
1 29ò 1 3Ï U © Æ ? Ð Vol.29, No. 3

2011c 7� PROGRESS IN ASTRONOMY Jul., 2011

©Ù?Òµ1000-8349-291-18

ÕÕÕ���			«««������­­­(((���

ë��

(¥I�Æ� þ°U©�§ þ° 200030 )

Á�µÕ�	«�3�­(�ÚC>Oþy�®´Ø��*ÿ¯¢"g 20­V 50c�ÏL¥

5���>*ÿuyda(�±5§éØÓ«lUN (�)�a(x IUN!©f�!(S�D!

Pcð(�)�*ÿÑ(@
ù�­�uy"'u�­(�®JÑeZ/¤Å�§�ÿ��¤

�£"

' � cµÕàX¶Õ�¶�­¶C>Oþ

¥¥¥ããã©©©aaaÒÒÒµµµP156.5 ©©©zzzIII£££èèèµµµA

1 Ú ó

ÕàX´���G(X§XØOV'§KÕàXÔ�(Ù¥Ì�´ð()ý�Ü©8¥3

A²��G�Õ�S"Õ�oNþäk^=é¡Ú²¡é¡(�§¥mþ
	��(��N

CÕ��þÝ�� 1 kpc)§Õ��é¡²¡¡�Õ�¡(½¡ÕàX¥¡)"ùÒ´g1785c

=IU©Æ[%í ·â���mM5ó�±5§<�éÕàXÌN——Õ���ºÝ(��

Ä�@£"

1957c§Burke[1]
!Kerr[2] ÚWesterhout [3]�ïÄ(JL²§3Õ�	«§¥5�(H
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ã 1 ÕàX H I�	«��­(��C>Oþy�«¿ã[11]

�YïÄL²§ØH I*ÿ]�	§ÕàX	«��­ÚC>Oþy�§��±ÏLÙ¦

�
å»5\±&Ä"~X§3 20­V 80–90c�§Miyamoto�<[12] Ú Reed[13] |^ OB

.(?Ø
ÕàX�1Æ(ð(�)�­"�ØõÓ��Ï§©f�½�^�ïÄÕàX�­

ÚC>Oþ(��«lUN§¿��
eZk¿Â�(J[14−16]
"Ø=Xd§�C 10õc5

<��ÏLÙ¦å»§X|^ COBE¥(]�[17−19] Ú 2MASS]�[11,20]
§±9±(S�D

��«lUN[21,22]
§lõ�À�5�\&ÄÕàX	«ØÓ¤©�Ô���­ÚC>Oþ

y�"

¯¢þ§uyÕàX	�Ô�äk�­G©Ù�ØÈ§<�3�
à	(X¥�5¿�

�3aq��­(�§AO´Ù¥�ý�(X[23−25]
§CÏ$��uy
 U/�� S/�(

X�­[26]
"�u�Ì§�©={�0�k'ÕàX	«�ºÝ(�ïÄ�?ÐV¹"

2 ¥5� H IíN���­(�

�@uyÕàX	«íN�äk�­(��*ÿ]�5g 21 cm ¥5���>Ñ

U"H IÑU¤�Ñ��©*ÿ]�´�§Ý Tb§§´Õ² l!Õ� bÚ (�é LSR�)À�

�Ý vr �¼ê§= Tb ≡ Tb(l, b, vr)§
d Tb �±�Ñ¥5���Ý©Ù ρ ≡ ρ(R, φ, z) [6]
§

ùp R�Õ%å, φ´±��§q¡Õ%� �§Ï~5½��±�� φ⊙ = 180◦
§UÕ²O

\��þÝ§
 z�Õ¡å"�(½R§3�{ü�¹e§X@��7Õ%��$Ä§��Ý

� vc ≡ vc(R)§K�±k±ec�Aúªµ

vr ≡ vr(l, b, R) = R⊙(vc/R − v⊙/R⊙) sin l cos b, (1)

ª¥ R⊙���Õ%å, 
 v⊙ = vc(R⊙) , =����$Ä�Ý"dª(1)�±�Ñµ

R = vc

[

vr

R⊙ sin j cos b
+

v⊙
R⊙

]−1

, (2)
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u´|^*ÿ� vr =�)�Ñ8I ��Õ%åR§¡� vr − R=�"

éu(½� (R, φ)§Òk ρ(R, φ, z) = ρ(z)"XP¥5� (½öÙ¦«lUN)�� ρ(z)

���¸�� (½�n)��Ô�©Ù3 z ��þ��% �?)�Õ¡å� zc§zc �¡�

¸��Ý (½�%)Õ¡å"X z ���Ýl¸� ρmax = ρ(zc) ~�� 3ρmax/4Ú ρmax/4�

�Õ¡å©OP� z3/4 Ú z1/4, K z1/2 = z1/4 − z3/4 �¡��� (�¸�)�þÝ"w,§zc

Ú z1/2Ñ� (R, φ) k'§= zc ≡ zc(R, φ) Ú z1/2 ≡ z1/2(R, φ)"zc(R, φ) �^u&Ä���

­(�§
 zc(R, φ) � φ�'XK�N
�­���¶XJk zc(R, φ) ≡ 0§K�´²�§Ø

�3�­"z1/2(R, φ) �Õ%åR�'X�^u?Ø�Ô���ºÝ©Ù´ÄLy�C>O

þ"k'|^*ÿ]� (l, b, vr) (½ ρ(z) �äN�{�ë�©z [6,27,28]"

�@�&ÿ(J´§���±�?�¥5��¥y S/�­(�§3Õ%åR = 12 kpc

�/�k zc ≈ 350 ∼ 400 pc[2]
§�vk²(�Ñ�­�±����"1979c§Henderson[29]

|^Weaver�<[30]±9Ù¦�
H IÑU]�ïÄ
H I��	«(�"¦uy3 φ = 80◦

(�Ü)Ú φ = 260◦ (HÜ)��þ¥y S /�­§3 R = 14 kpc ?Õ�¡üý� |zc| �

��Ó§þ�� 200 pc§Ù¥�Ü zc ���§=Tý H I Ô����% uÕ�¡�

þ"Henderson[29]�?
uy§� R > 14 kpc�§H I�üý��­¿Øé¡——�Ü�­

±Y�3§
3HÜ zcé¯ªu 0§���Ü��­(�'HÜ²w�õ"

