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From the Director:
Dear OSO Astro Newsletter readers,
The Onsala national facility's mission in astronomy is to
support
Swedish astronomers' access to telescopes
operating between sub-millmetre and decametre
wavelengths (a range of 100 000). This broad mission is
illustrated in the articles in this newsletter, which feature
plans for the deployment of a new sub-millimetre (Band 9)
receiver for APEX, together with a report on the first SKA
key science meeting held in Stockholm. The SKA meeting
discussed the future breakthrough science to be done at
centimetre and metre wavelengths. OSO accomplishes its
mission both by contributing to specialised instruments
(APEX, 20 m, VLBI, LOFAR), and also to the largest
international projects (ALMA and SKA). The
technology needed for these large international projects the Band 5 receivers delivered from OSO to ALMA are one
example - and much of their user support needs are
provided by national radio observatories around the world.
OSO is proud to provide the Swedish contribution to
designing, constructing and operating these international
telescopes.
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 April - August 2016.
Deadline for proposals: 15 October 2015.
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 receiver for spectral line
observations) must have a PI or co-I with a Swedish affiliation.
The partner instrument ArTeMiS (350 micrometer bolometer array) will be available to all users on
Swedish APEX time.
The Onsala 20 m diameter telescope in Sweden is equipped with receivers for 18-50 GHz and
85-116 GHz. The telescope is open for scientists from all countries. The 20 m radome was replaced in
2014, improving the performance of the telescope. A receiver for the 85–116 GHz range, with a receiver
temperature of approximately 50–60 K, was installed in March 2014. A spectrometer (FFTS) with 2x2.5
GHz bandwidth is available, and is expected to be extended this year with an additional 2x2.5 GHz
spectrometers to allow dual polarisation observations over a single 4 GHz wide receiver sideband.
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.
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. Deadline for
EVN proposals: 1 October 2015 (http://www.oso.chalmers.se/evn/call.txt)
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.

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.

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.
Student projects: We also specifically 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
Opening a new window at OSO, a receiver covering 70-87 GHz
A major planned upgrade to the OSO 20 m telescope is the installation
of a new 4 mm receiver, covering 70–87 GHz, in the autumn of 2015.
The 4 mm band is not available generally to European astronomers and
barely covered anywhere in the world. The band around 4 mm contains
a rich collection of molecular-line transitions, including those of many
deuterated species: DCO+, DCN, DNC, N2D+, DC3N, HDO, C3HD, etc.
Many of these lines have never been observed extensively, and it should
be stressed that the low temperatures of interstellar clouds make the
lowest-lying transition particularly observationally important.
Measuring the ratios of normal and deuterated species provides a
sensitive test of various proposed chemical pathways within molecular
clouds. In addition, the spectrometer capacity will very soon (winter
2015/2016) be doubled with the installation of another FFTS, for a
total of up to 2x4 GHz bandwidth.
Figure 1: The new 4 mm receiver

Key Science workshop for SKA in Stockholm

being installed besides the existing 3
mm receiver in the laboratory at
OSO. Credit: Leif Helldner

For four intensive days in late
August, 130 scientists from 23
countries met at the Wenner-Gren
Center in Stockholm to discuss
plans for the Square Kilometre
Array (SKA). The workshop was
organised by the SKA Organisation
and hosted by Stockholm
University in collaboration with
Chalmers and Onsala Space
Observatory, the meeting was the
first in what’s planned to be a series
of workshops aimed at developing Figure 2: Participants of the SKA Key Science Workshop in Stockholm.
Key Science Projects for the first Credit: SKA Organisation/Niklas Björling
phase of the SKA. The word of the
week was without doubt commensality – the concept of maximising output from the telescopes by
identifying synergies between projects, data products and observing strategies. Ideas also emerged for
different types and sizes of surveys which could serve the needs of several different science areas. With
the potential of the SKA to deliver game-changing discoveries in mind, the participants enjoyed a
reception at the Stockholm City Hall, venue for the annual Nobel banquet. Onsala Space Observatory
hosted a less formal reception at the AlbaNova University Centre, and some participants took the
opportunity to visit Onsala after the conference.
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GARD delivers Band 5 receivers to ALMA
ALMA’s Band 5 is opening up a unique window on the
universe. New receivers for 163 to 211 GHz (1.4 to 1.8 mm)
are being rolled out at ALMA and will eventually be
available on all 66 antennas. Field tests carried out between
May and July 2015 have been a big success, and the first
fringes were achieved with two receivers in place.
For many scientists, detecting water is the main attraction of
both Band 5 on ALMA and its sister instrument SEPIA on
APEX. Even at Chajnantor, not every day is dry enough to
observe water in the local universe. But under excellent
conditions the 183 GHz water line is just one of a number of
exciting prospects. Redshifted [C II] emission from distant
star-forming galaxies is another.
The Band 5 receivers were designed and prototyped by Figure 3: Band 5 receiver integrated into a
Onsala Space Observatory’s Group for Advanced Receiver Front End with all the others Bands (3 to 10).
Development (GARD) in collaboration with the Rutherford Credit: ALMA (ESO/NAOJ/NRAO), N. Tabilo
Appleton Laboratory, UK, and ESO, under the European
Commission supported Framework Programme FP6 (ALMA Enhancement). The first production-grade
receivers, delivered during 2015 to ALMA, have been built and delivered by a consortium of NOVA, the
research school for astronomy in the Netherlands, and GARD. Local oscillators for the receivers were
built by NRAO. By 2017 a total of 73 receivers will be delivered to ALMA, enough for all the antennas,
plus spares.

