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} x � 1963 [ } s • 21 cm k B g O 1 = � O a ; (HVCs) � 40 + [ � o q 2 	 e D w & K Z

1 	 ? � b 	 	 X ( [ } s O < 5 + g O � � 1 I ` | V g I X � ' o t ( � O a ; # 
 w d 	 y

f  � � w � h 	 � � M * 	 S y f T L � " � ' V 1 = 	 � � m ? O a ; | O " � � O a ; 	

� u d # T = d 	 g O y f � ' R w � � w 	 MS | & w � � w 	 Complex C 	 O < 5 + g O �

� 	 � � � Complex A 	 n � B 4� 10 kpc b 3 � � � H� 1 - B ' O a ; 	 n � # � r . 	 @

q � . B O a ; U r R � [ 	 _ � � � 6 � R w 	 % � � 6 { M * � 	 S J � I F O a ; q 2 	 �

1 I ` | V g I X 	

F M 4 � w u / � n � O a ; (HVCs) � � S � q 2 � g O � � 1

� j @ R G � P155 � � � l p , c X � A

1 � � � � }

� 1963 Z Muller � �

[1]
| r s c ~ 21 cm j A 0 < N ` : (High-velocity clouds, HVCs)

� � � HVCs � + r � d C S B H a < �

g ! HVCs C � � q O � s c ~ : � n H L ` ! B V � 5 z � � • 5 A S � 	 H _ � C

R � | V � E & + � a i 7 � (Local Standard of Rest, LSR) � H L ` ! 6 � jvLSR j � 90 km/s

� J �

[2] ( . G & � � vGSR � J � [ v m � vGSR = vLSR + 200 sin l cosb � n s GSR � � [ �

Galactic Standard of Rest � l { b ; < � � ] { � � � } W � H / , � � B � � c � g � � C

K � vLSR ) � HVCs E M � � v 7 30%� 40% � � +

[3]
� n ; E � � 1 � 40 * Z � 
 f N �

7 300 * S HVCs � n G F � $ � ; . � 9 � � � � l G � � 1 s � Complex A � Complex B

{ Complex C C � � n t v 7 0 < � 3 S � � � +

[4]
� Complex M (Mathewson { Meng) �

Complex WA-WD (Wannier) � C � n 0 < U G F � � Complex H (Hulsbosch) C � & n ! r F

7 x e � x e U F � G F � � 5 T / : & (Magellanic Stream, MS) E ; ' v 5 T / : (LMC)

� � d D a ] � 2004-03-23 � v J a ] � 2004-05-13

L N q [ � o . � � w p � O � � J M (10203004 � 10173017) � ' u G � � w p � O � � J M (02ZA14093) �

o . 973 � � J M (G1999075402)



� 4 m � M � 
 � O a ; y f T L 319�

{ P 5 T / : (SMC) � d � � � � R 
 i n A v z s � � n G F � � � Complex ACHN '

ACVHV A 5 � W 7 L � Complex GCN ' GCP A W � W 7 L � � : & HVCs x e � ^ 	 �

� � � $ i 5 V � f N q c

[5]
� d L ` ! � ] � � G � � v vLSR = � 464 km/s � Complex C

' MS E M � & w g 7 ! � v z � - n h � HVCs G E M ' ! � [ P � � + � T H ` ! = $

� P � N P v � v * � $ k � N P @ ! �

� 1 HVCs 	 
 w < F

[5]

( % | U HVC X e  Z j � � @ # � e � � P D 


W ' Z � e � t A z 2 � 5 c (HST) � � � z 2 n N s (FUSE) [6]
� f N � " 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]

t v I L { n h � B , � � j m �

� 5 c f N � S b � � d HVCs � x e S � � � S J U � D $ � D l � � R � L 9 Wakker {

van Woerden [11]
� % ( ! � � W 9 � k v S K � T � � � � � HVCs � P a ! F _ � T H ` !

F _ � 7 2 a ! � Z � v � � l U � X , A f N � CO f N � ) � W � y � L ) L x � � R x e

S K � ! � � c � l > HVCs (Compact HVCs � CHVCs) c r � n o " • � n N � Complex

C � N P @ ! ( 7 0.1 Z � ) � N ! � � HVCs � x e � & Complex A � � n , A \ � � m � N

� (4� 10 kpc) � H� 0 , A f N & m � � ? p � t v " A HVCs T q Q � Z � f N ' U f H

W � , A � � � � / E L ) ' � HVCs � x e S K � � # E o 0 HVCs � p 1 � � \ � - E �

y L ) m � N � { HVCs s � Z � ^ q � o 0 � � F { K � 9 � ( E �

2 � ) 	 HVCs 
 z g V N

2.1 CHVCs

� $ W � HVCs l �  q � c r �� i : z ! d � x e � � - � � Braun { Burton [12]

o LDS t v s l d � 65 S CHVCs S b ; 0 � B s � HVCs x e � U i K � W � x e 
 ]
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\ � HVCs x e � U � � � Braun { Burton � F ? W d � CHVCs � . � { f N c r � c �

� � @ d d P $ 2�
� A + Z 5 � L u 5 8 � 100 km/s � ` ! L + Z 5 � s W 8 3 � � _ m

� 7 1 Mpc � v P � 15 kpc � s c ~ r � ( 7 107 M � ) ' ( v ) � Z 5 E ~ � � n " = � m q

X A h * 7 B ' + Z 5 � � n h Z 5 � ] � A v z s r < ; E � � - & R x e N � f N z 2

; 4 * � � + { H _ � ? p � 
 j � � v � N ; 4 * x e S � G [ U � CHVCs � f N c r "

. � L U �

2.1.1 � � � � 


de Heij � �

[13]
� ~ � % v � LDS t v

[14]
' Q v � HIPASS t v

[15]
� f N U i �

� v c � ; 0 CHVCs V 7 B c r 
 � d F 0 � CHVCs A � n { ` ! & C � � � < $ n h

Complexs { MS � HVCs � n � > ! � $ 1:5� 1018 cm� 2
� � _ @ d d P $ 1�

� $ � de Heij

� � � o 0 � f N � l F Q � � � � v � � . r � \mini-halo" H _ V a � x � ' f N C ~ �

- ' f N C ~ � - � H _ � CHVCs � * 7 v s c ~ (HI) 10 7 M � � n T H r �  o T * �

� 1:7�� 1:8 � A h U ; E � U � A � � • 5 � s W 150 kpc { � M31 � s W 200 kpc 6 � T

^ N [ ; E �

Westmeier � �

[16]
� � E�elsberg 100 m , � � 5 c & de Heij � � ' Braun { Burton

r d � 11 S CHVCs S b � f N � 0 < v * U CHVCs � B C � & [ � � n s 10 S l � F ?

� a � � Y E CHVCs ' � J ! � � L r s A d 
 " � � ? � m � � CHVCs s A $ � • 5 H

W - B C ; E $ \ S + Z 5 � T � n r � � J C 105 M � � & �v P 7 1 kpc �

2.1.2 	 � � � � 
 � � 


| r N @ ; 4 * f N � x � 7 ( x _ { ' _ + � � x e CHVCs � T H F _ � Braun {

Burton [17� 19]
o 65 S CHVCs s l d l � x : c � 6 S CHVCs ( ; E 6 � k � � 127 km/s

< v LSR < +165 km/s � A � 6� 95 km/s) � � � WSRT (Westerbork Synthesis Radio Telescope),

� � 5 c S b � N @ ; 4 * ( @ D � & ) f N x e � F p 0 < � i : � h * ^ ~ a h � l � � S �

' S * # � > ! q � � 
 � � l > y � � m � A 0.5� 1 Mpc a 2 � x � � 1 g ` � 	 H _ C R �

� 	 � A x � � x � ' NFW H _

[20] ( � � � > � . r > ! ; E � (r ) /
1

(r=r s)(1 + r=r s)2 �

n s r s � � > � q X � d ) W d � k 	 � A E C ~ �� . r r � � x 9 . r � 10� 50 ) � �

_ r � 7 107 M � �! � � > A T x t 109 M � � & � n s � S CHVC (CHVC 125+41 � 207)

� N P @ ! � 0.04� 0.07Z � � g � W R c r ' + Z 5 � s � � R P r � Z 5 � � [ � � E ]

a h � + Z 5 � T b + v � 200 S W � � CHVCs � de Heij � �

[21] 2002 Z � � WSRT , �

� 5 c # & h : � v c x e s � $ � 5 S CHVCs S b � N ; 4 * x e � F p � � � F 0 �

+ ' & R E ~ �

2.1.3 mini-halo � � � � � � � �

� � H E f N < N � h * x e U � K � � mini-halo H _

[22]
� J H _ � � � HVCs C �

R  � � P � > - : C v Z 5 � � \ H ; � Lewis � �

[23]
r d � x � � E & A 5 � A � v t

� � � � � c < N � ^ E � . r � s A � ? h d � � p HVCs k = $ h B V f N � � � � �

c < N �} K CHVCs W � v � Q > T y � v t C � x V | r | d 4 m � & � j m � 5 c f

N � J < N � �

� � B ( x e U 5 & Mini-halo H _ � Sternberg � �

[24]
K � � & [ � � t t : H _ ( %
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t t : C u � 7 T � � . r � � � � { h $ & t � � m g � � l ) � A �CDM * } m H _ 8 & >

! ; E C ~ NFW H _ { Burkert H _ ( � � � > � . r > ! ; E � (r ) /
1

(r + r s)( r 2 + r 2
s )2 �

n s r s � � > � q X � d ) � � x � a ; < ! � U f H W � ] r ; 0 � d � � p CHVCs C •

T � � O 8 i � q X m � � � 150 kpc � E 5 � � p i C • � � � n � _ m � � � 750 kpc �

m 7 i � � > < : V 2 # � � _ � � . r U > ! � 0:08 cm� 3
� W , f N � � � Z 5 � E � f

P � * � � m Sternberg � � _ ` CHVCs C • T v t � f � �

Maloney { Putman [25]
& v � { B v � � . r � � � � & [ H _ S b � U f H W � ? '

HIPASS t v

[26]
F p S b , A � F p 0 < � � p � . r ' t t � , � 7 � 10:1 � G CHVCs

� � _ m � 7 � 330 kpc � � p B v � � . r � G � _ m � 7 � 1.5 Mpc � 0 0 Z 5 � > > !

