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Role of magnetic fields in the birth of a young
star traced
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Seven hundred light years away, astronomers studying molecular clouds that give birth to stars, have
traced new clues about how magnetic fields guide the birth of stars.

Their results, reveal that magnetic fields remain remarkably connected across these enormous changes in
scale, and may play a decisive role in determining whether a star forms at all.

Molecular clouds, the birthplaces of stars, are characterized by their low temperatures (below 40 K, colder
than liquid nitrogen) and relatively high densities (10 –10  particles per cubic cm). The complex interplay
between three key forces, namely gravity, magnetic fields, and turbulence, determines how these clouds
collapse to form stars. Hence, the dynamics of the gas and dust needs to be studied from the scale of the
molecular cloud down to the scale of the collapsing core for this purpose.

A new study, led by astronomers at the Indian Institute of Astrophysics (IIA), an autonomous institution
under the Department of Science and Technology (DST), Government of India, focussed on the L328
molecular cloud, located around 700 light years away, to map the magnetic fields at multiple scales.

They have unveiled critical new observational evidence linking magnetic fields from the scale of
molecular clouds down to the scale of dense star-forming cores using polarisation studies.

Fig: Magnetic fields mapped in L328: (a) very large-scale field vectors on continuum image, (b) field
vectors on a cloud scale, (c) field vectors (different NIR bands in different colours) on an envelope scale,

(d) field vectors in the central core.
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“We chose to investigate the S2 sub-core in L328, since it is a Very Low Luminosity Object (VeLLO)”,
explained Shivani Gupta of IIA, the first author of the study. S2 hosts a protostar, or a star in the making,
with low luminosity and weak bipolar outflows. “These weak outflows cause minimal turbulence in their
surroundings, making them ideal laboratories for studying primordial magnetic fields that existed before
star formation began”, Gupta added.

To investigate the magnetic field structure in the L328 core, the team used polarimetric data from POL-2
on the James Clerk Maxwell Telescope in Hawai’i. Pol-2 observes polarised emission from dust grains at
a wavelength of 850 microns. By analysing the directions of polarisation of light from various parts of the
core, the researchers were able to map the morphology of the magnetic fields.

Archana Soam, a co-author and faculty member at IIA explains, “earlier studies of L328 had mapped the
large-scale magnetic fields (over light years scale) using Planck satellite data, optical, and near-infrared
(NIR) polarimetry. This work adds a new layer by zooming in to the core scale (sub-light year), where the
star formation is actually taking place”.

The magnetic fields were found to be ordered and well-connected from the cloud down to the small-scale
core, by showing an overall orientation in the Northeast–Southwest direction. Estimations of the core-
scale B-field strength indicates that B-fields are getting stronger on smaller (sub-light year) scales.

“A comparison of gravitational, magnetic, turbulence, and thermal energy for the L328 core revealed that
the former three are comparable with each other and about 10 times stronger than the thermal energy”,
said Maheswar Gopinathan, a faculty member at IIA and a co-author. This implies that magnetic fields and
turbulence likely play a significant role in resisting gravity and influencing the core’s collapse into a star.

Interestingly, a comparison between starless but chemically evolved cores and those containing VeLLOs
but less chemically evolved reveals that magnetic criticality—the balance between magnetic pressure and
gravitational pull—could play a decisive role in star formation. “In cases where a core is sub-critical,
meaning magnetic support is stronger than gravity, the core may remain starless”, added Shivani Gupta
from IIA and Pondicherry University.

The research published in Monthly Notices of the Royal Astronomical Society also has Janik Karoly from
University College London and the University of Central Lancashire, UK and Chang Won Lee from the
Korea Astronomy and Space Science Institute as coauthors.  

Publication link: https://doi.org/10.1093/mnras/stae2783
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