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Ħ³Ŝš�

NASA, ESA, and The Hubble 
Heritage  
Team (STScI/AURA)� ���

�Q�

 
�ņūŔ1000 �Š��ŠİŦŭ�

õŬĐŃŚŃŮ��
Ħ³Š���

4/37�



`ŠsĦ³ŲřŊŘŚŃŮ�
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ťŜųŝŠ 
ŁÐşüŅŮł^ÝŠ� 
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Ł`ŠsĦ³łŠ©ĘĻ�

NASA/JPL-Caltech�ŋųŦ`�D�
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źƟƖïŜš?�

ÐşüŅŮ"ĻĻ= Cý" 
÷ŠĝŃĻļĻ��8ĻļĻ´ĩ�

0.36 µm�0.8 µm�
1µm = Î�+Š�ĻƘơƈƜ�

´ĩňÒŃ�´ĩňĩŃ�

źƟƖï=´ĩňĵwşÒŃĴÖ´�
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ĴÖ´ŠÚĶş�őŚ ĞĨň[űŮ�

ŒŢŮ ĞĨ 
http://www.naoj.org� http://heasarc.nasa.gov/docs/swift/swiftsc.html�

Swift, Fermi 
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źƟƖïƎơſƈ(Gamma-Ray Burst: GRB)Ŝš?�

Swift ù�Ļ 
(źƟƖïĿXï¨*)�

�ØŇŬ�:ØŠĬĿÞÍÏş_ĤŠź
ƟƖïň�pŏůŮgiś�ũºŐŃÀ
ÍÃĆ(aĮŠ�pŷƌƜŻơŠ100 x+)�

ƎơſƈŇŬŠëĜ�Ĭ(Ø)Šn��

�
Ů
ŏ
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GRB 080319B 
Racusin �Ļ2008, Nature 

źƟƖïƎơſƈ�

¯"�

1�Ĭ� 1��

Ł¯"ł 
źƟƖïƎơſƈ| 
��ĬŇŬ��ş 
űŕŘŚXïŪ 
CýĿĔĈ\ïś 
�ŮŊĐŊ 
 
�ĬŜŜũşŝųŝų 
�ŊŞŘŚŃŊ 
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źƟƖï¨*OŠŁÐš�Ńł�

źƟƖïŠ�ð²jåy�

źƟƖïþ¶ŖŌśš
ƎơſƈňŝŎŇŬŉŕ
ŠŇűŇŬŞŃƠƠƠƠ 

ũŘŜŁÐŠŃŃł 
Cý-ĔĈ\ï ĞĨś
¯"ŲŒŢŪŊþ¶ 

NASA (HST)�

¯"�

°Ħ³�

źƟƖïƎơſƈŠ 
Ł¯"łŜŁ°Ħ³ł 

¯"�

źƟƖïƎơſƈš 
ĞŊŠĦ³Š�śĉŎŘŚŃŮ�
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NASA/Swift/Stefan Immler, et al.�

GRB 080319B  75 "x (Ĉ��Ù 0.937) 

Swift/XRT, UVOT�

óÑśũüŅŕ!? źƟƖïƎơſƈŠŁ¯"ł 

X ï� Cý"�
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ĞŊŲüŮ = �ŠgiŠcŲüŮ�
�Ğ�źƟƖïƎơſƈ�

GRB 050904 

GRB 090423 

(c) Sà`�D�

Loeb et al. 2006�
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aBŠgiŲ¿ŬŒ»D�
GRB 090423 
131 "xƢĈ��Ù ~8.2) 

Tanvir et al. 2009�

GRB 050904  
128 "x 
(Ĉ��Ù ~6.3)�

Totani et al. 2006�

Kawai et al. 2006�
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ĞŊŲüŮ = �ŠgiŠcŲüŮ�
�Ğ�źƟƖïƎơſƈ�

GRB 050904 

GRB 090423 

(c) Sà`�D�

Loeb et al. 2006�

GRB 130606A 
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źƟƖïƎơſƈ=_ćĤ=Â�Š®�
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źƟƖïƎơſƈŜģ!èĤ 

ģ!èĻ= ƓƛŶƗūŭũģŃ!è�
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źƟƖïƎơſƈŜģ!èĤ(Åă) 

��ķš�ňPčŒŮ5ŃŁÿě2ĤłŲ�ŗ>Ů�

(=Â�ŽƊƛŸ)�
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źƟƖïƎơſƈŜģ!èĤ(þ¶) 
źƟƖïƎơſƈ°Ħ³� Ċ��(ŠŧĉŎŘŕ)°Ħ³�

Fruchter �Ļ2006, Nature� Fruchter �Ļ2006, Nature�

qŏŊŚ�ŃĿĎŃĦ³� _ŉŊŚ�ŮŃĿģŃĦ³�
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Ħ³Š�ćĤ(=�ŠîćĤ:aĮćĤ=�)Šn��
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Ħ³šģŃťŝģ!èĤň]Ń�
Kewley & Ellison 2008, ApJ�
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źƟƖïƎơſƈŜģ!èĤ(þ¶) 
źƟƖïƎơſƈ°Ħ³� Ċ��(ŠŧĉŎŘŕ)°Ħ³�

ģ!èĤňrŞŃ� ģ!èĤň]Ń�

Fruchter �Ļ2006, Nature� Fruchter �Ļ2006, Nature�
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źƟƖïƎơſƈŜģ!èĤ(þ¶) 
ģ
!
è
Ĥ
�

°Ħ³Š�Ůŏ�

źƟƖïƎơſƈ 

Åă+þ¶�

ģ!èĤŠ 
rŞŃÆY�

=
�

Ċ��ŠŧĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻ�

źƟƖïƎơſƈ+Ċ���

Modjaz �Ļ2008, AJ�

Ċ��ŠŧĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻ�

źƟƖïƎơſƈ+Ċ���

7.5�

8.0�

8.5�

9.0�
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ƄơżźƟƖïƎơſƈŠĄ�

źƟƖïƎơſƈŠç;�šCý"¯"ňĵw
ş�ŃƠ¨*śŉŞŃĻ! ƄơżźƟƖïƎơſƈ 
 
ƄơżźƟƖïƎơſƈŠ°Ħ³Fj/Íüš 
ĲŐŊŔŠ­�šĄ 

ŒŢŮ ĞĨŲ�ŘŚ 
ŔŠĄşĕŮ!�
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ŒŢŮ ĞĨşūŮƄơżźƟƖïƎơſƈĻ 
(GRB 080325) Šþ¶(1)�

Ǝơſƈ|çĻ9 �Ĭ�Ǝơſƈ|çĻ34 �Ĭ� ¯"ĻĻ(a)-(b)�

Cý¯"š¨*ŏůœ 
ĻĻĻĻŒŢŮ ĞĨŠĔĈ\��úðśƎơſƈ|ç9�Ĭşþ¶Ļ 
ļĻŎŠƎơſƈşřŃŚ�ÊśM�Ĉ\ï¯"Ŝ°Ħ³Š¨*ş�1 
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ƄơżźƟƖïƎơſƈŠIđş_ĤŠX�

XŠ+v�

ƎơſƈÍÇ�ð�

!ņŔŬŊŎŠƎơſƈŠIđšģ!èĤňĵwş]Ń�

þ¶ŏůŕĔĈ\ï¯"
Š�ŮŏšĿ¯"ŠÅă
ƙƇƜŠ
�ūŭũšŮŇ
ş�Ń�

þ¶ŐŕƄơżźƟƖï
ƎơſƈŠIđş_ĤŠ
XňeTŐŚŃŚĿCý
"¯"ŲH?ŐŚŐŦŘŕ�
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�¾¼ŹƘƚ(Cý")�
]`�ĔĈ\��+"úð 
              (Ĉ\ï)�

ŒŢŮ ĞĨşūŮƄơżźƟƖïƎơſƈĻ 
(GRB 080325) Šþ¶(2)�

þ¶´ĩ�
ĩŃ�ÒŃ�

Ǝơſƈ|çĻ1 xşŒŢŮ ĞĨŠ�¾¼ŹƘƚ
Ų�ŘŚ(ţþ¶ 
! Cý"śŠ°Ħ³Š¨*ş�1�

+ : ĔĈ\ï¯"Š�ð�
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°Ħ³Š�ć�

Ħ³ƙƇƜŠſƔżƈƜ 

þ¶Őŕ°Ħ³Š 
äŃſƔżƈƜ�

Ĉ��ÙĻ~ 2  
(ç100  "xŠČı) 
 
`ŠsĦ³ş9�ŒŮ 
�ćĤ 
(aĮŠņūŔ1000  �) 

þ¶´ĩ(µm; 1µm šÎ�+Š�ƘơƈƜ)�

�
Ů
ŏ
�

Ĉ¼Ļ= þ¶Ƈơƃ 
ĺïĻ= ƙƇƜ�

źƟƖïƎơſƈ°Ħ
³ŠńŗŎůŦśś�
ũģŃ!�

±ď�
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źƟƖïƎơſƈšģ!èĤŠ]ŃÆYśũĉŎŮ�
27/37�

źƟƖïƎơſƈ°Ħ³Š�ćĤ(aĮćĤ=�)Šn��



levesque et al. 2010�

100418A 
(z=0.624)�

DEEP2 Survey  
(0.4 < z < 1.0) 
Abraham et al. 2004�

Erb et al. 2006 
(z ƣ 2)�

Ľ�

(K
K

04
)� 080325 (z=1.78)�

(dark GRB)�

(dark GRB)�

źƟƖïƎơſƈšģ!èĤŠ]ŃÆYśũĉŎŮ�

źƟƖïƎơſƈ°Ħ³Š�ćĤ(aĮćĤ=�)Šn��

Niino et al. 2012�
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źƟƖïƎơſƈŜģ!èĤ 

��ķš�ňPčŒŮ5ŃŁÿě2ĤłŲ�ŗ>Ů�

(=Â�ŽƊƛŸ)�

×�
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źƟƖïƎơſƈŠ-ŠƘŹƋƀƗ�
(ę�ŽƊƛŸ)�

ę�ňņ�ŃŠIŭŲPŘŚŃŮÿě2ĤňĿE�
|Š�Šõčÿě2ĤşċŐEűŏůŮ�

ŕŜŅģ!èĤŠ]ŃÆYśũ 
źƟƖïƎơſƈňĉŎŭńŮ�
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ŎŎŦśŠŦŜŨ�

¯"Š�ŃŁƄơżźƟƖïƎơſƈłũŇŞŭŠ/E
śeTŐŚŃŚĿŔŠ­�šĄş7ŦůŚŃŮŀ�

ŒŢŮ ĞĨśŎŠÚŠƎơſƈŲþ¶Őŕì§Ŀ
ģ!èĤŠ]ŃÆYśĉŎŘŕCô�ňĸŊĿŔŠ
­�šŎůŦśñŅŬůŚŃŕ=Â�ŽƊƛŸŜš
ËŞŮŎŜŲ×LŐŚŃŮŀ�Ŝ�ňE�ŒŮūńŞ
ę�ŽƊƛŸŇ?�

źƟƖïƎơſƈŠ�ŮŃ¯"šaBŠgiŲ�Ů
ŕŨŠģûŞ�ňŇŭŜŞŮŀ�
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ÇÁŠ_Ĥí¸�J.John Sepkoski Jr.”A Compendium of Fossil 
Marine Animal Genera”(Bulletins of American 
Paleontology, Number 363, 2002)�

5  x.� 4� 3� 2� 1� ÃT�

5 PŠ_Ĥí¸�
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`ŠsĦ³&śĉŎŘŕ 
źƟƖïƎơſƈā 
(Melott �Ļ2004, IJAsB)�

ŸƜƉƐſæŠ_Ĥí¸ 
źƟƖïƎơſƈ�

UÄ�

źƟƖïƎơſƈňUÄĔđśĉŉŕŜ
ŉŠŵƘơžRŀÝňĈĺŊ[÷ŐaĮ"
ŲğŮŀŸƂƟňÔZŏůz½Şé\ï
ňĭŭµŋŀ�

źƟƖïƎơſƈ!

