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From the Director:
Dear OSO Astro Newsletter readers,
This newsletter highlights new results involving
observations from sub-millimetre through centimetre to
metre wavelengths. ALMA observations reduced at
Onsala's Nordic ALMA Regional Centre node, and
published in Nature, demonstrate for the first time that
winds from protostars are formed in the surrounding disk
rather than close to the protostar surface.
Another exciting result, involving Onsala's 25 m
telescope, has been the first identification of Fast Radio
Bursts (FRBs). The origin of these very fast (1 ms - 10 ms)
yet very powerful pulses is still mysterious. While it has
previously been surmised that FRBs are extragalactic, this
has been confirmed for the first time by the location of the
repeating FRB 121102 to the nucleus of a dwarf galaxy at
z ~ 0.2. Initial observations made using the Jansky VLA
found bursts from this source to occur closer than 100 mas
from a weak persistent radio source. Subsequent VLBI
observations, including the Onsala 25 m telescope, showed
the burst and persistent radio source to be coincident to
12 mas, with the persistent source being more compact
than 0.2 mas. Models of FRB's which are consistent with
these results include AGN or supernova remnant origins.

From the Director

1

Call for Proposals

2

Support at OSO

2

News:
GARD-developed Band 5 receivers
make their debut in ALMA

3

The APEX telescope renewed into
the next decade

3

Preparing for the SKA era

4

Science highlights:
First unambiguous localisation and
characterisation of a Fast Radio
Burst

5

High-resolution imaging of metrewave emission from Arp 220 with
LOFAR

6

Resolved images reveal a
protostellar outflow launched by
an extended disk wind

7

Sincerely,
John Conway

Editor:
Javier A. Rodón
(javier.rodon@chalmers.se)

!1

Call for Proposals

Proposals are invited for observations with the APEX telescope, the Onsala Space Observatory
20 m telescope, and the Swedish LOFAR station in stand-alone mode in the period August/September 2017
to March 2018.
Deadline for proposals: Friday, 05 May 2017
APEX is a 12 m diameter submillimetre telescope in Chile. The available facility receivers are the Swedish
Heterodyne Facility Instrument covering a wide frequency range (currently 211 - 500 GHz) and the
LABOCA bolometer array camera (345 GHz). There are also partner instruments. Swedish time on APEX
is open for scientists from all countries (but see below about SEPIA).
Proposals for observations with the SEPIA instrument (159 - 211 GHz and 600 - 722 GHz receiver for
spectral line observations) must have a PI or co-I with a Swedish affiliation.
The partner PI instrument ArTeMiS, a 350 µm and 450 µm bolometer array, can be requested for use on
Swedish time under the same conditions as facility instruments. Other APEX partner instruments,
including FLASH+, can also proposed for use during Swedish time but use of the instrument must be
discussed with the instrument PI before the submission of the proposal.
The Onsala 20 m diameter telescope in Sweden is equipped with receivers for 18 - 50 GHz and 67 - 116 GHz.
The telescope is open for scientists from all countries. Note in particular the new receiver for 67 – 87 GHz
and the new spectrometer with 2 x 4 GHz bandwidth.
The Swedish LOFAR station at Onsala Space Observatory is an array of antennas for the frequency bands
10 - 90 MHz and 110 - 240 MHz. It is part of the International LOFAR Telescope (ILT), but is offered here
in stand-alone mode and it is open for scientists from all countries.
The EVN is a collaboration of the major radio astronomical institutes in Europe (including OSO), Asia and
South Africa and performs high angular resolution observations of cosmic radio sources. The next EVN
Call for Proposals will be announced in the beginning of May, with deadline for proposals on 01 June
2017 (http://www.jive.nl/jivewiki/doku.php?id=evn:guidelines)
More information: http://www.chalmers.se/en/centres/oso/radio-astronomy/proposals/Pages/default.aspx

Support at OSO
Specialised Courses: National Facility support
staff will be able to assist with specialised lectures
on for example interferometry, radio/(sub-)mm
data analysis and/or the use of National Facility
instruments.

