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( 1. ¥I�Æ� þ°U©� (X��»Æ:¢�¿§þ° 200030¶ 2. ê�d – ÊK�Æ¬ UNÔnï

Ä¤§Garching bei München D-85741§�I)

Á�µ(S0�¥�©fíN (Ì�´©f� H2) Ú�fíN (Ì�´¥5� HI) ¤©´(X¥

fÔ���|¤Ü©§§�éu(X¥��«ÔnL§�'�"Cc5�X*ÿEâ�J

p§©fíNÚ�fíN�*ÿ(J�5�õ§Ù¥¥5�Ì��� 21 cm ��f�>Ë�Ú

DLAáÂN5*ÿ§©f�KÏL��z%��«l©f5&ÿ"3ù
*ÿ(JÄ:þ§n

Øó�öïá
�X��.5)ºÚïÄ(S©f – �fíN�=�§©fíN�ð(/¤§©

fíNÚ�fíN3(X/¤Úüz¥¤å��^�§¿�ò5�?�Ú�*ÿJø
��Ú

ýó"

' � cµ(S0�¶�fíN¶©fíN¶ð(/¤¶(Xüz
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1 Ú ó

(SíN�Ó(S0�o�þ� 99%§́ �»¥fÔ���¤©��"(SíN3

(X�/¤Úüz¥å�
�'���^§ÏLé(SíN�*ÿU
��(Xð(/¤

{¤±9(X/¤Úüz��&E"(SíN¥���|¤Ú���»���Ó§Ù¥�

70.5% ��þ����§27.5%��þ�±��§Ù{7á���� 2%
[1]

"�âÙ¥���

¤?�ØÓG�§(SíN�±©�9>líN!¥5�0� (HI«)±9©f�"�©òX

u�ü«íN/�§ù�´(SíN¥���Ü©"

HI «´����Ì�±¥5�fG��3�(SíN�"ù
(SíNÌ�¥�G

3(X�¥©Ù§;.�¥5���ºÝ�� 10 pc§3¥5��	�§��dæ>líN

(warm ionized gas)�7"¥5��¥Ø
���	§�k�����þ 1/3�¥5±íN±

9�þ�í�7á��©fÚ�f�3"HI«�Ý3ÕàX¥�� 20 ∼ 50 cm−3[2, 3]

"©f

�´(SíN¥�Ý��!§Ý�$�¤©§3ÕàX¥©f��§Ý�k� 10 ∼ 20 K§�
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Ý�� 102 ∼ 106 cm−3[3, 4]

"©f�¥����Ì�±�©fH2 /ª�3"©f�3(X

��ºÝþ©Ù'�²þ§�ºÝþKpÝØ5K§Ì�±�¬�íN©f�/ª¤ì§

ù
��¡�ã©f� (giant molecular clouds)"3ÕàX¥§z�ã©f���þ��

104 ∼ 106 M⊙§�»�A� pc
[4]

"

(SíN¥�©fíNÚ�fíNë�9íNe%!ð(/¤!7áO´!�#(\9

�ÔnL§§¿?K���(X/¤Úüz"��@�§ð(/¤u(SíN�ã©f�

�¥§�fíNK´/¤©f����/ó¥0"ð(ÌS(å��ì?ã(�ã ( AGB

() ½ö�#(�uqUé(SíN?17áO´¿\9(SíN§ù�q�L5K�ð(

/¤±9(Xüz�L§"

3L��Acp§éu(X¥©fíNÚ�fíN�*ÿ(J�5�õ§¿��
�


(X¥íN�Ù¦¤©�ÚO5(J"3dÄ:þ?1
�
�©fíN�'�ð(/¤±

9(Xüz�.ó�§Áãn)ù
*ÿ(J¿�Ñ?�Ú�*ÿýó"

�©ò31 2Ú1 3Ù£�Cc5'u(X¥©fíNÚ�fíN¤©*ÿ�ó�?

Ð§Ù¥�)C�(X±9pù£�íN*ÿ¶3ù
*ÿêâÄ:þ1 4Ù0�Cc5¤

?1��X�nØ�.ó�§�)�ºÝþ©f – �fíN=zÚð(/¤Ç�'��.§

±9(XºÝþ'u©fíNÚ�fíN¤©��)Û�.ó�¶��é�5�*ÿÚ�.

ó���
Ð""

2 (X¥¥5��*ÿ

(X¥ HI«§Ý��$u 100 K§A�Øu�1ÆË�§¤±�UÏL��f¥��

°[(� 21 cmB+�[¤u���>Ë�5*ÿ"ùa*ÿ��·^u$ù£�¥5�*

ÿ
[5]

",�«¥5��*ÿ�{´|^pù£�UN���µ1§�ù
1UN3À�

���3¥5���§¥5��¬31UN�ëYÌþ�)áÂ�§,��âáÂ��A

�5íä¥5�áÂN�5�"e¡ò©O0�ùü«¥5��*ÿ"

2.1 $ù£(X¥¥5�� 21 cm�>*ÿ

|^ 21 cm¥5��>Ë�§�±&ÿÕàX!C�(X±9$ù£(X¥�¥5�"

à	¥5��*ÿ�@�±J�� 1953c Kerr Ú HidmanéðóÔ(X� 21 cm�>*

ÿ
[6]

"3ù��§à	¥5�� 21 cmÑUó�ÅìÐm
[7–13]

§�3é��ã�mSù
ÑU

ÑéØ�õ§�o´��ÀJØ��§�oÒ´ÑUNÈé�
[14]

¶���C�Ac§�X�

>"�º�uÐ§��C�(X¥5�21 cmÑUâ¤��U§'XHIPASS
[14, 15]

(HI Parkes

All Sky Survey)!HIJASS
[16]

(HI Jodrell All-Sky Survey)!WSRT
[17]

(Westerbork Synthesis

Radio Telescope)!ALFALFA
[18]

(Arecibo Legacy Fast ALFA Survey) �"