�5§Henderson �<[6] |^�õ*ÿ]�[31,32] �Ñ
aq�(JµHÜ�­3

(R, φ) = (17 kpc,260◦) ?k4�� zc ≈ −850 pc§� R > 17 kpc� zc é¯ªu 0"ØL§

�X±�� φ�Cz§H IÔ���Ly�3Õ�¡(z = 0)þe�O©Ù�,«“÷�/”(

�",��¡§�Ü�­� zc �K� R­½O�"éd§Binney3 1992c���µã¥

Q�Ñ[33]
§� R ≈ 16 kpc��Ü�­�� zc > 3 kpc§
� R ≈ 20 kpc�éHÜ�­k

zc ≈ 0"Henderson�<[6]�uy
H I��C>Oþy�µ���þÝ z1/2�X¥%åR�

O�
×�O�§3ÕàX	��� z1/2 ≈ 2 kpc"

1991c§DiplasÚ Savage[8]|^ Bell¢�¿�Õ�¥H IÑU]�[34]
§�¤
����

[��ó�§Ù¥Ú\
� zc(R, φ) Ú z1/2(R, φ) aq�ü�þ z̄ (R, φ) Ú zrms(R, φ)§±�

�ÕàX	«H I���­ÚC>Oþ�þzL�"¦�uy§3±�� 90◦ < φ < 110◦ �

�S�­��4�§lR ≃ 13 kpc?� z̄ ≃ 0.1 kpc§O\� R ≃ 24 kpc?� z̄ ≃ 4 kpc¶Ù

¥ φ ≃ 130◦��þ*ÿ]��Jl�R ≃ 30 kpc§
 z̄ K�ª��� 4.5 kpc"'uC>O

þy�, 3 φ ≃ 70◦, 110◦��þ§zrmsl R ≃ 14 kpc?�� 1 kpc§O\� R ≃ 24 kpc?�

3.5 kpc¶
3 φ ≃ 130◦��þ zrms3 R ≃ 30 kpc?��� 4 kpc"¦+ DiplasÚ Savage[8]

��@�Ï Henderson�<[6]Ú Kulkarni�<[35] ¤^�*ÿ]�ØÓ§�'uH IíN�

	«�ºÝ(��Ä�(Ø´���(�ã2)"

Cc5§<�éÕàX	«H I��(��
Ø�ïÄ§¿X­u*ÿ]�?n�{�

U?ÚlnØþ&Ä�­(��/¤Å�"~X§NakanishiÚ Sofue[9]|^ 20­V 80–90c

��H IÑU]�[36−38]
§(@
H I�H��¥Øé¡S/�­(���3"2006c§Levine

�<[10] |^CÏ�ÑU]�[36,39−41]
§¿ÏLFp�©ÛÚ�Å©Û�{§?Ø
H I�	

«��­!C>OþÚ÷�/(�"21­VÐ§López-Corredoira�<[42] é(X� (�)Õ
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ã 2 ØÓ±����þ z̄ (�)Ú zrms (m)�Õ%åR�Cz[8], ã¥��Ñ
¦<�eZ�A(J[6,7,35]

�)�­(�JÑ
�«#�/¤Å�µ�é(XSÔ�6�áÈ"

��õ­V±5�ïÄL²§ÕàXíN��3�é¡ S/�­®´Ø��¯¢§½�

)º��	«Ô�7Õ%$Ä�;�¡�Õ�¡��[43]
§
¢ÿ]�L²ùü�²¡��

��� u“Õ%¨��¨�Õ%”ë���[6,10]
"

3 ð(��­

H I�áu4à(x I§Ó�4à(x IUN��kc�OB.(!c�ÕÑ(ì!(�!

©f�!²;EIC(!WR(�§§���m©ÙÚ$ÄÆA5AT� H I��q§=�

¬¥y,«�­(�§¿�H IíN@�LyÑ�¶é¡�$ÄÆA�"

3.1 OB.(�©Ù

1970c§Graham[44]éE.�S 436� OB.(�*ÿ]�?1©Û�uy§3F%å

r 6 3 kpc��S§OB.(©Ù��Õ�¡²1§��ð(�²þÕ¡å� |z| = 38.1 pc"

� r > 4 kpc�§OB.(©Ù��KÕ��� lÕ�¡§|z| > 200 pc§3 r ≈ 10 kpc?

k | b| ≈ 2◦
∼ 3◦
"1986c§Garmany[45]2g5¿�dp1Ý7(¤(½�²¡LyÑ�H I

�aq��­y�"ØL§ù
ó�¿vk±&ÿð(��­��Ì�ïÄ8I"

1988c§Miyamoto�<[12]|^� 350� OB.(� z ��©Ù§?Ø
ÕàXð(�

��­(�§���g Rubin�<[46] ?~� O–B5.(L§F%å r 6 3 kpc"²�[©Û

�uy§���±�OB.(�©ÙLy��H I�aq��­(�§OB.(©Ù��Õ�

¡�����3◦
§��½�C“Õ%¨��¨�Õ%”��"

20­V 90c�9±�§<�3|^OB.(&ÿÕàXð(��­�¡�
Ø�ï

Ä[47−50]
"~X§1992c, Orsatti[47] éH�¥E���� (l = 243◦

∼ 253◦) C 400� OB

.(�©ÛL²§ù
c�ð(Ì� uÕ�¡�H§����� b = −5◦ U«"1995c,

PorcelÚ Battaner[49] |^±�� φ = 240◦
∼ 275◦��SF%å r > 5 kpc� OB.(§y
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¢H�¥ð(�­(���3"Ëc§Reed [13] ÏLé φ = 170◦
∼ 290◦ ��SC 1 300�

OB.(�m©Ù�©Û§(@�3H�¥ð(��­§3±�� φ = 240◦
∼ 280◦ ��S!

