B�e;\�oj�T��l DR7 �f8�a1� Storrie-Lombardi 
 Wolfe [22] � Peroux�W [14] Ez�l; z { 3 V)Æ 2 � Ω

DLA
g �:DO�bd�T�e��l;T,g�t\�o DLAs a1<m���� Prochaska �W [28] =� z { 4 V)Æ 2 � Ω

DLA
g �:V)�bd�8uf�l�6:d(�2Iu=�rÆ6Jiq�b|�Notedaeme �W [30] �XE��� Ω

DLA
g �V'�[�a1�) (j
 (9) t����\� ∆X) ����q��j#o7lm; z = 3.2 u�-;VI��[Bk��jm��l�{ z < 2.3 /� Ω

DLA
g *�q�\#�J~D�{�; 0 < z < 2.3 DQ�a1�)�VI�[���XE��� (^ Mg II '�J) ��y�Be5TaDQ� Ω

DLA
g �f�y��vK
r$QL [51] �

^ 4 DLAs uu>3JrJz/��p�r
 [30]�h�\$m DR7 �e}�+h[E�my� [14] e}�+h*"my� [44] �e}�.vC�mo 9-+	W[�e}���Emy� [36] �e}	
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DLA
g ≃ 10−3 �d� WMAP �1�b| [52] �T{p\�oq�x
�qt�t=2IkK0 2% ��y�\�oj
�PI2If$:�=�d� DR3 � DR7 QL�XE� DLAs 7%��t=2IqIy. Ω

DLA
g �l�y.��$/�℄ 5 ���o� Ω

DLA
g �0{ lgN(H I)=22 /�	�E�T�
 (8) t DLAs �y.IM�$ f(X) ;��y.j�/`<,�6Rb|�

^ 5 4F DLAs u>3JrJz/�u>3J���z/�r
 [30]} lgN(H I)=22 0�5Hv�4KsK{0�F	

^ 6 DLAs u>3JrJz/�u>3J�z/�r
 [30]���8A
�� Ω
DLA
g �w
$��\m 1 σ �LW�G��LW�&���	
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DLAs �X%�8m }t=2I�� Ω

DLA
g 5 }t=2Iy.�k���WuX� Ω

DLA
g 7q3�{G� Wolfe �W [4] ; 2005 �E�lbd�^| ab��(v
#� }t 0 < z < 5 ��
�PIt=2I-%�; DLAs t�℄ 6 �o���N DLAs5 }t=2IqIy.�k�A# [30] �VF�sa#�~7k�~7��VQ_����I5� H I qIy. Ω

HI
g �k���R�;�y.��
�)� Ω

DLA
g -�)��5 }� H I qIy. Ω

HI
g �k��)�;�d3�xe�k�-Æ lgN(H I)=21.2 �

DLAs �℄ 6 t lgN(H I)=20.3 q�v��~�F�l�~F��da��y�u�lbd��y.l 19≤lgN(H I)<20.3 �V�� Lyα �X (sub-DLAs) 5 z > 2.2 q�� H I qIy. Ω
DLA
g �0; 20%(�$da)∼30%('f$�$da) aQ�4^�I�b|��JV�y.��I5 Ω

DLA
g �k��1� } (z =0) sVÆ�A: [36] H^�*�(�\�oqt=2I~y.IM�1�sVÆ�A:q�x�DB�

6 DLAs 
3�h/?>� DLAs XEX� }t=2I�\#Bejaw��f-�a1�
� DLAs a1�Nf-�ÆJV�-�
#��e-Æu�CaD~�b�(v (Q5*�) m ��B[�m 
vKJm �yd�Notedaeme�W [30] fl�� DLAs ℄{� Lyα ���f; QSOsv'018,��.
#�)�o��
:�O'�℄{8,*��b|�a1m �8uYl�Tw*�.
#7�� DLAs QL�
6.1 +$`4rK

