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1 ë�http://www.astro.uni-bonn.de/∼webaiub/english/tools labsurvey.php

2 http://www.ras.ucalgary.ca/CGPS/

3 http://www.atnf.csiro.au/research/HI/sgps/

4 http://www.ras.ucalgary.ca/VGPS/
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ã 1 LABÑU����U�¥5�Î�Ý©Ù

ØÓ��ÝL«ØÓ�Î�Ý"ã¥��I´Õ��I"

Ô��.ýó(X¥ØÓ�VÔ�©Ù
[21, 22]
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3(X¥�©Ù"ùI�éÕàX±9Ù¦�
(X?1�p�©EÇ�*ÿ"p©EÇ�

¥5��´ïÄ(X�p�^���­�Ãã"

du¥5�«l
�»�ºÝ(�§¥5�*ÿ�¤�&ÿ¥�ù£?�ºÝ(���

«�{"�,3ù£z ≈ 1NC§ü�(X�¥5�Ë�J±&ÿ§�´�þ(X8N�Ë�

�±�*ÿ�"®²kïÄL²ù«*ÿ¥�ù£?�ºÝ(���{´�1�
[23]
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�©�(�Xeµ12Ù{ü?Ø¥5�*ÿ�Ä��n§13Ù?ØÕàX¥¥5��

©Ù§14Ù?Ø¥5�é^X���áÂ§15Ù?Ø¥5�ÿå§16Ù?Ø¥5�3ð(

/¤L§¥�ü��Ú§17Ù?Ø|^¥5�*ÿïÄVÔ�©Ù§18Ù?Ø|^p©E

Ç�¥5�*ÿïÄ(X�¿ÜL§§19Ù?Ø|^¥5�*ÿïÄ�»��ºÝ(�§�

��Ù´{ü�o(ÚÐ""

2 ¥5�*ÿ�Ä��n

2.1 ¥5��þÚÎ�Ý�ÿþ

Ä��¥5�§du>fg^ÚØg^�ÍÜ§Ä�U?¬©��2��°[(�U?"

þU?ÚeU?�m��[�)Ä���f��°[(�Ì�§ù^Ì��·�Å���

´21 cm§¥%ªÇ��´1 420 MHz"ù^Ì�Ò´Í¶��21 cm �"é¥5�?1*ÿ

Ò´*ÿ¥5��21 cmÌ�§�)u��ÚáÂ�"

¥5�21 cmÌ���[AÇ4�§Ùgu�[Xê�
[24]

µ

A10 = 2.868 88(7) × 10−15 s−1, (1)

ù¿�X���á���flþU?�[�eU?I���m´1/A10 ≈ 107 a"3Ï~(S

¥5���Ýe§ù��I���u-E�I£��400 a¤"�°[(�U?��éÙØd

-Eû½§b�ù��éÙØd-u§Ý£ã"3­�e§?uþeU?���f�ê�Ý
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[24]

µ
N1

N0

=
g1

g0

exp

(

−
hν10

kTs

)

, (2)

Ù¥g1 = 3!g0 = 1©O´þ!eU?�ÚO�­§h´ÊK�~ê§k´À�[ù~

ê§ν10 = 1.420 405 751 786(30) × 109 Hz´21 cmÌ��¥%ªÇ§-u§ÝTs��¡�g

^§Ý"Ï~hν10 ≪ kTs§¤±þ!eU?��fê�Ý�'�µ

N1

N0

≈ 3. (3)

2.1.1 ¥5��þÚÎ�Ý�ÿ½

éu1Æ��u10�§�±ÏLÿ½Ù�Ý��ÙÎ�Ý"�±ù�{ü/n)§b
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(½�þ�u1âf§·���z�u1âfü �m�u1þ£=®�u�

Xê¤§
ù
âf�©Ù'�DÕ§pØñ	£ùéAu1Æ�¤§@o3ØU©Eù
â

f���¹e·��±ÏLÿþ5gù
âf�o1Ý
�Ñâf�êþ§l
��âf�

o�þ"

éu�¬�)u���¥5��§e§�±���ÅåCX§@oÙ�þMHIÚ*ÿ6

þSν�m�'X�£ë�N¹ ??¤µ

MHI
= 2.36 × 105d2

∫

Sνdv, (4)

Ù¥�þ±���þ�ü §d´±Mpc�ü �¥5���*ÿö�ål§Sν´±Jy�ü

 §ν´ªÇ"þª´é�ÝÈ©�§�Ýv�ü ´km/s"