Õ%å R ≈ 15 kpc?§�­(��Õ¡å�� z = −1.5 kpc"

3.2 OB.($ÄÆ

± OB .(��«lUNïÄÕàX�­�,�aó��9�ð($ÄÆ"ã 3 ´

Miyamoto�<[50]� SmartÚ Lattanzi[51]¤æ^��«�­�.§ã¥ “⊙”�L��¤3

 �¶(X,Y,Z) �F%Õ����IX§Ù¥X ¶��Õ%§Z¶�Õ�¡R�¶Φ��­

�¡ (	�V��)�Õ�¡ (S�V��)��� (J�)�±��§i´�­�¡�Õ�¡�

��¶S	�ü�l/�Þ©OL«��Ú�­Ü©ð(7ÕàX¥%�±�$Ä (ð(�

Ä�ÑØO)"

ã 3 ÕàX	«�­(�«¿ã[51]

�u i���3§�­(�¥ð(�±�$Ä�±3§�� z ��$Ä (g1�Õ�©

þ µb)¥�NÑ5§� µb A�*ÿ��Õ² l �ØÓ
¥y,«k5Æ�XÚ5Cz§=

µb ≡ µb (l)"qÏ�¢ÿL²Φ ≈ 0§�Ò´�� u��NC,�ØJí�3 l = 180◦ (=

�Õ%��)NC µb ���4��"þãínk��cJµ�­�´�«�Æ(�§Ù�3

�Ï��A�u��ÕàXg=±Ï§
Ø´�á�ÏSÑy�6y(�"

1988cMiyamoto�<[12] 3��ïÄ¥§Ø|^OB.(�©Ù?ØÕàXð(��

�­(�	§�Áãl µb(l) �Cz5Æ5&Ä��ð(´Ä�3þã�¶é¡$Ä(Ù¥

µb(l)�g(Lg1)§�(Ø´Ä½�§�� 3c�¦��,��Óaó�¤y¢[50]
"Ø

È§Miyamoto�<[52] |^����� (� 2 000�)c�(§Ù¥�) O-B5.(!�a1

Ì.��ã(Ú�ã(§?Ø
�­(��$ÄÆA5§
g1E�gk'(L"¦�²

�[©Û�@�§�­�ð(ØLy�7 z ¶!�Ý� 225 km · s−1 �±�=Ä	§Ó��

�37 x¶ (Ï� Φ ≈ 0, �Ò´7��)Ú y ¶�=Ä¤©, cö¦�� iO�§��Ý�

4 km · s−1 · kpc−1
"

du�­��3uÕàX	«§g1 µb(l) 9ÙCzé�§
(Lg1�°Ý%Ø´é

p§g,¬Úå<�éþã���ü«(Ø�k�¦"1996c§SmartÚ Lattanzi[51] m©

lnØþ�ÄXÛ|^*ÿ°Ý�p!������n�g15&Ä�­�ð(��Ý©
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Ù"1998c Smart�<[53] ÏLé 2 422� OB.(�n�g1�©Û§uy¦+�Õ%�

���ð(��m©Ù�H I�íN�­/©Ù���§�$ÄÆG���Æ·�­�ýÏ

�¹ØÎ§=��ð(��N$Ä���ã 3¤«�����"

2000c§Drimmel�<[54] |^���� (10 544� OB.()��n�g1]�§?�

Úy¢
þã(J"ØL§�öé�±�~>&��Ý§¿�Ñ�n�g1]��U�3

� 2 mas · a−1 �XÚØ�§ð(�Õ�g1��¿���Ã §\þ�­�ð(�U�3

Ù¦/ª� z ��XÚ5$Ä�§¢S�¹�'ã 3¤«�nØ�.E,"w,§���ª

��k'�­�ð($ÄÆG����(Ø§I�Ï�#���UNÿþÑU§XGaiaO

y——daOy���¤§�±Jø����!��§g1ÚÀ�ÿ½°Ý�p�UNÿþ

]�§Ù¥À��^u��(½F%å�� 30 kpc�ð(�AÛål§
Ø´î8��¤k

�'ïÄ¥Ø�Øæ^�1Ýål"

3.3 Ù¦(x IUN

Ø OB.(	§Ù¦�
(x IUN��^5&ÿÕàX��­(�§ØL�'ó��

' OB.(�ïÄ��õ§�Ï�NÉ��UN�ê¤�"

l�mþ`§|^²;EIC(��«lUNïÄÕàX�­�ó�$�@uOB.(

�ïÄ"1968c Fernie[55] é 362�ÕàX²;EIC(���©ÛL²§C(©Ù��Õ

�¡��¤ 0.8◦± 0.2◦�§4��þ�­ uÕ² l = 97◦± 4◦��?"1981c§Efremov�

<[56] |^ 395�EIC(��¤��ó�§y¢
 Fernie'u²;EIC(3 z ��þ�

3�­/©Ù�(Ø"¦�uy�­(��äN�¹´§éu@
F%å r > 4 kpc�C(§

3Õ² l ≈ 80◦ ��þÙ©Ù� uÕàX¥¡�þ� 150 pc§
3 l ≈ 260◦��þK u

¥¡�e� 150 pc"ØL§d�=��k#�ÓaïÄ(JuL"

WR(´,�ac�!p1Ý�(x IUN§ýé(����−7 < MV < −4 mag§3

é��ålþ�U*ÿ�"@31975c Stenholm[57]Ò®|^ 154�WR(5ïÄÕàX(

�§��(���F%å�� 5 kpc"(Juyù
WR(�©Ù��Õ�¡� 0.9◦ ± 0.1◦

�§3 l ≈ 75◦ (�þ)Ú l ≈ 288◦ (�e)��þ��(©Ù���­(���wÍ"

1988 c§Pandey�<[58] |^ Janes Ú Adler[59] ?~�ÕÑ(ìL§©Û
F%å

r 6 1.5 kpc��S(ì��m©Ù"¦�uyc#�u 2 × 108 a�c�ÕÑ(ì�©Ù�

�Õ�¡� 0.5◦ ± 0.4◦ �§
�O(ì�Õ¡å z �Õ² l¥yåÏªCz§4��þ�­

 u l ≈ 50◦ ��?",
§Óc Janes�<[60] é r 6 4 kpc(ì� z ��©Ù�ïÄ�Ñ


���(J§=��(ì©Ù��Õ�¡�­Ü§�Ø�3 z �Õ² l�åÏªCz¶é

d§Pandey�<[61] @��UåÏu Janes�<¤^���ÀJ�A"1990c§Pandey�

<[61] |^ r 6 10 kpc��Sc�ÕÑ(ì!WR(Ú�#(¢,§2gïÄ
ÕàX��

ºÝ(�"¦�uyù 3a(x IUN3Õ² lþ�©Ù¹�aq§�´Ù¥�#(¢,�

©Ù�kØÓ",	§ù 3aUN3Õ� bþ�©ÙÑLyÑ,«Øé¡5§L²§��n

Ü©Ù��Õ�¡��§3 l ≈ 80◦��k < b >≈ 1.7◦
§3 l ≈ 250◦��� < b >≈ −2.5◦

"

