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(uowp6�'uy(jÆ'u 200030)}x�1963 [}s� 21 cm kBgO1=�Oa; (HVCs) � 40 +[�oq2	eDw&KZ1	?�b		X([}sO<5+gO��1I`|VgIX�'ot(�Oa;#
wd	yf ��w�h	��M*	SyfTL�"�'V1=	��m?Oa;|O"��Oa;	�ud#T=d	gOyf�'Rw��w	 MS |&w��w	 Complex C 	O<5+gO��	��� Complex A 	n�B 4∼10 kpc b3��� Hα 1-B'Oa;	n�#�r.	�q�.BOa;UrR�[	_���6�Rw	%��6{M*�	SJ�IFOa;q2	�1I`|VgIX	F M 4�wu/�n�Oa; (HVCs) ��S�q2�gO��1�j�RG�P155 ��� lp,
X�A

1 ����}� 1963 Z Muller�� [1] |rs
~ 21 cm jA0<N`: (High-velocity clouds, HVCs)Æ�� HVCs �+r�dCSBHa<�g! HVCs C��qO�s
~:�nHL`!BV�5z���5AS�	H_�CR�|VÆE&+�ai7� (Local Standard of Rest, LSR) �HL`!6� |vLSR| ≥ 90 km/s�J� [2] (.G&�� vGSR �J�[vm� vGSR = vLSR +200 sin l cos b �ns GSR ��[�
Galactic Standard of Rest � l { b ;<��℄{���}W�H/,��B��
�gÆ�CK� vLSR) � HVCs EM��v7 30%∼40% ��+ [3] �n;E�� 1 � 40 *Z�
fN�7 300*S HVCs �nGF�$�;.�9����lG�� 1 s�Complex A �Complex B{ Complex C C��ntv70<� 3 S���+ [4] �Complex M (Mathewson { Meng) �
Complex WA-WD (Wannier)�CÆn0<UGF��Complex H (Hulsbosch)CÆ&n!rF7xe�xeUF�GF��5T/:& (Magellanic Stream, MS) E;'v5T/: (LMC)�� dDa℄�2004-03-23 � vJa℄�2004-05-13LNq[�o.��wp�O��JM (10203004 �10173017) �'uG��wp�O��JM (02ZA14093) �o. 973 ��JM (G1999075402)



� 4 m ÆMÆ
�Oa;yfTL 319�{P5T/: (SMC) �d����R
inAvzs��nGF��� Complex ACHN '
ACVHV A5�W7L� Complex GCN ' GCP AW�W7L��:& HVCs xe�^	����$i5V�fNq
 [5] �dL`!�℄��G��v vLSR = −464 km/s � Complex C' MS EM�&wg7!�vz�-nh� HVCs GEM'!�[P��+�TH`!=$�P�NPv�v*�$k�NP�!�

� 1 HVCs 	
w<F [5](%|U HVC Xe Zj���#�e�ÆPD
W'Z�eÆtAz2�5
 (HST) ���z2nNs (FUSE) [6] �fNÆ" LDS (Lei-

den/Dwingeloo Survey) [7] � HIPASS (HI Parkes All-Sky Survey) [8] � 2MASS (Two Micron

All-Sky Survey) [9] � SDSS (Sloan Digital Sky Survey) [10] tvIL{nh�B,��jm��5
fN�Sb��d HVCs �xeS���SJU�D$�Dl��R�L9Wakker{
van Woerden [11] �% (!��W9�kvSK�T�����HVCs �Pa!F_�TH`!F_�72a!�Z�v��lU�X ,AfN�CO fN�) �W�y�L)Lx��RxeSK�!��
�l> HVCs (Compact HVCs � CHVCs) 
r�no"��nN� Complex

C �NP�! (7 0.1 Z⊙) �N!�� HVCs �xe�& Complex A ��n,A\��m�N� (4∼10 kpc) � Hα 0,AfN&m��?p�tv"A HVCs TqQ�Z�fN'UfHW�,A����/EL)'� HVCs �xeSK��#Eo0 HVCs �p1��\�-EÆyL)m�N�{ HVCs s�Z�^q�o0��F{K�9�(E�
2 �)	 HVCs 
zgVN
2.1 CHVCs�$W� HVCs l� q�
r��i:z!d�xe��-�� Braun { Burton [12]o LDS tvsld� 65 S CHVCs Sb;0�Bs� HVCs xe�UiK�W�xe
℄