The National Facility offers a wide variety of
support to Swedish astronomers. For example, we
host one of the European ALMA regional centres,
supporting ALMA users throughout the Nordic
region. We also offer support in several other
areas.
Data Reduction: We support the reduction of all
types of radio/(sub-)mm interferometric and
single-dish observations. We welcome visitors
who need reduction support and offer them the
use of our National Facility Computing
Infrastructure (NaFCI) for reduction of large data
sets.

Workshop/School support: Similarly, we can
assist in planning and lecturing at schools or
workshops, when these include topics related to
National Facility activities and instruments. This
includes but is not limited to, for example, radio/
(sub-)mm interferometry and single dish
observing and analysis, ALMA, APEX, LOFAR,
SKA and EVN.

Student projects: We also encourage visits by
students who want to learn how to reduce and
analyse their radio/(sub-)mm observations.

Seminars: National facility staff are also
available for scientific and technical seminars on
the aforementioned instruments.

More Information: For more information, please contact Wouter Vlemmings, Head of Astronomy User
Support (wouter.vlemmings@chalmers.se).
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News Items
GARD-developed Band 5 receivers make their debut at ALMA
ALMA Cycle 5, with deadline on 20 April 2017, will be the first cycle to offer the Band 5 receivers for
regular observations. The receivers were developed by the GARD in Sweden together with NOVA in The
Netherlands. They cover the 163 - 211 GHz spectral range and are available in all the 56 antennas offered
for Cycle 5. Proposals with Band 5 will be accepted for spectral line (12-m, 7-m and Total Power arrays)
and continuum (12-m and 7-m arrays) observations, and will be possible at all available polarisation
modes.
Observations with the Band 5 receivers are expected to begin only in March 2018, after the scheduled
February shutdown. This means that the most extended array configuration available for observations in
Band 5 will be C43-5, comprising baselines up to 1.1 km. Since the Observing Tool does not check these
scheduling constraints, ALMA users are responsible for verifying that the requested angular resolution
and the corresponding antenna configurations are available in the appropriate months. Please contact the
ARC node in Onsala if you need assistance.

The APEX telescope renewed into the next decade
The APEX partners (OSO, ESO and MPIfR) have agreed to continue to operate the telescope for the
period 2018 - 2022. As part of the agreement, several changes have been introduced. Among them is that
the Swedish share will now be 13% (down from 23%) which amounts to about 30 observing days every
year, with the new requirement—starting in 2018—that there must in general be a Swedish affiliated co-I
on all proposals submitted to the Swedish TAC.
In preparation for the new APEX extension period, starting in October this year the APEX telescope
facility will undergo a major upgrade. The ageing antenna surface and sub reflector will be replaced,
making the telescope even more efficient when observing at high frequencies. An updated suite of submm receivers will also become available to Swedish astronomers when observations resume in late
March 2018. The OSO-GARD contribution will be a new 345 GHz receiver (Band 7) which will be
placed inside the SEPIA cryostat already hosting the 183 GHz (Band 5) and 650 GHz (Band 9) receivers.
Receivers for the remaining bands will be contributed by MPIfR. Most of the single-pixel dualpolarisation receivers will utilise an 8 GHz bandwidth per sideband, which will require a new set of
spectrometers covering a total bandwidth of 32 GHz. As before, Swedish astronomers will have access to
the ArTéMiS 350/450 µm bolometer camera. A new revolutionary instrument, A-MKID, is planned to
replace the old bolometer cameras LABOCA and SABOCA. This new bolometer camera will increase the
number of pixels tenfold at 850 µm, and by a factor 700 at 350 µm.
Taken together, the antenna upgrade and the new suite of receivers, APEX will provide Swedish
astronomers with a unique sub-millimetre facility equipped with state of the art receivers well into the
next decade.
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Preparing for the SKA era
In November last year the city of Goa in India was host to the “Science for the SKA generation”
conference, organised by the international SKA Organisation with local support from the National Centre
for Radio Astrophysics (NCRA-TIFR) in Pune, which represents India in the SKA project.
Some 200 astronomers, among them several from Uppsala and Stockholm, attended the conference. The
meeting focused on bringing together early career and senior researchers from the radio astronomy
community, to develop new collaborations and preview the science that SKA will do in 2023 and beyond.
The meeting highlighted results obtained with SKA pathfinder and precursor telescopes from around the
world. The next few years will see a wave of new results emerging from the suite of radio telescopes such
as FAST in China, GMRT in India, LOFAR in Europe, MeerKAT and HERA in South Africa, and MWA
and ASKAP in Australia. Scientists who are using these facilities will become the first generation of users
to make exciting discoveries with the SKA.
Many areas of astrophysics were covered at the Goa Meeting; including the epoch of re-ionization and the
study of the cosmic dawn of the Universe; the distribution of hydrogen in the Universe; the study of
transient phenomena such as fast radio bursts; cosmic magnetism; monitoring the Sun’s activity; mapping
pulsars in our galaxy; and the search for life in the Universe.
Sources: SKA telescope news: https://www.skatelescope.org/news/science-for-the-ska-generation-the-2016-skascience-conference-opens-in-goa-india/ - Conference webpage: https://indico.skatelescope.org/event/391/overview

