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Massive Star (Cluster) Formation

How do massive clumps fragment into cores?
Which processes affect fragmentation (thermal, turbulent,
magnetic fields)?

How do cores gain mass?

What is relation between core mass function & stellar IME?

feedback, t ".-0.: s

Young stellar cluster

102 pc pc-scale clump 102-103 stars with a range
M ~ 105 Msun 103 - 10* Msun of stellar masses
centrally peaked
A
See Beuther, Kuiper, Tafalla 2025 dN
for a review dlogM
>
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Cradles of Massive SF: IRDCs

Dark from 8 to 70um
Henning et al. 2010 Size = 28pc

T=11-20 K




Gl1.11: (Sub)mm continuum

Wang, Zhang et al. 2014

Herschel

Herschel 70 um

June 2020

SMA 1.3 mm

SMA 0.9 mm Po6

FPOFPSK

P1:
M(clump) ~ 103 Msun
L = 1300 Lsun
SMA detects 6 cores
5-23 Msun

Pé:
M(clump) ~ 103 Msun
L = 140 Lsun

SMA detects 17 cores

3-28 Msun

T=11-20K

V =15 kms!
M7eans(thermal) = 1 Msun
M,;. < M(cores)



Chemical Evolution

P1-SNAL
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Several cores with no line

b emission other than CO >
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] Stellar heating evaporates

o complex organic molecules
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Recent High-Res Imaging of IRDCs

June 2026
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Hierarchical Fragmentation

Comparison with Jeans fragmentation:

Thermal fragmentation does not explain massive cores

Additional support from turbulence and/or magnetic fields
10°

Turbulent Jeans

r \Cylinder
- Thermal Jeans
Turbulent Jeans

Cylinder Frag.
G30-Clump

Cy n
0.15 — ) —————
pe (0.21kms—1) (3 x 10° cm—3)
for thermal support,

g n
0.13pc (—2 ) (—2
B (0.72kms—1) (5 x 106cm—3)

: G28-Core for turbulent support.
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Fragment Mass [/ ]

Thermal Jeans

See Chandrasekhar & Fermi
1953;
Larson 1985; Nagasawa 1987
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See also Pillai et al. 2011



Origin of low-mass cores/stars

®m Jeans mass = 1 Msun for typical T and n in massive
clumps =2 Is the peak of stellar IMF related to the global
Jeans mass ?

29 Turbulent supported cores continue fo
4 fragment
< S Fragments gain mass from env.

dN
dlogM

Larson 2005; Bonnell et al. 2001, 2004, of fner+2014 M
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IRDC G28.34: ALMA Observations
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SMA > ALMA X30 sensitivity
38 cores

observations reached a 30 mass
sensitivity of 0.2 Msun, far below
the global Jeans mass of 2 Msun.

Zhang et al. 2009, 2015

See also Liu+ 2015; Cyganowski+ 2016; Henshaw+ 2016
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ES: ALMA Survey of 70um dark High-mass clumps
arly Stages

inting mosaics per source with the 12-m array + ACA + TP at 224 GHz
1.4mm continuum for 39 clumps
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Core masses during fragmentation
ASHES: Sanhueza+ 2019 (12 massive clumps)

296 cores with masses from 0.12 to 30Msun
a.thermal Jeans mass Mass spread x100

G028.27

o Mean mass ~ thermal Jeans mass

G332.96
G337.54
G340.17
G340.22
G340.23
G341.03
G343.48
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Observational parameters:

©® Angular resolution ~1.2 (6,000 AU at 5 kpc)
©® ~4 GHz bandwidth for cont. emission, 6~0.08-0.1
mly (40 0f 0.4 Mp at 5 kpc)

2

-
Z
0
n
©
=
Q.
IS
=
O

iy
o
w

See also Svoboda et al. 2019

Morii et al. 2023 (39 clumps, 839 embedded cores with masses
CoroMass Mol 0.05 to 81 MO)
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Core mass growth?

m Protostellar cores more massive than prestellar cores;

m Protostellar cores tend to have virial parameters < 1

m Cores increase mass as they evolve
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outflow outflow
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Core Mass [My ] Core Surface Density [g cm™2]

Sanhueza+ 2019; Morri+ 2023
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Max. core mass 1n protoclusters

. ; 5 (;)Bﬁum‘ ;;ﬁu;n s.'o’;;m'\‘]m (b) 24 pm /§ >
Max. core mass in clumps << stellar mass expected > ANy %
continuous core mass growth L J ¢ @
™ 1
Massive (~102 Msun) starless cores are rare (implication to iﬁg@ O

massive SF models)

M. [M 5] (Larson 2003)
M. [Ms](Sanhueza et al. 2019)
Moay X 0.3 [Ms]
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Core Mass Function 1n protostellar clusters

Morii et al. 2025

oaY cores

Prestallar
Warm

1 Outflow m  CMF slope flattens from prestellar
to protostellar cores = more
massive cores among protostellar
cores
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Core mass function in protoclusters

__ALMAGAL _

ALMAGAL surveyed 1017 massive
clumps, Band 6, rms=0.1mlJy, majority
samples with d<7.5 kpc

Compact continuum sources identified
using CuTEx

CMF grows in max mass for clumps at
more evovled evolutionary stages
characterized by luminosity/(clump mass)
L/M, suggestive of a continuous core mass
growth

1<L/M<10
L/M>10

-
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inverse cumulative density

Coletta+ 2024. (1017 clumps)
Also ALMA_IMF, Pouteau+ 2023
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CMF & Stellar IMF: Case study of Cygnus-X GMC
r'es?‘rf-'lr.\gr' fr'amn‘r |

A Salpeter-slope CMF
But cores continue to fragment

——=~ Shifted Kroupa's IMF
Shifted Chabrier's IMF
o Raw
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Res.=20"=0.14 pc (x1)
getsources
dN/dM « M~(2:30£0.04) " p1 510 Mg

Cao et al. 2019, 2021
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Conclusions

®m Massive cores 1n a protostellar cluster are x10 more massive
than Jeans mass, pointing to additional support of turbulence
and magnetic fields

m Cores often continue to fragment as they evolve
m Observed CMF 1s a snapshot and 1t continues to evolved
m Stellar IMF i1s not inherited from CMF despite similar shape

Many questions remain:

m Formation of binaries and multiples

m Effect of magnetic fields
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