éu¿÷"�ºÅå��û¥5�Ë�§ÙÎ�Ý�±^�§ÝL«�µ

NHI = 1.822 × 1018

∫

Tbdv, (5)

Ù¥Î�Ý�ü ´cm−2§Tb±K�ü §Úc¡�ªf��§v�ü ´km/s
[24]

"ÏL*ÿ

¥5�u��6þ�±(½¥5���þÚÎ�Ý"

2.1.2 e¥5��Î�Ý

3©f��/¤ÚüzL§¥§©f�¥�¥5�Åì/¤©f�"ØÓc#�©f�

��kØÓ�¥5�¹þ§Ï
�±|^©f�¥�¥5�¹þé©f�c#?1�O"d

	§�f���3�¬K�©f�¥�zÆL§
[19]

"

ÕàX¥�¥5�Ã?Ø3§�¿�¤k¥5�Ñ�)�*ÿ��u��"·Ü3

©f�¥�¥5�§Ý�$§���)�°�Ä�gáÂ�"�±^Ä�¥5�gáÂ

�£HINSA¤&ÿ©f�¥�¥5�£ë�1 6Ù¤"

2.2 ¥5�Ì��/�

¥5�3ÕàX¥Ã?Ø3§Ì�8¥3Õ�NC"Õ�S�¥5�Cq�7ÕàX¥

%��±$Ä"Ï~À��±BLéõ¥5��§ù
��À��Ý�ÑØÓ§Ï
Ï~*

ÿ��¥5�Ì�/�Ñ'�E,§�¹
ØÓål?Nõ¥5����z"
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3b½¥5���$Ä5Æ±�§duØÓÀ��Ý�¥5��éAØÓ�ål§¥5

�Ì��±^5�OUN�ål"���
cµ��Ýv
�¥5�31Ì¥Ly�áÂ

�§
Ó�À�����µ¥5�Ly�u��§u´Ò�±|^áÂ�¥���À��Ý

ÚÕàX^=­��üÑ¥5���ål§dål�ù��
�åle�"8cù«�Oå

l��{®²^u���#(¢,!óÀ(
[15, 25]

±9Ù¦�
�
�ål"

3 ÕàXS�¥5�

ÕàXS�¥5�©Ù8¥3Õ�NC"3ÕàXØ¥�S�«�§¥5�íN��~

�§Ù3R���Ý©Ùn(z)�±^��σ . 70 pc �pd¼ê£ã¶ålÕ%4 ∼ 8 kpc?

�¥5�íN��'��§n(z)��p�°�230 pc"�k3���5£ålÕ%8.5 kpc¤�

	§¥5��R�©Ùâm©ì�)ä§Ip�±��〈z2〉1/2 & 3 kpc
[12]

"lÕ��Õ'¥

Ñk�Ý�ép�¥5��¬©Ù§
3�Ú'�.?k¯õE,��ºÝ(�"

3.1 ¥5��

*ÿL²^µ(X�¥5���ºÝ��´ð(��3�§ù¿�X¥5�´&ÿÕà

X�N�þ©ÙÚÄåÆéÐ�«lÔ"Cc5®²ÏL¥5�*ÿÿ½
ÕàX�^=­

�§¿�^=­��	Ü©²"�A�®²��ú@"3�	�Ü©§duål�(½'�

(J§̂ =­���þÏ~ØÐ"�#�ïÄ}Á¦)ÍÜ�Ñt−À�[ù�§§(JL

²^=­�3ålÕ%5 kpc . R . 27 kpc ���SCq²"
[26]

"

3»�¡þ§{ü�.b�¥5��´¶é¡�§ù´3­�ÕàX¥5�©Ù�²~

¦^�b�"�?�Ú[��©ÛL²§ÕàX�	�H�Øé¡¿�k�­"


3fÌ¡þ§¥5��3S«��§3	«:ì)ä"3ålÕ%5 kpc . R .

35 kpc�«�§��²þIphz(R)�±CqL«�hR = h0e
(R−R⊙)/R0§Ù¥h0 = 0.15 kpc§R0 =

9.8 kpcùpb½�?u­�"�3	«�:ì)ä�U´duÚå³�UC§�k�U´¥

5�\9Úe%²ï�UC"�´duvkyâL²¥5�¥�ë6Úõ��5�¯a/�

6u»�ålR§��)äk�U�A
Úå³�5�§Ï
�±^5u�VÔ��."

