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Fragmentation-and thermal evelution
(e.g., Larson 2005)

y=dlog p/dlogp If y > v.., the collapse stops

——

sphere:y..=4/3

shieeteyerm=0 filament:y, ;=1

fragmentation

r <1 Initially the cloud takes complicated shape.

T | Before the fragmentation, it is fillamentary.
As a thumb rule,
fragment mass Fragmetation occurs while y < 1, and stops while y > 1
Iz set here
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The Critical Metallicity
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temperature T(K)
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100 L _| ®core size
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10 L . . 7 length
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K.O., Tsuribe, Schneider & Ferrara (2005)



Fragmentation mass‘scales-

Mass scales dependent on Z only weakly

» Line-induced fragmentation
(10%2->cm-3, 100-1000M,,,,)

» Dust-induced fragmentation
(higher density,0.1-1M,,,)

temperature T(K)
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For low-mass (<1M_,,) star formation,
dust is indispensable
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Radiation Effects on low-Z gas (1)

T(K)

temperature
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®Far UV effects = Heating

photoelectric heating
photodissociation

Galactic level
radiation considered

G lrpd
£=3x101’

®Cosmic ray effects 2 Cooling

[onization, heating
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Radiation effects on low-Z gas (2)

- »

e w S S »>Radiation affects only low

: density evolution where the Jeans

: Xeaf NS mass is still high (>—10 M_,,)).

IR T T A T =2>NOT relevant to low-mass
" number denaty g 1y o) (<—1M,,) star formation

o b ool / »>Without dust, temperature

imoo\\ e // continues to increase in high

N o ] densities (no fragmentation) .

R NG = Dust is needed for low

O e mass star formation.

number density log ny; (cm-%)

Preliminary results
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Dust-induced fragmentation

Tsuribe & K.O. (2006; 2008)
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Low-mass fragments
by fine-structure-line cooling?

Some studies claim that low-
mass fragments are formed by 50l

fine-structure line cooling.
(Bromm & Leob 2003, Santoro&Shull2006 )

Those arguments compare

Ap VS Aoy @ T min of Z=0
5 2 0 :
This only assures S
Mfrag < Mfrag(Z:O) ~1000M,, number density log n, (cm%)

emperature T{(K)
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Jappsen et al. 2007
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SUMMARY. e

We have studied thermal evolution of low-Z gas
and discussed its fragmentation properties.

Line cooling and external radiation affects the
thermal evolution only at low densities where the
Jeans mass is still high (=10-100M_,,,)-

Dust grains causes a sudden temperature drop at
high density where M,_,,.<—1M.,,, which induces
low-mass fragmentation.

The critical metallicity for dust-induced
fragmentation is [Z/H].,—-6..-5

However, H,-formation heating prohibits low-mass
fragmentation in [Z/H]—-5..-4.
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