ALMA band 9 receiver to be installed on APEX
The SEPIA (Swedish-ESO PI Instrument for APEX) receiver installed at APEX in early 2015 was
designed to hold three ALMA style receiver cartridges. Initially an ALMA Band 5 receiver (158–
211 GHz) was installed. This receiver was designed and built by the OSO Group for Advanced Receiver
Development (GARD) with additional contributions from ESO, and is a joint Swedish-ESO PI
instrument. The receiver is now producing excellent scientific results. As the next stage in populating the
SEPIA cartridge, an agreement has been reached between OSO and ESO to install an additional receiver,
ALMA Band 9, covering 602–720 GHz. The ALMA Band 9 receiver cartridge will be constructed and
delivered by NOVA in the Netherlands (with some additional GARD/OSO and ESO contributions). In
return, NOVA will receive guaranteed observing days during Swedish and ESO APEX time during 2016
and 2017. After commissioning, the receiver will also be available for open time applications for Swedish
and ESO time in the normal way. In its initial installation the receiver will be identical to the ALMA
Band 9 receivers, with dual polarisation, double sideband, and covering an 8 GHz IF range (the usable
spectral bandwidth will be limited initially to 4 GHz by the APEX spectrometer backend). The receiver
will be useful for complementing large-scale structure information to ALMA and for helping to prepare
for and support ALMA observing proposals. An upgrade during 2017 is planned to single sideband
(optionally 2SB), dual polarisation, and 8 GHz bandwidth. This will demonstrate a prototype for a
possible next generation ALMA receiver. It is expected that the initial APEX double sideband Band 9
receiver will be installed in early 2016, with a call for science verification observations being released in
the following months.
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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.

APEX discovers grain size evolution along the entire sequence of star
formation
The physics and chemistry of the nearest star
Class -1
0
I
I/II
II
III
forming region, viz. the ρ Ophiuchi cloud, at a
distance of 120 pc, were recently investigated by a
team of scientists from Chalmers and Stockholm
University. The research focuses on the dense core
ρ Oph A that exhibits all phases of star formation,
from pre-collapse dark kernels to pre-mainsequence stars close to the ZAMS, all within only
20000 AU (Oort cloud dimension). The work
includes the complex analysis and extensive
super-computer modelling of spectral line and
continuum observations with APEX and Herschel.
Among several interesting conclusions, the
evolution of the dust with time in the dense ISM
is constrained. There is a clear trend of grain Figure 4: The dust opacity index β as a function of
evolutionary time of star formation. The major
growth from the earliest to the latest phases of star contributor to the dust emission at the various stages is
formation (Fig. 4): big opacity exponents with indicated below the images, with the nature of the
β~2 mean small grains, whereas small β~0 mean objects above them. The common nomenclature of
big grains. The dust grows from a≈0.001 µm stellar formation, labelled Class-1 through Class III, is
shown above the data points with their 1σ errors. The
during the initial dark cloud phase to a⪆ 100 µm line through the data points is an analytical fit. Credit:
toward the later T Tauri and ZAMS phases. At McCoughrean/NASA/JWST; Liseau et al. 2015.
intermediate times, i.e., during the protostellar and
protoplanetary stages, grain sizes vary between 0.1 and 10 µm. Respective grain size distribution
parameters p, where dn(a) ∝ a-pda, are 4.5-5 (Class-1), 3 (Class III) and 3.5 - 4 in between (Class II and
I). Further quantitative assessment is hampered by the fact that early evolutionary time scales are only
poorly constrained. But if currently believed ages are adopted, the data can be fit by an exponential that is
shown in Fig. 4. From that it can be inferred that the observed dust is dominated by a population of very
small grains at the earliest times (starless cores and dynamical collapse) up to some 50 to 100 thousand
years. After that, grains grow predominantly in circumstellar disks. The results are presented in Liseau et
al. 2015, A&A 578, 131 (or astro-ph 1504.06277).
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ALMA takes a look at a stellar capture event

Dec. offset [arcsec]