DLAs XEX�tja_)%U�{G��� DLAs a1�N�Æb�m (dust bias)�^|9| DLAs�X�^8�b� (T,�X
l8b� DLAs) �9u5+|66I�f��(v�� QSOsa1�sV;�6��Æ�o��y DLAs QLa1t\Lm8b� DLAs �Ada1� ����{G� DLAs �N��b��1984 � Ostriker
 Heisler [53] Efl�vKJ QSOsa1�� ���lsVÆ��8�C�q�9|b�(v�66I� 1991 � Pei �W [54]4^N��j� DLAs �66I�q� DLAs �66I�gf$�=�9S ��\� DLAs���b��8u(�Æ DLAs �b24 (dust-to-gas ratio) 0����� 5%∼20%� Fall 

Pei [55] %E�0� 10%∼70% �66I;vKJa1t)|�TwA#�� DLAs XE�Æ�U$ (^ Ω

DLA
g �$y.�) l�IAj��[�
��-566I�\I=`sV���J�b24*�q�v� [55] oE�
p\� 1996 � Pettini �W [56] �Æ�b24l���� 1/30 �Ta�4�)hR
4��#F���uoE DLAs tb�Ad�+|66I;

1 500 ÅE_j�(v0 0.1 mag ��^Æ	Æd�
# ([Si/Fe]=0.3) �b24(e℄��0l 1/200 � 2004 � Murphy 
 Liske [57] 4� SDSS-DR2 �66Ia1t 81 a� DLAs �66I�Æ��#)� 0.01 mag ��v� [54] �b|Jjm��V DLAs �N~;b��D?�ew�j�XE4^� DLAs �X�66Iv'a1�� DLAs �X�66Iv'a1�4^8u�'f$�SZ9S�Nl��#�' [53] �<�sV#KL.�D?oEb�m *��e�;+|66Iv'jPN��b�� 2 175 Åp%BX3�Vxn6J� (T
 DIB) �



� 208 �������M�w�L�r�H������� 28 ��XE4^v'�D?J����a DLAs �5��a DLAs �uS�sV#K&-L.�D?�7s#KL.D?�fX��,&-:
��y.�BB� Cr II/Zn II a4�-O'�N~;b��D?�Cr �℄x;b�tbx (depletion) �: Zn �Æbx�HSa45�dlk!&-bxÆb��4?�f� [58] ��yd� Cr II/Zn II 3+8A
'�;.4�uO'b��k!4�J~�� Zn �lk!L.�f�h�{G�;dj Zn �/+�JO'�sVj Zn L.�V'm� Zn II ; 2 000 ÅqHR�
�'����;\I=`
\4�4RY�hk�5 [Zn/Fe]> −1.3 � DLAs q<L.V'�:<��o z > 3 ��'�ol 8 000 Åq�sV�U�.f[ [68] �j	 Zn J�k!L.��f�� Cr II/Zn II �lb��f�h��{G���y Junkkarinen [59] [�S���b� 2 175 Åp%�D?
�V DIB �D?�
2 175 Åp%������b��A℄{�BX�9�b�~;�fb`�\��;\�oq�?��� 2 175 Å��I��e9I [60] ��k;��Itq��VÆ 2 175 Åp% [54] ���Q" DLAs t�b���J����69��:�)hR
469 (q� 2 175 ÅBX) 3�hR
469 (�
� 2 175 ÅBX) ���- Motts �W;�B[� SBS0909+0532�[�6�j=�N 2 175 ÅBX [61] � Junkkarinen �W;g<I AO 0235+164v'j5� z =0.524q (5� 3 300 Å) h=�Nja;:!� 2 175 ÅBX [59] �����b��9�ft��ÆsVv'�C1�b24l���� 0.19 �8Yl�T�a	�b�� DLAs �#9?
�(�T6 DLAs ;66IQLt�0� 91% �C`���JB*�0)|N�

6.2 lDV?amrK
2005� Prochaska�W [28] =��B[��'.�/a1� n�8u{ SDSS-DR3��� Lyα a1tIBJl 33% �L�+|66I
 33% �
�+|66I�dHa
a1�R�\Ya�� Lyαa1�THa
a1q<4^�8u=���� Lyα �X�l�` nDLA�66I�6�q��pqC�
qIy. Ω