Ï~@�óÀ(�c�UN´��þOB.(§Q, OB.(�©Ù¥y�­(�§@
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oóÀ(�©Ù�ALyÑaq�(�"âd§2004cYusivof[62]|^ATNFóÀ((L[64]

Jø� 1 412�óÀ(�
�'�ïÄ"¦+T(LéÕ%å R > 5 kpc�U«¿Ø��§

� Yusivof�´ÏLO�Õ�¡üý!ØÓÕ²«móÀ(�ê�'§uy
��óÀ(©

Ù��é¡�­(�ÚC>Oþy�§��ð(�ÚíN���¹�q§�Õ%ål 5 kpc

O�� 15 kpc�§óÀ(©Ù��Ipl� 0.5 kpcO��� 1 kpc"

4 H II«!©f�Ú(S�D��m©Ù

Ø H I«	§̂ u&ÿÕàX	«(���ð(G«lUN�kH II«!©f�Ú(S

�D"

4.1 H II«

@3 20­V 70c�®k<|^H II«��>*ÿ]�&¢ÕàX�	«(�§�¿�

�Ñ²(�(J[63]
"1984c§FichÚ Blitz[64] ÏLé 244�1Æ H II«�m©Ù�©Û§u

y3Õ%å R > 14.5 kpc�ÕàX	«§H!��¥H II« (±9��¤��©f�)�©

Ù�3²w��É§��¥UN�õ uÕ�¡�þ§H�¥UNK�õ/?uÕ�¡�e§

�Ip�Õ%å�O�
O�§�H I©Ù���­(��q"ØL§o�5wù�¡�ó

��é��"

4.2 ©f�

g 20­V 80c�å§<�m©|^d COÑU¤¼��©f���m©Ù?ØÕàX

(�§¿^�­5)º,
*ÿy�[65−67]
§��´'uÃ1Æy@ H II«�©f��ÌÕ

àX�­(�©Ù�Ä1yâ"~X§1988cMay�<[66]± uÕ²1n��S 30� CO

����§'�
§�3Õ�¡üý�©Ù�¹§uy�� CO��©Ù��Õ�¡��§

aqu H I�	«�©Ù§¿)º�©f�½�3�­(�"Óc§MeadÚ Kutner[67] |^

52� COÀ(���¤��ïÄ��Ñ
aq�(J"

1990c§Wouterloot�<[15] Çk|^���±	���©f��©Ù5&ÿÕàX

	«�(�"¦��â,
�â§l IRAS:
LÀ�
 1 077�k CO(J = 1 → 0) u�

�(�§§� uÕ²1�!n��S§��Õ%å� 20 kpc"²�[�'��uy§ù


 CO À(��©ÙLy��ÕàX	« H I íN©Ù�aq��­(�ÚC>Oþy

�"©f��­(�ågÕ%å R = 11 kpc?§��òÐ� R = 20 kpc���>�?"Ø

L§�u¤À IRAS
�±����k�§Ï
Ã{(�©f��­���ÌÝ",	§3

R = 10 ∼ 17 kpc��S(�©Ù�� z ��þÝ±YO�
�1�§̀ ²©f�	«/�½

�3C>Oþy�"

1997c§May�<[16]|^�g�ÝCOÑU���*ÿ]�[68]
§?Ø
HÜÕàX	

«©f��Ôn5�" u���	�F%å�u 2 kpc���©f��Ok 177�§§

��Õ²��� l = 194◦
∼ 270◦

"ØL§¦+©f����Õ%å��R ≈ 19 kpc§��
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R > 15.5 kpc���´Ø���"�&ÿ©f�©Ù���­ÚC>Oþy�§May�<æ

^
�«¹��*��{µ¦�r��¥�©f�UÕ%å�� 9 < R < 11 kpc!11 < R <

13 kpcÚ 13 < R < 19 kpc©� 3|§©O�	�|©f��Õ¡å z �Õ² l�Cz"(

Juy l− z�Czª³´aq�(�ã 4)§= |z|� l → 270◦
O�§�R�� |z|�Cz�

wÍ"âd¦�@�©f�©Ù��Õ�¡��§½ö`�3 � b < 0◦ �ý��­(�§

éu����|5`3 l ≈ 270◦ ?�²þÕ¡å� z = −350 pc ( u l ≈ 250◦��þ��

O©f���� z = −700 pc)",	§©f��þÝlÕ%å���|�� 200 pc§O��

Õ%å���|� 800 pc§l
L²Ø�­(�	§©f���3C>Oþy�"

ã 4 ØÓÕ%å��S©f�� l − z ©Ù[16]

4.3 (S�D

<�@ÒÁã|^�Oð(�(S�1�5?Ø(S�D��m©ÙÚÕàX(�§�

Ï�ü�ð(ålÿ½��Ø��p� 25%§(Ø¿Ø��[69,70]
"�Ä�(ìål�ÿ½°

Ý'ü�ð(p�õ§1987c PandeyÚMahra[71] }Á|^ 462�ÕÑ(ì���ålÚ

Ú{§5ïÄÕ�¡NC(S�D�©Ù§��(ì��F%å�� r = 6 ∼ 7 kpc"¦�u

y(S0�©Ù��Õ�¡���¤ 0.8◦ ± 0.2◦ �§3Õ² l ≈ 60◦��þ�D©Ù�þ�

����§¿�ÑT����c<dEIC(Ú¥5��Ñ�(J�Î§��������

�É��"Óc§SodroskiÚ Kerr[72] |^ IRAS*ÿ]�§uy3ØÓÕ²��þ§d�û

�ù	 (100 µm)Ë�¤L��(S�D�Õ�©Ù�H I�©ÙA���§l
¿©`²Õ

àX�D©Ù�kX�H IíN�aq��­(�"