; E C ~ NFW � Burkert H _

[27]
� G CHVCs � m � 7 � 200 kpc � W & CHVCs C • � v

t � 0 Y r d � z O � > ! ; E C ~ NFW ; E � H _ [ x � � ! � � . r A T � CHVCs �

r � 7 A 5 � 108� 2 � 109 M � a 2 � H W s j 0 < 16 S CHVCs - B C g l y � 250 S � �

m x ` CHVCs C B C • � v t � � y S � G x e � $ � � A mini-halo H _ s CHVCs � B

� � � . r > � � p u ) t t C N ! � � � ( t t � r � � s c ~ � 20� 30 ) ) � " � . r '

t t l � ~ � , � � O 8 n � � � m r � < 7 � 4� 1011 M � � W R r � � & + Z 5 � � � �

m r _ p E ; " � � - { i : 1 K A � � A � � v v X r f N f � * : � � � HVCs � � r

� C B � W 8 v � B V y � � � � s A � R B � � c � � � � � ! � b + � HVCs U L � b

+ �� . r ' t t � , � { HVCs r � ; E w U � a > � � g � 8 F 0 � 7 r D �

d � mini-halo H _ C � � R 5 & � } C i � C � � 1 � � � � Mini-halo C L x & b � • &

\ � F _ a \ � 0 � " U f H W s - � s A � v t � i : v � t t � � 0 & = x � a \ HVCs �

~ � � mini-halo H _ � � 0 � j v � � f ; � [ ~ � � H > ? | r [ * � f N � ^ 9 �

2.2 Cmplex C

Complex C C R n $ MS � � / v HVC � n m � { r � � B � � � � Wakker [28]
� � i �

m � 7 5� 20 kpc � r � 7 (3� 50)� 106 M � � Complex C E M � 1600 * g 7 ! � % v �

[29]
�

? � g r 7 � 130 km/s � ` ! L � • 5 8 3 � n ; E F _ � � 2 g ? � � � � 5 H ; � \ �

CIA � CIB � CIC { CIIIA � CIIIB � CIIIC � H ; � � Giovanelli � �

[30]
G F � CeI� CeV �

e 
 * G F � y W � $ l = 68 � , b = 38 �
� CeI � I * Giovanelli � � G F � \C-extension" �

Complex D � � Wakker { van Woerden [31]
G F � i H W � y W \CD" A l = 90 �

� b = 34 �

h � vLSR < � 150 km/s � y W CK � A l = 75 �
� b = 37 �

h � vLSR � � 90 km/s �

W ' Z & Complex C � x e � � ! s A & n N P @ ! � f N " n a \ � U f H W & �

2.2.1 � � � � �

� $ � ( ' Z 5 E 
 " � � ^ i { m � � ? � � h * m U � � H A 7 L AGNs � 1 K A

� x e HVCs � x e HVCs s t t � N P @ ! � � $ � H n p 1 � � p i � N P @ ! , A

� � � 0.1� 0.3 Z � ( u ) Z � F Z

[33]
� % dust depletion) � G � x V C > s � t t � U •

� � P � > s t t � � p N P v � N � ' k � @ ! E ~ � O 8 h x V C \ Z 5 b � " s � t

t � ' Z 5 ` E d � t t � Wakker � �

[29]
M n � m 7 4 � � � " D q 1 _ Z 5 Mrk 290

j j s � & � 1 K A � � d HVCs � N P @ ! � 0.1 Z � � a 
 h * � 0 < HVCs � N P @ ! A
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� 2 Complex C < F G ` �

[32]

� & 9 � � ^ � � & 9 � � � 
 � P D > > ( � � $ # 0.05 � 0.4 � 1.0 K 
 � u X e  D � z X �  o �( ` �

AGNs $ � ] �  o 


V S H A 7 L & C B ~ � � Gibson � �

[34]
o 5 S H A 7 L & n ! � x e � 0 < A Mrk 290

7 L [S/H]= � 1:05� 0.12 � W _ ` � Wakker � F 0 � � - e � H A 7 L � B ~ � [SII/HI] A

� 1:10� 0.48 a 2 � W x V C ` t t � + � E \ � � Murphy � �

[35]
� � FUSE & " D q 1 _

Z 5 Mrk 876 H A 7 L � f N � 0 < HVCs � FeII @ ! C k � � 0.5 ) � Richter � �

[36;37]

| r & � Z t PG 1259+593 H A 7 L � x e � d � N ` : Complex C � N P @ ! 7 � 0.1 Z �

([O/H]= � 1:03+0 :37
� 0:31) � b + i C ] A � � • 5 s W 8 3 � � N P @ ! t t : � ~ � Collins �

�

[38]
� ~ FUSE { HST U i � o 8 S H A 7 L S b x e � F p 0 < � Complex C B V � z

� � N P @ ! � C R � i A B ~ H A 7 L & � N P @ ! S < � v � � [OI/HI] � � � N P @ !

