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Hoyle’s hierarchical fragmentation

@
‘ . M>~M, nearly isothermal collapse

AR y="1

% \/

When y>4/3 (i.e., becomes optically thick ),
the fragmentation terminates. “opacity-limited fragmentation”

now obsolete! (IELLEWLNZEN MO TLNS)
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Hirano et al. (+KO)

3DFHEHFIaAL—ay 2014, 2015
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>100-1000 halos

The UV feedback finally shuts off the
mass accretion in all the cases
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HD formation

in primordial star-forming clouds

formation reaction
D*+H, —3 HD+H*+Q(488K) : exothermic
this and inverse reactions are approximately in
equilibrium:

n(HD)/n(H,)= 2 exp(488K/T) x [D]/[H]

large HD fractionation in low temperature
(T<150K) environment

=» efficient HD cooling

How such low temperature can be attained
before HD cooling?



Primordial SF form pre-ionized gas

Relic HII Region

4 Matter distribution

1 comoving Mpe
?

HIVHel Il reghons

Yoshida, Oh, Kitayama, & Hernquist (2007)

First Star creates
an Hll region.

After the death of
the first star,
recombination
proceeds in the
relic HIl region

Another episode
of star formation
commences
(Pop Il1.2 stars)
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Star formation from pre-ionized gas
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lonized environments
e.g., relic HIl region,

SN blast wave,

structure formation shock
HD formation and cooling

An order of magnitude sma
dense core mass scale
(¥several 10M
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Pop lll.2 case

++ Cosmological initial setting ( data from Yoshida+ 07)

(I) M.=14.5M, t=0.045Myr (1) M.=16.5M, t=0.1Myr
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» HIl region forms at the lower stellar mass compared to Pop lll.1 case
» Evolution timescale is similar to that in Pop Ill.1 case (~0.1Myr)




Accretion Histories
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» Pop II1.2: accretion rates are lower than Pop III.1 («—lower T)
» 17 M star forms about 0.1Myr after the protostar’s birth
» PoplllL.2: less massive than Poplll. 1, but only by a factor ot a few




The Formation and Fragmentation of Disks around
Primordial Protostars
2011 Science

Paul C. Clark,” Simon C.O. Glover,! Rowan J. Smith,! Thomas H. Greif 2
Ralf S. Klessen,* Volker Bromm®*
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Measurement CR7
Zopee LyQ 6.60470 003
3 UV slope =23 =+ 0.08
Lya (FWHM, km e']) 266 + 15
Lya (EWgopey's A) 211 + 20
Ly (EWgobsspee: A) =230
Lya (Logip Lergs ') 43.93 + 0.05
Lya/N v >70

He n/Lya 023 £ 0.10
Hen (EW, A) 80 + 20 (>20)
Hen (FWHM, kms™') 130 + 30
He /0 m| 1663 >3

He 1/C m| 1908 >2.5
Photometry CR7

NB921 2" aperture
NBY921 MaG-auTo

25.35 £ 0.20
23.70 £ 0.04
23.24 £ 0.03
2492 £ 0.13
24.62 £+ 0.10
25.08 £ 0.14
25.15 £ 015
23.86 £ 0.17
24,52 £ 061
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Thermal Evolution of clouds with different Z
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