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Dr. Frank Otto
Magnetic Fields Regulate the

Formation of Massive Stars

Interstellar space is filled with gas and dust. Over time, gravity pulls this material together into
more and more dense structures. If the density becomes high enough, nuclear fusion will set
in, and a star is born. But there are also forces at work which prevent or slow down this
process. Turbulent motions tend to disperse the gas, and magnetic fields restrict the flow of gas
by channeling it along the field lines. Which of these forces is more dominant? This question
has long been debated by astrophysicists, and is still a matter of active research.

Led by CUHK Professor Hua-bai Li, our team has recently answered this question in favor of
magnetic fields, at least for the star-forming region NGC6334, also known as the Cat’s Paw
Nebula (depicted in Figure 1). There, gas with a total mass 200,000 times that of our sun has
gathered into a huge cloud spanning a length of 70 lightyears. New stars continue to be born
there, many of them much more massive than our sun. While the region is about 5,500
lightyears away from us, it is close enough for astronomers to observe it in great detail.

Polarization of
thermal radiation

&
/4 <
Aligned

dust grains
Fig. 1: False-color image of the star-forming Fig. 2: Irregularly shaped dust grains precess
region NGC6334. The region inside the dashed around the magnetic field lines and emit radiation
rectangle is more closely shown in Fig. 3a. which is preferentially polarized orthogonal to the
(Image credit: Sarah Willis, Harvard-Smithson- direction of the field.

ian Center for Astrophysics)

For any object in space, the only information we have about it is carried by the light which it
emits. With the naked eye, we only see the visible light emitted by stars. But dust also emits
light, though in the far infrared region of the spectrum. This thermal radiation informs us
about the distribution of the dust in space — the more intense the radiation, the more dust and
gas there is. Yet the light carries more information, because some of it is polarized. The grains
of dust contain small amounts of iron and other ferromagnetic substances, which open them
to the influence of the ever-present magnetic fields. Over time, the grains align their short axis
(around which they spin) parallel to the field, so that the thermal radiation’s polarization (which
is parallel to the long axis) comes to be perpendicular to the magnetic field (see Figure 2). By
observing how the dust radiation is polarized, we can infer the direction of the interstellar
magnetic field.
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By applying this method to data which had been collected over the past decade at various
observatories in Hawaii and in Antarctica, our team was able to create a map of NGC6334’s
magnetic field structure over a large range of scales (see Figure 3). Remarkably, at each scale
we see the same pattern: the cloud has contracted into a flattened structure perpendicular to
the magnetic field; at the edges of this structure, the gas contracts further into clumps, slightly
pinching the magnetic fields lines. Zooming into one of the clumps, we see a similar pattern,
but on a smaller scale. This self-similar fragmentation continues down to a scale where the gas
becomes dense enough to eventually form new stars.

...... Fig. 3: Successive zoom into NGC6334, showing
the distribution of dust and the structure of
magnetic fields. Shades of grey show the
intensity of the infrared radiation. Magnetic field
lines are superimposed in black (a) and white

(b,c,d).
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What can we learn from these observations? First, the magnetic field is quite well ordered and
maintains its overall direction over all scales. This indicates that turbulence is weak in
NGC6334, otherwise the field would appear rather tangled. Second, the flattened cloud shape
shows that gravity and magnetic forces are almost in balance. With a weaker magnetic field,
the cloud would simply contract spherically, forming a ball-like shape. Together, these two
results show that magnetic fields play a dominant role in shaping the structure of NGC6334
at all scales, and hence regulate how fast stars can form. Moreover, these results allow us to
estimate the magnetic field strength at each scale, by balancing the forces due to gravity,
magnetic pressure, and magnetic tension. This is a novel method for measuring the strength
of the magnetic field, using only observations of its direction.

Interpreting astronomical observations can be very tricky, because we only see a 2D projection
of the actual 3D structures. Computer simulations can be very helpful, for example for
validating assumptions made in the interpretation. This approach was already used in our
NGC6334 study, and will continue to play an important role in the future. A new compute
cluster with more than 1000 CPU cores, which was recently installed at the CUHK Physics
department, will be instrumental for carrying out such simulations and for supporting our
future research.

