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From the Director:
Dear OSO Astro Newsletter readers,
This newsletter shows OSO's continuing commitment to
provide access for Swedish astronomers to the radio/
millimetre portion of the electromagnetic spectrum. For
ALMA at mm/submm wavelengths the continued high
Nordic/Swedish interest and proposal success rate (42 %
success rate in the last cycle, despite the very high ALMA
oversubscription rate) remains remarkable. The Nordic
ALMA support node based at Onsala forms a vital part of
this success helping ALMA users through proposing,
scheduling, and data reduction (and increasingly help
with archive access). Swedish science highlights are
given for ALMA and for APEX single dish; the latter as
well as doing its own unique science often acts as a
‘finder telescope’ continues to provide a competitive
advantage to Swedish ALMA applicants. At cm/m
wavelengths two Swedish science highlights are given
using VLBI observations. The recently released VR 2018
guide to infrastructures notes the strong Swedish position
in radio astronomy and the importance of maintaining
this. Its appendix lists full participation in SKA in the top
rank of projects for consideration.
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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 April-August 2019.
Deadline for proposals: Friday 23 November 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) , PI230 (B6, 200-270 GHz), and FLASH+345
(B6, 268-374 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.
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 standalone 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. The next deadline for EVN proposals is 1 February 2019.
For more detailed information: see OSO web page.

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

The National Facility offers a wide variety of
support to Swedish astronomers. For example,
we host one of the European ALMA regional
nodes, supporting ALMA users throughout the
Nordic region. We also offer support in several
other areas.

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.

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.

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

Specialised Courses: We 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.

Interested in SKA/LOFAR news?
Please sign up to the LOFAR/SKA mailing list.

More Information: Contact Michael Lindqvist, Head of Astronomy User Support.
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Science News
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.