DLA
g N�a�q�L
a14�
a1�f\�qIy. Ω

DLA
g �Tw*���� Murphy 
 Liske �VÆ�8u [57] =��� DLAs �66Iv.�$4J�� DLAs �66Iv.�$fL� Ω

DLA
g �66I6��q���B[�*�f℄x�Æf��� DLAs �q��qI73���BF��66I<L�+t�y.�� DLAs �B[�*�ÆRhf� [62,63] � Prochaska �WYl Ω

DLA
g �66I6��q�J�b��/���lb�(v℄{�*��yZ�����L66I
l�qIy.

Ω
DLA
g 4�66I
l�f� [28] �wu�B[�m�66I<L��
l�qIy. Ω

DLA
g � 10%∼20%�
��Prochaska�Wfl Ω

DLA
g 3�o�\#℄%\R�ZO��J~�5 z < 2 � DLAs a1�Tw*����<�}Ixe�

6.3 4fei%rK^97#�vKJ QSOs a1��~;Ha{G�j�b�(v���/a1m �<�Lm�d QSOs $�m� z <1.65 � DLAs <m�5��S�6DDO�d�sV
QL�l�9S��>�J�66I6��o�r$J QSOs a1q< DLAs QLOuxI�T�7}b�(v�/JB*��jwD?��� DLAs � QSOs4J� DLAs � QSOsf���ÆR�f�;� DLAs ����I�b� [52,63] ��y�b��(v���vKJ QSOs a1m �j,�SYlT��n[&0
1/3 ylf8� DLAs �?^ Vladilo 
 Peroux [64] Fl�b�(v�;�6� r = 20.5 mag� QSOs QLn[ 30%∼50% � DLAs � Pei 
 Fall [65] h�6*�bd�
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DLAs �TD~�jag�� Ellison �W�� CORALS QL [24](f-�vK
r$����XQL) �8u��:ojaÆ5�r$J QSOsa1�R�5+tsa QSOq<t�I=`�sV�8u�bd��u9vKJQL.
mb�m �
{t
l�U$^ nDLA �Ω

DLA
g��8�o 1/2 ��y8uYlvKQLt DLAs 0n[�X`�)�vKJ QSOs a1�� �e���+8�-
#:Ad� [66] �J~� CORALS �a1<)�bd��S^�

7 � duC�-�4� SDSS QL� DLAs XEa1sz�Æj6IA�
��sV�2��o�DLAs a1\R� �?^��oa1WxLm�b�
#�?'I�I��B[�*�hBeqjOX��wu^y�T~X��a1� DLAs �\R1�NE8�q }2I\#�4	�^ DLAs 5 }qIy.�k�3�o�\#�
�: DLAs �$y.;\�oq��\#� (z > 1.5) �
�;��oq41J\#�{:OYNnL�6�:d�^\��os �yd�XE=� DLAs t=>2I�y.�IM�$�1�6��t=>�y.IM�$}I�*��y�DLAs 2I�����n6��9v�DLAs ��o75�� }K�?hZ�PÆ���1��6��T�2R^y�\R(�E81q�{GJ�o [67−69] � DLAs 6�t�k!L.{�<-�L.3�o^�\#�\�o&���6�:d�
�N�;1�6�&��jm����J~�u�-4��~���i.��\I=`sV�Jm DLAs sz�N���k!L.sV�Tl~uX�6�J�Q#K\#
 }�6:d=�FiN���4	 [70,71] �4�#K&-k!L.��u!�X�℄{ DLAs �2I�'k }6�3S }6�MaQ�q��qjO�6 }x
�q�IM��qTD~�qG�~u\;�j�vLt�u!��io�)AX\�
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Progress in Research of Damped Lyman Alpha Systems (DLAs) (I):

Survey and Statistical Properties

HOU Jin-liang, SHI Xi-heng, FU Cheng-qi

(Key Laboratory for Research in Galaxies and Cosmology, Shanghai Astronomical Observatory, Shanghai 200030,