3.2 �Ú'�.«��¥5�

¥5����3V«ÕàX�¥5�3�Nþ��
ÄåÆ²ï"�,Xd§%3¥5

���L¡§=¥5��ÚÕ'��.?uy
éõjG(�§ù
jG(�ò��pÕ�

/«"ùL²T«��íN¢Sþ?uëÄG�
[2]

"

3.3 ¥5��

ÕàX¥�¥5���U�Ý��©�$��!¥��Úp��"$��Ú�−'

�.«��jG(��Uk�Ó�å
§Ñ´d��(�½öëjG(����)§�

5 ±Õ%�¥%§Õ%����ål��»���"
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�§Lockman32002cÄk^GBTéù
�¬?1
p©EÇ*ÿ
[27]

§*ÿL²�¥�U�

¹
���þ�¥5�¶*ÿ�L²ì¬(�3ÕàX¥©Ù2�§$�3Õ�p��±*

ÿ�p��¬"

p����kÞ(G�/�§de�¥50�ØÚæ�¥50���|¤"ù«/��

UÚp���Ù±��íN0���p�^k'§ù��-E-uÌ�*ÿ�|±
[28]

"éu

p���5
��kü«*:µ�«@�p���)uÕ�S�íN
[29]

¶,	�«@�p

��5
uÕàX	�»@Ï¢3e5��ÐíN
[2]

"��@�¥���´dc�«Å��

)"

p���ålÚ7á´Ý´«Oùü«/¤Å��­��I
[2]

"�)uÕ�S�p��

ålÕ����C§7á´Ý�p¶5
uÕàX	�p����ålÕ���§7á´Ý

�$"p��ålÚ7á´Ý�ÿþ���6u�p��3Ó�À����ð(1Ì"3p

���µ�ð(1Ì¥¬k,
���áÂ�§
3p��cµ�ð(1ÌKvk�A�á

Â�§ð(�ål�éN´(½§Ï
�±�Ñp��ål�þ�Úe�"7á´Ý�±Ï

Lp���µ�ð(1Ì¥�áÂ�5�O"�C�kïÄö|^p���/�ÚÕàXÔ

�©Ù��.�Op���ål"é�
p��ålÚ7á´Ý�ÿþL²ü«Å�´��

�µ�
Õ�NC�p���U�)uÕ�S§ÎÜ���.¶
�
�lÕ��p��é

�Uå
uÕàX	�(XSíN
[30]

"c�«��±�Ï
)Õ�S�Ô�Ì�§
��«

´ÕàXáÈ(XS0��yâ"

4 ¥5�é^X���áÂ

(S0�é^X���áÂÌ�´du1>áÂÚå�"Ù¦�A§XxÊîÑ�§3

�p�Uã£�u4 keV¤âéáÂ�¡6 k�*��z
[31]

"nÜ�Ä(S0�¥ØÓ���

áÂ�¡�§O�L²(S0�é0.03*10 keVUãX���áÂ�¡ÚX��Uþ�'X

�±^©ã¼ê[Ü£�©z[31]L2¤"

Ù¥§3�u0.3 keV�Uã§(S0�é^X���áÂÌ�d�Ú±�z"30.1

*0.284 keVUã§z���féA�áÂ�¡�±L«�
[31]

µ

σ = (34.6 + 267.9E − 476.1E2)E−3 × 10−24 cm2, (6)

Ù¥UþE±keV�ü "Ù¦Uã�áÂ�¡�©z[31]¥�L2"

±Uþ0.2 keV�~�	^X���áÂ§z���féA�áÂ�¡�8.6×10−21 cm2"

ë�ã 1§3Õ�±40◦±S§�â¥5�Î�ÝO��1�τ & 1"d��S�à	^X��


¬É�wÍáÂ§P~Ïf�e−τ"

6áÂ�¡σ�±L«�σ = α/n§þj�¡È§Ù¥α´áÂXê§n´áÂ0��âfê�Ý"1�τ �±L«�τ =
∫

σn ds ≈ σN§Ù¥N´áÂ0��Î�Ý"
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Î�Ýÿþ�°Ý¬K�^X��áÂU��°Ý"b�,����1��τ§Ø�

�∆τ§@oáÂU���éØ��µ

e−τ − e−(τ+∆τ)

e−τ
= 1 − e−∆τ , (7)