ALMA Cycle 6 proposal review results

The ALMA Cycle 6 results were announced in late July. A total of 1836 proposals were submitted,
an increase by 10 %. A total of 661 proposals were accepted (100 grade A, 269 grade B, and
292 grade C), with 4000 hours being scheduled for the grade A+B and Cycle 5 grade A carry-over
projects. A detailed breakdown of the proposal review results can be found on the ALMA Science
Portal (http://almascience.eso.org).
The Nordic region submitted 93 proposals in Cycle 6 vs. 75 proposals in Cycle 5. After proposal
review, 39 proposals were accepted vs. 30 proposals in Cycle 5. The accepted Nordic projects
include all aspects of ALMA observations: main array, ACA stand-alone, high-frequency, long
baseline, Band 5, VLBI, and polarisation projects. All scientific categories are represented, showing
a strong diversity in the science that is done with ALMA by the Nordic region. The Phase 2
deadline was on September 6, and all our PIs submitted their projects on time. Observations started
on October 1st and will continue to the end of September 2019.
The Nordic ARC node will continue supporting the Nordic Cycle 6 observations through quality
assessment of the observed data, as well as face-to-face visits for advanced data reduction and
analysis. As data are delivered, we strongly encourage users to contact the Node to get support for
their project.
As Cycle 6 begins in October 2018, the ALMA archive is continuously populated with data from
previous cycles, and an increasing amount of data is becoming publicly available to the entire
community. The Nordic ARC node is happy to support Nordic astronomers in archive searches, data
reduction, and advanced analysis. You can find more information on how to receive support from
the Nordic ARC node at www.oso.nordic-alma.se.
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A dust-enshrouded tidal disruption event with a resolved radio jet in a
galaxy merger
Tidal disruption events (TDEs) are transient flares produced when a star is ripped apart by the
gravitational field of a supermassive black hole (SMBH). In a TDE, roughly half of the star’s mass
is ejected, whereas the other half is accreted onto the SMBH, generating a bright flare that is
normally detected at X-ray, ultraviolet (UV), and optical wavelengths. TDEs are also expected to
produce radio transients, lasting from months to years and including the formation of a relativistic
jet, if a fraction of the accretion power is channelled into a relativistic outflow.
An international team of astronomers (including researches from Stockholm) have, for the first
time, directly imaged the formation and expansion of a fast-moving jet of material ejected when the
powerful gravity of the SMBH in the nucleus of Arp 299-B (D=45 Mpc) ripped apart a star that
wandered too close to the cosmic monster. It is one of the two merging galaxies (Arp 299-A and
Arp 299-B) forming the Arp 299 system, which hosts prolific supernova factories in its nuclear
regions.
The team tracked the event with radio and infrared telescopes, including the EVN, for over a
decade. The patient, continued observations with the EVN and other radio telescopes around the
world, eventually showed the source of radio emission expanding in one direction, just as expected
for a jet (Fig. 1). The measured expansion indicated that the material in the jet moved at an average
of about one-fourth the speed of light. The crucial piece of information solving the puzzle of this
event was provided by VLBI observations, as the inferred angle of the jet to the line-of-sight was in
clear disagreement with expectations from a "normal" AGN jet, while in the case of a TDE this
angle can have any value.
The gravitational field of the SMBH in Arp 299-B, with a mass 20 million times that of the Sun,
shredded a star with a mass more than twice that of the Sun. This resulted in a TDE that was not
seen in the optical or X-rays because of the very dense medium surrounding the SMBH, but was
detected in the near-infrared and radio. The soft X-ray photons produced by the event were
efficiently reprocessed into UV and optical photons by the dense gas, and further to infrared
wavelengths by dust in the nuclear environment. Efficient reprocessing of the energy might thus
resolve the outstanding problem of observed luminosities of optically detected TDEs being
generally lower than predicted.
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Figure 1. The tidal disruption event Arp 299-B AT1 and its expanding radio jet. (A) A colorcomposite optical image from the HST, with high-resolution, near-IR 2.2 micron images [insets (B)
and (C)] showing the brightening of the B1 nucleus. (D) Radio evolution of Arp 299-B AT1 as
imaged with VLBI at 8.4 GHz [7× 7 milli-arcsec (mas) region with the 8.4-GHz peak position in
2005, indicated by the dotted lines]. The VLBI images are aligned with an astrometric precision
better than 50 microarcsec. The initially unresolved radio source develops into a resolved jet
structure a few years after the explosion, with the centre of the radio emission moving westward
with time at an average intrinsic speed of 0.22 times the speed of light. The radio beam size for
each epoch is indicated in the lower-right corner.

The case of Arp 299-B AT1 suggests that recently formed massive stars are being accreted onto the
SMBH in such environments, resulting in TDEs injecting large amounts of energy into their
surroundings. However, events similar to Arp 299-B AT1 would have remained hidden within dusty
and dense environments, and would thus not be detectable by optical, UV or soft X-ray
observations. Such TDEs from relatively massive, newly formed stars might provide a large
radiative feedback, especially at higher redshifts where galaxy mergers and luminous infrared
galaxies like Arp 299 are more common.

The above results are published in Mattila et al. 2018.
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CO envelope of the symbiotic star R Aquarii seen by ALMA
Symbiotic stars are identified through their composite spectra and are usually a binary pair with one
hotter and one cooler, mass-losing companion. R Aqr is the closest and most well-studied symbiotic
star. It is one of few symbiotics where the binary pair has been spatially resolved and the orbital
parameters are somewhat constrained. The orbital period is about 40 years and the semi-major axis
is estimated to 15.5 AU.
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Figure. 2. Molecular lines detected towards R Aqr with ALMA (Ramstedt et al. 2018).

R Aqr is the smallest separation source in a sample of binary AGB stars for which the circumstellar
CO(J=3-2) have been mapped with ALMA in order to study the wind shaping due to the
companion. With a resolution of about 0.5’’ the CO distribution is not well resolved, the total extent
is less than 2’’, and clearly limited by the hot radiation in the system. The molecular envelope is
confined to the equatorial plane and, as also confirmed by higher-resolution observations, consistent
with what is expected from hydrodynamical wind-interaction models. Additional emission lines are
also detected and several show inverse P-Cygni profiles consistent with infalling material close to
the star, Fig. 2.