The NGC6334 study was published recently in the journal Nature (vol. 520, page 518, 2015).
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I received my BA and MSci in Natural Sciences from the University of & J
Cambridge (2009), and my PhD in Physics from the Dutch National l
W

Institute for Subatomic Physics (Nikhef)/VU University Amsterdam
(2013). After my PhD, I spent 2 years at the California Institute of
Technology as a Rubicon Fellow.

My current research interests are in gravitational-wave physics, and in
particular the fundamental and astrophysical questions we can answer by _ -
direct detection of gravitational waves using ground-based detectors. I g~ =/t
have been involved in the Virgo and LIGO projects since 2009, and I hope »*" &
to someday 'see’ the Universe in the gravitational-wave spectrum. —
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CHU Man Yat (OPUS) —
| was able to study under the supervision of the world’s leading physicists. In
particular, | was able to engage in cosmological simulation with the help of Uros
Seljak and his post-doctoral researcher Yu Feng. It has been a very good
introduction for me into the world of Physics research. ‘

Chu Man Yat ( right ) iy

LU Kannan (OPUS)
My research focused on experimental study of Heavy Fermion System. | was
supervised by Prof. James Analytis, Kittel Chair of Condensed Matter Physics in
UCB. Hopefully, detailed experimental result would come out in the near future
and give new insights into this field.

Lu Kannan

TANG Man Ho (OPUS)
From all the new friends | have met, the way they think and act certainly changed my
own point of view. Their interests and ambitions are also so diverse that | could
rarely hear of in Hong Kong.

. Tang Man Ho
i Tsui Tsz Chun (right)

TSUI Tsz Chun (OPUS)
| was so excited when | got in touch with the electronics involved in my project.
| have to find out the behavior of them when it was not available in the data
sheet. It felt like solving puzzle and it was fun!

CHU Kit Sang (SURE; University of Chicago)

The summer research provided me with a good understanding in
experimental biophysics. The group atmosphere was really friendly. We
even went for a trip to a state park nearby and visited the professor's
house for dinner a few times.

Chu Kit Sang (right) Femed
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NG Kwan Yeung (SURE; Brown University)

Involving in the preparation of Balloon-borne Exoplanet Experiment, |
learnt about the basic skills in using lab-based Fourier transform
spectrometry. It really provided me a good experience and insight about
current research.

Ng Kwan Yeung (left)

Ng Chi Wing

NG Chi Wing (SURE; CERN)

| attended most of the summer student lectures provided by
CERN, in which experts from around the world share their
knowledge about particle physics, experimental techniques,
electronics, data analysis and many other topics.
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TANG Wai Shing (SURE; Brown University) !

| have learnt most of my research and
laboratory skills from Professor Jay Tang, who
had also shared his valuable experience not :
only on my project, but also on my academic :
career. | am now more determined to further ‘t
study biological physics and pursue an = B
academic career. Tang Wai Shing

WONG Wang Kei (SURE; Carnegie Mellon University)

The McWilliams Centre for Cosmology is a place really worthy to
spend a summer there. They have regular journal club three
times a week, which give undergraduates like me chances to
have discussion about new papers with everyone else in the
centre.

Wong Wang Kei (left)

YAO Kaixuan (SURE; California Institute of Technology)

During the summer | worked on two projects. One is to build a model of the
exchange of water between the regolith and atmosphere of Mars. The other is to
modify an atmospheric circulation model built for Earth to apply to Titan, a &
satellite of Saturn.

Yao Kaixuan !

YIP Long Sang (SURE; CERN)

The international working atmosphere at CERN has allowed me to
interact with people from diversified cultures. | have learnt to be a team
player and a culturally sensitive person.

Yip Long Sang (third from the

(v ]
W o




	25_p1
	25_p2
	25_p3
	25_p4
	25_p5
	25_p6
	25_p7
	25_p8