� 0.1� 0.25Z � a 2 � - � [SII/HI] � � � N P @ ! A 0.1� 0.6 Z � a 2 � J R H ; � N P @ !

, � � g � � � f N � Y E i x V C \ Z 5 b � " ' � @ ! t t : � � ~ t � [S/O] { [Si/O]

' k � � f E ~ � Y E Z � � ( � 9 � � � - _ � H @ Y E i x V ' II _ X U Z $ 0 Z A �

d � Tripp � �

[39]
| r ; 0 HST & � \ K + j � (STIS) A � Z t 3C351 7 L � f N � 0

< Complex C C � ~ � N P @ ! t t : � i ] A L � ` 8 3 ? s = ' � • 5 { � t t 0 4 E


 " � � e 
 Fox � �

[40]
# | r HST { FUSE � f N A 5 S H A 7 L S b � x e � h d

Complex C * N ! � � � t t ! � � � ? { � � W R N ! � � t t C Complex C ' � B # !

T � 107
� � L r E 
 " � � F p �

2.2.2 � � � � �

1972 Z Davies [41]
A & � • 5 � k . F _ S b f N x e 7 r d � Complex C x V C LMC

' � k . " � a \ � � � 4 � W � f � � Kawata � �

[42]
S b � � 5 ! N ; 4 * N t U f

H W � h : K � � • 5 ( v � y � � ` � � > ) ' � Z 5 E 
 " � � H _ � 0 < � S } ! � Q L

% i r � • 5 � r � ' LMC E 9 ( 7 3� 1010 M � ) � � Z 5 A m � • 5 s W 7 15 kpc h � x
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� T 4 z 2 ; E � = � m c r � � > ! � ' Complex C E ] � v t �} Gardiner { Noguchi
[43]

� � � LMC B x V A m � W 15 kpc T i r � ` ( n n � � W � W m � 45 kpc) � � L x �

i � 9 � � } f N ^ E � W � � � Z 5 s A � Kawata � � � � � f : � � x x V � � C � $

� • 5 y � < n • � - B V * f N � � / C i B v � x * n N � � y � . r � B G Complex

C - C � Z 5 ' � k . " � 
 � T . � $ � Bekki { Freeman [44]
� U f H W : E � k 	 � #

| � > x � � l ` t t L N � ! { K � Kawata � � � � W � H _ V a H E Complex C C �

• 5 � k . � � H ; �

2.3 � A < 9 S HVCs

N ! � � HVCs � x e x � � � ] � t t � � � � p ( j l � � � d 
 � � ) " n g h �

� b � Sembach� �

[45;46]
A � � HST x e � • 5 � > s � t t 7 � 0 < � 4 S l � N ! � �

c r � HVCs � h : A Mrk 509 { j m � 2 Z 5 PKS 2511� 304 7 L & ; < 0 < � � S HVCs

l � � y � CIV 1 K A � } n CII ' SiII 1 K A { ~ 21 cm 0 , A � �  � ~ 7 Sembach�

� � 0 < Z 5 , � � j � � H _ , d 
 � � H _ V a [ x � ' f N F p E C � FUSE " Z &

v < � HVCs f N � � U � S K � � $ FUSE � f N @ W 6 � A 912� 1187�A a 2 � - OVI �

� { j A (1031.926�A { 1031.617�A) v x 3 A & R f N 6 � T � � m e 
 � x e � � ! s A

OVI � 1 K A & � 2003 Z FUSE 
 \ � & • � 100 S UV @ $ A � v t � OVI 1 K A � f

N

[47� 49]
� ? 0 < A 138 S 7 L & � f N � 83 S 7 L s A 1 K A � ^ � 117 S v t v � OVI

\ ; �

� W � A PKS 2155� 304 { Mrk 290 7 L & � Collins { Shull [50]
� ~ � HST/STIS

' FUSE � f N U i � & Sembach� � 0 < � 4 S N ! � � HVCs " � OVI 1 K A � " m

(SiII/III/IV) { m (CII/III/IV) � > ! � x e � F p � d � h * ' Sembach� � B ~ � F 0 �

� � � 3 S N � � HVCs � - $ � S CII � SiII A � � N ! � � � . � ' Z 5 { � > E 
 " �

� d � Y E N � � � � HVCs � p 1 x V B ~ � � p � � N ! � � HVCs � $ � > s (d < 50

kpc) � G UV j � j l � � H _ G & OVI � b + r � � % < K � Z 5 , � � j ' _ ( � QSOs

{ AGN ] > ) H _ � B V ' f N E C � - K � OVI � � � d 
 � � T 4 � n h � � � Z 5 ,

j � U � � T 4 � H _ � G ' f N A � E C � f N � � � > ! ' Complex C , A ( 9 : 1) �

d N (OVI)/ N (CIV) S < � P � - Fox � �

[40]
� � Complex C � OVI C � $ T y ' � J ! �

- 1 � K ; t n H PKS 2155 � 340 I Mrk 509 ? r b 7 4 E B = : T HVCs y Collin 8 `

| R t h PG 1259+593 ? r b 5 3 7 Complex C . i 2 @ 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 � 9 4 b # 
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� � � L r E 
 " � a \ � � g � W 4 S N ! � � HVCs � CIV ' OVI � T 4 � p x V '