� 320 �������w�&�n�T�L������� 22 p�\� HVCs xe�U��� Braun { Burton �F?Wd� CHVCs �.Æ{fN
r�
����ddP$ 2◦ �A+Z5�Lu58Æ 100 km/s �`!L+Z5�sW83��_m�7 1 Mpc �vP� 15 kpc �s
~r� (7 107 M⊙) ' (v) �Z5E~��n"=�mqXAh*7B'+Z5��nhZ5�℄�Avzsr<;E��-&RxeN�fNz2;4*��+{H_�?p�
j��v�N;4*xeS�G[U� CHVCs �fN
r".ÆLU�
2.1.1 ����


de Heij �� [13] �~�%v� LDS tv [14] 'Qv� HIPASS tv [15] �fNUi��v
�;0 CHVCs V7B
r
�dF0� CHVCs A�n{`!&C���<$nh
Complexs{ MS � HVCs�n�>!�$ 1.5× 1018 cm−2 ��_�ddP$ 1◦ �$� de Heij���o0�fN�lFQ����v��.r� “mini-halo” H_Va�x�'fNC~�-'fNC~�-�H_� CHVCs �*7vs
~ (HI) 107 M⊙ �nTHr� oT*�
−1.7∼−1.8 �AhU;E�U�AÆ��5�sW 150 kpc {Æ M31 �sW 200 kpc 6�T^N[;E�

Westmeier �� [16] �� Effelsberg 100 m ,��5
& de Heij ��' Braun { Burtonrd� 11 S CHVCs Sb�fN�0<v*U CHVCs �BC�&[��ns 10 Sl�F?�a��YE CHVCs '�J!��LrsAd
"��?�m�� CHVCs sA$��5HW-BC;E$\S+Z5�T�nr��JC 105 M⊙ �&�vP7 1 kpc �
2.1.2 	���Æ
��
|rN�;4*fN�xÆ7(x_{'_+��xe CHVCs �THF_� Braun {
Burton [17∼19] o 65 S CHVCs sldl�x:
� 6 S CHVCs (;E6�k� −127 km/s

< vLSR < +165 km/s�A� 6∼95 km/s)���WSRT (Westerbork Synthesis Radio Telescope),��5
Sb�N�;4* (�D�&)fNxe�Fp0<�i:�h*^~ah�l��S�'S*#�>!qÆ�
��l>y��m�A 0.5∼1 Mpca2�xÆ�1g`�	H_CR��	�AxÆ�x�' NFW H_ [20] (���>�.r>!;E ρ(r) ∝
1

(r/rs)(1 + r/rs)2
�ns rs ��>�qX�d) Wd�k	�AEC~��.rr��x9.r� 10∼50 )��_r�7 107 M⊙ �!��>ATxt 109 M⊙ �&�ns�S CHVC (CHVC 125+41−207)�NP�!� 0.04∼0.07 Z⊙ �g�WR
r'+Z5�s��RPr�Z5�Æ[��E℄ah�+Z5�Tb+v� 200 SW�� CHVCs � de Heij �� [21] 2002 Z�� WSRT ,��5
#&h:�v
xes�$� 5 S CHVCs Sb�N;4*xe�Fp���F0�+'&RE~�

2.1.3 mini-halo ����������HEfN<N�h*xeU�K�� mini-halo H_ [22] �JH_��� HVCs C�R ��P�>-:CvZ5��\H;� Lewis�� [23] rd�x��E&A5�A�vt�����
<N�^E�.r�sA�?hd��p HVCs k=$hBVfN�����
<N�}K CHVCs W�v�Q>Ty�vtC�xV|r|d 4 m Æ&�jm�5
fN�J<N����B(xeU5& Mini-halo H_�Sternberg �� [24] K��&[��tt:H_ (%



� 4 m ÆMÆ
�Oa;yfTL 321�tt:Cu�7T��.r����{h$&t��mg��l)�A ΛCDM*}mH_8&>!;EC~ NFW H_{ Burkert H_ (���>�.r>!;E ρ(r) ∝
1

(r + rs)(r2 + r2
s )

2
�ns rs ��>�qX�d) ��x�a;<!�UfHW�℄r;0�d��p CHVCs C�T��O8i�qXm��� 150 kpc �E5��piC����n�_m�� ≥ 750 kpc �m7i��><:V2#��_��.rU>! ≤ 0.08 cm−3 �W,fN���Z5�E�fP�*��m Sternberg ��_` CHVCs C�Tvt�f��

Maloney { Putman [25] &v�{Bv��.r����&[H_Sb�UfHW�?'
HIPASS tv [26] FpSb,A�Fp0<��p�.r'tt�,�7� 10:1 �G CHVCs��_m�7� 330 kpc ��pBv��.r�G�_m�7� 1.5 Mpc �00Z5�>>!;EC~ NFW � Burkert H_ [27] �G CHVCs �m�7� 200 kpc �W& CHVCs C��vt�0Yrd�zO�>!;EC~ NFW ;E�H_[x��!��.rAT� CHVCs �r�7A 5 × 108∼2× 109 M⊙ a2�HWsj0< 16 S CHVCs -BCgly� 250 S��mx` CHVCs CBC��vt��yS�Gxe�$��A mini-halo H_s CHVCs �B���.r>��pu)ttCN!��� (tt�r��s
~� 20∼30)) Æ"�.r'ttl�~Æ,��O8n���mr�<7� 4× 1011 M⊙ �WRr��&+Z5����mr_pE;"��-{i:1KA��A��vvXrfNf�*:��� HVCs ��r�CB�W8v�BVy����sA�RB��
�����!�b+� HVCs UL�b+��.r'tt�,�{ HVCs r�;EwU�a>��gÆ8F0�7rD�d�mini-haloH_C��R5&�}Ci�C��1����Mini-haloCLx&b��&\�F_a\Æ0Æ"UfHWs-�sA�vt�i:v�tt�Æ0&=xÆa\ HVCs�~�� mini-halo H_��0�jv��f;�[~Æ�H>?|r[*�fN�^9�
2.2 Cmplex C

Complex CCRn$ MS��/v HVC�nm�{r��B����Wakker [28] ��i�m�7 5∼20 kpc �r�7 (3∼50)×106 M⊙ �Complex C EM� 1600*g7!�%v� [29] �?Ægr7 −130 km/s �`!L��583�n;EF_�� 2 g?���� 5 H;�\�
CIA�CIB �CIC{ CIIIA �CIIIB �CIIIC �H;�� Giovanelli�� [30] GF�CeI∼CeV �e
*GF�yW�$ l = 68◦, b = 38◦ � CeI �I* Giovanelli ��GF� “C-extension” �
Complex D �� Wakker { van Woerden [31] GF�iHW�yW “CD” A l = 90◦ � b = 34◦h� vLSR < −150 km/s �yW CK �A l = 75◦ � b = 37◦ h� vLSR ≈ −90 km/s �W'Z& Complex C �xe��!sA&nNP�!�fN"na\�UfHW&�
2.2.1 ������$Æ('Z5E
"��^i{m��?��h*mU��HA7L AGNs �1KA�xe HVCs �xe HVCs stt�NP�!��$�Hnp1��pi�NP�!,A��� 0.1∼0.3 Z⊙ (u)Z�FZ [33] �% dust depletion) �G�xVC>s�tt�U���P�>stt��pNPv�N�'k��!E~�O8hxVC “Z5b�” s�tt�'Z5`Ed�tt� Wakker �� [29] MnÆm74���"Dq 1 _Z5 Mrk 290jjs�&�1KA��d HVCs�NP�!� 0.1 Z⊙ �a
h*�0< HVCs�NP�!A
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� 2 Complex C <FG`� [32]�&9��^Æ�&9���
ÆPD>>(��$# 0.05 �0.4 �1.0 K 
�uXe D�zX� o�(`�
AGNs $�℄� o
VSHA7L&CB~�� Gibson �� [34] o 5 SHA7L&n!�xe�0<A Mrk 2907L [S/H]= −1.05±0.12�W_`� Wakker �F0��-eÆHA7L�B~� [SII/HI] A

−1.10∼0.48a2�WxVC`tt�+�E\��Murphy �� [35] �� FUSE &"Dq 1 _Z5 Mrk 876 HA7L�fN�0< HVCs � FeII �!Ck�� 0.5 )� Richter �� [36,37]|r&�Zt PG 1259+593HA7L�xe�d�N`: Complex C �NP�!7� 0.1 Z⊙

([O/H]= −1.03+0.37
−0.31) �b+iC℄A���5sW83��NP�!tt:�~� Collins �� [38] �~ FUSE { HST Ui�o 8 SHA7LSbxe�Fp0<� Complex C BV�z��NP�!�CR�iAB~HA7L&�NP�!S<�v�� [OI/HI]���NP�!� 0.1∼0.25 Z⊙ a2�-� [SII/HI]���NP�!A 0.1∼0.6 Z⊙ a2�JRH;�NP�!,Æ�g���fN�YEixVC “Z5b�” '��!tt:��~t� [S/O] { [Si/O]'k��fE~�YEZ��(�9�� α -_�H�YEixV' II _XUZ$0ZA�d� Tripp �� [39] |r;0 HST &�\K+j� (STIS) A�Zt 3C351 7L�fN�0< Complex C C�~�NP�!tt:�i℄AL�`83?s='��5{�tt04E
"��e
 Fox �� [40] #|r HST { FUSE �fNA 5 SHA7LSb�xe�hd

Complex C *N!���tt!�Æ�?{��WRN!��ttC Complex C '�B#!
T ≥ 107 ��LrE
"��Fp�
2.2.2 �����

1972 Z Davies [41] A&��5�k.F_SbfNxe7rd�Complex CxVC LMC'�k."�a\���4�W�f�� Kawata �� [42] Sb��5!N;4* N tUfHW�h:K���5 (v�y��̀ ��>) '�Z5E
"��H_�0<�S}!�QL%ir��5�r�' LMC E9 (7 3× 1010 M⊙) ��Z5Am��5sW7 15 kpc h�x
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�Oa;yfTL 323�ÆT4z2;E�=�m
r��>!�' Complex C E℄�vt�} Gardiner { Noguchi
[43] ���LMC BxVAm�W 15 kpc Tir�` (nn��W�Wm� 45 kpc) ��Lx�i�9��}fN^E�W���Z5sA�Kawata�����f:��xxV��C�$��5y�<n��-BV*fN��/CiBv�x*nN��y�.r�BG Complex

C -C�Z5'�k."�
�T.�$� Bekki { Freeman [44] �UfHW:E�k	�#|�>xÆ�l`ttLN�!{K� Kawata ����W�H_VaHE Complex C C��5�k.��H;�
2.3 �A<9S HVCsN!�� HVCs �xexÆ��℄�tt����p (jl���d
��) "ngh��b�Sembach�� [45,46] A�� HSTxe��5�>s�tt7�0<� 4Sl�N!��
r� HVCs �h:A Mrk 509{jm�2Z5 PKS 2511−3047L&;<0<��S HVCsl��y� CIV 1KA�}n CII ' SiII 1KA{~ 21 cm 0,A�� �~7 Sembach ���0<Z5,��j��H_,d
��H_Va[x�'fNFpEC� FUSE "Z&v<� HVCs fN��U�SK��$ FUSE �fN�W6�A 912∼1187 Åa2�- OVI ��{jA (1031.926 Å{ 1031.617 Å) vx3A&RfN6�T��me
�xe��!sA
OVI �1KA&� 2003 Z FUSE 
\�&�� 100 S UV �$A�vt� OVI 1KA�fN [47∼49] �?0<A 138S7L&�fN� 83 S7LsA1KA�^� 117 Svtv� OVI\;��W�A PKS 2155−304 { Mrk 290 7L&� Collins { Shull [50] �~� HST/STIS' FUSE �fNUi�& Sembach ��0<� 4 SN!�� HVCs "� OVI 1KAÆ"m
(SiII/III/IV){m (CII/III/IV)�>!�xe�Fp�d�h*' Sembach��B~�F0���� 3SN�� HVCs�-$�S CII�SiIIA��N!���.�'Z5{�>E
"��d�YEN���� HVCs �p1xVB~��p��N!�� HVCs �$�>s (d < 50

kpc)�G UVj�jl��H_G& OVI�b+r��%<K�Z5,��j'_ (� QSOs{ AGN℄>) H_�BV'fNEC�-K� OVI ���d
��T4�nh���Z5,j�U��T4�H_�G'fNA�EC�fN���>!' Complex C ,A (9: 1) �d N(OVI)/N(CIV)S<�P�- Fox�� [40] �� Complex C� OVIC�$Ty'�J!�- 1 �K;tnH PKS 2155−340 I Mrk 509 ?rb7 4 EB=:T HVCs y Collin 8`|Rth PG 1259+593 ?rb537 Complex C .i2�7�Z=>e* [50]

PKS 2155−304 Mrk 509 Complex C

−140 km ·s−1
−270 km ·s−1

−240 km ·s−1
−300 km ·s−1

N(HI)/N(OVI) 2.57+0.22
−0.14 1.67+0.38

−0.23 < 3.80 < 3.76 6.38+0.05
−0.05

N(OI)/N(OVI) < −0.40 < −0.05 < −0.42 < −0.31 2.21+0.19
−0.25

N(SiII)/N(SiIV) 0.07+0.14
−0.13 < 0.51 < −0.44 2.03+0.22

−0.20

N(CII)/N(CIV) 0.36+0.11
−0.08 < −0.56 < −0.38 −0.44+0.11

−0.09

N(CIV)/N(SiIV) 0.74+0.08
−0.09 1.30+0.12

−0.16 > 1.04 0.62+0.21
−0.15 0.59+0.12

−0.15

N(CIV)/N(NV) > 0.40 > 0.47 > 0.45 > 0.91 > 0.07

N(OVI)/N(CIV) 0.32+0.05
−0.05 0.00+0.06

−0.07 0.36+0.06
−0.07 −0.22+0.11

−0.09 0.31+0.08
−0.09��;u�b#� 4 U HVCs �94b#
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"�a\��gÆW 4 SN!�� HVCs � CIV ' OVI �T4�pxV'
Complex C E~�
2.4 �Y�WzV (MS)

MS Cg0<��v� HVC �iv�7 2 × 108 M⊙ �s
~�EM�v7 100◦ × 10◦ Q7v� [51] � 1974 Z Mathewson �� [52] M:0<�i�va!F_�?<nGF� MS �h:< MS ;\ 6 H;� MSI∼MSVI �nA��$75s�;E�� 3 g?� MS CuP�i��`�np1' LMC �SMC �d� HVC �W'Z&i�xeSK��CF_�fNxe'UfHW�

� 3 MS a"<F� [53]�#3�;���"�#9b�9
�b#Æp vLSR = −380 km/s (�) � vLSR = +450 km/s (�) 

2.4.1 �
���

Wakker �� [54] A"Dq 1 _Z5 NGC 3783 7L& WW 187 (HVC 287+23+240)Sb�fN�h:
iH_	% WW 187 C MS �.��H;�W_`� MS a\0Y�Y4H_ (9� 3 E) � Stanimirovic �� [55] �� Aricibo ,��5
& MS � MSV { MSVI �S�F_"�~ 21 cm 0,Axe�0< MS �TI�pBxVC��TI���
P��xV���>�tt�u���W Putman �� [53] |r HIPASS & MS "n{��b
\�fNUixe�B?� MS ��R;�qX�~� MS 7L;\�_���F_��HF?���F_�$��& MS NP�!�xe:E�i' LMC � SMC >zEd� Lu �� [56] A
NGC 3783 7L�d (SII/HI) Ck�NP�!� 0.25±0.07 )� Gibson �� [57] A Faira ll97L�� (SII/HI) Ck�NP�!� 0.33± 0.05 )�WRFp'~P LMC � SMC �fNf�+�l�
2.4.2 �����

Maddison �� [58] Yi Kawata [59] rd� TreeSPH 
4�K���5' LMC � SMC
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�Oa;yfTL 325�~?�H_Sb�UfHW�0<Y4�< SMC ���H;tt�d�a\�S'fNE℄�ktt MS �W�Fp_`� MS a\�Y4H_� Mastropietro �� [60] K���5' LMC E
"��H_Sb N-Body/SPH UfHW�0<�>s��tt�d
u��Æ< 1.4 × 108 M⊙ �tto LMC �Z5`&��-a\' MS E℄�tt:��W
Connors �� [61] =�N;4* N tUfHW�0< 1.5× 109 yr x��5'5T/:E
"�a\ MS � 0.2 × 108 yr x LMC ' SMC E
"�a\ MS <A�THF_�
2.5 �^g HVCs

2.5.1 Complex A

Complex A CMn*0<� HVCs a���CuP�i��m�E&��� HVC ���
4 �i!v 7 H;� AI∼AVI { B �i�h*q
*��Cg� HVCs �^~qX�N�!���'Z5tt�;�N`!�A
F_�l������Ty�

� 4 Complex A <FG`� [32]�&9��^Æ�&9���
�#3����90�#9b�9
�b#3�ÆÆPD>>(��$# 0.05 �0.3 �
0.6 � 1.0 K 
�u�Xe D�zX� o�(`� AGNs $�℄� o
�� Wakker �� [62] YiA!Dq 1 _Z5 Mrk 106 7L�y� MgII 1KA-A�Z PG

0859+593{ PG 0906+5977L9��Æ"W�S7L HI 0,Ay!�+�lW�SfNA9��d Complex A �m�8?� (4±1) kpc (�`N! z > (2.5 ± 0.6) kpc) � van Woerden�� [63] #��veZ'v| RR _2Z AD Uma (d = (10.1 ± 0.9) kpc) 7L&� CaII 1KA��d Complex A �m�&?� (10 ± 1) kpc �?�m	dnr�A (1.5∼10)×105 M⊙ a2��$Æ( UV '_�Z� Complex A �NP�!�B���� Wakker [64] ��i� OI�!�k�NP�!� 0.05∼0.1 )�~�W�sAÆ�v�B��
�
2.5.2 Complex H
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Complex H �$�`&�gÆxÆ|rA�� O � B _�Z&nSbnN� Complex

H �F_�� 5 g?�s2���yWm� d > 5 kpc ��m	dnr� > 106 M⊙
[64.65] �

Lockman [66] A& Complex H �~ 21 cm 0,jAfNxe
��� Complex H Cn�Yb���5"Zvt�fN0<nPa!F_' MS �h*E℄ah�-{	%i℄'��5�>��`��H;04E
"�� Lockman ;���SYb0n��n�gB'�`\7
45◦ {�Wm R = (33 ± 9) kpc �H_�?0<�WSH_��� Complex H F_'fN�� Complex H F_Va�x�C~�

� 5 Complex H <FG`� [32]�&9��^Æ�&9���
�#3�;���98�#9b�9
�b#ÆÆPD>>(�%�$# 0.05 �0.3 �
0.6 � 1.0 K 
�uXe D�zX� o�(`� AGNs $�℄� o
��W�& HVCs �xe��!sAÆ&'��xÆtd�d� HVCs �xe���;�\p�}��~*)s�yHq�gÆ��'Z�Cv%mxe�>�a��

3 �r3
[
HVCs �0<Yi
℄� 40 *Z�}�$fNL$�?p��:&i�h*.Æ
r�`a3(�-&np1[CzY?(�Wakker { van Woerdan [11] ;0�v� HVCs a\0Y��Fd����'x�Z5b����5�k.�{KH;�Z51�.r�5T/:E
"��m�����RxeUrd HVCs CP�.r> (mini-halo) stt�f����xBr�� CHVCs �

3.1 �sm\_
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1976 Z Shapiro { Field [67] Mnrd “Z5b�” L\� 1981 Z Kahn [68] Wd���SH0H_�a
h*xeU&n"�S�G
% [69,70] �Z5b���+.ÆC�Z5`&�XUZ$0<`&�ttj���N!

��3�`&�'ZAB~�WSr_9�r�f5�Yih*/�HWAB~_!&^9��RÆ0H_�}�sAwyB� [71∼73] �d� de Avillez [74∼77] &Z5b����"��5!#�UfHW�W���J�gKf�#�HWFp:E�b�s=$Z5`N! Z = 1∼1.5 kpc ��7�-BCZ5`sWgBh

(Z = 0 kpc) �YiH_xÆ�d�WRtt�Nx�t Z = 10 kpc h�tt
�83a\�tt:vPo' pc �'� pc �83ttA Z 7L��v`!vH;A 20∼90 km/s a2�(H;P$ 20 km/s �v$ 90 km/s �G[( (7 5%) �83`!�vxt −300 km/s �B~`!�:TH`!=$7� 20 km/s �vH;:a\$ Z = 1∼2 kpc h�A[N Z ��7��$
�772W-j��(� HI :a\��$UfH_jV{1� Z = ±4 kpc h�gÆ�S& Z Avh� HVCs UL"db
�&RFp�x�HE��R HVCs �p1��-�
iZ5b�H_�	%� HVCs �NP�!�Jvl'k��!E~�WhBVHEORfN��,k�NP�!�� HVCs (u)Z�FZ��H) ��mWSH_?BVB?g� HVCs �p1�
3.2 �smu16/U℄r;0x�H_�B���Fv�fN?F~~P*}mÆ0�Blitz�� [5]rd HVCsC+Z5�a\�M&.r�f��?{Wd�n�+
r��_dd� 25 kpc �m�Z5sW7 40 kpc �℄AL+Z5�83�v� 3 × 107 M⊙ s
tt{ 3 × 108 M⊙ ��.r�+Z5�g� HVCs 7v� 1010 M⊙ �s
tt�m��A5� HVCs CL+Z5�83�tt-{*�.r>!�Æ�Z5b�BVHE HVCs �p1� Blitz ���Wd��RxÆ*fN^9�Æ0,|�NP�!,k��� HVCs � Hα 0,Ay!, MS �� HVCs �Va|r1KA{0,A�fNnhZ5�s� HVCs �~��WSH_�B"fN�zO�Zwann{ Briggs [78] hd�A Arecibo ,��5
&
14 SZ5�s 300 *SZ5�tvs�?9�Q��℄ HVCs �vt�h:�� HVCs �Z5sW��_m�� ≤ 200 kpc ��.rv��t 98% �[N (hCYtt�() �
3.3 �Y�WzV (MS)d$ MS �p1��x0Y��xCY4�H_ [79∼81] ��� LMC ' SMC CE
�	�WZ55��A 1.5∼2 Gyr xi:�rWCg (Em 7 kpc) � LMC & SMC �Y4�<� SMC ��H;*�da\ MS � 0.2 Gyr x��/nWm�Cga\� MS <A�THF_�$�xCu�d
H_�i��xf� [82] ��x��C=$�Z,�tt&5T/:�H"�<5T/:TH`!;EK2�-$�xf���C5T/:THtt'>s
tt�d
<5T/:THtt7`��xp10Y����<A$ [83] �Y4�H_,| MS l� “�.'�” �F_{xVsA�Z�-u�d
H_,|9�WRqX�5T/:&s�.�0<_`�Y4H_ [84] �} HIPASS IL [85] �N;4*fN�BV^EN�SH_[℄��&$ HVCs �p1�f�^~�� MS �a\'5T/:�d��nh�a\�p�AY0as�
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4 � Hα 2.C)o

P�oW'Z& HVCs �xexÆtd�m��B��
Cp1nossA��S��)s�v*U.Æ��'m� d �d (xfN�C�dd) ���vP (∝ d) �r� (∝ d2) �u� (∝ d−1) �j�#!'i,d�x9��Gxe HVCs �p1�.Æq
�F_qX��5!
r�m����C��+�C�y���m��?�74�*x���xB
℄r��1KA74�J74|r;0�ZtHAs�1KA\;Æ"
`m���Z�,1K�?�m� (Wd&�8?) ���jm0,A (��C Hα 0,A) &m��?p�Cq-�� HVCs m����74a��n.ÆC��p HVCs A�>��G�`0d�j�:<n:B����F~0,�S-T4xÆ*nN�� Hα A��p HVCs A����*}'_j���T4� Hα A� -BV*nN���m�|r;�'fNA�C~�H_%xq-a% HVCs �m��uP
�7 20 S HVCs *nN�� Hα 0,A�ns!� Weiner { Williams [86] nN�� MS � Tufte �� [87] fN�� Complex A � Complex