3∆τ���Cq�∆τ"b�Î�Ýÿþ��éØ�´f§@o�A�1���éØ��´f§

áÂU���éØ�Cq�fτ"¤±31������§Î�Ýÿþ�Ø�éáÂU��K

���"~X§31��0.1���§10 �Î�ÝØ�éA1 �áÂU�Ø�¶
31�

�u1���§�Ó�Î�ÝÿþØ�éA10 �áÂU�Ø�"¯¢þ§¥5��Î�Ý

´X��UÌ[Ü¥���­�ëê"du(S0�é^X��k�ráÂ§
éMX��á

Âé�§Ï
é^X��áÂ�U���'X�X��UÌÌ/�(½
[32]

"

�8�X��*ÿ�Ð��©EÇ�u1′′£~X§Chandra7��©EÇ´0.5′′¤"
8c

�Ð�¥5��UÑU——LABÑU��©EÇ�k36′§XJ3,
���3�u36′�¥

5��§KÎ�Ý�ÿþ¬kØ�"Ï
I��©EÇ�p�¥5�ÑU±B3Ü©U«é

^X��áÂ?1�O"

5 |^¥5�*ÿ�½UNål

ÕàX�¥5���©Ù3��^=��þ§���±{ü/@�Ù¥�¥5���7

Õ%�²¡�±$Ä§äk¶é¡5"3,�À���§ØÓÀ��ÝéAØÓål§Ï


ÿþ¥5���À��Ý�±^u�Oål"ØL§éu���8 �S���£ã 3�¤§Ó

�À��Ý�U¬éAü�ØÓål§ù¬E¤ålÿþ�Ø(½5¶,	§̂ :(�¥Ô

��$Ä�Ýk¤ØÓ§ù�¬E¤ålÿþ�Ø(½5"

3²¡�±$Ä�b�e§½ÂΘ(R) = RΩ(R)�ålÕ%R?��=Ä�Ý§Π(R) =

RH(R)��»R?»��)ä�Ý"u´R?¥5���éuÛ�·�ë�X�À��Ý

�£AÛ'Xë�ã 3¤µ

vr = R0[Ω(R) − Ω(R0 )] sin l − R0 [H (R) − H (R0 )] cos l + H (R)d , (8)

R0ÚR©O´��!¥5���Õ%�ål"3ÿ�À��Ý���ddª)Ñ¥5��Ú

·��åld"¢S�¥5�ÿå´Äuù���¯¢§ÕàX^=­�3ålÕ%�u3

kpc�C�²"§=RΩ(R) ≈~ê£ë�©z[26]¤"3ù�Cq^�e§�±��åld�w

ªL�ª£ë�N¹ ??¤µ

7 http://chandra.harvard.edu/ .

8 3d��	§Ó�À��ÝéA���ål"
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d = R0



cos l ±

√

(

R

R0

)2

− 1 + cos2 l





= R0



cos l ±

√

(

R

R0

)2

− sin2 l



 .

(9)

éu����S�¥5��£R/R0 < 1¤§ü��Ñ��§=��À��ÝéAü�ål"ù
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r
3�>Ú1ÆÅã?1n�À�ÿå
[38]
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[39]
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[14, 15]

"
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[18, 19]

"

dáÂ¤©�±(½©f�¥�¥5�Î�Ýµ

N

cm−2
= 1.95 × 1018τ0

(

∆V

km · s−1

)(

Tk

K

)

, (10)

Ù¥∆V´áÂ���p�°§Tk´�¬¥íN�ÄåÆ§Ý§τ0´áÂ��%?�1�"
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[35]
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[36]
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¥5�21 cm�[�áÂXê�±L«�

[24]

µ

κν =
3c2

32π

1

ν10

A10nHI
h

kTs

φ(ν), (11)

Ù¥ c´1�§ν10 = 1.420 405 751 786(30) × 109 HzÚA10 = 2.868 88(7) × 10−15 s−1´21

cm�[�ªÇÚ�[AÇXê§nHI´¥5��f�ê�Ý§h!kÚTs©O´ÊK�~ê!À

�[ù~êÚ-u§Ý§φ(ν)´Ì�Ó+"ddª�±�Ñµ

nHIφ(ν) =
32π

3c2

ν10

A10

kTs

h
κν . (12)