1997–2002c§HIPASS*ÿ� 5 317� HIu�§Ù¥ 4 315�5gC�à	(X§

3dÄ:þ§Zwaan�<
[19]

3 2005c��
ù£� 0?�¥5��þ¼ê±9�»¥5

��þ�Ý ΩHI = (3.5 ± 0.4 ± 0.4) × 10−4h−1
75 Ωcrit"ALFALFA|^ Arecibo"�º?1
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� 5 a�ÑUó�§é z < 0.06�� 30 000�(X�¥5�¤©?1
*ÿ§��
ù


(X¥¥5��o�þ§Ù¥(X¤¹ HI��þ��3 106 ∼ 1010.8 M⊙ �m"Martin�

<
[20]

K3 2010cl ALFALFA*ÿ��¥��
�#�ù£� 0?�¥5��þ¼ê±

9�»¥5��Ý ΩHI = (4.3 ± 0.3) × 10−4h−1
70 Ωcrit"��ïÄ��þ�(X¥5�5�

�*ÿÖ¿§GASS
[21]

(GALEX Arecibo SDSS Survey) l ALFALFA (L¥À�
ù£3

0.025 ∼ 0.05�m�ð(�þ�u 1010 M⊙�(X§?1
���Ý�HIÑUó�§dd�

�
� 1 000���þ�(X¤¹¥5���þ"

ã 1 (a) Äu HIPASS�(J§Zwaan�<
[19]

¤�� z = 0 ? HI�þ¼ê±9(Xêþ�HI�þ�

©Ùã"(b) Äu ALFALFA�(J§Martin�<
[20]

¤�� z = 0 ? HI�þ¼ê±9(Xêþ�

HI�þ�©Ùã"üã¥�Ø���êâ:5g*ÿ�§J�´[Ü� Schechter¼ê"

,��¡§�
ïÄ(XS¥5���m©Ù§2008c§THINGS
[22]

(The HI Nearby

Galaxy Survey) é 34�C�(X¥�HI?1
�[&ÿ§Jø
�m)Û�HI©Ùêâ§

?U
�Ñù
(X¥äN� HI¡�ÝÚ»�©ÙÓ+§l�ïÄð(/¤�(X¥

�ºÝL§Ú(SíN�'XJø
�þ&EÚ*ÿ�â
[23]

"

2.2 ¥5�áÂN�*ÿ

|^®k��>"�º§8c¥5� 21 cm�>*ÿ�4�ù£� z ≈ 0.2
[5]

"éu�p

ù£�¥5�§��|^DLA (Damped Lyman Alpha Systems§Î�ÝNHI > 2×1020 cm−2)

½ö sub-DLA (Î�Ý 1019 < NHI < 2 × 1020 cm−2) ¥5�áÂN5*ÿ"ù
áÂN��

±pù£a(N½ö³ç��� (long gamma ray burst§'X©z [24, 25]) ���µ1

UN§Ù¥�~��áÂ�´ 1 216 Å�4ù αáÂ�§,��â λ = 1 216(1+ zabsorb) Å�

±(½¥5�áÂN�ù£ (DLAáÂN�0�Únã�±�Ö©z [26]Ú [27])"pù£¥

5�*ÿêâéuïÄ�»¥5eíNüz
[25, 28–32]

±9ð(/¤{¤�~�"

�@� DLAÑUó�´�¤u 1986c� Lick Survey
[33]

§Ù¥k 68�a(N1Ì§l
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¥(@
 15� DLA áÂN
[34, 35]

"20V 90c��§�X��ÑU¦�&ÿ�� DLA

áÂN�êþ�ÌO\§AO´l SDSSêâ¥Ïé DLAÚ sub-DLAáÂN�ó�§'

X Prochaska�<Äu SDSS DR3
[36]

êâÚ DR5
[37]

êâ|¢ DLAáÂN�ó�§±9

Noterdaeme�<3 2009c|^ SDSS DR7
[32]

|¢ DLA�ó�§¦�é�
 1 426�¥5

�áÂN§Ù¥ 937�� DLAáÂN"8cÄuDLAÚ sub-DLA*ÿêâ�ÚOk�


'���(Øµ

(1) DLAªÇ©Ù¼ê f (NHI, X)ÚÎ�ÝNHI¥�ê©Ù
[38]

½öV�ê©Ù
[39]

(Ù

¥ X ´���LÀ��Ý�Ônþ§Ù½Â� dX ≡ (H0/c) (1 + z)
3
|cdt/dz|dz

[40]

)§¿�

f (NHI, X)A�Ø�ù£üz (��©z [39]¥ã 1)"

(2) ù£�u 2�§�»¥5��þ�ÝΩHI �ù£ü$~�
[32]

§ù�(JéuïÄ

(X¥íN�üz±9ð(/¤{¤�~�"

(3) ¥5�áÂN¥HIÎ�Ý�7á´Ý��¥��''X (�©z [41, 42]�)§ùé

uïÄ DLAáÂNMÌ(X¥�ð(/¤±9DLAáÂN����~�"

DLAáÂN���8cÿØ´���Ù"�«*:@�DLAáÂN´pù£�(X¥

�íN
[33, 43, 44]

½ö´L(X¥�íN
[45, 46]

¶,�«*:K@�DLAáÂNØ1´(X¥

5K$Ä�¥5�§´�3eá�(X�þ
[47]

½öë��N�^�íN
[48]

§ù�*:�

Cc5��
�[ó�¤|±
[49, 50]

"Ïd§|^DLAáÂNïÄpù£(X¥�¥5��

AT�Ä����5�¯K"

