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Introduction: Molecular clouds are formed from 

supersonic magnetized turbulent isothermal gas, with 
energy cascading from large to small scales generating 
a roughly self-similar structure until the collapsing 
scale. The turbulence is driven at the largest scales 
possibly by spiral arms, supernovae, and stellar winds. 
Star Formation can be understood as a consequence of 
turbulent compression and fragmentation, with little 
influence from self-gravity, and collapse due to gravity 
of the densest regions, with little influence from turbu-
lence. The star formation rate then depends on the 
virial number, and on the ratio of kinetic to gravita-
tional energy [1,2]. While much have been understood 
from turbulence statistics and cloud core distributions 
using unigrid MHD codes, to follow the collapse of the 
gas all the way to proto-stellar cores we need adaptive 
resolution to grasp the dynamic range of the problem. 

 
Results: We study star formation in molecular 

clouds using very large adaptive mesh MHD simula-
tions with our adapted version of the RAMSES AMR 
code to zoom in on cloud cores reaching an equivalent 
resolution of ~(6104)3. This allows for the first time to 
evolve the molecular cloud on parsec scales, modeled 
with driven supersonic MHD turbulence in a periodic 
box, while simultaneously resolving the neighborhood 
of stars with a 10 AU resolution (see figure). 

When gas reaches a critical value it is turned into 
computational sink particles represent stars, and we 
use them to measure the star formation rate, star for-
mation efficiency and the resulting stellar mass distri-
bution. Historically, simple criteria for the creation of 
sink particles have led to spurious creation of groups of 
sinks near massive cores, and a number density of 
sinks that depends on numerical details, such as resolu-
tion and accretion distance of gas around a sink. We 
use a number of physically motivated criteria, such as 
potential minima, maximum of density, and conver-
gence of flow that has to be fulfilled for the creation of 
sink particles [3]. 

We have evolved the simulations until a point 
where a significant (typically 30%) fraction of the gas 
has been turned into stars, and confirmed that we are in 
agreement with e.g. [1]. For example, for the specific 
parameters used in the run shown in the figure we find 
a star formation rate per free-fall time of 20%. 

We find that with the exquisite resolution, we prac-
tically resolves the gravitational collapse down to the 
opacity limit, and the mass accretion from the cloud 
core to the protostar is realistic. This resolution to-
gether with the many consistent checks on creation of 
sink particles enables us, for the first time, to construct 
a numerically converged, realistic stellar initial mass 
function, with the correct Salpeter slope and low mass 
turnover, in agreement with observations [4] and the-
ory [5,6]. Furthermore, given that the model is practi-
cally devoid of any spurious sink particles, we can also 
study the collapse of single cores and groups of cores 
to protostars in detail down to the scale of tens of AU.  
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Figure: The logarithm of the column density from an AMR run 
with a 5123 base resolution and 6 AMR levels. The run has a 
Mach number of 10, following the Larson relations for a box of 
6 parsec, and Pgas/Pmagnetic=1/3. Dots are sink particles, represent-
ing stars. The zoom-in illustrates the power of AMR to accu-
rately resolve the neighborhood around single stars in the box. 
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