é´»ÚªÇÈ©£d?=��é�Ý�È©¤��µ
∫ ∞

−∞

nHIds
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−∞

φ(v)dv =
32π
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k

h
Ts

∫ ∞

−∞

∫ ∞

−∞

κ(v)dvds, (13)

½ÂÎ�ÝNHI ≡
∫ ∞
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nHIds§1�τ(v) ≡

∫ ∞

−∞
κ(v)ds§¿5¿�

∫ ∞
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�Ý�±L«�µ

NHI =
32π

3c2

ν10

A10

k

h
Ts

∫ ∞

−∞

τ(v)dv. (14)
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K
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dd�±O�åld£±Mpc�ü ¤§áN��Ω�(X�¥5��þ£±���þM⊙�ü

 ¤

MHI

M⊙

= 2.36 × 105

(

d

Mpc

)2 ∫
(

Sν

Jy

)

d
( v

km · s−1

)

. (17)

N¹ B À��ÝÚål�'X
ålÕ%R?¥5���éuÛ�·�IO�À��Ý�µ

vr = Θ(R) sin(l + θ) − Θ(R0) sin l − Π(R) cos(l + θ) + Π(R0) cos l, (18)

Ù¥R0ÚR©O´��Ú¥5��ålÕàX¥%�ål£ë�ã 3¤"Ï�

R0 sin l = R sin[π − (l + θ)] = R sin(l + θ), R cos(l + θ) = R0 cos l − d, (19)

¤±kµ

vr = R0[Ω(R) − Ω(R0 )] sin l − R0 [H (R) − H (R0 )] cos l + H (R)d . (20)

ã 3 ÿ½¥5��ål^��AÛ'X"

3¢S�ÿå¥�±b�»�)ä�ÝH��Ñ§¿�^=�Ý3¤ïÄ�«�´~

êΘ0§@oÀ��Ý�±L«�µ

vr = Θ0(R0/R − 1) sin l, (21)

duR = (R2
0 + d2 − 2R0d cos l)1/2§¤±§ål�±L«�µ

d = R0



cos l ±

√

(

R
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



= R0



cos l ±

√

(

R
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− sin2 l



 . (22)

éu����S�¥5��£R/R0 < 1¤§2��Ñ��§��À��ÝéAü�ål¶
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Abstract: Hydrogen is the most abundant element in the universe and contributes to about

76% of the baryonic matter. Hydrogen in neutral state (conventionally called neutral hydrogen,

HI) is widespread in the universe. It is the building material of stars and galaxies.

The study of neutral hydrogen has a long history. With the improvement of sensitivity

and angular resolution of radio telescopes, great advances have been made in this area. Some

hot topics in neutral hydrogen studies are sketched in this paper, including the influence of

neutral hydrogen on soft X-ray observations, neutral hydrogen distance measurement, neutral

hydrogen content in molecular clouds, and studies of dark matter and large scale structure of

the universe using the HI 21 cm line emission. This paper can serve as a short introduction

to neutral hydrogen studies for those researchers who are not familiar with this area.

Neutral hydrogen also plays an important role in molecular clouds, the birth places of

stars. Recently, it is found that HI narrow self-absorption (HINSA) can be used to estimate

the HI abundance in molecular clouds, which can further be used to constrain the age of the

molecular cloud. Another related hot topic is how H2 forms out of HI gas. Great efforts have

been made to search for molecular clouds in transition state, in which the conversion from HI

to H2 is still on-going. The H2-HI phase transition is a key step towards understanding star

formation in the early stage.

The distribution of neutral hydrogen is well extended in galaxies. Neutral hydrogen is a

good tracer for studying the dynamics of galaxies and the distribution of dark matter. The

global mass distribution and physical states of the neutral hydrogen have been well established

in the Milky Way and some nearby galaxies. Investigations are now focused on the HI distribu-

tion in the halo or environment of the Milky Way and the some nearby galaxies. These studies

can reveal the dynamical properties of the host galaxies, and potentially help to distinguish

between different dark matter models. High resolution HI observations are also suitable for

the studies of the interaction and merging of galaxies.

Compared with the stellar component, neutral hydrogen in galaxies is a better tracer of the

large scale structure of the universe. It is not affected by extinction and star formation history

and hence observations of the HI emission is expected to yield a less biased picture of the large

scale structure of the universe. A new technique, namely intensity mapping, for observing HI

at moderate redshift is being tested at the GBT. Such observations can potentially extended

the neutral hydrogen studies to a much higher redshift.

Key words: ISM; HI; structure