HD101584 is a bright object in the sky, but
−108
−95.5
−83
−70.5
−58
its true nature has been a matter of some
considerable debate. It is now believed to be
a binary stellar system where the primary has
−45.5
−33
−20.5
−8
4.5
just left its evolution as a red giant and is
evolving to become a white dwarf. It is
further believed that the red giant evolution
17
29.5
42
54.5
67
was terminated when the companion was
captured by the red giant (the companion
nevertheless survived and is now found at a
distance of about 0.7 AU from the primary).
79.5
92
104.5
117
129.5
The object shows some remarkable emission
lines from CO molecules in the circumstellar
environment. This emission has now been
0.4
6
142
154.5
167
179.5
192
mapped using ALMA, see Fig. 5. The data
0.3
3
0.2
0
outlines a high-velocity (150 km/s) molecular
0.1
−3
jet, almost along the line of sight, which has −6
0
6 3 0 −3 −6
excavated an hour-glass shaped structure in
R.A. offset [arcsec]
the circumstellar gas. The age of this Figure 5: 12CO(J=2-1) emission in 12.5 km/s ranges
phenomenon is estimated to be about towards HD101584. The systemic velocity is 42 km/s. A
high-velocity jet in the east-west direction (seen as point-like
500 years, and it is suggested that it is the emission at the extreme velocities), an hour-glass structure
effect of the capture of the companion. The (rings in the central channel maps), and intense emission at
released orbital energy has contributed to the the centre can be seen. Credit: Olofsson et al. 2015.
ejection of the jet, but the data shows that it
is not enough. Another process must help in the ejection, e.g. magnetic fields and/or an accretion disc
around the companion. In addition to this high-velocity gas, the data shows that about a solar mass of
material rests in an unresolved (by ALMA) region centred on the stars. This is presumably left-over
material from the red giant that has now assembled in the form of a circumbinary disc. Data on many
other molecules, e.g., SiO, H2S, SO, SO2, and H2CO will provide further information on this interesting
object. The results are published in Olofsson et al. 2015, A&A 576, L15.
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to explain the different RM
values between 350 GHz and
0.8 to 1 THz (source frame).

A strong magnetic field at base of jet of a supermassive black hole
Fig. 4. Fitsto
of our
three
Applying a novel analysis technique
ALMA
epochs with quasiobservations of the gravitationally-lensed
blazar
simultaneous observa250 (Science,
and 300 GHz
PKS1830-211, I. Marti-Vidal tions
et atal.
to the model given in
2015) have reported the highest
polarisation
Eq. 1. We show Rpol versus
2
corrected by in
−y/RM,
rotation measure (RM) ever l detected
the
to obtain a sinusoidal
Universe at submillimeter wavelengths.
This
RM
behavior.
(of the order of tens of millions of radians per
square meter, in the frame of the source) is
originating very close to the base of the
relativistic blazar's jet, and encodes information
about the physical conditions (plasma density and
magnetic-field geometry and strength) at a few
tens of milliparsec from the event horizon of the
Figure 6: Fits of our three epochs with quasicentral engine. The new analysis technique
observations
250 and 300 GHz.
Credit:
Table 1. Best-fit polarization simultaneous
values for the three
epochs with at
quasi-simultaneous
observations
(called "dual differential polarimetry")
has
been
Marti-Vidal
et
al.
2015.
at 250 and 300 GHz. RMobs are the rotation measures in the observer’s frame and RMtrue are the
2
measures in the
developed by the team, and rotation
can eventually
berest frame of the source. RMtrue is (1+z) times larger than RMobs.
used even in interferometric observations where the cross-hand polarisation
products is missing. The
Epoch
results are presented in Marti-Vidal et al. 2015, Science 10
348,
311.
April 2012
23 May 2012
5 May 2014

RMobs (106 rad/m2)
RMtrue (107 rad/m2)
pdif (10−3)
2f0 − a (deg)

9.0 T 0.3
11 T 0.4
12.6 T 0.4
59 T 27

Magnetic fields around massive stellar
objects observed with the EVN

9.4 T 0.4
11.5 T 0.5
3.8 T 0.3
40 T 23

25.3 T 0.8
31.2 T 1.0
3.5 T 0.3
25 T 20
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Since 2009, Surcis and collaborators have been running a
large VLBI project with the European VLBI Network
(EVN), including the OSO 25m telescope, to measure
the magnetic field at AU scales around 31 massive young
stellar objects (YSOs). By observing the polarised
emission of 6.7 GHz methanol masers the structure of
the magnetic field for 19 sources has been obtained so
far. A first statistical analysis of these sources sources
reveals that the magnetic field around the YSOs is
preferentially oriented in the same way as the molecular
outflows ejected from the sources (Surcis et al. 2015).
For several sources it was possible to obtain a detailed
description of the magnetic field. The results are
published in Surcis et al. 2013, A&A 556, A73 and
Surcis et al. 2015, A&A 578, 102.

Figure 7: a view of the methanol masers
features detected in the massive star forming
region S231. The black segment represent the
linear polarisation vectors of the methanol
maser feature. The magnetic field is
perpendicular to the linear polarisation vector.
Credit: Surcis et al. 2013, 2015.

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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