é\ï! m)8� Ģ�ĳ�

_Ĥí¸�

ßè+dŲ+Ā!ŸƂƟŲÔZ!

�Ģ8ßèĿÕĢ
ň_ĤşÇ�!

É�: NASA�
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`ŠsĦ³&śĉŎŘŕ 
źƟƖïƎơſƈā 
(Melott �Ļ2004, IJAsB)�

ŸƜƉƐſæŠ_Ĥí¸ 
źƟƖïƎơſƈ�

UÄ�

źƟƖïƎơſƈňUÄĔđśĉŉŕŜ
ŉŠŵƘơžRŀÝňĈĺŊ[÷ŐaĮ"
ŲğŮŀŸƂƟňÔZŏůz½Şé\ï
ňĭŭµŋŀ�

É�: NASA�

ŎůŦśŠźƟƖïƎơſƈÓÜ 
źƟƖïƎơſƈšģ!èĤŠrŞŃ
Ħ³śŐŇņŎŬŞŃŀ 
ļĻ 
ģ!èĤŠ]Ń`ŠsĦ³śšźƟƖ
ïƎơſƈšĉŎŬŞŃŀ 

�PŠÓÜì§ 
`ŠsĦ³śũ 
źƟƖïƎơſƈšĉŎŭńŮ�
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źƟƖïƎơſƈŠĀ�(¯"þ¶)ş~ûŞũŠ�

ƠēėŞþ¶úðŠ,ŭ�ŅĿ�¡þ¶ 
Ơ�Ń¯"Ŀ°Ħ³Ų¨*ŒŮŕŨŠ_İ"0 
ƠĦ³&ŠƎơſƈ�ðŲ²ŨŮŕŨŠĸÝĬ+Āô�

�£ĿŴƘƛŹĿŹƊƄ 
�SĿŵƟƉŠSį<0�

���  
(Thirty Meter Telescope: 30m  ĞĨ)�

2021xy¢ŠÛ�ībŲ
Ð�Œ�

Ơã�Şúð,ŭ�ŅŽſƆƗ 
Ơİ"0 
   ŒŢŮ ĞĨŠņūŔ13� 
ƠÝĬ+Āô 
   ƍƅƒƜgi ĞĨŠ10����
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giþŠƏƚƄŵƗŽƑƈ�

`Šsgi� Ħ³gi� º2ŒŮgi�

18 �æ|;� 20 �æ.;� 20 �æ|;ƣ� 21 �æ�

TMT şūŘŚũŕŬŏůŮ#Ŋ�ŐŃgiþ�

Ăũň�yš�Ŋè¤ŞÌN 
ĻĻĻgiŜš 
ĻĻĻ��ŜšĻĻĻľĻĻĻĻĻĻĻĻĻĻ�ŞŠŖŰń?    
ĻĻĻÇJŠĉ·Ŝš�

ŔŠâŅš ĞĨŠĚ8Ŝ 
%ş_ŉŊ[űŘŚŉŕ�
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TMT l�ĥ4İ��

��ª�A1,000'ūŭ 

TMT á�¡l�òħ¦Ŝ
ŐŚņG.Ųƍƞŵþ¶�
ƝƐơş�×öŐŦŒŀ 

¡Ĭ: 
2013x4�1~12�31� 

(ÈŐĒŧƁƅƈš�W@�şŚġv)�

TMT ƕơƗƔơž 
http://tmt.mtk.nao.ac.jp/�
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