1994c§Freudenreich�<[21] |^ COBE¥(��� DIRBE (Diffuse Infrared Back-

ground Experiment)]�§&Ä
ÕàX(S�DÚð(��©Ù"¦�@�, λ ≈ 240 µm

��ù	Åã¡�ÝAÌ�5g(S�DË�§
Cù	Åã(λ < 5 µm)Ë�Ì�5gP

c�("²©Û�uy§�D©Ù�kX�¥5�aq��­(�§=�D©Ù��Õ�¡

��§�� u l ≈ 180◦?§
Õ�CzÌÝ� b ≈ ± 2◦
"

CÏ§Marshall�<[22] éÕàX�D�­�
����[�ïÄ"]��g 2MASS

Cù	ÑU§�¤^��{´©Û(S�1�©Ù§
Ø´¡�Ý©Ù"¦�ÏLé

| l| 6 100◦
!| b| 6 10◦ ��S 64 000õ^À���þ�1��©Û§uy�D©ÙLy��
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é¡��­(�§�� COÚ H I�*ÿ(J�q§ØL�D�­��ÇÚå© ��Õ%

åþ�uH I�­�"äN5`§3�Õ²«�­©uR = 8.7 kpc?§���­���±�

�� φ = 89◦
§�Ç� 0.14¶3KÕ²«�­©u R = 7.8 kpc?§4�±��� φ = 272◦

§

�Ç� 0.11"

5 Pcð(�

ù	*ÿ]�Ø^uïÄ�D�­	(ë��©1 4.3!)§��^5&ÿð(���­

(�"

5.1 IRAS:
��«lUN

OB.(´c��(x IUN§daUN�c#Ï~�uÕ��=Ä±Ï"OB.(�

H IíNkXaq��­(�§̀ ²§�k�U3�­/�H I©Ù�¥Ò//¤§
Ø´

k3O�/�/¤§��Ï$Ä
?\�­�§§�¿ØU^5&²�­�Ä¾´�Æ(�§

�´6yy�"

1989c§Djorgovski ÚSosin[73] ÄgïÄ
ÕàXcPð(�´Ä�3�­(��¯

K"�d§¦�l IRAS :
L¥�âù	ÅãôÚ]À
� 9 ��
��Õ��«l

UN§§��Ü©´üz�Ïð(§XAGB(½� AGB(�"ùa
�ù	1Ý LIRé

� (LIR = 2 000 ∼ 4 000 L⊙)§(S�1�K�'��1Åã��õ§3Õ%åR = 20 kpc

?�ØJ*ÿ�"éÕ�¡NC��:
�m©Ù��[©ÛL²§
�²þÕ� 〈b〉�Õ

² l�ØÓ
¥y�u­�ª�Cz (ë�©z [73]¥�ã 1)§3 l = 90◦
∼ 100◦NC��

:
 uÕ�¡�þ§3 l = 240◦
∼ 270◦?��:
 uÕ�¡�e"Ø=Xd§�Xù	

6þ�~f (=
�ålO�)§ù« l�ÌÝì
O�"þã(J��l½5þ`²§�

cP� IRASð( (c#Ï~�A�·c)� H I©Ù�kXaq��­(�§ØÓ?=3u

H��¥ H I��­¹Øé¡§
 IRAS�­Kk�Ð�é¡5"DjorgovskiÚ Sosin[73] â

d@�§ÕàX�­´�«�Æy�§�UåÏuÕàXVÔ�	«�þ��é¡©Ù"

5.2 2MASS:
��«lUN

2MASSù	ÑU]��k�3·�:
(ð(9Ù¦�©EUN)� �Ú J!H!Ks n

�Åã�6þ§�9U«��U� 99.998%§�ÕàX(�ïÄJø
��!�°(�*ÿ

��"

2002c§López-Corredoira�<[11]|^ 2MASS¤º��1�1]�§éÕ�¡NC(Õ

� b 6 6◦)Pcð(��(��
�[�&Ä§Ù¥�)��I�!Ip±9�	«��­

(�ÚC>Oþy�"¦�æ�
ü«*dÕá�©Û�{µ(1)3 CMDþ]�ùìqã

( (RCG)§ÏLð(Oê���ÑÀ���þ�ð(ê�Ý©Ù¶(2) ��.ëê�Õ�¡

NC 820�ÕáÀ«¥�ð(Oê[Ü"©ÛL²ü«�{¤���(J´���µ3Õà

X	«w,LyÑC>Oþy�§=Pcð(��	«Ip hz(R) �Õ%å R�O�
O
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�§3 R 6 15 kpc��S�Cz5Æ�[74]

hz(R) = hz(R⊙) × exp

[

R − R⊙

12 − 0.6R

]

, (3)

ùp RÚ��Õ%å R⊙ þ± kpc�ü "Ó�§���3�­(� (�ã 5)§�­�ÌÝ

�íN�Úc�ð(���­ÌÝ���§§¦R 6 13 kpc��Sð(�	«�¥¡Ip

hw > 0§��±�� φ�m�3±e'Xµ

hw = 1.2 × 10−3R sin(φ + 5◦) . (4)

ã 5 ÕàXPcð(��­(�«¿ã[11]

ã¥��må� 1 kpc, ç:L«��¤3 �§¥
.�
�S/­�����­¤?���"

�C§Reylé�<[20] ÏL 2MASSð(OêéÕ�	«��­(��
���[�&

Ä§Ù¥Ú\ÕàX�(xÜ¤�.5�åÕ�	«�(�ëê§XI�!���»Ú�

­�Ç�"¦�²©ÛÚ'��@�§ð(�äk�é¡(�§�H I�*ÿL��q"3

0◦ < l < 180◦ �ý§Oê(J�±^ S/�­5éÐ/£ã§��Ç²w'H I�­�"3

180◦ < l < 360◦�,�ý�(���E,§ØU^{ü��­�.5Lã",	§ÏLé(

S�1©Ù�©Û§y¢
�D��3�­(�§Ù�Ç0uíN�­Úð(�­�m"Ø

L�ö>&/�Ñ§þã(ØÿI?�Ú�ïÄ5\±y¢"

