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Messier 82’s starburst
magnetic highway
The galaxy known as Messier
82 is close by astronomical
standards - about 12 million
light-years away - and visible
in the night sky near Ursa
Major with binoculars or a
small telescope. But something
extraordinary is happening in
the core of Messier 82, which is
about 100 times more luminous
than the centre of our own Milky
Way galaxy. Stars are forming
at an exceptionally high rate,
burning brightly and wreaking
havoc in the form of winds,
shocks and explosions, all
triggered by a close encounter
with its galactic neighbour,
Messier 81, several hundred
million years ago. Joan Schmelz
explores the science behind
these exciting events.
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Image from NASA’s Wide-Field Infrared
Survey Explorer (WISE) of Messiers 81 and
and 82 (top) which swept by each other a few
hundred million years ago, an encounter
which triggered a spectacular burst of star
formation visible in both galaxies.
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o astronomers, Messier 82 is the
canonical starburst galaxy; it has
everything that such an object should
have to make it a classical example of
a galaxy with an exceptionally high rate of star
formation. Moreover, because it is the closest
example of this celestial type, it is ripe for
exploratory science investigations.
Observations of Messier 82, using the Hubble
Space Telescope and the Spitzer Space Telescope,
reveal hydrogen gas and infrared dust hitching
a ride on a ‘superwind’ that originates in the
starburst core and extends out into the halo and
beyond (see images on next page).

SOFIA
In recent research, the role of the magnetic
field in this region has been investigated by
the Stratospheric Observatory for Infrared
Astronomy (SOFIA), a modified 747SP aircraft
with a 2.7 m diameter telescope onboard. The
observatory is particularly useful because it ﬂies
above the water vapour in Earth’s atmosphere
that blocks the cosmic infrared signals from
ground-based observatories.

The High-resolution Airborne Wideband
Camera-Plus (HAWC+) instrument, ﬂown onboard
SOFIA, is a far-infrared camera and imaging
polarimeter that uses far-infrared light to observe
celestial dust grains which align along magnetic
field lines. From these results, astronomers can
infer the morphology of the otherwise invisible
magnetic field.
One of the original scientific objectives of
the HAWC+ research on Messier 82 was to
evaluate how the galactic superwind might
affect the magnetic field. The interplay between
the gravitational and magnetic forces is key to
understanding not only the dynamics of Messier
82, but how galaxies form and evolve over the
history of the universe. Astronomers are only now
beginning to explore this rich discovery space.
Early results from HAWC+ use streamlines to
depict the morphology of the magnetic field in the
starburst core of Messier 82. The geometry of the
field in a normal galaxy like our Milky Way is parallel
to the plane, but the HAWC+ results show that the
field at the base of the superwind in Messier 82 is
perpendicular to the plane, consistent with a scenario
where the outﬂow is dragging the field along with it.

Interplay
between the
gravitational
and magnetic
forces is key to
understanding
not only the
dynamics
of Messier
82, but how
galaxies form
and evolve

The Stratospheric Observatory for Infrared Astronomy (SOFIA) in flight above Southern California’s high
desert. The open door of the modified 747 aircraft gives the 2.7 m diameter infrared telescope access to the sky
and has no significant effect on aerodynamics. The observatory flies at altitudes between 39,000 and 45,000 feet,
above the water vapour in Earth’s atmosphere that blocks celestial infrared signals. SOFIA, a joint project of
NASA and the German Aerospace Center, is managed by NASA’s Ames Research Center in cooperation with the
Universities Space Research Association (USRA), and the German SOFIA Institute at the University of Stuttgart.
The aircraft is maintained and operated by NASA’s Armstrong Flight Research Center in Palmdale, California.
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NASA/SOFIA/L Proudfit; NASA/ESA/Hubble Heritage Team; NASA/JPL-Caltech/C Engelbracht
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The open field lines may be acting like a magnetic
highway, providing a direct channel between the
starburst core and the intergalactic medium
Magnetic field
Magnetic fields lines in
Messier 82 overlaid on
visible-and-infrared
composite images (across
the bottom) from the
Hubble Space Telescope
and the Spitzer Space
Telescope. The galactic
superwind from the
central starburst is
blasting out plumes of hot
gas (red) and a halo of
smoky dust (orange)
perpendicular to the edgeon galaxy (white).
Researchers used IR
polarisation data from
SOFIA and tools that have
been utilised extensively
to study the physics
around the Sun to
extrapolate the potential
magnetic field strength
and structure up to 25,000
light-years around the
galaxy. The field lines
appear to extend
indefinitely into
intergalactic space,
creating magnetic
highways that channel
star-processed matter
beyond the starburst core.

