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Shu, Adams & Lizano (1987)

A. Dense cores form B. A protostar forms at the center
within molecular clouds. of a core, g‘ﬂ“-’illg 1 Inass

by accretion of ambient matter.
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C. A stellar wind breaks out. D. The infall termninates, revealing

creating a bipolar flow a newly formed star with a disk.
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shu, Adams & Lizano (1987)

A Dense
within

cores form
molecular clouds.

B. A protostar forms at the center
of a core, growing in mass
by accretion of ambient matter.
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C. A stellar wind breaks out, D). The mfall terminates, revealing

creating

a bipolar flow a newly formed star with a disk.



Fragmentation and thermal evolution

Effective ratio of specific heat

= dlog p/dlog p

’y=1 (isothermal)

v<1 vigorous fragmentation,
y> 1fragmentation suppressed

The Jeans mass at y~1 (T
minimum) gives the fragmentation
scale.

Mfrag= MJeans@’YZI
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Li et al. 2003

fragmentation

¥ <1

fragment mass
s set here
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Fragmentation and thermal evolution
(e.g., Larson 2005)
y=dlog p/dlogp If v > v..:., the collapse stops

sheet: vy, =0 filament:y= 1 sphere :y.=4/3

fragmentation

7 <1 Initially the cloud takes complicated shape.

T Before the fragmentation, it is filamentary.
As a thumb rule,
Fragment mass Fragmetation occurs while y < 1, and stops while y > 1
Iz set here
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temperature T(K)

Thermal evolution of clouds with different Z

1) Cooling by dust thermal emission: [M/H] > -5
2) H, formation on dust : [M/H] > -4
3) Coollng by fine-str. lines (C and O): [M/H] > -3
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Low-mass fragments are formed
only in the dust-induced mode.



How much dust is needed?

vPrimordial stars (Pop III.1,2 stars )
theoretically predicted to be massive(~ several 10M_ )
v'Stars in the solar neighborhood (Pop I)

typically low-mass(0.1-1M_,, )
Low-mass Pop Il stars exist in the halo.

®transition of characteristic stellar mass in the
early universe from massive to low-mass

Pop IlI-Il transition

®This transition is probably caused by
accumulation of a certain amount of metals and

dusts in ISM critical metallicity



Dust-induced fragmentation

Tsuribe & K.O. (2006; 2008)
[Z/H]=-5.5 (Z=3x106Z_,.)
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Low-mass fragments
by fine-structure-line cooling?

e Some studies claim that low-mass
fragments are formed by fine-

structure line cooling.

(Bromm & Leob 2003, Santoro&Shull2006,
Frebel +2007, Ji + 2013)

* Those arguments compare
A vs Age gy @ T minof Z=0
9 ZCFN1O-3.SZSUH

o ThiS Only assures number density log n, (cm~2)
Mg < Myy(Z=0) ~1000M,,,
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Dirans = log(10(C/H] 1 0.9 x 10[0/H])
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With only metal-line
cooling, T increases for
n>~10%cm-3
Fragmentation mass
~10-100M_,,

Dust is indispensable for
low-mass star formation
(unless formed as a
satellite of the main
star)



Recent discovery in support of the dust
fragmentation theory

Normalized flux
= -
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B. A protostar forins at the center
of a core, growing in mass
by accretion of ambient matter.
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C. A stellar wind breaks out. I}. The mfall termnnates, revealing
' a newly formed star with a disk.

creating a bipolar flow
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. Adiabatic phase
. Swelling
. KH contraction
. Zero-Age

Main Sequence
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Accretion time
taCC=M*/(dM*/dt)
1%1 . ...1 . .....m . ......l.m . KH timescale
D burning log M,/ Mg ty=(GM«?/R4)/Lx

For lower metallicities (= higher accretion rate):

vProtostars have larger radii

vProtostars are more massive at the onset of H burning.
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