Complex C E ~ �

2.4 � Y � W z V (MS)

MS C g 0 < � � v � HVC � i v � 7 2 � 108 M � � s c ~ � E M � v 7 100� � 10�
Q

7 v �

[51]
� 1974 Z Mathewson � �

[52]
M : 0 < � i � v a ! F _ �? < n G F � MS �

h : < MS ; \ 6 H ; � MSI� MSVI � n A � � $ 7 5 s � ; E � � 3 g ? � MS C u P �

i � � ` � n p 1 ' LMC � SMC � d � HVC � W ' Z & i � x e S K � � C F _ � f N x

e ' U f H W �

� 3 MS a " < F �

[53]

� # 3 � ; @ � � " � # 9 b � 9 
 � b # �p vLSR = � 380 km/s ( � ) � vLSR = +450 km/s ( � ) 


2.4.1 � 
 � � �

Wakker � �

[54]
A " D q 1 _ Z 5 NGC 3783 7 L & WW 187 (HVC 287+23+240) S b

� f N � h : 
 i H _ 	 % WW 187 C MS � . � � H ; � W _ ` � MS a \ 0 Y � Y 4 H

_ ( 9 � 3 E ) � Stanimirovic � �

[55]
� � Aricibo , � � 5 c & MS � MSV { MSVI � S

� F _ " � ~ 21 cm 0 , A x e � 0 < MS � T I � p B x V C � � T I � � � c P � � x

V � � � > � t t � u � � � W Putman � �

[53]
| r HIPASS & MS " n { � � b 
 \ �

f N U i x e � B ? � MS � � R ; � q X � ~ � MS 7 L ; \ � _ � � � F _ � � H F ? �

� � F _ � $ � � & MS N P @ ! � x e : E � i ' LMC � SMC > z E d � Lu � �

[56]
A

NGC 3783 7 L � d (SII/HI) C k � N P @ ! � 0:25� 0.07 ) � Gibson � �

[57]
A Faira ll9

7 L � � (SII/HI) C k � N P @ ! � 0:33� 0:05 ) � W R F p ' ~ P LMC � SMC � f N f

� + � l �

2.4.2 � � � � �

Maddison � �

[58]
Y i Kawata [59]

r d � TreeSPH c 4 � K � � • 5 ' LMC � SMC
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~ ? � H _ S b � U f H W � 0 < Y 4 � < SMC � � � H ; t t � d � a \ � S ' f N

E ] � k t t MS � W � F p _ ` � MS a \ � Y 4 H _ � Mastropietro � �

[60]
K � �

• 5 ' LMC E 
 " � � H _ S b N-Body/SPH U f H W � 0 < � > s � � t t � d 
 u

� � � < 1:4 � 108 M � � t t o LMC � Z 5 ` & � � - a \ ' MS E ] � t t : � � W

Connors � �

[61]
= � N ; 4 * N t U f H W � 0 < 1:5 � 109 yr x � • 5 ' 5 T / : E 


" � a \ MS � 0:2 � 108 yr x LMC ' SMC E 
 " � a \ MS < A � T H F _ �

2.5 � ^ g HVCs

2.5.1 Complex A

Complex A C M n * 0 < � HVCs a � � � C u P � i � � m � E & � � � HVC � � �

4 � i ! v 7 H ; � AI � AVI { B � i � h * q c * � � C g � HVCs � ^ ~ q X � N � ! �

� � ' Z 5 t t � ; � N ` ! � A c F _ � l � � � � � � T y �

� 4 Complex A < F G ` �

[32]

� & 9 � � ^ � � & 9 � � � 
 � # 3 � � � � 9 0 � # 9 b � 9 
 � b # 3 � � � P D > > ( � � $ # 0.05 � 0.3 �

0.6 � 1.0 K 
 � u � X e  D � z X �  o �( ` � AGNs $ � ] �  o 


� � Wakker � �

[62]
Y i A ! D q 1 _ Z 5 Mrk 106 7 L � y � MgII 1 K A - A � Z PG

0859+593 { PG 0906+597 7 L 9 � � � " W � S 7 L HI 0 , A y ! � + � l W � S f N A

9 � � d Complex A � m � 8 ? � (4� 1) kpc ( � ` N ! z > (2:5 � 0:6) kpc) � van Woerden

� �

[63]
# � � v e Z ' v | RR _ 2 Z AD Uma ( d = (10 :1 � 0:9) kpc) 7 L & � CaII 1 K

A � � d Complex A � m � & ? � (10 � 1) kpc �? � m 	 d n r � A (1.5� 10)� 105 M � a

2 � � $ � ( UV ' _ � Z � Complex A � N P @ ! � B � � � � Wakker [64]
� � i � OI

@ ! � k � N P @ ! � 0.05� 0.1 ) �~ � W � s A � � v � B � � c �

2.5.2 Complex H
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Complex H � $ � ` & � g � x � | r A � � O � B _ � Z & n S b n N � Complex

H � F _ � � 5 g ? � s 2 � � � y W m � d > 5 kpc � � m 	 d n r � > 106 M �
[64:65]

