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Fragmentation: The Key to Star Formation

The Process:

Clumps fragment into smaller, denser cores

The Battle:

Fragmentation is a battle between gravity, which pulls
matter inward, and other forces resisting the collapse

The Outcome:

These cores collapse into individual stars, eventually
forming a star cluster
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Giannetti, Cesaroni et al. 2013

Fragmentation: re�ect
initial conditions

Consistent investigation

Mechanisms driving
fragmentation?
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The Core Debate – Turbulence vs. Gravity

Turbulence and/or gravity?

Focus on the brightest
sources

The unasked question: are
we looking at the earliest

phases?
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WHERE HAS THE VAST RESERVOIR OF MATERIAL VISIBLE
AT PC-SCALE VANISHED TO?
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Gravity:

Is Fragmentation a Sign of Evolution?

Density ↑ with time

Less fragmented clumps
are less evolved

Ordered motions
dominate linewidth

Turbulence:

Density stays ~ constant

Fragmentation linked to
the Mach number

Ordered motions <<
linewidth
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Giannetti et al. 2025

CH3OH Line Ratios as the Ultimate Density probe

Reliable and robust
volume density

probe...

... Virtually
temperature-
independent

... Over multiple
environment and

scales



Are we really looking at pre-cores clumps?

Increase MRS



Are we really looking at pre-cores clumps?

Increase MRS Density estimates



Are we really looking at pre-cores clumps?

Increase MRS Density estimates Cold gas



Are we really looking at pre-cores clumps?

Increase MRS Density estimates Cold gas



Are we really looking at pre-cores clumps?

Increase MRS Density estimates Cold gas



Are we really looking at pre-cores clumps?

Increase MRS Density estimates Cold gas



An Underrepresented Phase





An Underrepresented Phase





An Underrepresented Phase





Quantifying the Difference



Quantifying the Difference



Quantifying the Difference



Quantifying the Difference



Quantifying the Difference



Quantifying the Difference

Fraction of dense gas
increases



Quantifying the Difference

Fraction of dense gas
increases

Abundance
increases



Quantifying the Difference

Fraction of dense gas
increases

Abundance
increases

Evolutionary
sequence
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Kinematic Clues – Gravity's Signature

High mach
number: strong

and similar
fragmentation

Large velocity
gradients

Comparable to
observed

linewidths
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Gravity's Dominance – Collapse & Infall

Linear gradients:
planar accretion

Toy model for
�lamentary infall

Mass
accumulation

time ~ chemical
timescale
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Conclusions:

The New Paradigm:

Evidence for gravitational fragmentation; we must
expand our observations to get a complete picture

Fragmentation
correlates with
density but not
Mach number

Velocity
gradients are ~

to linewidth

Abundance
agrees with

early formation
of COMs