3 (X¥©f��*ÿÚð(/¤Ç

3.1 (X¥©f��*ÿ

�, H2 ©f´(S©f¥êþ�õ�©f§�´duH2 ´é¡©f§vk>ó4Ý§

Ø¬�)©fU?�[§ÏdÃ{��&ÿ©f�"3©f�¥Ø
�©f	§��3X

éõ«íN©f§®²&ÿ�©f��L 50«§'Xk��z% (CO)!R (NH3)!�z�

(HCN)!àÄ (OH)!Y©f (H2O) Ú¯U (C2H5OH)�"CO©f~�^5m�&ÿ H2 ©

f§Ì��Ï´CO©f3©f�¥�´Ý=guH2©f"CO©f�1�^=-u��'

Ä�§Ýp 5 K§ÏdéN´��»�Å�µË�½ö©fm�-E¤-u§�-u�CO

©f�[£Ä��§¬u�ÑÅ� 2.6 mm�1f CO (1 → 0)§Ød�	�kl1�^=U

?�1�^=U?�[CO (2 → 1)§Å�� 1.3 mm"ÏL 2.6 mmÚ 1.3 mm��>*ÿ§

�±5&ÿ CO�©Ù
[51]

",��¡§��@�COÚ H2©f3©f�¥�'~´��~

ê§¤±�� CO�&E�§ÒUí�ÑH2��þÚ©Ù"

*ÿ�� CO(��>rÝ ICO �§��� H2��þ§����¯KÒ´ COÚ H2

�=�Xê§�

X ≡
NH2

/cm−2

ICO/
(

K · km · s−1
) , (1)
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�(½ù�X§7LÏL� COÃ'� H2 *ÿ5��§ùa*ÿ´'�(J�§�U3Õ

àX9±�(X�©f¥�?1§��ke¡A«�{µ

(1)ÏL*ÿ©f�¥�©fÌ�§(½�� å$Ä�Ý§?¦�©f���þ
[52]

"

(2) ÏL*ÿ©f�¥e�Du�Ñ�Î�Åµ©f�¥��D�Bß©f��(SË

�|�ù	Ü©\9� 11∼15 K§u�ÑÎ�Å"ù
Î�Å�rÝ3Bß©f��¬�H2

©fáÂP~§,��â²þ7á´ÝO�Ñù
�D3Ø�3áÂ�¤Ak�u�rÝ§

üö'�§±(½©f��áÂP~Ç§¿?¦�©f�Î�Ý
[53]

"

(3) ÏL(SpU γ 1f�*ÿ: ��@�(S γ 1f5g�»���(S0��Ñ�

-E§ÏL*ÿÕàX¥©f�u�� γ 1f§�±í�Ñ©f���Ý
[54]

"

du©f�¥ H2 �þ��uÙ¦©f§ÏL±þ�{���(J�±��w�©f�

��þ½¡�Ý§,�(ÜCO�*ÿêâ§�±(½X��"X�;.�´ (2 ∼ 4)×1020
§

¿��íN�§Ý!�Ý�Ñ�k'
[55]

"3�Ü©*ÿ(J¥§  ¦^���½�X �

5O� H2('X5gÕàX�X �)"ù¿�Xy3ÏL CO*ÿ� H2 du X �Ø(½5

Ñ�3X�½�Ø�"

�@�(X¥CO�XÚ5*ÿó��¤u1985c§Verter
[56]

�Ñ
� 100�à	(X

� CO©f*ÿêâL"3ù��§éõCO�*ÿ�8�UÐm
[57–60]

"Ù¥ FCRAO(Five

College Radio Astronomy Observatory)
[58]

Ú COLD GASS
[60]

��Í¶"�8c��§�

*ÿ
 300 õ�C�(X� CO ¤©"Äu FCRAO �(J§Keres u 2003 c
[61]

±9

ObreschkowÚ Rawlingsu 2009c
[62]

��
ù£ 0?� CO 1Ý¼ê±9 H2 �þ¼ê

(�ã 2)"�
*ÿ(XSÜ CO ©Ù¿?ïÄ H2 ©f�©Ù§BIMA SONG
[63]

(BIMA

survey of Nearby Galaxies) ÏL CO (1 → 0) Ì�*ÿ��
 44 �C��(X�CO ©Ù¶

�� HERACLES
[64]

(HERA CO-Line Extragalactic Servey) ÏL CO (2 → 1)Ì�*ÿ


18�®²k HIÚð(Ó+&E�C�(X§dd^5ïÄ(XSÜ©fíNÚ�fíN�

=�!(SíN�ð(/¤Ç!íN¤©Úð(�þ��m�'X"

éupù£(X¥©f��*ÿ§8cÌ�5géð(/¤(X¥COu���*ÿ§

�*ÿ��ù£��3 1 ∼ 3�m ('X©z [65, 66]�)§�8cÿvk��� COpù£

ÑU�*ÿ��§�´Û�uð(/¤(X"

©f��*ÿØ
ÏL CO©f�	§éup�Ý©fíN (Dense molecular gas) «

�§  ¦^�
Ù¦©f��«l5&ÿH2§X HCN!HCO+!CS�
[67–70]

§ù
©f

éu&ÿ©f��Ý nH2
> 105 cm−3 �«�

[70]

'�k�"GaoÚ Solomon
[71]

3 2004c�

ó�¥'�
 65�(X¥ HCN (1→0)��ÝÚ(Xù	�Ý�'X§uyp�Ý©fí

N«���þÚð(/¤Çk;��'X§aq'X��q3��ºÝþ
[72]

±9pù£(

X
[73]

¥��
y¢"éu�~p�Ý�«�§CS��«l©f'HCN½ö HCO+ ��k

�
[74]

§Ï� CS�3ð(/¤Ø%p�Ý«�'Ù¦©f��"2009c Bayet�<
[69]

|^

CS©fu��*ÿ
C� 7�(X¥p�Ý©f«�"du(X�ÔnzÆ�¸�ØÓ§k

��I�|^HC3N
[75]

Ú C2H
[70]

�©f§5ïÄØÓ(X¥p�Ý©fíNÚð(/¤�

m�'X"
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ã 2 d FCRAO*ÿ(J¤���ù£ 0? H2 �þ¼ê§Ù¥�%êâ:5g©z [61]§Ù¥¦^
~