Do these magnetic field lines extend forever,
channelling matter into intergalactic space,
or do they turn over, directing material back
to the galaxy in a giant feedback loop? This
question is reminiscent of an analogy from
solar physics, which asks whether the field lines
emanating from the Sun are open like those in
the solar wind, guiding particles from the solar
surface to interplanetary space, or are they
closed like coronal loops, forming the complex
magnetic structures of the solar atmosphere?
The researchers turned to a well-tested
technique used in solar physics - the potential
field extrapolation - to answer this question.
With only rare exceptions, the magnetic field
in the solar corona cannot be measured directly.
Therefore, significant effort has been invested
by the community into extrapolating the field
(measured at the surface via the Zeeman Effect) up
into the solar atmosphere. The simplest of these
approximations assumes that the electrical currents
are negligible, so that the magnetic field has a scalar
potential that satisfies the Laplace equation and two
boundary conditions, reducing to zero at infinity and
generating the measured field at the photosphere.
According to Enrique Lopez-Rodriguez,
a Universities Space Research Association
scientist for SOFIA and lead author on the study,

“This is old physics for studying the Sun, but
new for galaxies. This interdisciplinary method
gives us the larger perspective we need to
understand starburst galaxies.”
Like the solar case, researchers used the
potential model to extrapolate the field strength
and structure out to distances where they could
not measure it directly. Several new techniques
needed to be developed to investigate the
potential magnetic structures in the halo of
Messier 82, in that researchers had to:
•
update the classic Davis-ChandrasekharFermi (DCF) approximation to account
for the galactic superwind and determine
the average magnetic field strength in the
starburst core of Messier 82
•
utilise the pixel-by-pixel values of the
mass density, velocity dispersion and
polarisation dispersion from the literature
and the HAWC+ data to construct a twodimensional map of the magnetic field
strength in the inner regions of Messier 82
•
modify the solar potential field method
to work with the HAWC+ data in order to
extrapolate the core field.

Field morphology
The resulting potential field structure stretches
up to 25,000 light-years around Messier 82,
over 10 times larger than detected with the
HAWC+ measurements alone. These extended
magnetic fields help explain why the gas and
dust (as illustrated here) have a more coneshaped morphology than the familiar jet-like
form resulting from the supermassive black hole
accretion in the hearts of other active galaxies.
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The HAWC+ instrument (a far-infrared camera and
imaging polarimeter) in front of the SOFIA aircraft in the
hangar at NASA’s Armstrong Flight Research Center.
The instrument is designed to allow total and polarised
flux imaging in five broad bands between wavelengths
of 50 µm and 240 µm. Diffraction-limited imaging yields
spatial resolutions of 5-20 arcseconds with fields of
view of 2-10 arcminutes, respectively. HAWC+ utilises
three 31 x 40 pixel arrays: two for the reflective
component and one for the transmitted component of
linear polarisation. The detectors are cooled by an
Adiabatic Demagnetization Refrigerator to an operating
temperature of 0.1-0.2 K. Observation commissioning
started in late 2016 and the instrument acceptance
review was completed in 2017.

NASA/SOFIA/Lauren Hughes

These results allowed researchers to
determine that the magnetic field lines in
the galactic wind of Messier 82 are open. If
the lines had been closed, the material that
flows along the superwind would be returned
eventually for future star formation in the
galaxy itself, but results indicate that this
material will be lost forever.
So the open field lines may be acting like a
magnetic highway, providing a direct channel
between the starburst core and the intergalactic
medium. As Jordan Guerra Aguilera, a postdoctoral

NASA/SOFA/Waynne Williams

Inside the pressurised centre section of the SOFIA fuselage during a HAWC+ science flight looking back toward the instrument mounted on the
SOFIA telescope, which is at the end of the cabin behind the pressurised bulkhead. Staff at the workstation closest to the camera are monitoring
the inflight systems. The mission directors at the middle workstation are checking the flight path, telescope status and observing progress. The
telescope operators and instrument scientists are furthest from the camera controlling the telescope’s position and monitoring the data as it is
received.
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researcher at Villanova University in Pennsylvania
and co-author on the upcoming paper, has pointed
out, this helps us to understand how galactic
material can spread far and wide into intergalactic
space. The powerful winds associated with the
starburst phenomenon appear to be responsible
for injecting material enriched with elements
like carbon and oxygen that support life into the
intergalactic medium.

Building blocks
Since the starburst phenomenon was most likely
more common in the early universe when close
encounters among galaxies occurred frequently,
detailed study of Messier 82 – as the nearest
starburst galaxy - can give researchers insight into
how magnetic fields and star-processed material
came to permeate the intergalactic medium and
become the building blocks for future galaxies.
This work - applying the techniques developed for
solar physics to the study of Messier 82 - demonstrates
that these far infrared polarisation observations from
SOFIA provide a powerful tool to study the magnetic
field strength and structure in galaxies.

Ongoing efforts like the SOFIA Extragalactic
Magnetic Fields Legacy Program will provide
deeper observations of the large-scale magnetic
field morphology in Messier 82, as well as other
nearby galaxies. These results not only prove that
interdisciplinary methods help us understand the
physics of starburst galaxies, but also serve as a
strong reminder of the fundamental importance
of magnetic fields, often completely overlooked, in
the formation and evolution of galaxies.
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Composite image of Messier 82. The magnetic field morphology detected by SOFIA in the central starburst
region, shown as streamlines, appears to follow the bipolar outflows (red) generated by the intense nuclear
starburst. The image combines visible starlight (grey) and emission from hydrogen gas (red) from the Kitt Peak
Observatory, with near-infrared and mid-infrared starlight and dust (yellow) from SOFIA and the Spitzer Space
Telescope. NASA/SOFIA/L Proudfit, E Lopez-Rodriguez; NASA/Spitzer/J Moustakas et al
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