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From the Director:
Dear OSO Astro Newsletter readers,
Welcome to a new edition of the Onsala Space
Observatory (OSO) national infrastructure newsletter.
This newsletter's purpose is to inform the Swedish
astronomical community of opportunities to further their
science via radio and millimetre wavelength observations
enabled by the facilities/support activities at OSO. A
major milestone during the last six months has been the
evaluation of the OSO VR funding proposal submitted in
March 2017 and the definition of the OSO operating
budget for 2018–2021. The evaluation of the OSO VR
infrastructure proposal gave the highest possible grade of
‘Outstanding' for science impact and the second highest
grade, ‘Excellent’, as an overall evaluation. In response to
this result the overall VR funding level to OSO has been
increased by 3.5 Mkr/yr; in addition there has also been
an increase in matching infrastructure funding from
Chalmers as OSO's host university. These welcome
funding decisions secure the current level of service to
our users, including achieving the maximum exploitation
of ALMA and preparing for a possible Swedish
participation in future SKA construction and operations.

Sincerely,
John Conway
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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 2018 to
March 2019.
Deadline for proposals: Tuesday 15 May 2018
APEX is a 12 m diameter submillimetre telescope in Chile. The receivers offered in this Call are the
heterodyne receivers SEPIA (B5, 159–211 GHz, and B9, 600–722 GHz) and PI230 (B6, 200–270 GHz),
and the bolometer arrays ArTeMiS (350 and 450 µm ) and LABOCA (870 µm). In general, proposals for
Swedish time on APEX must have at least one co-I with a Swedish affiliation; however a maximum of 20%
of the observing time will be open to international proposals.
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 67–87 GHz band,
which includes low-energy or ground state transitions of important deuterated molecules, and the
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. It is open for scientists from all countries.
The European VLBI Network (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 deadline for EVN proposals is 1 June 2018 (http://www.jive.eu/jivewiki/
doku.php?id=evn:guidelines)
More information: http://www.chalmers.se/en/researchinfrastructure/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: Contact Michael Lindqvist, Head of Astronomy User Support.
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News Items
ALMA Cycle 6 support from the Nordic ARC node

The call for proposals for ALMA Cycle 6 was announced on March 20. In Cycle 6 ALMA will offer
4000 hours of main-array time, the Atacama Compact Array (ACA) in stand-alone mode, and
baselines up to 16 km. New capabilities for Cycle 6 include full circular polarization, Band 8 in the
ACA stand-alone mode, and an extended Band 6 IF, allowing for simultaneous observations of
12C16O, 13C16O, and 12C18O.
In order to make the increased capabilities in the upcoming cycle accessible to the entire Nordic
astronomical community, we at the Nordic ARC node offer our help and support in planning, setting
up, optimizing, and submitting your ALMA project. We are happy to support existing ideas, and in
particular encourage the development of new projects to submit.
We specifically provide full support to non-experts for the entire proposal process, by helping in all
aspects of ALMA projects: Science development, the ALMA Observing Tool (OT), Archive
research, the ALMA simulator, Final check and submission.
Submission is by April 19. We will guide your project throughout the proposal period, give it a final
check, and guide you through submission!
You can find more information on how to receive support from the Nordic ARC node at
www.oso.nordic-alma.se. The full call for proposals, and other information on ALMA can be found
at the ALMA Science Portal at www.almascience.eso.org.
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Science with the APEX
The biennial Ringberg conference devoted to the APEX telescope took place at Ringberg Castle (a
property of the Max Planck Society in Southern Germany) on March 11-14 this year. In total 68
participants attended the meeting, among them APEX staff, project scientists and regular APEX
users, Fig 1. The various presentations focused on the state of the APEX telescope and its
instrumentation, as well as the science possible at the APEX site and potential synergies with other
projects like SOFIA and the SMA. The presentations can be found online at: https://events.mpifrbonn.mpg.de/indico/event/58/
The new APEX station manager Lars-Åke Nyman presented status and results from the
considerable upgrade that the APEX telescope has seen during the latest Chilean summer, i.e. the
period from September 2017 until now. In particular it is hoped that the new telescope surface will
improve and facilitate observations at frequencies near or above one terahertz. Holography
measurements to quantify the accuracy of the new surface, and to guide adjustments of individual
panels when necessary, are currently under way and staff from Onsala Space Observatory are in
Chile to help with the commissioning.
Later this year the APEX telescope will be equipped with a new version of the SEPIA instrument,
providing three 2SB mixer systems housed in the same cryostat and covering the frequency ranges
corresponding to ALMA bands 5, 7 (both built by GARD) and 9 (built by NOVA, NL).

