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Snowball Earth events driven by starbursts
of the Milky Way Galaxy

Ryuho Kataoka @ & &, Toshikazu Ebisuzaki ®, Hiroko Miyahara €, Shigenori Maruyama ©

Visible Light + UV
Sub-GeV Cosmic Rays

D) Dark Cloud (Weak Geomagnetic Field)

Kataoka+13; 14
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The most active phase of star formation in cosmic history
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temperature T(K)
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Omukai et al. 2005
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NANTEN sulvey in 2CO (1*0)

(see also the first emvey by Fuku1+99)
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<0.1 pc resolution study in the LMC N159

o Ted 3 Resolution~0.06 pc
13CO (J=2-1), ALMA BCO.(J=2-1), ALMA 13CO (4#=2-1), IRAM 30m
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Filamentary structures (M, ~100-1000 M, pc?, width ~0.1 pc)
-head-tail hub-filament, pillar-like features
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KIS EEE(Molecular ridge) DHIH X f&3E

e.g., Fujimoto & Noguchi 90; Fukui+17; Tsuge+19; 24
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MHD Simulations of colliding clouds (e.g., Inoue et al. 2018)
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Triggered filament/high-mass star formation by a large-scale Hl gas flow
around the N159 region (Fukui+19; Tokuda+19)=>Teardrops inflow model (Tokuda+22a)

(a) A possible gas flow in the past (b) ALMA resolved view (<0.1pc resolution) ‘
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How is the dense gas around MYSO distributed throughout the LMC?

YSO
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Interim Summary

10° Lo Hub-filament
(with intense gas collision/flow)

Filament or

not?

104 Lo Filaments

The most luminous star
within a given cloud

Metallicity (Zo)

~0.2 (SMC) ~0.5 (LMC)

See Milky Way hub-filament
studies (e.g., Kumar+20)
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*MAGOS
project code 2019.1.00534.S | 2019.1.01770.S | 2021.1.00518.S
Pl Zahorecz, S. Tanaka, K. Zahorecz, S.
Line 12C0O(J=3-2) => ~10*cm-3 dense gas tracer in the SMC
(*Muraoka et al. 2017, Tokuda et al. 2021)
Array ALMA 12 m array
Spatial resolution ~0.1 pc
Beam size 0."45 x 0."34 0."44 x 0."36 0."32x 0."25
rms noise levels ~0.3 K ~0.5K ~0.4 K

17 YSO fields in total
- 30% of the confirmed MYSOs in the SMC

- Luminosity: ~10% Le, (M- ~20 M)

+: ALMA observed YSO (Oliveira+13)

n s, - +: YSO (Oliveira+13)
& L #] + VSO (Rufflet15)

C: Herchel 350um



Filament (elongated structure) finding

Cross - MYSO
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Radial intensity profile on the Spine
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Step1: “avImErE&IST47 Step2:
AU hRZ R (Inoue & Fukuil3; Step3: ELFMAEMLIs T AV

Inoue+18)L. +7 12w A AL V= BEZHER(SDhAD)ZEES
. Eim IR h\‘fﬁﬁéhé

HEDELTRDFEZHNH
(see Kobayashi+23) c.f., Chon+21

t ~10° yr, (t, =2 R OBER)
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FEOH: EERERECTOERRIEIESETTEENN?
(1) RIBE7 I FIO—([XEER: 100EFEL=HEDERK

ERRDE—FEREZADRRIIBESTFEIZHY

10° Lo Hub-filament
(with intense gas collision/flow)

104 L] Filaments Filaments
=>smoothed clouds

The most luminous star
within a given cloud

Metallicity (Zo)

~0.2 (SMC) ~0.5 (LMC)

(2) KYEFU DR FEWZ (Fukui+15,19; Saigo+17; Tokuda+19, 22b, 23)
- SRR E{E D EREIT B2 04T AV MER=> KB E 2K
(N T4 AV MR REERIBETIIERBMIZECS
(3) NRESU DR FEMR (Tokuda+25)
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