ê CO-H2 =�XêX = 2 × 1020
¶¢%êâ:5g©z [62]§Ù¥¦^�X �(X� B Åã�Ý

�'"ü^��[Ü� Schechter¼ê"ã¡Úg©z [62]"

Ø
«l©f�	§éupù£H2 ©f§��±|^aqu¥5�áÂN��{5*

ÿ§�Ò´3DLAáÂN¥ÏéH2 �áÂ� ('X©z [25, 32])"ùa*ÿ���¦DLA

áÂN3pù£? (z > 2) �¡�Ý�p§Ïdêâé�"

3.2 ©fíN�ð(/¤Ç

ð(/¤´(Xüz���L§��"��@�§ð(´(�duåØ½5u)

©�� /¤�§��kH2 ©f��3§âU¦ÚåØ½�©f�ÏL�f°[(

�Ë�e%� T ≈ 50 K§l¦�©f�� �v
p�Ý/¤ð(
[76]

§Ïdð(/¤

L§AT�(S©fíN���'"�3�cé���mS§�~��*:´ð(/¤Ç�

©fíNÚ�fíN�oÚ�'§�Ò´¤¢�Kennicutt-Schmidt Law
[77, 78]

µ

ΣSFR ∝ Σn
gas . (2)

�â Kennicutt3 1998cé 97�C�(X�*ÿïÄ
[77]

(J§ª (2)¥��ê����

n = 1.4"

Cc5§�X(X¥ HI Ú H2 *ÿêâ�Oõ§�5�õ�U©Æ[m©ïÄð(

/¤Ç�©fíNÚ�fíN�'X"2002c Wong Ú Blitz
[79]

uy3©f�ÓÌ��

(X¥§ΣSFR � ΣH2
�'X' ΣHI ��;�"���Ac¥§Äu THINGS

[22]

§BIMA

SONG
[63]

§HERACLES
[64]

�*ÿ�8���(X�þÛ��H2Ú HIêâmÐ
�X��

ó�
[23, 80–82]

"2008c§Bigiel�<
[80]

©Û
Ù¥ 18�(X�ð(/¤Ç (5g�b	Ú

24 µmù	*ÿ) � ΣH2
!ΣHIÚ Σgas �'X�§�Ñ
²�[Ü(J

ΣSFR ∝ Σ1.0±0.2
H2

, (3)
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lrð(/¤Ç¡�Ý�©f�¡�Ý��éXå5§Ó�ª (3)��ÎÜð(��/¤

u©f�¥ù�¯¢"�� Schruba�<
[83]

©Û
 33�C�/µ(X (�ã 3)§uy=¦

3¥5�ÓÌ��«� (ΣH2
< ΣHI)§ð(/¤Ç¡�ÝΣSFR�Î� ΣH2

¤�'"

ã 3 C� 33�(Xð(/¤Ç¡�ÝÚ©fíN¡�Ý�'X
[83]

�©fíN¤�'�ð(/¤Ç ΣSFR ∝ ΣH2
¥,���¯KÒ´Ù¥�'~~

ê§�Ò´©fíNð(/¤�Ç SFEH2
= ΣSFR/ΣH2

§ù��3*ÿ¥ÏL©fíN�

Ñ�m (molecular gas depletion time) τH2

dep = ΣH2
/ΣSFR5(½"2011 c Bigiel�<

[84]

(

Ü
 HERACLES � CO êâ±9 GALEX�b	Ú Spitzer �ù	êâ§��ØÓ(X

�©fíN�Ñ�m��´��~ê—— �� 2.35 Ga§éA�©fíNð(/¤�Ç

SFEH2
≈ 4.26 × 10−10a−1"2012c Rahman�<

[85]

�ïÄ�|±
 SFEH2
3ØÓ(X¥

�~êù�(J" 2011c Saintonge�<
[86]

©Û
 COLD GASS��(X¥ H2 �Ñ�

I�(Xõ�Ônþ�'X§uyH2�Ñ�I�(X�þO�C�§Ù[Üúª�µ

τH2

dep ≡ MH2
/SFR = (0.36 ± 0.07) lg ([M∗/M⊙] − 10.70) + (9.03 ± 0.99) . (4)

Saintonge �<�(J� Bigiel �<(JÑy�É´duüö(X���þ��ØÓ¤

E¤�"Saintonge�<���(X�þ0u 10.5 < lg [M∗/M⊙] < 12.0§ Bigiel �<

��(X��þ0u 8.9 < lg [M∗/M⊙] < 11.0§���U�)ºÒ´���þ(X¥

(M∗ < 1010M⊙)τH2

dep �(X�þCzvk��þ(X¥@�²w§ª (4)Ø·^u�(X"

éupù£�(X§Genzel�<
[87]

Â8
ù£ 1� 3�mð(/¤(X¥��(X²þ�
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COu��rÝ±9ð(/¤Ç�*ÿêâ§¿��ù£ 0?�(J�'�§uy�(X²

þíN�Ñ�Ilù£� 2�� 0.5 GaO��
ù£� 0�� 1.5 Ga§ù`²�(X²þ�

©fíNð(/¤�Ç3pù£��p"

4 (X¥�fíNÚ©fíN��.

�Ù¥ò0�Äu*ÿ¤��(X¥©fíNÚ�fíN�(J§Cc5?1��
n

Ø�.�¡�ó�"1�Ü©ò0�(S0�¥©fíN – �fíN¤©�=z�.§1�

Ü©ò0�ïÄ(X¥©fíNÚ�fíN��)Û�."

4.1 (S0�¥©fíNÚ�fíN=z��.