�

Lockman [66]
A & Complex H � ~ 21 cm 0 , j A f N x e 
 � � � Complex H C n � Y b

� � • 5 " Z v t � f N 0 < n P a ! F _ ' MS � h * E ] a h � - { 	 % i ] ' � • 5

� > � � ` � � H ; 0 4 E 
 " � � Lockman ; � � � S Y b 0 n � � n � g B ' � ` \ 7

45�
{ � W m R = (33 � 9) kpc � H _ �? 0 < � W S H _ � � � Complex H F _ ' f N �

� Complex H F _ V a � x � C ~ �

� 5 Complex H < F G ` �

[32]

� & 9 � � ^ � � & 9 � � � 
 � # 3 � ; @ � � 9 8 � # 9 b � 9 
 � b # � � P D > > ( � % � $ # 0.05 � 0.3 �

0.6 � 1.0 K 
 � u X e  D � z X �  o �( ` � AGNs $ � ] �  o 


� � W � & HVCs � x e � � ! s A � & ' � � x � t d � d � HVCs � x e � � � ; � \

p �} � � ~ * ) s � y H q � g � � � ' Z � C v % m x e � > � a � �

3 � r 3 c [

HVCs � 0 < Y i 
 ] � 40 * Z �} � $ f N L $ � ? p � � : & i � h * . � c r �

` a 3 ( � - & n p 1 [ C z Y ? ( � Wakker { van Woerdan [11]
; 0 � v � HVCs a \ 0

Y � � F d � � � � ' x � Z 5 b � � � • 5 � k . � { K H ; � Z 5 1 � . r � 5 T / : E


 " � �m � � � � � R x e U r d HVCs C P � . r > (mini-halo) s t t � f � � � � x

B r � � CHVCs �

3.1 � s m \ _
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1976 Z Shapiro { Field [67]
M n r d \ Z 5 b � " L \ � 1981 Z Kahn [68]

W d � � �

S H 0 H _ � a 
 h * x e U & n " � S � G 
 %

[69;70]
� Z 5 b � � � + . � C � Z 5 ` &

� X U Z $ 0 < ` & � t t j � � � N ! 
 
 � � 3 � ` & � ' Z A B ~ � W S r _ 9 � r

� f 5 � Y i h * / � H W A B ~ _ ! & ^ 9 � � R � 0 H _ �} � s A w y B �

[71� 73]
�

d � de Avillez [74� 77]
& Z 5 b � � • � " � � 5 ! # � U f H W � W � � � J � g K f � #

� H W F p : E � b � s = $ Z 5 ` N ! Z = 1 � 1.5 kpc � � 7 � - B C Z 5 ` s W g B h

(Z = 0 kpc) � Y i H _ x � � d � W R t t � N x � t Z = 10 kpc h � t t 
 � 8 3 a \ �

t t : v P o ' pc � ' � pc � 8 3 t t A Z 7 L � � v ` ! v H ; A 20� 90 km/s a 2 �

( H ; P $ 20 km/s � v $ 90 km/s � G [ ( ( 7 5%) � 8 3 ` ! � v x t � 300 km/s � B ~

` ! � : T H ` ! = $ 7 � 20 km/s � v H ; : a \ $ Z = 1 � 2 kpc h � A [ N Z � � 7 �

� $ 
 � 7 7 2 W - j � � ( � HI : a \ � � $ U f H _ j V { 1 � Z = � 4 kpc h � g �

� S & Z A v h � HVCs U L " d b c � & R F p � x � H E � � R HVCs � p 1 �

� - � 
 i Z 5 b � H _ � 	 % � HVCs � N P @ ! � J v l ' k � @ ! E ~ � W h B

V H E O R f N � � , k � N P @ ! � � HVCs ( u ) Z � F Z � � H ) � � m W S H _ ? B

V B ? g � HVCs � p 1 �

3.2 � s m u 1 6 / U

] r ; 0 x � H _ � B � � � F v � f N ? F ~ ~ P * } m � 0 � Blitz � �

[5]
r d HVCs

C + Z 5 � a \ � M & . r � f � �? { W d � n � + c r � � _ d d � 25 kpc � m � Z 5

s W 7 40 kpc � ] A L + Z 5 � 8 3 � v � 3 � 107 M � s c t t { 3 � 108 M � � � . r �

+ Z 5 � g � HVCs 7 v � 1010 M � � s c t t �m � � A 5 � HVCs C L + Z 5 � 8 3 �

t t - { * � . r > ! � � � Z 5 b � B V H E HVCs � p 1 � Blitz � � � W d � � R x �

* f N ^ 9 � � 0 , | � N P @ ! , k � � � HVCs � H� 0 , A y ! , MS � � HVCs �

V a | r 1 K A { 0 , A � f N n h Z 5 � s � HVCs �

~ � � W S H _ � B " f N � z O � Zwann { Briggs [78]
h d � A Arecibo , � � 5 c &

14 S Z 5 � s 300 * S Z 5 � t v s � ? 9 � Q � � ] HVCs � v t � h : � � HVCs � Z

5 s W � � _ m � � � 200 kpc �� . r v � � t 98% � [ N ( h C Y t t � ( ) �

3.3 � Y � W z V (MS)