C � Complex M � Bland-Hawthorn �� [88] fN�� Complex GP � Tufte �� [89] fN�� 4 S CHVCs � Weiner [90] fN�� Complex L � Complex AC � Complex GCN ��
Weiner �� [91] ��� HVCs � Hα 0,Aa\$��5Z}�Z���j�&~���F~�h:�dW� HVCs m��5sW 5∼30 kpc �� 6 C~PB~fNU��� HVCs&��nz�� mR (R � Rayleigh, 1 mR = 2.41× 10−7 J · cm−2 · s−1 · sr−1) �� 7 � Weiner��
iH_���m� – &�d5�ndA�T*� −2.2 �

� 6 �C�gOV��	 HVCs '� [91] � 7 HVCs '�(n�	Bde6 [91]

MS A LMC ' SMC HW (7 50 kpc) ��y� Hα 0,A�W;�'ju)��5j�jl��-T4 Hα 0,A�H_7)�Weiner ��f�u)nh�p����>stt'
MS d
<n����p�
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Putman �� [92] �� AAT (Anglo-Australian Telescope) { WHT (William Herschel Tele-

scope)�fN�&�R HVCs"� Hαjjxe�h:0< Complex L�Complex M�Complex

H � Complex GCP � Complex A � Complex C �MS {�S CHVCs �� Hα 0,A�n&�A 30 mR k7 640 mR a2�� 8 �WR HVCs A��$75s�;E�

� 8 �	S HVCs B��%86t	<F [92]:X�hQ�! Hα 3/D� HVCs Æ{X��hQ�! Hα 3/D� HVCs 

Putman ���0<�fN�� Hα 0,A&�' Bland-Hawthorn { Maloney [93,94] ;�� “` − �>” H_VaC~Ax�WSH_u) 5 S�+�\��k.& OB Z��\�Z5`�Z5 ����>� LMC � SMC �*}'_�
iWSH_� Putman ����l� Hα 0,A� HVCs ��Wm�P$ 40 kpc �}W?BCY9�nN� Hα 0,A�

HVCs ��Wmh�v$ 40 kpc ��p��5T� HVCs �fN�!����9��$k.&7��9hA HII ��G��xVfNB� Hα 0,A�h:�IN�MS l�y Hα 0,A�.��fjl�����xVC'�>ttE
"�Æ" MS ��Z�e�d�x9� Hα 0,A&m��?pd���*B��
�}A'�g� HVCs �m��B���Pv�i�C*:
G�H HVCs 
r��Q\la��
5 �sS�\℄=�pVA HVCs snN���ZsA�O8,0Cm��Cnh
r�xÆ|rxen�Z-��dC�2C�u��W&$B?i:�p1�v�)��gÆ�:AW7B!�B(fN�~PAZ5a\'��xesi6K��&\��F_a\H_�-UfHW���+Z5���F_UL,fN���Z5�*�* [95,96] �IN�R HVCs CJR�F_s�ttCHqWS)s�z*74a��0�W�INP9�O8W� HVCs sxV��ZsA��Z℄Aa\����Z��
lT.sA�

Simon { Blitz [97] �� POSS (Palomar Observatory Sky Survey) tv�A%v� 264 S
HVCs {� 1 g7!�6�TqQ�Z5�h:M:
n
�x_��Z+���
�/�*I>W~74Of\K�f/4�H�<N��
A�Z5vPa!&Sb,� (filter) �



� 330 �������w�&�n�T�L������� 22 p�ÆHy�:B�!vt (Low Surface Brightness, LSB) �&,!�AW 264 S HVCs {�^0<� 60 S LSB vtsA�}A
j�fNs9�0<�S�Z5� Willman �� [98] ��
SDSS tvUi& 325 g7!vzs� 13 S HVCs (!��S CHVC) SbnN�FpAnN ?T�9�0< HVCs �e��}�Z\;��W Hopp�� [99,100] �� 8.2 m VLTjm�5
{ 2MASStvUi�& 5S� Efflsberg,��5
nN�� CHVCsSb�^q�Z�xe�h::� VLT A V (HZ� ?� 25∼

