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F ragmen tation key process from molecular clouds to stars

» Fragmentation Cascade

Cloud (210 pc)

Persus

(Pokhrel+18) Cluap (>1pg)

Filament
(~0.1 pc wide)

-Core (~0.05 - 0.1 pc)

Envelope
(~300 - 3000 AU)

Disk and star
(~10-200 AU)

» Stellar density, stellar mass
-> SFE, IMF

5000 AU

0 Protostellar

Envelopes objects

« Regulated by environment
» Scale-dependent
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Central MO'GCU'ﬂI' Zone an extreme and unlque lab to study SF
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Fragmentation in the CMZ

» From cloud (~10 pc) to dense core (~0.1 pc)
-> nefficient formation of dense structures at 0.1 pc
-> arguably related to the observed low SFE
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» Question: when 0.1 pc dense cores form, does fragmentation continue
efficiently to protostellar scales?
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Target: Three Massive Molecular clouds in the CMZ

» Three Representative Clouds: 20 km/s Cloud, Sgr C, Sgr B1-off / Dust Ridge cloud e
» ~4-10 pc, ~10° Mg, >10%2 cm2, signatures of HMSF (UCHlIIs / hot cores / masers)
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» Catalogs of multiscale compact 1.3 mm sources
« ~3” SMA - Massive Dense Core ~0.1pc, ~106 cm3 (Lu+19) ® condensation
« ~0.2" ALMA - Condensation ~2000 au, ~107 cm=3 (Lu+20) ® fragment

« ~0.04” ALMA - Fragment ~300 au, ~108 cm=3 (S. Zhang+25)
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Target: Three Massive Molecular clouds in the CMZ

» Example: multiscale dense structures in the 20 km/s Cloud
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Results: from core to condensation

Occupation fraction [%]
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» Occupation fraction & fractality index F . core

-> childless / one-child / multi-child core fraction . condensation
-> F: average number of children per factor-of-2 fragment

_ arl/n o ln(sparent/schild)
F = NChild’ n= In?2 Sparent =0.1 PC, Schig = 2000 au

decrease in scale (Motte+26)
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Reference value: F ~ 1.17 for hierarchical structures over 0.3-14 kau in W43-MM1 (Motte+26)
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Results: from core to condensation

condensation
fragment

&

» N4 Versus parent properties ®

No. of condensation vs. core flux No. of condensation vs. core alpha_ vir,g

SMA core 1.3 mm flux [m])y]

* Higher Ng,;q in brighter cores.
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» Cores with larger virial parameters have fewer children.
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Results: from condensation to fragment

» Occupation fraction & fractality index F

-> childless / one-child / multi-child core fraction ® ® ;(;g(:r?::ftlon
-> F: average number of children per factor-of-2
decrease in scale (Motte+26)
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* Most condensations are childless.
«  When fragmentation happens, F is similar or slightly higher than that of W43-MM1.
Suinan Zhang, Brno, May 21
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Discussion: nature of childless condensation

> Prestellar? Transient?
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Discussion: dynamical states of condensations

» Virial equilibrium considering external pressure
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Qg
QG + Qp
(Kirk+17)

Qvir,p

Childless condensations
are mostly pressure
confined.

Childless condensations
on average occupy a
higher pressure-to-
gravity-ratio regime than
child-bearing ones.

Lack of substructures at

least partly due to their
transient nature.
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Summary

We study the fragmentation from 0.1 pc to 300
au of three CMZ clouds using high-resolution
submm interferometric data.

While 0.1pc-t0-2000 au fragmentation appears
active and proceeds similarly as in the Galactic
disk, 2000 au-to-300 au fragmentation is much
less efficient.

Most 2000 au condensations are pressure-
confined rather than self-gravitating. Their lack
of substructures might be due to their transient
or prestellar nature.
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S. Zhang et al. in prep
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Thanks!! And an advertisement:

SAVE THE DATE

ngVLA International
Science Conference 2026

Nov 10-13, 2026 (Tue-Fri)
Sendai, Japan

Exploring the future science of the ngVLA

Planet formation | Starformation | ISM | Galaxies | Black holes

Building the international ngVLA science community

Registration & abstract submission opening soon

JOIN US IN SENDAI

NRAO | ngVLA Science Advisory Committee | ngVLA-Japan Science Working Group
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