5.3 DENIS:
��«lUN

Ø IRAS:
Ú 2MASS:
�ó�	§DerrièreÚ Robin[75]u2001c|^DENISCù

	ÑU]�§ÏLð(Oê¿?ØÙÕ�©Ù§±ïÄÕàXð(�	«�(�"¦��©

Û(JL²§ð(�(¢�3�­ÚC>Oþy�§Ù¥�­(�©uÕ%å(8.4± 0.2) kpc

?§
C>Oþ�å©Õ%å�U�Õ²�ØÓ
ØÓ§3l = 225◦ ��þ� 8.8 kpc§3

l = 270◦��þ� 10.5 kpc§²þ�� 9.5 kpc"
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5.4 'u���U«�ð(�Ý�

2004c§Martin�<[76]ÏLé 2MASSÑU¥ÕàXM.ã(©Ù�©Û§uy
e

Z�ºÝ�é¡5(�§Ù¥�²w�´ u���U«¥���ý�/ð(�Ý�§T

(� uÕ�¡NC§¥% � l = 240◦
§b = −8◦

§�¡�����Ý� (CMa, ë�©z

[76]¥�ã 3–5)§
'uù�(����î8ÿ�3�Æ"�
<@�§´��L(X�¢

,§
,�
<KÌÜ�±^Õ���­(�5)ºCMa"Martin�<[76] 3uy CMa�

Ó�§ÏLéT(��g1!ð(OêÚCDM?1ïÄ�@�§CMa´��®�)
�L

(X�Ø"2004c§Momany�<[77] �Ñ CMað(�$ÄÆA5�ÕàXþ��q§Ùg

1¿ÃAO�?"²©Û�¦�@�§���Ä�Õ��­ÚC>Oþ�*ÿ�A§2MASS

ð(OêÓ+=� CMað(�Ý����"äN5`§¦�æ^
 Freudenreich�<[21] Ú

López-Corredoira�<[11] ��­(�ëê (3Õ² l = 240◦��þ!Õ%å 10 ∼ 14 kpc?

�­�¥¡�Õ¡å� 300 ∼ 450 pc§=�­�� 1.8◦
∼ 2.4◦)§¿éùzU��
?¾�§

uy CMaù��é¡��Ý�(�A�����"�öâd�Ñ�(Ø´CMa¢Sþ¿

Ø�3§§�´Õ�	«�­ÚC>Oþ(���«*ÿL�"

d�§'u CMað(�Ý������=Ðm"Martin�<[78]3Ó�c���ó�¥

�Ñ§éT(���þM.ã(�»�ê�Ý©ÙÚÀ��Ý©Ù�©ÛL²§Momany�

<[77]¤^��­�.é�Õ�¥�ð(ê�OLp§��é�.�\U?§ uHÕ�¥�

CMað(�Ý�B²w¥yÑ5§Ù¥%«�F%å� r = (7.2 ± 0.3) kpc§ù�(�Ø�

U^�­�5\±)º"ØÈ§Bellazzini�<[79]�ó�L²§CMa�¤kA�Ñ���L

(X�¢,�Î§�­�.Ã{2yÙ¥�ùìq((�§¿uyCMaÌN�F%å�Õ

²�O�
O�,3 l = 225◦��þ� r ≈ 6.3 kpc, 3 l = 265◦��þ� r ≈ 9.3 kpc",
,

ÓcMomany�<[80]ÏLé 2MASSùìq(Úùã(���©Û§2g@�CMað(�

Ý��±^Õ�	«��­ÚC>Oþ(�5)º"¦�rN�Ñ§�uÕàXð(!íN

Ú�D��­�5Æ5Ú��5§̂ CÏ�(X�¿Üãµ5`²CMa�Ý�´Ø���§

§��´ÊÏ�ÕàX	�(x§́ HÕ�¥4�ð(�­(��*ÿL�§Ø�3��E

,�å
Å�"Ó��Ï López-Corredoira[81] �ó�|±
þã*:§¦�Ñ�Ié¦��

�­�.[11]3±��þ��NCÄ§B�¥yCMa�Ý�H��¥�é¡©Ù�*ÿA

�"¦�(Ø���=µ�­�.�^±)ºCMa�Ý�(�§
¿�7Lb�kL(X�

3§¦+�öE�w��«�U�Å�"

6 �­(�ëê�AL

L 1�ÑdØÓ«lUN¤(½�ÕàX	«��­(�ëê§¿N±�'�ë�©z

SÒ"ØJwÑ§¦+¤^�*ÿ]�Ú©Û�{k¤ØÓ§��L�(J�c°c���

� 50 a§«lUN�/�Úc#�É§�ØÓ�ö�Ñ�ÕàX�«¤©��ºÝ�­(�

¹��q§ùØ=Ly�k§��C�±��ÚÕ²��§ql�­(���Õ¡å | z|�
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��� 5w§Ø¥5���­ÌÝ�,
(J�é ��	§Ù¦¤©m� | z|��ÉK¿

L 1 dØÓ«lUN(½�ÕàX�­(�ëê

«lUN
R |z| l φ b

ë�©z
N S N S N S N S N S

H I

12 0.35∼ 0.4 [2]

> 14 14 0.2 0.2 80◦ 260◦ [29]

16 17 > 3.0 0.85 90◦ 260◦ [6,33]

24 4.0 100◦ [8]

20 1.7 [10,20]

OB.(

�11 285◦ 2◦

∼3◦ [44]

> 8 3◦ [12]

250◦ 5◦ [47]

15 1.5 260◦ [13]

WR( > 8 75◦ 288◦ 0.9◦ 0.9◦ [57]

EIC(
97◦ 0.8◦ [55]

�8 0.15 0.15 80◦ 260◦ [56]

ÕÑ(ì 50◦ 0.5◦ [58]

ÕÑ(ì+
80◦ 250◦ 1,7◦ 2.5◦ [61]

WR(+SNR

óÀ( 15 �1 [62]

©f�
0.4 80◦ [67]

13∼ 19 0.35 [16]

(S�D

�7.5 60◦ 0.8◦ [71]

80◦ 220◦ 2◦ 2◦ [21]

20 1.55 1.35 89◦ 272◦ [20,22]

ù	Oê/

�20 95◦ 255◦ 0.3◦ 0.7◦ [20,73]

Pcð(�

14 1.25 [11]

20 1.05 [20]