Figure 1. Participants in the Science with APEX meeting. Photo by Carlos A. Durán.
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A European Science Data Centre for the SKA
Onsala has been involved in the H2020 project AENEAS since the beginning of 2017, see earlier
OSO Newsletter. The aim of the project is to propose a model for a European Science Data Centre
(ESDC), which will exist to support the European astronomy community in processing SKA data
products. Onsala is the lead partner of a task within one of the work packages, which focuses on the
evaluation of existing data transfer protocols and storage subsystems. To facilitate this, a new high
speed PC has been acquired and equipped with a 100 Gbps capable Ethernet card. Two other
existing machines have also been equipped with such cards. High bandwidth tests have been
performed between these local machines, and also data storage transfer tests have been conducted
between Onsala and machines in Juelich, Germany, via one of Onsala's external 10 Gbps network
links which connects directly to the new SunetC network.

LOFAR for Space Weather
The LOFAR for Space Weather (LOFAR4SW) is an EU funded (H2020 INFRADEV) design
project. The projects has 8 partners including OSO. It will deliver the full conceptual and technical
design for creating a new leading-edge European research facility for space weather science. It also
supports outreach and dialogue with a range of stakeholders in the space weather community,
regarding the possible subsequent implementation, potential future use, and governance aspects of a
LOFAR4SW data monitoring facility.
Designing a significant upgrade in hardware, algorithms, and software will allow to create, at a
fraction of the cost of building a new facility, a large scale cutting-edge research facility providing
simultaneous independent access to both the radio astronomy and the space weather research
communities. LOFAR4SW will in particular address capabilities to monitor Solar dynamic spectra,
interstellar scintillation measurements of densities and velocities in the inner heliosphere, and highresolution measurements of TEC variations in the Earth’s ionosphere. A strong point of the
LOFAR4SW is to uniquely enable provision of the missing link of global measurements of the
interplanetary magnetic field – a key parameter in forecasting the severity of geomagnetic storms.
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RINGS – Radio Interferometry Next Generation Software
OSO is involved in the EU H2020 funded RadioNet Joint Research Activity “Radio Interferometry
Next Generation Software” (RINGS) (see earlier Newsletter). The main objective for RINGS is to
deliver advanced calibration algorithms for the next generation of radio astronomy facilities,
characterized by a high sensitivity, a high bandwidth and long baselines. Recently, OSO has been
working on the development and testing advanced algorithms for the polarization calibration of
wide-band and long-baseline interferometric observations at both low frequencies (the case of
LOFAR, EVN) and high frequencies (the case of mm-VLBI and ALMA). Additionally, OSO has
also been working on the implementation of full polarization beam-modelling algorithms for the
wide-band calibration software.
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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, OSO. 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.

A search for radio emission from exoplanets around evolved stars
The majority of searches for radio emission from exoplanets have to date focused on short period
planets, i.e., the so-called hot Jupiter type planets. However, these planets are likely to be tidally
locked to their host stars and may not generate sufficiently strong magnetic fields to emit electron
cyclotron maser emission at the low frequencies used in observations (typically > 150 MHz). In
comparison, the large mass-loss rates of evolved stars could enable exoplanets at larger orbital
distances to emit detectable radio emission. O’Gorman et al. (2018) show that the large ionized
mass-loss rates of certain evolved stars relative to the solar value could make the exoplanets
detectable with the Low Frequency Array (LOFAR) at 150 MHz, provided they have surface
magnetic field strengths > 50 G. They then report radio observations of three long period (> 1 au)
planets that orbit the evolved stars 𝛽 Gem, ι Dra, and 𝛽 UMi using LOFAR at 150 MHz. They do
not detect radio emission from any system but place tight 3 upper limits of 0.98, 0.87, and 0.57 mJy
on the flux density at 150 MHz for 𝛽 Gem, ι Dra, and 𝛽 UMi, respectively. Despite their nondetections these stringent upper limits highlight the potential of LOFAR as a tool to search for
exoplanetary radio emission at meter wavelengths.
The above results will be published in O’Gorman et al. 2018.