The above results are published in: Khouri et al. 2016, Ramstedt et al. 2018 and Bujarrabal et al.
2018.
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Submillimetre H2O maser emission from water fountain sources
Using APEX, Tafoya et al. 2018 have found water maser emission at 321.226 GHz toward two
water fountain sources: IRAS 18043−2116, and IRAS 18286−0959, Fig. 3. This is the first time that
submillimetre water maser emission is detected in this type of source. Similarly to the 22 GHz
masers, the 321 GHz water masers span a wide range of velocities indicating that they are likely to
be coexisting in collimated bipolar outflows. The intensity of the submillimetre masers is
comparable to the 22 GHz masers, implying that the kinetic temperature of the region where the
masers originate is Tk > 1000 K.

Figure 3. Spectra of the 321 GHz water maser emission toward two water-fountain sources
obtained in two epochs (grey spectrum –- 2013-05-15, black spectrum – 2013-07-06) (Tafoya et al.
2018). The systemic velocity is indicated with a vertical dashed line in the corresponding panel.

To explain the observation Tafoya et al. 2018 propose a scenario that includes the passage of two
shocks with different relative speeds through the same material. The first shock is due to the
collision between a jet-like outflow and the slowly expanding circumstellar envelope, which
produces a dissociative shock. The shocked gas, where the 22 GHz water masers originate, ends up
moving almost at the same speed as the shock (vexp ~ 100 km/s). Subsequently, the jet-like outflow
produces a second shock within the shocked material. Since the shocked gas is already moving at a
relatively high speed, vexp ~ 100 km/s, the collision between the jet and the shocked gas occurs at a
slower relative speed. This produces a slower non-dissociative shock, which raises the temperature
of the shocked gas and creates favourable conditions for the excitation of the 321 GHz water
masers.
Sources with strong, high-velocity 321 GHz water masers represent a subclass of post-AGB stars
that could be referred to as hot-water fountain sources. These observations pose challenges for the
current water maser excitation models. Higher angular resolution observations with ALMA and
more detailed theoretical models are required to fully understand the presence of high-velocity 321
GHz masers in these sources.
The above results are published in Tafoya et al. 2018.
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A radio structure resolved in radio-quiet quasar PDS 456
Highly accreting active galactic nuclei (AGN) might host radiatively driven mildly relativistic
outflows. Some of these X-ray absorbing but powerful wide-aperture outflows would produce
strong internal shocks resulting in a significant non-thermal emission.
The radio-quiet quasar PDS 456 has a bolometric luminosity reaching the Eddington limit on
accretion and a relativistic X-ray outflow with a kinetic power high enough to quench the star
formation in its host galaxy. To search for the outflow-driven radio emission in PDS 456 Yang et al.
(2018) performed VLBI observations of the quasar using the European VLBI Network (EVN)
including the Onsala 25 m radio telescope. The EVN image (Fig. 4) with the full resolution reveals
two faint and diffuse radio components with a projected separation of about 20 pc and an average
brightness temperature of around two million Kelvin. The high-resolution VLBI structure at the
deca-pc scale can be explained as either a poorly collimated young jet or a bidirectional radioemitting outflow, launched in the vicinity of a strongly accreting central engine.
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Figure 4. The EVN 5 GHz image of the optically bright and radio-quiet quasar PDS 456 (Yang et
al. 2018). There are two faint radio blobs, C1 and C2, found in the nuclear region. The black cross
marks the sub-mas-accuracy optical centroid measured by Gaia.
The above results are published in Yang et al. 2018.
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Other News
Update from APEX
Earlier in August this year, the Swedish-ESO PI Instrument (SEPIA) was successfully re-installed at
APEX in Chile, Fig. 5. This instrument consists currently of two receivers. The first receiver is a
dual-polarisation sideband-separating ALMA band 5 receiver operating between 159 and 211 GHz
developed by GARD at Chalmers. The second receiver is a new dual-polarisation and sidebandseparating band 9 receiver (which replaced an earlier double sideband version). This new receiver
has been developed by NOVA in the Netherlands. This receiver has an excellent suppression of
unwanted spectral line features emerging from the image band and it has also a very low internal
noise contribution. Currently, the receiver is undergoing science verification observations especially
designed to test the receiver performance while giving scientifically valuable data at the same time.
When in full operation next year, the receiver will cover the extended frequency range from 578 to
738 GHz.