News on SKA/LOFAR
For more specific SKA and LOFAR related news, register for the SKA/LOFAR newsletter:
http://www.chalmers.se/en/centres/oso/radio-astronomy/lofar/Pages/SKALOFAR-mailing-list.aspx
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Science Highlights

We would like to introduce you to a few of the recent science highlights produced using the instruments at, and
supported by, Onsala Space Observatory. We especially welcome short contributions by you, the users of our
telescopes, so please do not hesitate to contact us if you have results you would like to share in future
newsletters.

First unambiguous localisation and characterisation of a Fast Radio Burst
Fast radio bursts (FRBs) are bright (~ Jy) and short (~ ms) bursts of radio emission of unknown physical
origin. Until now, unambiguous associations with multi-wavelength counterparts have uncertainty regions
of at least several square arcminutes.
Chatterjee et al. (2017) have for the first time
pinpointed the location of an FRB. Using
Expanded Very Large Array observations of
the only known repeating FRB, named FRB
121102, they were able to determined its sky
position with an uncertainty of ~100 mas, and
reported an unresolved, persistent radio source
and an extended optical counterpart at this
location, neither of them corresponding to any
known class of Galactic source.
Marcote et al. (2017) report EVN observations
which simultaneously detect both the bursts
and the persistent radio emission at
milliarcsecond angular scales and show that
they are co-located to within a projected linear
separation of 40 pc (12 mas angular separation, Figure 1: EVN image of the persistent source at 1.7 GHz
contours) together with the localisation of the
at 95% confidence). The EVN observations (white
strongest burst (red cross), the other three observed bursts
included the Onsala 25 m antenna and were (grey crosses), and the position obtained after averaging
correlated with the SFXC correlator at JIVE. all four bursts detected on 2016 September 20 (black
The observations also limit the size of the cross). From Marcote et al. (2017)
suspected source of origin to ~ 0.2 mas. It is
argued that the two scenarios for FRB121102 that best match the observed data are a burst source
associated with a low-luminosity active galactic nucleus, or a young (< 1000 year) supernova remnant
(SNR) powered by an energetic neutron star.
Further Gemini North observations by Tendulkar et al. (2017) show that the bursts originate about ~ 200 mas
away from the center of a low-metallicity dwarf galaxy at z ~ 0.2. The optical properties they report do not
add support to the AGN interpretation, although they cannot conclusively rule it out.
Sources:
JIVE press release: http://jive.eu/astronomers-pinpoint-radio-flashes-long-long-ago-galaxy-far-far-away - JIVE
science highlights: http://www.jive.nl/jivewiki/doku.php?id=evn:evn_science - S. Chatterjee, et al. 2017, Nature,
541, 58 - Tendulkar, S. P., et al. 2017, ApJL, 834, L7 - Marcote, B., et al. 2017, ApJL, 834, L8
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High-resolution imaging of metre-wave emission from Arp 220 with LOFAR
An international collaboration of researchers led
by astronomers at Chalmers have used the SKA
precursor LOFAR telescope to obtain a radio
continuum image and spectral information of
the starburst galaxy Arp 220 at 150 MHz. Arp
220 is a galaxy merger with two nuclei about 1"
apart, and is well known from observations at
higher frequencies. Using the high angular
resolution provided by the full international
LOFAR network, it was possible to, for the first
time at metre wavelengths, separate the
emission from the two nuclei from their
immediate surroundings. The final image was
made from 44 LOFAR stations in multiple
countries with a resolution of 0.65" x 0.35" and a
sensitivity 0.15 mJy/beam, a performance
similar to the groundbreaking images of M82
obtained by Varenius et al. (2015).