An APEX spectral scan at 159.0–368.5 GHz of the circumstellar
environment of the M-type AGB star R Dor
Our current insights into the circumstellar chemistry of asymptotic giant branch (AGB) stars are
largely based on studies of carbon-rich stars and stars with high mass-loss rates. In order to expand
the current molecular inventory of evolved stars De Beck and Olofsson (2018) carried out a spectral
scan of the nearby, oxygen-rich star R Dor, a star with a low mass-loss rate. They used SEPIA/
Band-5 and the SHeFI instruments on the APEX telescope to cover the frequency ranges
159.0−321.5 GHz and 338.5−368.5 GHz (wavelength range 0.8−1.9 mm), Fig. 2.
The spectrum of R Dor is dominated by emission lines of SO2 and the different isotopologues of
SiO. They also detect CO, H2O, HCN, CN, PO, PN, SO, and tentatively TiO2, AlO, and NaCl.
Sixteen out of approximately 320 spectral features remain unidentified. Among these is a strong but
previously unknown maser at 354.2 GHz, which they suggest could pertain to H2SiO, silanone.
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Figure. 2. APEX survey of R Dor in the range 159.0–368.5 GHz
With the exception of one, none of these unidentified lines are found in a similarly sensitive survey
of IK Tau, a high-mass-loss rate oxygen-rich star, performed with the IRAM 30 m telescope.
The spectra were compared to radiative transfer models for five isotopologues of SiO (28SiO, 29SiO,
30SiO, Si17O, Si18O), providing constraints on their fractional abundance and radial extent. From
isotopic ratios for C, O, Si, and S they estimate the initial mass of R Dor in the range 1.3−1.6 M⊙.
The high signal-to-noise of the spectra, in combination with the heterodyne resolution, uncovered
spectral substructures recurring in many of the measured thermal and maser emission lines,
indicating the presence of up to five kinematical components in the outflow of R Dor, indicating
deviations from a smooth, spherical wind.
The above results will be published in De Beck and Olofsson 2018.

Core Emergence in a Massive Infrared Dark Cloud
A recent paper by Kong, Tan et al. (2018) presents part of the results from a large ALMA study (an
86-pointing mosaic) of a massive (about 100,000 solar mass), early-stage protocluster, which is
revealed as an Infrared Dark Cloud (IRDC). The 1.2 mm dust continuum emission image is
presented which reveals the presence of dense cores that are the localized sites of star formation
within the cloud. The particular goal of this study was to compare the dust continuum emission
cores with a mid-IR extinction map of the cloud, which Kong et al. (2018) consider to be a more
accurate measure of the mass surface density of material in the structure. They searched for
correlations of the presence of a core with local IRDC mass surface density. The data help define a
core detection probability function, which rises from near zero at lower mass surface densities to
near unity at high values, i.e., near 0.5 g/cm2. This information helps constrain theories of star
formation. Overall the results can be used to show that about 10 % of the gas in the IRDC is being
converted into stars every local free-fall time, which is an elevated rate compared to most other
molecular clouds in the Galaxy.

!8

Figure 3. Grayscale: MIR extinction derived mass surface density map from Butler, Tan &
Kainulainen (2014) (scale in g cm−2). The angular resolution of the map is shown as the gray filled
circle at the lower left. "C1, C2, C3..." label extinction peaks. The white arrows point to possible
embedded protostars that show as local enhancements in the Spitzer 8 micron image, which
produce local "holes" in the extinction map. Contours: ALMA 1.3 mm continuum mosaic. The
contours range from S/N = 2, 3, 5, 10, 20, 40, 60, ... with the rms noise at map center of ~0.2 mJy /
beam. The two red contours highlight S/N = 3 and 10. The synthesized beam is shown as the red
filled ellipse at the lower right. The two white enclosing contours show primary-beam responses of
0.3 (outer) and 0.5 (inner).
The above result is published in Kong, Tan et al. 2018.
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