China)

Abstract: Damped Lyman α Absorption systems (DLAs) are high column density gaseous

systems (lg(NH I) >20.2), detected through their absorption lines in the optical spectra of quasars

at up to relatively high redshifts (∼5). They are regarded as the reservoirs of neutral gas in

the Universe. Their study constitutes a powerful means to investigate the properties of distant

galaxies and intergalactic medium (IGM). In this first one of the two review papers, we give a

detailed introduction to the recent progress in DLAs surveys. The next will review the results

and progress in cosmic abundances of chemical elements and galactic evolution based on DLAs

surveys and researches.

The first systematic search for DLAs was done by Wolfe et al. in 1986. This Lick survey has

found 15 systems at a mean redshift of 2.5 along the line of sight of 68 QSOs. Later, a series of

surveys found more DLAs absorbers, but most of them are biased towards high redshifts since

surveys at low and intermediate redshifts are difficult due to the lack of UV observations. In the

recent years, the number of DLAs has increased substantially, especially from Sloan Digital Sky

Survey (SDSS). After mining the thousands of QSOs spectra from SDSS, Prochaska et al. and

Noterdaeme et al. have found 738 and 937 DLAs respectively, increasing by one order of ma-

gnitude the number of known DLAs. The large sample of DLAs has statistically derived and/or

confirmed some important results about the properties of neutral gas evolution across the cosmic

time.

One of the important quantities of DLAs from these surveys is the frequency distribution

function f(N , H I). Early surveys show that this function can be described by a power law. But

recent large sample surveys show that the slope of f(N , H I) is much larger at high column
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density (lg(NH I) >21.5). The whole shape can be well fitted by a double power law or Gamma-

function. The large slope at high column density implies that the systems at large neutral column

density are rare. On the other hand, the shapes of f(N , H I) for different redshits are similar.

This invariant suggests that the DLAs might not consume the gas according to the classical

Kennicutt-Schmidt star formation law and that the accretion of gas into existing H I galaxies

must be balanced by the consumption of gas into stars and its removal from galaxies.

DLAs contain most of the neutral gas in the Universe at 0 < z <5.0. The results from

surveys show that the cosmological mass density of neutral gas is indeed dominated by DLAs for

redshfits between 2.2 and 5.0. But there still exist some controversies for the cosmic evolution

of Ω
DLA
g , the mass density of neutral gas in DLAs, especially at low redshifts between 0 and

2. The measured Ω
DLA
g at z ∼3 is about 10−3. This is only about 2% of the total baryon at

high redshift, implying that most of the baryons are in the form of ionized gas in IGM. The

measured amount of baryons in stars at present epoch is about two times larger than the neutral

gas contained in DLAs at redshift z ∼3. This means that the DLAs phase must be replenished by

gas before they evolved into the present galaxies. This could be strong evidence of gas accretion

and/or recombination of ionized gas from IGM or walls of supershells. These results provide

strong constraints for the numerical simulation of galaxies evolution.

DLAs surveys are suffered by two kinds of bias, the dust and the gravitational lensing

biases. Dust could be the most serious factor for optically selected survey. Radio selected surveys

demonstrate that the missing DLAs from optically selected survey could be 50% at most. Usually,

there are some methods to detect the dust in DLAs. First method is to compare the spectral

indices of quasars with and without DLAs along the lines of sight. From this, we could deduce

the extinction and dust-to-gas ratio in DLAs. But it needs an unbiased sample of quasars with

DLAs. The second is to measure abundance ratio of iron-peak elements with zinc, which is an

indicator of dust depletion. The third is to search for the 2 175 Å bump or the diffuse interstellar

bands (DIBs) in the spectra of the background quasars.

Another bias is induced by the gravitational lensing effect. This effect could increase the

mass density of DLAs by 10%∼20%. But this has little effect on the cosmic evolution of DLAs

mass density. However, the effect could be more important for the samples of DLAs at lower

redhsifts.

Key words: quasar; absorption system; intergalactic medium; galactic evolution