NW-hook
Base of
superwind

By combining the LOFAR images with
observations at higher frequencies it is possible
W-outflow
to map the absorption of radio emission by
E-outflow
ionised gas in the galaxy. Both nuclei of Arp
220 are found to be significantly absorbed at
Extended disk
LOFAR frequencies. However, LOFAR also
finds elongated steep-spectrum structures
extending from the nuclei. These are interpreted
SE-hook
as outflows, which may be driven by the intense
star formation in the two nuclei, known from
e.g. VLBI studies of radio supernovae, but
Figure 2: Top: The 150 MHz continuum emission shown in
could also be powered by AGN activity.
greyscale and contours. The white dots mark the GHz
positions of the nuclei. Bottom: A sketch of a possible
configuration of outflows which could explain the observed
morphology. (Varenius et al. 2016)

The LOFAR images also show that more than
80% of the detected flux comes from a
previously unknown extended (6" ~ 2.2 kpc),
steep spectrum (α = −0.7) emission surrounding the two nuclei, likely generated by star formation (i.e. by
radio supernovae and supernova remnants) in the molecular disk surrounding them.
International LOFAR observations show great promise to detect steep spectrum outflows and probe regions
of thermal absorption. Furthermore, in luminous infrared galaxies such as Arp 220, the emission detected at
150 MHz does not necessarily come from the main regions of star formation. This implies that high spatial
resolution is crucial for accurate estimates of star formation rates for such galaxies at 150 MHz. This may be
of importance for future surveys with, e.g., LOFAR or the SKA.
The full results are presented by Varenius et al. in Astronomy & Astrophysics 593, A86 (2016).
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Resolved images reveal a protostellar outflow launched by an extended disk wind
Molecular outflows from young
stellar objects were first discovered
already in the 80’s. At that time,
they came as a surprise. The
expectation was to detect gas
moving inwards towards the
protostar, not away from it.
Outflows are now known to be
critical during the star formation
process. They are believed to remove
angular momentum from the
protostellar system, thus allowing
stars to grow by accretion. The massloss likely takes place in a region
very close to the protostar, but
exactly how the material is being
accelerated has been debated for a
long time. Limited angular resolution
meant that the outflow launching
could only be probed by indirect
methods. Models explaining outflow
launching can roughly be divided in
three different groups. The main
difference between these sets of
models is where the acceleration
takes place, close to the protostar
itself (X-wind or stellar wind) or in a
wider region throughout the disk
(disk wind). In fact, the solution to
the problem may lie in a combination
of the processes.

Figure 3: 12CO channel map of the region. Contours start at 3σ, in steps
of 1.5σ and only show emission from the rotating outflow. The emission
from the NW and SE cavity walls are blocked by foreground material.
Blue and red contours show blue- and red-shifted emission, respectively,
with reference to the systemic velocity. In each panel the central channel
velocities and the radii for the corresponding Keplerian velocities (plus
signs) are indicated. Dashed lines show the direction of the disk and the
perpendicular outflow axis. Greyscale is continuum. In the lower right
panel, a map of the velocity field is presented.

Direct observations of the molecular
gas in the launching region have not
been possible, until now. ALMA can
reach milliarcsecond resolutions, allowing the mapping of the inner regions on scales of less than 10 AU
(for nearby sources). In a recent ALMA program, Bjerkeli et al. (2016) reported 12CO(2-1) observations
towards the Class I source TMC1A. They show that the 12CO emission indeed arise from the outflow and
not the disk, allowing for a detailed study of the morphology and kinematics. Both from the morphology
and magnetohydrodynamic wind theory, they find that material is being launched from a region extending
out to more than 25 AU from the protostar. These results provide the first direct evidence of a disk wind
from a young protostar.
The results were published by Bjerkeli et al. in Nature, vol 540 (2016) — arXiv: https://arxiv.org/abs/1612.05148
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