©fíNÚ�fíN´(S0�¥íN�3�ü«/ª"���¹e§©fíN?u¥

%�©f�¥§�fíN?3	�"íN�fNX3(S�DL¡§u)zÆ�A/¤(

S©f§(S©fq�U�(S�b	 (FUV) |l)��fíN
[88]

§ü�L§?u²ï

G�"(S�¸¥©f – �fíN=z�L§kéõnØ�.§��Ñ´ÏLê�½ö)Û

��{3(�ºÝþO�©f/¤�L§§Ù(J�±�Cc5©fíNÚ�fíN�*ÿ

(J�'�§�U
?�Ú^�(XüzÚð(/¤��.¥"

Elmegreen
[88–90]

3Ù�X�'u(S©f�/¤��.Ä:þ§�Ä
7á´Ý!(

SØr!(Sb	Ë�|�Ï�§uy(S0�¥©fíN - �fíN�'~ fmol �6

N·åÆØr (hydrostatic pressure) Ú²þË�|k'§Ù¥Øré fmol K�'Ë�|�

�"BlitzÚ Rosolowsky
[91, 92]

Äuù�(J±9�X�CO�*ÿêâ§�Ñ
{ü�²�

[Üúªµ

Rmol =
ΣH2

ΣHI

=

(

P

P0

)α

, (5)

Ù¥~ê α = 0.92 ± 0.07§P0 = (3.5 ± 0.6) × 104kB§¥� (midplane) 6N·åÆØr P

�±Cq��µ

P =
π

2
GΣgas (Σgas + fσΣ∗) , (6)

Ù¥ ΣgasÚ Σ∗©O´�þíNÚð(¡�Ý§fσ´R�u���þ�ð(�íN�Ý�Ñ

�'�"ù�Br(X¥©f – �fíN'~�ð(±9íN¡�ÝéX3
�å"

Krumholz�<l 2008cm©ïá
�X��)Û�.§̂ uïÄ©f�¥©fíN

/¤Ú1�>lL§"¦�
[93]

b���þ!�¥GeíN�±��3þ!!��Ó5�>

lË�|§��¶-©f�íN�Ë�|l)¤±��fíN�L§I�^ü�ëþ5£

ãµτR ±9 χ§cö^5£ãeíN�¥�D�1�§�ö´��8�z�Ë�|rÝ"�

�3 2009c
[94]

±9 2010c
[95]

�ü�©Ù¥§rù@n��.^u(X¥©f�fíN

·ÜÔ�O�¥§¿&Ï�©f – �fíN=�L§�'�Ônþ"¦����(Ø´eí

N¥�fíN�Ý�X±�(SË�|Cz§χ��éu¤k(X��Ñ3 1�m§¿�

�íN�7á´Ý�3�f��''X"Ï�7á´Ý�(S�D�êþ���'§l©
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f – �fíN·Ü�¥©f��'~���ÙíN¡�Ý±97á´Ý�'§Ù(J[Üú

ª´µ

fH2
≡

MH2

MH2+HI

≃ 1 −
0.75s

1 + 0.25s
, (7)

Ù¥ sL«¤

s = ln
(

1 + 0.6χ + 0.01χ2
)

/0.6τc . (8)

ª (8)¥ χ��� 1§ τc = 0.066ΣcompZgas �íN�¡�Ý±97á´Ý�'"ã 4�Ù

�.(J¥ fH2
ÚíN¡�Ý±97á´Ý�'X�§�±w�Krumholz�<��.(

J� fH2
�3$íN¡�Ý«�é7á´Ý�~�¯a§3p¡�Ý«�KÌ��ûuí

N¡�Ý"Krumholz�<ó����©f�'~�(JU
�*ÿ�C�(X±9ÕàX

�(J�¬Ü§��q?�Ú^uïÄð(/¤�nØ�.�¥
[96–98]

"

ã 4 KrumholzÚMckee�<�.¥©fíN'~ fH2 �íN¡�Ý Σcomp Ú7á´Ý�'X
[95]

"Ù

¥l��m�ØÓ��L7á´Ý lg Z l −2 � 1 �(J§����m7á´Ý�� 0.5 dex"

þ¡�ó�Ñ��Ä
(SíN¥©fÚ�fíN�=zL§§2011c Gnedin Ú

Kravtsov
[99]

�
ïÄ©fíNÚð(/¤Ç�'X§�ï
��k�õ¤©��.§(S

�¹k HI!HII!H2!H−!H2
+ ¤©§Ù¥�¹
�b	 (FUV) 1f>l – EÜL§!©

f – �fzÆCz!�D(SzÆ�L§§|^ê��[��{§¦���
���ð(

FUVË�|k'�©f�/¤�."Ù(J¥(SíNdlfíNHII!©fíN H2 Ú�

fíN HI|¤§Ù¥lfíN'~ fHII ±9©fíN fH2
'~Ñ´íN¡�ÝΣH!�D

– íN' DMW!(S FUVË�|rÝ UMW �¼ê"�D – íN' DMW ½Â��¥íN

– �D'�ÕàX��'~§§�±CqL�¤íN¥7á´Ý���7á´Ý��é�

[Z/Z⊙]gas¶FUVË�|rÝ UMWK½Â�3 1 000 Å?(Sb	|1f6þ�ÕàX¥�
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�'~ UMW ≡ J
1 000Å

/JMW"¦��Ñ� fHIIÚ fH2
�[Üúª�µ

{

fHII = ΣHII/ΣH =
(

1 + αx3/4 + x2
)−3/5

fH2
≡ ΣH2

/ΣH2+HI = (1 + Σ∗/ΣH2+HI)
−2 , (9)

Ù¥ α!x!Σ∗´� DMW ±9 UMW �'� 3�ëê§äNL�/ª��E,§�±ë�©

z [99]�1 3Ù"

4.2 �¹©fíNÚ�fíN¤©�(X/¤üz�.