Figure 5. SEPIA installation at APEX. Images credit: Mathias Fredrixon, GARD/OSO, Chalmers.
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SKA Band 1 qualification and CDR
Onsala Space Observatory has continued its activities within the SKA Band 1 project, working on a
Quadruple Ridged Flare Horn (QRFH) for the frequency range of 350-1050 MHz. After the first
prototype was tested in June 2017, the activities have been focused on developing a new fabrication
friendly qualification model to be tested and evaluated on the first SKA-mid dish antenna, currently
being assembled in South Africa.
The new qualification feed has been extensively tested for survival and operation while being
subjected to the extreme environmental conditions that are present at the remote site in the Karoo
desert, South Africa. The feed and its sub-components have also been extensively tested for
sustainable low noise level performance and phase stability. The final test was successfully
conducted at one of the MeerKAT antennas at the SKA site in June, Fig. 6.
The project has now successfully passed the Critical Design Review held in Catania, Italy
18-19 September, and will be followed by a test on the first SKA-mid dish in early 2019.

Figure 6. (Left) Leif Helldner and Pieter Kotze installing the feed. (Right) Band 1 feed on the
MeerKat dish in Karoo desert, South Africa. Images taken by: George Smit, SKA South Africa.

Interested in SKA/LOFAR news? Please sign up to the LOFAR/SKA mailing list.
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BRAND: First feed prototype being manufactured
The BRoad-bAND (BRAND) RadioNet project (see OSO Newsletter 7) is developing a
revolutionary decade frequency range (1.5–15.5 GHz) receiver for Very Longe Baseline
Interferometry. Onsala Space Observatory is leading the feed design where the first prototype is
optimised for the prime-focus geometry of the Effelsberg 100 m telescope. Current Quad-Ridge
Flared Horn (QRFH) design shows in simulation, input reflection less than -10 dB across the band
with an average of 50 % aperture efficiency for the Effelsberg telescope, Fig. 7 (left). Using
available state of the art cryogenic Low Noise Amplifier (LNA) data, calculation gives an effective
SEFD of 22-45 Jy, comparable to current narrowband feeds, Fig. 7 (right). The feed has been
manufactured and is currently being tested. In parallel, high performance LNAs have been designed
and manufactured by the Yebes observatory (IGN), Spain. The LNAs will be integrated together
with the feed in the receiver cryostat. The BRAND EVN partners include Germany (MPIfR), Italy
(INAF), Sweden (OSO), Spain (IGN), The Netherlands (ASTRON), and Latvia (VIRAC).
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Figure 7. (Left) Evolution through stochastic optimisation of the BRAND QRFH feed shown as
efficiencies in the Effelsberg reflector at prime focus, solid lines show current model. 𝜂ill denotes the
illumination efficiency and 𝜂ph the phase efficiency (consistency in location of the phase center
relative the telescope focal point). Total aperture efficiency showed as the black curve 𝜂a. (Right)
Estimated SEFD over 3 elevation angles for the BRAND feed simulated in Effelsberg reflector at
prime focus (surrounding horizon effects of mountains not accounted for in the low elevation).

The above results was presented at the 12th European Conference on Antennas and Propagation:
J. Flygare, M. Pantaleev, and S. Olvhammar, “BRAND: Ultra-Wideband Feed Development for the
European VLBI Network - A Dielectrically Loaded Decade Bandwidth Quad-Ridge Flared Horn”,
in 12th European Conference on Antennas and Propagation (EuCAP2018), London, UK, 9-13 April
2018.
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