d $ MS � p 1 � � x 0 Y � � x C Y 4 � H _

[79� 81]
� � � LMC ' SMC C E 
 �

	 � W Z 5 5 � � A 1.5� 2 Gyr x i : � r W C g ( E m 7 kpc) � LMC & SMC � Y 4 � <

� SMC � � H ; * � d a \ MS � 0.2 Gyr x � � / n W m � C g a \ � MS < A � T H F

_ � $ � x C u � d 
 H _ � i � � x f �

[82]
� � x � � C = $ � Z , � t t & 5 T / : �

H " � < 5 T / : T H ` ! ; E K 2 � - $ � x f � � � C 5 T / : T H t t ' > s 
 t t

� d 
 < 5 T / : T H t t 7 ` � � x p 1 0 Y � � � � < A $

[83]
� Y 4 � H _ , | MS l

� \ � . ' � " � F _ { x V s A � Z � - u � d 
 H _ , | 9 � W R q X � 5 T / : & s �

. � 0 < _ ` � Y 4 H _

[84]
� } HIPASS I L

[85]
� N ; 4 * f N � B V ^ E N � S H _ [

] � �

& $ HVCs � p 1 �f � ^ ~ � � MS � a \ ' 5 T / : � d � � n h � a \ � p � A

Y 0 a s �
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4 � H� 2 . C ) o 
 
 P �

o W ' Z & HVCs � x e x � t d � m � � B � � c C p 1 n o s s A � � S � � )

s � v * U . � � � ' m � d � d ( x f N � C @ d d ) � � � v P (/ d) � r � (/ d2) �

u � (/ d� 1) � j � # ! ' i , d � x 9 � � G x e HVCs � p 1 � . � q c � F _ q X �

� 5 ! c r � m � � � � C � � + � C � y � � � m � � ? � 7 4 � * x � � � x B 
 ]

r � � 1 K A 7 4 � J 7 4 | r ; 0 � Z t H A s � 1 K A \ ; � " 
 ` m � � � Z � ,

1 K � ? � m � ( W d & � 8 ? ) � � � j m 0 , A ( � � C H� 0 , A ) & m � � ? p � C

q - � � HVCs m � � � � 7 4 a � � n . � C � � p HVCs A � > � � G � ` 0 d � j

� : < n : B � � � @ F ~ 0 , � S - T 4 x � * n N � � H� A � � p HVCs A • � �

� * } ' _ j � � � T 4 � H� A �  - B V * n N � � � m � | r ; � ' f N A � C ~

� H _ % x q - a % HVCs � m � � u P 
 � 7 20 S HVCs * n N � � H� 0 , A � n s

! � Weiner { Williams [86]
n N � � MS � Tufte � �

[87]
f N � � Complex A � Complex

C � Complex M � Bland-Hawthorn � �

[88]
f N � � Complex GP � Tufte � �

[89]
f N

� � 4 S CHVCs � Weiner [90]
f N � � Complex L � Complex AC � Complex GCN � �

Weiner � �

[91]
� � � HVCs � H� 0 , A a \ $ � • 5 Z } � Z � � � j � & ~ � � �

F ~ � h : � d W � HVCs m � • 5 s W 5� 30 kpc � � 6 C ~ P B ~ f N U � � � HVCs

& � � n z � � mR (R � Rayleigh, 1 mR = 2:41� 10� 7 J � cm� 2 � s� 1 � sr� 1) � � 7 � Weiner

� � 
 i H _ � � � m � { & � d 5 � n d A � T * � � 2.2 �

� 6 � C • g O V � � 	 HVCs ' �

[91]
� 7 HVCs ' � ( n � 	 B d e 6

[91]

MS A LMC ' SMC H W ( 7 50 kpc) � � y � H� 0 , A � W ; � ' j u ) � • 5 j �

j l � � - T 4 H� 0 , A � H _ 7 ) � Weiner � � f � u ) n h � p � � � � > s t t '

MS d 
 < n � � � � p �
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Putman � �

[92]
� � AAT (Anglo-Australian Telescope) { WHT (William Herschel Tele-

scope)� f N � & � R HVCs " � H� j j x e � h : 0 < Complex L � Complex M � Complex

H � Complex GCP � Complex A � Complex C � MS { � S CHVCs � � H� 0 , A � n &

� A 30 mR k 7 640 mR a 2 � � 8 � W R HVCs A � � $ 7 5 s � ; E �

� 8 � 	 S HVCs B � � % 8 6 t 	 < F

[92]

: X � h Q � ! H� 3 / D � HVCs � { X � � h Q � ! H� 3 / D � HVCs 


Putman � � � 0 < � f N � � H� 0 , A & � ' Bland-Hawthorn { Maloney [93;94]
;

� � \ ` � � > " H _ V a C ~ A x � W S H _ u ) 5 S � + � \ � � k . & OB Z � � \

� Z 5 ` � Z 5  � � � � > � LMC � SMC � * } ' _ � 
 i W S H _ � Putman � � �

� l � H� 0 , A � HVCs � � W m � P $ 40 kpc �} W ? B C Y 9 � n N � H� 0 , A �

HVCs � � W m h � v $ 40 kpc � � p � • 5 T � HVCs � f N @ ! � � � � 9 � � $ k .