�XCAc(X¥©fíNÚ�fíN*ÿêâ�Oõ§±9þ¡J��©fíN – �

fíN/¤=z�.�ó�"�
nØó�öm©�Ä3�»ÆºÝþ5�ï#�(X/¤

Úüz�.§̂ u)º*ÿ¥¤�íN¤©�(J"3ù�c§���(X/¤Úüz��

.¥(SíN==�¹
ü��¤©§Ø2äN«©©fíNÚ�fíN§ùÃ{O(£ã

©fíNÚ�fíNë��ÔnL§§�¹©f – �fü«íN¤©��.K�±éù


(SíN¤©?1�äN�[�ïÄ"

DÚþ§ïÄ��(X¥íN¤©��.��|^6NåÆ�[ (hydrodynamic

simulation) 5?1§Ù¥�¹��{ü�íNÚð(�m�Ô�=zL§"ØL�|^da

�[5ïÄ�»ÆºÝþ(X¥�©fíNÚ�fíN±9ð(�=�L§KLuE,"Ï

�ù�3(X�z��¬«�¥Ñ?1aquþã�ºÝ¥ïÄ©f – �fíN=z�L

§§¿Jl(X¥z¬«�ð(¤�)�Ë�éuØÓ«�íN=zÚð(/¤�K�§ù

«�Û�z�O�L§I�Ñ¤�~õ�O��m
[100]

"CÏù�¡k
�
ÐÚ�ó�§

'X Altay�<
[49]

2011c|^6NÄåÆ�[(X¥�HI¤©§5)ºÚýóù£� 3

�¥5�áÂN��«*ÿ"�kDuffy�<
[100]

2012c�6NÄåÆ�[ó�§ïÄ�¹


©fíNÚ�fíN=z/¤L§§�Ñ
��ù£?¥5��þ¼ê§Ù¥ù£� 0?

�(JU
�*ÿ�ÎÜ§¿©Û
�[)ÛÝ (resolution) é�ªíN¤©(J¤�)�

K�"

,��¡§CAc53(XºÝþïÄ©fíNÚ�fíN��.ó�§Ì�|^�)

Û��{5�¤"�Ò´^�
5g*ÿ[Ü½ö®k�.(J5��/£ã�©f – �f

íN=z!ð(/¤�ÔnL§§ù�±;�cã6NÄåÆ�[�3��þO��m�¯

K"ùa�.�m©�}Á´3®k�)Û�.ÑÑÄ:�þ?1�?n (post-processing)§

(XüzÚð(/¤L§��¿Ø�9©fÚ�fíN¤©"2009c Obreschkow�<�

ó�
[62, 101, 102]

Ú 2010c Power�<
[103]

�ó�Ñáuù«�?n�.§Ù¥Obreschkow

�<�ó�´3 L-Galaxies
[104]

(X/¤Úüz�)Û�.ÑÑ(Jþ?1��?n§

L-Galaxies �)Û�.´ÄuMillennium�[
[105]

Ü¿ä (merger tree) �þ$1�"¦�

��.|^
 L-Galaxies$1(J¥�Ñ�z�(X�ð(�þ!Ø¥�þ!eíN�þ!

eíN7á´Ý!��I�!̂ =�Ý�(J§�z�(X��ï
Ô�»�©ÙÓ+§,

��âª (5)�©f�/¤�.5O�z�(X�¥©fíNÚ�fíN�»�©Ù±9o

�þ¶¿��Ñ
U�*ÿ(JÎÜ�ù£� 0?� HIÚ H2�þ¼ê
[62]

±9�»¥©f

�Ú�f�'~��»ù£üz�(J
[102]

(�ã 5)§Ù¥©fíNÚ�fíN�Ý'~�ù
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£�üz'X�±^ ΩH2
(z) /ΩHI (z) ≈ 0.3 (1 + z)

1.6
5Cq[Ü

[102]

"Power�<Ku 2010

c|^
 4@ÄuMillennium�[�(X/¤Úüz��)Û�.
[104, 106–108]

§3ù
�.

�ÑÑ(Jþ?1�?n5ïÄ�»¥HI�üz"¦�æ^
ü«�{l�)Û�.�í

N(J¥�� HI�¤©µ1�«´éuØÓù£?�¤k(XÑ¦^�½�H2/HI'~§

1�«Kæ^
ObreschkowÚ Rawlings
[62]

��{5��H2/HI�'~"¦��(J�Ñ


pù£ HI¤©üz��
5�§cÙ´� DLAáÂN�'��
*ÿþ�ù£üz�

ýó"

ã 5 ObreschkowÚ Rawlings��?n�.
[102]

¤�Ñ�(J"(a) �»�fíN�Ý�ù£üz�

�§Ù¥�*ÿ�5g DLAáÂN¶(b) �»©fíN – �fíN�Ý'�ù£üz��¶(c) �

»©fíN�Ý�ù£üz��"

Obreschkow�<Ú Power�<��?n�{�`:3u§|^®k��)Û�.�Ñ

�(J§U34á��mSO�Ñ¤I��©f�Ú�f���þ±9»�©Ù(J§éu

����ªO�Å§Ø�lM�Ö\�)Û�.(J¤I��m	§ùa�{O�U3ê©

¨S�¤O�"�ù«�?n�{�3�¯K´�.���ØgU5§Ï��.Ä:´�)

Û�.�(J§(X/¤Úüz�ÔnL§¥¿��¹©f�Ú�f��¤©§¤±©fÚ

�fíN¤©3(X/¤Úüz¥Øå�^§��?n�.�U��{ü��^"

�'þã�?n�{5ïÄ(S0�¥�©fíNÚ�fíN¤©§�ÜnÚO(��

.ATr©fíNÚ�fíN93�þ�©Ù���¹3(X/¤Úüz���ÔnL§

�¥"Cook�<
[109]

�@��3(X/¤�)Û�.¥§�Ä�¹©fíNÚ�fíN¤
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©��¹"¦�3�c��)Û�.
[110]