26) { I �$ (HZ� ?� 23∼24)& 5 S CHVCs sW�+SbfN�Fp9�Q��Z��
#Yi 2MASS UiA 3 SW	��$ (HZ� ? J = 15.8 � H = 15.1 � Ks = 14.3)Ans 4 S CHVCs {��d 1◦ �6�TqQ��9�0<��}Z�\/ZsA�	kZ
(RGB) A V � I �$�*nN����h$:SkZ_D$��Z (AGB) AW	��$���*nN�� VLT xÆnN� 2 Mpc 5h� RGB � 2MASS GxÆnN� 300 kpc 5h� AGB ��-�,0A HVCs �sW�C{/�+�9�nN��Z��m Hopp ��	%W 5 S CHVCs sv��Z�'*��n��8$qQ�Z�^��Æ5�Qv� HVCs sCBsA�Z��CSBHa<�f�[*fN�S�G^9�
6 �p2)N�

HVCs�p1xeW�:rd��*)s��p^EJ� HVCsC*}ma!&�.t�O8i:g&��vt�JC88�A�R��Z5sxV
℄nN� HVCs (9 Wakker {
van Woerden ��R [11] "n�%) �O8sA HVCs CBC��Z5�i6<N� HVCs��BCB��.r>�i:��r�&��m�,y���H��p��Z5{��sA�℄ HVCs �vt�O8i:&�Zt1KA�J�℄>�℄>�*v�i:&�Zt1KA5��=�m;0�H#�*v��hA�Zt�jjssA HVCs �p�1KA�jC�9�����W Charlton �� [101] �H_+
:E� HVCs B�ÆHEfN�� MgII {
Lyman Limit 1KA5��i:xVBCZ5�s83�.t�~�W����*B��
��pN	�Z5s�n{��sA�℄ HVCs �.t�-{WR.t�Z5sW83�O8i:&Z5a\'��r_hsAy��H�5a��p HVCs *^EC��5�>T�.t�O8i:sk(��RC℄A��W83�
tt:�i:�B!Æ�R�tt�WR:s�,�Za\��p9���88�WR HVCs CBCÆx�RH_ (!�s�Z5`�v�tt:��>�"ZZ5) [102,103] g,|�:�W�rd�u�7T:H_ [104] CBVa�x�'fNC~�Æ&WR)s�:V�	�f�2�xe��a�eÆtv'�BnNL$�0K�,0C\t�CS<�& HVCs �xe����Z�\p�~��sA~*)s���� HVCs P$�T�C��vt�9��0�},0i:C�T�C��vt�&$xeZ5a\��r_��y��~7I���x�p�HEg�� HVCs p1B-ÆeL��LxJ#+SK���C& CHVCs �MS �Complex

C {N!�� HVCs �xe�,0fN�CÆ0H_&&W'� HVCs �m��NP�!�F_�
r����+��H�Ag� HVCs sj� Complex A �m�*E&�����A
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4∼10 kpc a2�-nh HVCs �m���9��0���jm0,A (��C Hα 0,A) &
HVCs m�"d?pC�Hn
r�y�74a���p HVCs Tv��Z�O8hxÆ|r&WR�Z�xe���h*�1f�Y3�}LxA HVCs s�90<��ZsA�

HVCs �fNxeBR&xe+Z5��a\'��Pk\S*}����Æy��"��-{�xÆ&Z5a\'��H_rd?p����ALx&b��&\�F_a\Æ0s�UfHW�d+Z5���F_UL5*$fN���Z5� HVCs ��H; HVCs CWR;5��F_�f�℄xHEW�<N�~��g�S�G�fN{Æ0_`�A���'Zs� HVCs m�����C�S��)s�~7NP�!�C�S��xe#+�WR�C�� HVCs p1��+
i�eÆfN�s�;E'KS�tvnN*Q�0K{fNXg�rN��:��VBs HVCs �p1a<�0Qko�
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High-Velocity Clouds

WANG Xiang-hua, LIN Wei-peng

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: High-velocity clouds (HVCs) were first detected by HI 21 cm emission in 1963, since

then the nature of HVCs remains controversial although more than forty years has been pasted.

In the last decade, with the observations of high resolutions, the developments of theoretical

models and numerical simulations, there has been great progress in many aspects of the studies

of high-velocity clouds, particularly for some special kinds and the all-sky surveys. In this paper,

main progress is reviewed including the observational studies of the two kinds of newly-found

CHVCs and highly-ionized HVCs as a whole or individually, the high-resolution observations of

Magellanic Stream and Complex C which are the largest HVCs in Southern and Northern sky

respectively, as well as the one and only convincing constraint on the distance of Complex A which

is in the range of 4–10 kpc from the Galactic center. Some theoretical models and simulations

trying to explain the origins of HVCs are introduced briefly. This paper will also give brief

descriptions on how to constrain the galactic distances of HVCs using Hα emission lines and the

so far failed efforts to find stars in HVCs.

Key words: astrophysics; high-velocity clouds (HVCs); review; origin; observation; theory


