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Main cooling processes in primordial gas

H cooling

) Radiative recombination
(H*+e- H+y)

) Collisional ionization
(H+e - H" + 2e)
) Collisional excitation
N ) free-free
H, cooling
~

) H, radiative cooling is caused
by Rovibrational transitions.

) H, dissociation cooling
(2H, - 2H+H,,H,+H - 3H)

~
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free-fall time(t;) cooling time(t.,.)
1:f1‘ 1:cool
(SE , N\ )
37 1.547'KT,.
tff :( )% , tcool = =
326,0\," Nyir (VII” V|r)

( tff>tcool ||~{
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Initial condition

Iow mass gas cloud z
) —V
I: Host cloud Host dlsruptlon

) Collapse of primordial gas ) Formation of first generatlon star ) UV radiation )

SNR survive " Q)
Initial condition : / § ]
4
Myas=10°M

disruption ’
solar /
E.\=10°2 [erg]

urvive
 P=P, (Cosmic density) J / \ J

) feedback ) Radiative feedback

0
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shell
* @ d
(E~10%2erq)

I\/Iejecta>MsheII

R t v=const R t2/7,V t'5/7,T t'10/7
>

Shell \

{ R t 1/4,V t -3/4

Sedov i i

{R t2hyv t35T t65 \ Loor=texp( - shell) / |




SN

T=T, shock front
/
d -
shock N T=Tenx
_TSNR

T

Main two channels for the formation of H, in primordial gas.

a) H process:{H-l_e_’ H +Yy
H+H - H,+e

b) H* process : { H+H" -~ H'+y l
Hy +H - Hy+ H |
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shell

\* Inner bound%

SN explosion

777

=

H,

k» Outer boundary
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Inner & Outer boundary

Inner boundary - Disruption effect
(M, +m)V >mv shell

(M, +m)V <mv shell ( )
(M, +m)V =mv — t, ~ 2.23x10°yr — R, ~ 240 pc

Outer boundary — Promotion of H, formation by heating

. T>2000K
T\ r=2000K

Towr (1) = C(% RH,Z)% «t777 = 2000K (C~const)
0

t, ~ 3.28><107yr — R, ~ 1.53kpc 11



Expansion time
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:cooling time of H&H,&HD
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M, ,>10"M

host solar -

uv
host
host
(~10%cm-3)

cloud

M, ,;<10°M

host solar -

Uv

haro
(~0.2 cm-3)

(Kitayama, Yoshida, Susa & Umemura 2004)
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Conclusion

Eo\~10°2-10%3 [erg] supernova
(e.g. hypernova or pair-instability supernova) SN
host cloud

P=P, , Esy=10> [erg]
~0.8-5.0<10°M, SN

~0.45 kpc < R(t) <1.10 kpc
SN positive feedback

P=P, , Esy=10> [erg]

0.8%<10°M,,,.: ~ 1.89 kpc < R(t) < 2.31 kpc
1.0=<10°M,,,:  ~ 1.70 kpc < R(t) < 2.31 kpc
2.0><10°M,.:  ~ 0.95 kpc < R(t) < 2.31 kpc
5.0<10°M,,,: ~ 0.89 kpc < R(t) < 2.31 kpc

E\=10% low mass(~104M
positive feedback

solar)
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Discussion

primordial
I

metal

)

?7?
) metal SNR primordial gas

) metal-poor low mass star formation
27

17



	第一世代星の超新星爆発による初期世代星形成の誘起
	初期世代星研究の重要性
	本研究の位置づけ
	Main cooling processes in primordial gas
	free-fall time(tff)とcooling time(tcool)
	冷却領域からわかる初代天体質量と形成時期
	Initial condition
	超新星残骸の進化
	SNの衝撃波によるガスへの影響
	星形成が起こり得る領域とは??
	Inner & Outer boundary
	タイムスケールによる制限
	ガスの温度進化とタイムスケールの変化
	(補)ガスの温度進化とタイムスケールの変化
	ESN-Mhost diagram
	Conclusion
	Discussion

