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Local-density-driven clustered star formation
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Analytical model for massive star formation based on density dependent SFE

THE MASS-RADIUS RELATION
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 Relation between observed mass,
M 1., ster, AN radius, r ., <o, Of Clusters
during gas-embedded phase ([1],[2]):
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* Interpretation: time sequence;
as the cluster stellar content builds up,
its (apparent) radius increases.

RADIAL DEPENDENT SFE

 Cluster-forming clump:
radially-varying gas density

= Shorter free-fall time at centre

= Faster stellar mass growth at
centre

Loca SFE and Volume Density Profiles [Mo.pc's]
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» Observational finding ([3]):
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 Green/blue zones:
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relations observed

for MonR2/Oph molecular clouds
* Interpretation: Star Formation Efficiency

(SFE) is

local-density dependent and

must be measured locally.

ANALYTICAL MODEL

* Molecular clump with volume density

profile pg(r)
» Constant SFE per free-fall time, €

Stellar density profile at time ¢:
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Trf.0(7): free-fall time of initial gas profile:
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Easy description of
stellar-density evolution

€ff L
2 Tff0

Ps (tv 7“) — PO (T)

37
32Gpo(r)

STELLAR BACKGROUND

P
=
(@]

[e2]

5 L
= 1.0 Myr after star
4 | formation onset

Embedded-cluster density profile
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Initial gas surface density profile —— ]
Star density profileatt= 1.0 Myr —— |
Gas density profileat t = 1.0 Myr ——— |
Local 2D-SFE profileatt = 1.0 Myr —— 5

* Account for stellar
background onto which the
cluster is seen projected
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= Cluster outskirts concealed

by stellar background
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3D-Distance from the Clump Centre [pc]

Radially-varying SFE and improved likelihood
of cluster survival after residual gas expulsion

SIMULATIONS VERSUS OBSERVATIONS
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O Stellar-density increase of entire
star-forming region

O Stellar-density evolution observed
above background level
(Parmentier & Pfalzner 2013 [4])

Model (O) follows data (green
line) when surface density
threshold (violet line) is applied
= Mass-radius relation appears
as cluster-growth sequence

Local 2D-SFE & Surface Density Profiles [M.pc ™

Projected Distance from the Clump Centre [pc]

= Only tip of cluster makes

Have a look at the time development at
http://tiny.cc/gas_to_stars

it above stellar background

CONCLUSION

S [Mgpc]

Model at t = 2.0 Myr
Model at t = 0.5 Myr

- Gutermuth+ 2011 Scaling -~~~
t me?asured from the onset of| star formation

» Slope of

matches observed one

* Normalisation of predicted star forma-
tion law to match the observed one

= Star formr
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predicted star formation law

ation efficiency per free-fall

time estim

= Measured SFE is time

AND location dependent

ate: S~ 0.1

« Mass-radius relation of embedded
clusters is “iceberg tip” of local star
formation law

 Initial conditions of  physically-
motivated N-body models of clusters
after gas removal now in hands

» Ultimate goal: to model the evolution of
environments in which planets form
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