¥b�¤k(X¥íNÚð(��Ñ¥�ê�G©

Ù§±¦�íN¡�Ý Σgas Úð(¡�Ý Σ∗ ©Ù§,�|^ª (5)Ú (6)¦�z�(X�

¥�©fíNÚ�fíN��þ"��©fíN�»�©Ù�§¦��.¥æ^
���©

fíN¤�'�ð(/¤Ç Σ̇SFR = ǫ̃Σmol§Ø2�o�íN�'"¦���.�Ñ
ù£

0?� H2!HI�þ¼ê§HIÚð(�þ'�5�§���*ÿ(J�Î"�dó��{a

q§Lagos�<u 2011c
[111, 112]

�b�
íNÚð(���±�ê�©Ù§¿�ð(/¤

Ç��©fíN¡�Ý¤�'"�Cook�< 2010c��.�'§ØÓ�?3u Lagos�<

��.¥¦^
 (4.1)!¥J��©fíN'~�Ør�' (ª (5)Ú (6)) ±9�íN¡�

ÝÚ7á´Ý�' (ª (7)Ú (8)) ü«�.§¿�©fíNð(/¤Ç νSF = ΣSFR/Σmol Ø

´~ê´�íN¡�Ý Σgas �'�¼ê§Ù¥éu�Ør�'�©fíN'~�.§νSF

��µ

νSF = ν0
SF [1 + (Σgas/Σ0)

q
] , (10)

Ù¥ ν0
SF = 0.525 Ga−1

§Σ0 = 200 M⊙pc−2
§q = 0.4¦Ù(JULÎÜ©z [23]Ú [80]¥ð

(/¤Ç�*ÿ(J"éuKrumholz�<�©fíN'~�.§νSF ��µ

νSF =







ν0
SF (Σgas/Σ0)

−0.33
(Σgas < Σ0)

ν0
SF (Σgas/Σ0)

0.33
(Σgas > Σ0)

, (11)

Ù¥ ν0
SF = 0.38 Ga−1

§Σ0 = 85 M⊙pc−2 5g©z [96] (J�[Üëê"Äuù��

.§Lagos�<Ø��Ñ
ù£ 0?(X¥©fÚ�fíN��
(J§�ýó
�X�p

ù£?©fÚ�fíN��m�üz(J§̂ 5�®k�êâ ('X5g DLAáÂN�p

ù£¥5�(J)±9�5�*ÿ'�"

Cook�< 2010cÚ Lagos�< 2011c�.�Øv�?3u©ªb��þíN¡�Ý

¥�ê�©Ù§Ïdvk�äN/Jl�þíN»�Ó+3ë���aÔnL§¥�Cz§

¿�(X�þvkíN7á´ÝFÝ"Fu�< 2010c
[113]

ïÄ(X¥©fÚ�fíN¤

©��.�' Cook�<Ú Lagos�<��.��[�"¦���.�´Äu De LuciaÚ

Blaizot 2007c�)Û�.
[104]

±9Millennium�[
[105]

ÑÑÄ:�þ�§�Ù¥Ø2{ü

b��þíN»�Ó+©ª¤¥�ê�©Ù§´rz�(X�©¤
�X��Ó%��§

¿3z���¥Jl��þíN�'���ÔnL§§,����þð(ÚíN�»�©Ù

Ó+±9»�7á´ÝFÝ§ù
ÔnL§�)íNe%Úeá!©f – �fíN�=z!

ð(/¤�7á)¤!�#(�"!(XÜ¿�"Ù¥íNeá��»�Ó+�âMo�<

1998c
[114]

�nØO����ê/ª§ÙI��âeá��ÄþÅð5¦�"Fu�<��

.¥�æ^
1 4.1!¥0��Ør�'�±9Krumholz�<�ü«©f – �fíN=z

�.§�ð(/¤Ç3©fíNÚ�fíNÓÌ�«�æ^
ØÓ�/ª§ù��´�
Î

Ü Bigiel�< 2008c
[80]

ØÓ¡�Ý«��*ÿ(J"Ùð(/¤ÇL�ª�µ

ΣSFR =







αΣH2
(fH2

≥ 0.5)

α′Σ2
gas (fH2

< 0.5)
, (12)
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Ù¥ α = 0.49 Ga−1
§α′ ��éuz�(X�ØÓ§±�yª (12)3 fH2

= 0.5?�ëY¼

ê"Fu�<��.�Ñ��(X¥©fíN!�fíN!ð(�»�¡�ÝÓ+Úù£ 0?

�íNð(�þ¼êU
éÐ/ÎÜ*ÿ(J§¿�Äu�.(J���íN – ð(�þ'

Úð(�þ!ð(²þ¡�Ý�IÝ'X (scaling relations§�ã 6) ��C�(X�*ÿÄ

���"

ã 6 Fu�< 2010c�.
[113]

æ^ Krumholz�<�©f�'~
[93–96]

�Ñ�ù£ 0?�(XíN'~

Úð(¤©�IÝ'X"Ù¥êâ:5g�.§��5gC�(X�*ÿ(J
[23]

"g��mî�I

©O´(X�íN²þ�Ý!ð(²þ�Ý!ð(�þ¶gþ�e�p�I©O� HIÚð(�þ

'!H2 Úð(�þ'!H2 Ú HI�þ'"

5 �5�Ð"

�fíNÚ©fíN´(X��|¤Ü©§§�ë�
éõÔnL§§¿K�
(X

/¤Úüz"�©l*ÿÚnØ�.ü�¡V)/0�
Cc5�(X¥©fÚ�fíN�

'��«ïÄ?Ð"8c§'u(S©fíNÚ�fíN�ïÄ3éõ�¡�?uåÚØÈ

��ã§Ïd38��ã�mS�kéõ�'�ó�ò�mÐ"

3*ÿ�¡§8c$ù£�(X¥ HI Ú H2 ¤©�*ÿêâ®²'���§�é
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upù£(X¥©fíNÚ�fíN¤©�*ÿ��©"y§|^ DLA áÂN5m

�*ÿpù£(X¥�íN¤©K�9� DLA áÂN������Ï�"�5��

.�>*ÿ��K���&ÿpù£(X±9L(X¥©fÚ�fíNJø
Å¬"