17 240◦ 2◦ [77]

5: (1) ÎÒ`²§

R–�­(���Õ%å (kpc�ü )¶

|z|–�­(���Õ¡å (kpc�ü )¶

l–���­(��Õ²¶

φ–���­(��±��¶

b–���­(��Õ� (*ÿ�­��)§éHÕ�¥An)��K�"

(2) L¥ N ���¥êâ, S �H�¥êâ"

(3) b!RÚ |z|�m�3±e'Xµ|z| = R tan b"

(4) ±�� φ�Õ² l�mk±e'X§sin(φ − l) = R⊙sinl/R (R⊙���Õ%å)§��'ó���Ñ±��φö=

Ø�ÑÕ² l§��½,"

ØwÍ§ddv±L²Õ�	«�­(�(¢�*�3"
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7 �­(��/¤Å�

g 1957cÕàX	« H IíN��­(�uy�Få§<�=l*ÿÚnØü��¡

5&¢Ù/¤Å�§
�Xð(�Ú�D��­(��(@§�'ïÄ½Øä�\Ú[z"

Ò8c5w§'uÕàX�­(�XÛ/¤�¯K��®JÑ
±eA«�U�Å�µ

(1) Õ��C��(X��N�p�^¶

(2) Õ��V'��p�^¶

(3) (XSíN�SáÚáÈ"

Kerr[2] 3uy H I�­��§B�Ä
T(�å
u(XmÚå��^��U5§ØL

¦��®¿£��d¤I��Nå��-<Ã{��"1969c§HunterÚ Toomer[82] �n

Øó�L²§�ð�38c �þ���Úå��K�é�§Øv±dd
/¤ÕàX�

­"�u�ð�´Ä¬3L�,��mÏ�~�CÕàX
��Õ��­(��/¤¿3�

�8§HunterÚ Toomer[82]½�±Ä½§nd´ù�¦�ð���þ7L�u 2 × 1010 M⊙§

�I�C�Õ%å=� 20 kpc�/�"

1998c§Weinberg[83] �Ñ§�´3��±�k��þ'�3§@o3�(X��^e

'S¬Ñyµ6«§
µ6�)�ÛåÝ�±¦�(X�Úå��A�±��§l
/¤Õ

���­(�"2002c§Tsuchiya[84]�ó�L²§XJ'��þ�� 2.1× 1012 M⊙§@oÛ

åÝ����ABv±�)ÕàX�­"ÓcGarćıa-Ruiz�<[85] éù�Å�JÑ�¦§¦

��ïÄL²§XJ±�ð���(X§@odù�Å�¤)¤��­��ÌÝÚ��§�

Õ��­�¢ÿ(JÑØ���§
Castro-Rodŕıguez�<[86] 3Ú^þã(Ø��Ñ§ù

aÅ��NU·^u,
à	(X
Ø´ÕàX"¦+k<�J§�WeinbergÚ Blitz[87] 3

�Yó�¥2g�½¦�'uÕàX�­�ðóÔ�å
*:"

,��®�^5&ÄÕàX�­��(Xå
Å��C�(X´<êL(X"Bailin[88]

�Ñ§ðóÔ�7ÕàX¥%�;���­����§= u4��­�NC"�´§d�(

XÚu��­���A��(X;�����§��ðóÔ�Ø´Ü·�ÿÀ�(X"1994

cuy�<êL(X[89] K��ØÓ§§ uÕàXØ¥���(F%å 24 kpc, Õ%å

16 kpc)§¿÷C�4��;�$Ä§;�¡�ÕàX�­��­Ü"IbataÚ Razoumov[90]

�ó�L²§<êL(X��þ�OØ�u 5× 109 M⊙§§BLÕ��k�U¦�u)�­¶

��UdTL(X�Úå�§½öd§3V'¥/¤�,�µ6«¤�)�ÛåÝ¦Õ�u

)�­"

��yþã*:§Bailin[88]O�
ÕàX 5�C�L(X�;��Äþ§Ù¥�)�ð

�!<êL(XÚ�=L(X�"²�ÕàX�­�Äþ�'��uy§�k<êL(X��

�~¬Üµ�Äþ�þ� (2 ∼ 8) × 1012 M⊙ · kpc · km · s−1
§���Ñ´l ≈ 270◦

!b = 0◦ (�

ë�©z [88]¥�L 2)"âd§Bailin@�<êL(X��3��Õ�	«Ñy�­§ØL

ù�L§�äN[!ÿI�?�Ú�ïÄ"

�X¯õ�(X¥�­(���Uuy§<�m©?Ø(X�­���5/¤Å�"@
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3 1978c Binney[91] Ò®²(JÑ§XJ3(X��±��3��þn¶ý¥/VÔ�'§


�(X��=¶�Tý¥Ì¶���Ø��(=�Äþ��)§@oÏLV'Ô�é��Ä

åÆ�Þ�^§��	«Òk�U/¤�­(�"��§Nõ<�É
ù�*: [92−97]
"~

X§SparkeÚ Casertano[96] �@�ù«/¤��­�ÄåÆÅ�ÃI�¦V'�/G7,

�n¶ý¥§¶é¡/�A�¶ý¥N�Né/¤�­���k|"OstrikerÚ Binney�

Ñ[97]
§Õ�S«���Ú	«�­Ñ�gÕàXØäáÂ���ÕàX=¶���Sá�

Äþ§¿é�ÄþSá�åÏ�
���[�?Ø"

1989c§DjorgovskiÚ Sosin[73] 3?ØÕàXPcð(��­(��/¤Å��@�§

^	«�þ��¥é¡©Ù!Ï
�Äþ���V'�Õ��ÄåÆ�p�^§5)º

ÕàX	«��­(���Ün§ØLvké��Ñ�[�`²"1999c§DebattistaÚ

Sellwood[98] ��[O�?�ÚL²§=¦Ø�A��¶ý¥NV'½U���­��/¤"