& 7 � � 9 h A HII � � G � � x V f N B � H� 0 , A � h : � I N � MS l � y H� 0 ,

A � . � �f j l � � � � � x V C ' � > t t E 
 " � � " MS � � Z � e � d �

x 9 � H� 0 , A & m � � ? p d � � � * B � � c �} A ' � g � HVCs � m � � B

� � � P v � i � C * : c G � H HVCs c r � � Q \ l a � �

5 � s S � \ ] =

� p V A HVCs s n N � � � Z s A � O 8 , 0 C m � � C n h c r � x � | r x e n

� Z - � � d C � 2 C � u � � W & $ B ? i : � p 1 � v � ) � � g � � : A W 7 B ! �

B ( f N �~ P A Z 5 a \ ' • � x e s i 6 K � • & \ � � F _ a \ H _ � - U f H W �

� � + Z 5 � � � F _ U L , f N � � � Z 5 � * � *

[95;96]
�I N � R HVCs C J R � F

_ s � t t C H q W S ) s � z * 7 4 a � � 0 � W � I N P 9 � O 8 W � HVCs s x V �

� Z s A � � Z ] A a \ � � � � Z • � 
 l T . s A �

Simon { Blitz [97]
� � POSS (Palomar Observatory Sky Survey)t v � A % v � 264 S

HVCs { � 1 g 7 ! � 6 � T q Q � Z 5 � h : M : 
 n 
 � x _ � � Z + � � � 
 � / �

* I > W ~ 7 4 O f \ K � f / 4 � H � < N � � 
 A � Z 5 v P a ! & S b , @ (�lter) �
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� H y � : B � ! v t (Low Surface Brightness, LSB) � & , ! � A W 264 S HVCs { � ^ 0

< � 60 S LSB v t s A �} A 
 j � f N s 9 � 0 < � S � Z 5 � Willman � �

[98]
� �

SDSS t v U i & 325 g 7 ! v z s � 13 S HVCs ( ! � � S CHVC) S b n N � F p A n N

 ? T � 9 � 0 < HVCs � e � � } � Z \ ; �

� W Hopp � �

[99;100]
� � 8.2 m VLT j m � 5 c { 2MASS t v U i � & 5 S � E�sberg

, � � 5 c n N � � CHVCs S b � ^ q � Z � x e � h : : � VLT A V ( H Z �  ? � 25�

26) { I @ $ ( H Z �  ? � 23� 24) & 5 S CHVCs s W � + S b f N � F p 9 � Q � � Z �

� 
 # Y i 2MASS U i A 3 S W 	 � @ $ ( H Z �  ? J = 15:8 � H = 15:1 � K s = 14:3)

A n s 4 S CHVCs { � � d 1�
� 6 � T q Q � � 9 � 0 < � � } Z � \ / Z s A � 	 k Z

(RGB) A V � I @ $ � * n N � � • � h $ : S k Z _ D $ � � Z (AGB) A W 	 � @ $ �

� � * n N � � VLT x � n N � 2 Mpc 5 h � RGB � 2MASS G x � n N � 300 kpc 5 h

� AGB � � - � , 0 A HVCs � s W � C { / � + � 9 � n N � � Z � � m Hopp � � 	 %

W 5 S CHVCs s v � � Z � ' * � � n � �

8 $ q Q � Z � ^ � � � 5 � Q v � HVCs s C B s A � Z � � C S B H a < � f � [

* f N � S � G ^ 9 �

6 � p 2 ) N �

HVCs � p 1 x e W � : r d � � * ) s � � p ^ E J � HVCs C * } m a ! & � . t �

O 8 i : g & � � v t � J C 8 8 � A � R • � Z 5 s x V 
 ] n N � HVCs ( 9 Wakker {

van Woerden � � R

[11]
" n � % ) � O 8 s A HVCs C B C • � Z 5 � i 6 < N � HVCs

� � B C B � � . r > � i : � � r � & � � m � , y � � � H � � p • � Z 5 { � � s A

� ] HVCs � v t � O 8 i : & � Z t 1 K A � J � ] > � ] > � * v � i : & � Z t 1 K

A 5 � � = � m ; 0 � H # � * v � � h A � Z t � j j s s A HVCs � p � 1 K A � j C

� 9 � � � � � W Charlton � �

[101]
� H _ + c : E � HVCs B � � H E f N � � MgII {

Lyman Limit 1 K A 5 � � i : x V B C Z 5 � s 8 3 � . t � ~ � W � � � � * B � � c �

� p N 	 � Z 5 s � n { � � s A � ] HVCs � . t � - { W R . t � Z 5 s W 8 3 � O 8
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[104]
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High-Velocity Clouds

WANG Xiang-hua, LIN Wei-peng

(Shanghai Astronomical Observatory, Chinese Academy of Sci ences, Shanghai 200030, China)

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

then the nature of HVCs remains controversial although morethan 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 inSouthern 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 brie
y. This paper will also give brief

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

so far failed e�orts to �nd stars in HVCs.
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