ù
���) SKA (Square Kilometre Array§Oy 2016 cm©$1)§ALMA (Atacama

Large Millimeter/submillimeter Array§Oy 2013c�¤ï�)§ASKAP (Australian Square

Kilometre Array Pathfinder§Oy3 2013 c�¤ï�)§MeerKAT (South African radio

telescope§ýO 2024c�¤)§'u�5��.�>"�º�8�±ë� [115]±9�'�

0�"ObreschkowÚ Rawlings
[116]

�C��
|^ ALMAÚ SKA5&ÿpù£(X¥¥

5� 21 cmË�±9 CO©f^=�[Ë���U5§Ù(JýóALMA�±^5&ÿù

£ 3�mÕàXºÝ(X¥CO (3 → 2)�Ë�§SKAK�±^5&ÿù£ 3?(X¥ CO

(1 → 0)Ë�§¿� SKA��±^5éuù£ 3�m�(X?1 21 cm HIÑU"Ïd8�

k"ØÏLDLAáÂN����pù£(X¥HIÚ H2¤©�ÚO5�"

3nØ�.�¡§�X*ÿêâ�Oõ§cÙ´pù£íN¤©�*ÿêâ§ò��.

ó�Jø�õ���Ú�å",��¡§31 4.2!¥J��ïÄ©fÚ�fíN¤©��

)Û�.Ä�Ñ´ÄuMillennium�[ÑÑÜ¿äÄ:�þ?1�§Millennium�[

¥U
Jl�VÔ�'�þe�´ 1.72 × 1010 M⊙ · h−1[105]

§�Ä�(XÜ¿{¤�Jl§

ÄuMillennium�[��)Û�.·ÜïÄÕàX��±9��ºÝ�(X¶�Ù)ÛÝ

(resolution) Øv±ïÄ����(X!L(X±9pù£?c�(X (progenitor galaxies)

¥©fíNÚ�fíN¤©§Ïd�ÏL�)Û�.�Ñpù£HIÚ H2¤©�ýó§I�

�p��[)ÛÝ"2009c�¤�Millennium II�[
[117]

Jø
'Millennium�[p 125

���[)ÛÝ§3dÄ:þ�(X/¤Úüz�)Û�.
[118]

�Ð/ÎÜ
$�þà(X

��
5�"Ïd8���ã�mS§ÄuMillennium II�[�þòk"mÐ�?�Ú�

(S©fíNÚ�fíN��.ó�§l�Ñ�
'uL(X±9pù£(X¥©fíN

Ú�fíN�ýó(J§(Üò5�pù£©fÚ�fíN�*ÿ§�±�?�Ú/n)@

Ï�»¥(X�üz±9ð(/¤L§"

ë�©zµ
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Abstract: Molecular gas (mainly H2 molecule) and atomic gas (mainly HI atom) are very

important baryonic components in interstellar medium, and they play significant roles in

various kinds of physical processes in galaxies, including gas cooling and infall, star formation,

metal producing, supernova reheating and feedback. It is generally considered that stars form

in giant molecular clouds, and atomic gas is the reservoir of the molecular clouds.

In recent years, observations give more and more results on molecular and atomic gas

with the development of observational technology.

Atomic gas component in nearby galaxies at low redshift is observed through 21 cm radio

emission by neutral hydrogen atoms. 21 cm HI surveys provide a lot of information about

the neutral gas components in galaxies at low redshift. Some famous HI survey in recent

years are HIPASS, HIJASS, WSRT, ALFALFA, THINGS etc. For galaxies at redshift higher

than 0.2, people usually use DLA absorbers to observe the HI gas components indirectly.

Because of the symmetric structure, molecular hydrogen H2 components cannot be

directly observed, and the molecular gas is observed through carbon monoxide or some

other molecules as tracers. Some famous CO observations in recent years are FCRAO,

COLD GASS, BIMA SONG, HERACLES. Based on these observations, people get the H2

properties for the local galaxies including the H2 mass functions at z = 0, the surface density
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profiles of molecular gas etc. Combining with the star formation rate observations of these

galaxies, some astronomers find that the star formation rate correlates with the molecular

components more tightly than total cold gas components.

With the advance of observational studies along this line, more and more galaxy forma-

tion models have include the molecular and neutral gas components. There are mainly two

aspects on the transition of these two components. One is on the transition between atomic

and molecular gas in ISM, and the other is the semi-analytic modeling of gas components

in the galaxy evolution models.

Elmergreen et al, Blitz & Rosolowsky and some other work suggest that the molecular

to neutral gas fraction is determined by the interstellar pressure. Krumholz, Mckee and

Tumlinson made a model of the molecular gas formation and photo-ionization in interstellar

gas, and they get the results that the molecular gas fraction can be approximately expressed

as a function of the local gas surface density and gas metallicity.

For the semi-analytic modeling of gas components in galaxies, Obreschkow & Rawlings

made the first attempts with the post-processing method based on the outputs of galaxy

formation models, and Power et al. also did the similar work. But such kind of approach is

not self-consistent, as their galaxy formation models do not contain the physical processes

related with the neutral and molecular gas components. More recently, Cook et al, Lagos et

al, and Fu et al. have included in their galaxy formation models with the transition of neutral

and molecular gas and the molecular gas related star formation rate according to the findings

in recent years. Their models are quite successful in predicting the observational resultsfor

local galaxies such as the H2 and HI mass functions, the gas surface density profiles and

some gas to star scaling relations. Their models are able to make additional observations.

In the future, observations by new facilities such as SKA, ALMA, ASKAP, MeerKAT can

offer opportunities to get more information about the neutral and molecular gas, especially

the direct detection of HI and molecular gas components in galaxies at high redshift, which

can further help to study the cosmic evolution of cold gas and even galaxies.

Key words: interstellar medium; atomic gas; molecular gas; star formation; galaxy evolu-

tion