2002c§López-Corredoira�<[42] JÑ
(XS0���SáÚáÈ��­/¤Å

�§¿äN�Ñ§éuÕàXù���a(X§��(XS0�¥­fÔ��²þ�Ý��

10−25 kg · m−3 �m§�	«�Ô�Sá�Ý�� 100 km · s−1
§Ò�±�)¤*ÿ���­

(�§¿�ÑÔ��Sá�Ç�� 1 M⊙·a
−1
"¦�@�§ù«$�ÝÀÔ�6�b�lÔn

Æþw¹�Ün",
§Sánchez-Salcelotcl[99]édJÑ
�¦§nd´XJù�Å�k�§

@o�	«�IpA��±��
C"�C§López-Corredoira�<[100,101]é¦��(XS

Ô�6áÈÅ��
?�Ú�?Ø§@�$7áÝíN 1 M⊙·a
−1�áÈÇ�ÕàXzÆü

zL§�Î§
�(¢UéÐ/)ºÕàX S/�­(��,��*ÿA�µ�	«�íN

�ÝÚIp�±��
C"¦�Ó��rN�Ñ§ù�Å��±¤õ)ºà	(X�U/�

­�§�ÃIÚ\r^|!��þÕ'½öC��(X"

¦+k<�JÑ
,	,«Å�§X^(XS^|��^5)º(X�­(��/

¤[102]
§��u¯K�E,5§��Ò8c5wU©Æ[éÕàX�­�å
ÿ��¤�£"

ë�©zµ
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[23] Arp H. ApJS, 1966, 14: 1

[24] Sancisi R. A&A, 1976, 53: 159

[25] Ann H B, Park J–C. NewA, 2006, 11: 293

[26] Guijarro A, Peletier R F, Battaner E, et al. A&A, 2010, 519: 53

[27] Malhotra S. ApJ, 1995, 448: 138

[28] Binney J, Merrifield M. Galactic Astronomy, Princeton: Princeton University Press, 1998: 564

[29] Henderson A P. IAUS, 1979, 84: 493

[30] Weaver H, Williams D R W. A&AS, 1974, 17: 251

[31] Weaver H, Williams D R W. A&AS, 1973, 8: 1

[32] Weaver H, Williams D R W. A&AS, 1974, 17: 1

[33] Binney J. ARAA, 1992, 30: 51

[34] Stark A A, Gammie C F, Wilson R W, et al. ApJS, 1992, 79: 77

[35] Kulkarni S R, Blitz L, Heiles C. ApJ, 1982, 259: L63

[36] Hartmann D, Burton W B. Atlas of Galactic Neutral Hydrogen, Cambridge: Cambridge University press,

1997: 1

[37] Kerr F J, Bowers P F, Jackson P D, et al. A&AS, 1986, 66: 373

[38] Burton W B, Liszt H S. A&AS, 1983, 52: 63

[39] Amal E M, Bajaja E, Larrate J J, et al. A&AS, 2000, 142: 35

[40] Bajaja E, Amal E M, Larrate J J, et al. A&A, 2005, 440: 767

[41] Kalberla P M W, Burton W B, Hartmann D, et al. A&A, 2005, 440: 775
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Warp of the Outer Region of the Galactic Disc

ZHAO Jun-liang

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

Abstract: It has been over 50 years since radio observations of neutral hydrogen first

revealed the gaseous disk of the Milky Way Galaxy to be warped and flaring. Subsequently,

such a structure has also been observed in the distribution of various components of the

Galaxy in different wavebands, such as population I objects, molecular clouds, interstellar

dust and older stellar population.

Radio observations of neutral hydrogen were firstly used to find the warp and the flare

of the outer gaseous disc of the Galaxy. The general warping of the H I layer above the

Galactic plane in the north and below the plane in the south is clearly shown. According

to the results obtained from some researches, for the north, the warping increases rapidly

with galactocentric distance R, from the average distance above the plane z ∼ 0.1 kpc at

R ∼ 13 kpc to z=4– 4.5 kpc at R ∼ 24– 30 kpc, whereas in the south, it reaches an extreme

value near R ∼ 17 kpc and then returns to the plane z=0. At R > 24 kpc, the H I layer

exhibits a “scalloping” up and down with respect to distances above the plane z=0 as the

azimuth is changed. The azimuth range of maximum warp directions is 90◦– 110◦. And

the characteristic thickness, which can be used to describe the flaring outer disc, increases

rapidly with increasing R, from 1 kpc at R ∼ 14 kpc to 3.5– 4 kpc at R ∼ 24– 30 kpc.

The population I tracers, which can be used to detected the warp and flare structure of

the outer stellar disc of the Galaxy, include OB stars, WR stars, classical cepheids, pulsars,

open clusters and even supernova remnants, among which many studies have been done

for OB stars since 1970. From some samples of such young stars, it has been found that

the inclination of the plane defined by OB stars exterior to the solar circle is some 3◦ and

the nodal line of the inclined plane with the Galactic plane is quite close to the Galactic

center-Sun-anticenter line, which is in accordance with the global structure of the warped

H I layer.

In addition to the population I objects, molecular clouds and interstellar dust have also

been observed to study the large scale structure of the outer Galaxy, and some interesting

conclusions have been obtained. For example, the ensemble of clouds shows the same warped

shape and flaring thickness as shown by the outer Galaxy H I gas layer.

Interstellar extinction remains a serious obstacle for observing stars near the Galactic

plane. Since the extinction suffered in the near infrared is about an order of magnitude
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lower than in visible, the data provided recently by large scale infrared surveys, including

IRAS, DENIS, DIRBE/COBE and 2MASS, have been used to investigate the warp and flare

structure of our Galaxy. It is discovered from some studies that a feature of infrared point

source counts can be interpreted as a signature of the warp in the Galactic older stellar disc.

The warp is less obvious in stars than in the gas and it also shows different shapes of the

disc at negative and positive longitudes.

Up to date, it is not completely clear how the warped disc of the outer Galaxy was formed

and whether the warp is a persistent feature of the Galaxy, or a transient phenomenon.

Most recent work has focused on one of the following 3 possible mechanisms: (1) a satellite

dwarf orbiting the Galaxy, such as the Large Magellanic Cloud or the Sagittarius dwarf

galaxy, causes a warp by tidel interaction with the Galactic disc; (2) the warp is caused by

infall and accretion of intergalactic medium onto the disc; (3) the warp can be formed by

interaction between the outer Galactic disc and a triaxial or an oblate massive dark matter

halo, misaligned with the disc. Anyway, further studies are needed to finally solve the puzzle

of the formation mechanism of the Galactic warp.
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