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Operations
During 2012 Onsala Space Observatory (OSO) operated the following facilities:
–
–

The Onsala 20 m telescope for astronomical Very Long Baseline Interferometry
(VLBI), geodetic VLBI, and single-dish astronomy
The Onsala 25 m telescope for astronomical VLBI

–

The Onsala LOFAR station in stand-alone mode and for the International
LOFAR Telescope (ILT)
– The Atacama Pathfinder Experiment telescope (APEX) for single-dish
astronomy and astronomical VLBI
– The Nordic ARC node (the Atacama Large Millimeter/submillimeter Array
Regional Centre node for the Nordic, and Baltic, countries)
– The Onsala aeronomy station for observations of atmospheric H2O, CO, and O3,
– Two water vapour radiometers (WVRs) to support space geodesy
– The Onsala gravimeter laboratory for absolute and relative gravimeters
– The Onsala GNSS station
– The Onsala seismometer station
– The Onsala time & frequency laboratory
In general, all facilities have operated according to the 2012 activity plan without
any major problems during the year. A major repair of the hour-angle drive of the
Onsala 25 m telescope was efficiently executed without impairing any scheduled
observations. This improved, in particular the quality of the C-band (≈ 5 GHz)
observations. The APEX band T2 receiver (1.25 – 1.39 THz) has not been operational
during 2012 due to a faulty mixer. Due to the severe weather constraints on
observing in this band, this has limited impact on the science that can be done with
APEX. Other technical problems are reported below.
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The Onsala LOFAR station was mostly used for calibration and commissioning
observations during 2012, but it took part in observations for the low-frequency
part of the shallow all-northern-sky survey. In response to the first LOFAR call for
proposals, with deadline in September, regular network observations using the
Onsala stations started in early December with about 70 % of the observing time
allocated to the LOFAR network of antennas. The LOFAR station also carried out its
first stand-alone-station observations using a new computer backend and
specialised software (ARTEMIS) resulting in the first observations of a pulsar in
October.
OSO supported observers travelling to the APEX site in Chile for service observing.
They spent in total 163 man-days (excluding travel and medical exam days, but
including at the site observing preparation). One postdoc was hired late 2012 to
assist with APEX service observations in 2013.
The astronomical observations are scheduled based on recommendations from time
allocation committees (the OSO TAC, the European VLBI Network TAC, and the
ILT TAC). The geodetic VLBI observations are scheduled by the International VLBI
Service for Astrometry and Geodesy (IVS). The other instruments deliver data
through data archives.
The activities at the major facilities were distributed in the following way (in round
terms):
– The Onsala 20 m telescope:

103 days of single-dish astronomy
26 days of astronomical VLBI
43 days of geodetic VLBI
– The Onsala 25 m telescope:
60 days of astronomical VLBI
– The LOFAR station has been operational throughout the year
– APEX telescope
52 days of single-dish astronomy
Time for technical service, pointing, radome maintenance, etc. is not included, and
amounts to about 30 and 10 (not including the repair of the hour-angle drive) days
on the 20 m and 25 m telescopes, respectively. In addition to this, time is devoted to
data quality checks, developments and tests, etc.
For the other facilities the activities are summarised as:
–

Nordic ARC node: The Nordic ARC node at Onsala provided support to the
Nordic and Baltic ALMA communities for both Cycle 0 data reduction and
analysis and for Cycle 1 proposal preparation (deadline July). Data reduction
for eight Cycle 0 ALMA proposals (involving Nordic PI's or co-I's) was
supported and performed by ARC node personnel, and two non-Swedish
investigators visited the ARC node for face-to-face support. Additionally, the
staff performed quality assessment on five European (three Nordic) Cycle 0
data sets. A Nordic ALMA Cycle 1 proposal preparation workshop was
organised in June at Onsala, and shortly after the staff was involved in teaching
at the Nordic millimetre and optical/NIR astronomy summer school IV –
"Observational cosmology and the formation and evolution of galaxies", also
held at Onsala. The staff attended the European ARC retreat in Italy in
February, and a September meeting supporting the quality assessment process
of Cycle 0 data products. The ARC node manager attended the ARC face-to-face
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meeting at ESO in May. Finally, in December, the ARC node was represented at
the ”First Science with ALMA” conference in Chile.
–

Aeronomy station: The aeronomy station performed continuous observations
of mesospheric CO and H2O except for maintenance periods. We delivered
mesospheric H2O profiles to the Network for the Detection of Atmospheric
Composition Change (NDACC).

–

Microwave radiometers: Konrad was scanning the sky continuously for the full
year, whereas Astrid was operated for short periods during the winter and
spring. Thereafter, it was taken into the lab, upgraded and repaired due to
failures in the (mechanical) pointing and in the ferrite switch used for
calibration of the 31 GHz channel. Astrid was then reinstalled and has been
operating since November 2012. A new computer control system (BIFROST) to
handle our two high-frequency radiometer systems was implemented. The
antenna mirror control system of the 22 GHz mesospheric radiometer was
improved.

–

Gravimeter laboratory: The main purpose for the gravimeter laboratory at
Onsala is to maintain a gravity reference and calibration facility co-located with
space geodetic techniques. The facility is one component of the Fundamental
Geodetic Station. Its primary instrument is a superconducting gravimeter
(GWR 054). This instrument has been operated with few record breaks (less
than 10 days) since its installation in June 2009, Fig. 1. The sensor has not
suffered from any magnetisation changes, so that a continuous reference base
for the record is maintained. The gravimeter laboratory was used on Sep. 13 for
a measurement with a Micro-G A10, a portable absolute gravimeter, owned by
the Institute of Geodesy and Cartography, Warsaw, Poland.

Figure 1. Measurements with the superconducting gravimeter during 2012. Red, lower curve and
lower-right axis: Theoretical tide predictions. Dark-blue curve, upper-right axis: Air pressure. Light
blue curve: The inverted sea level at Ringhals has been added. Black curve, left axis: Residual gravity
variation, after reducing for tides, air pressure, and linear drift. The slowly varying red curve is the
predicted gravity effect due to Polar motion.
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–

Tide gauges: A tide gauge based on pressure sensors (same instrumentation as
used by the Swedish Maritime Administration: "Sjöfartsverket") was operated
next to the GNSS tide gauge station throughout the year. The operation was
however interrupted by a failure caused by lightning, which meant that the
sensors were out of operation from late July to late September. The GNSS tide
gauge was also operated throughout the year. A study of systematic effects was
performed by repeated controlled changes of the height of the GNSS antennas
above the sea level.

–

Seismometer station: A seismometer station was built during the year (at
sufficient distance from any disturbing sources), and a seismometer was moved
from the gravimeter laboratory to the seismometer station.

–

Time & frequency laboratory: The time & frequency laboratory hosts the
hydrogen maser, which is necessary for VLBI observations, which contributes
to the universal atomic time. OSO also collaborates with the Swedish Technical
Research Institute on a Swedish time-keeping system using a second hydrogen
maser and a cesium clock installed at Onsala.

R&D
Millimeter/submillimeter R&D
The RadioNet3 Joint Research Activity (JRA) AETHER, started in June 2012,
focusses on advanced IF circuitries for sideband-separating (2SB) SIS mixers for
array receivers. In particular, the Group for advanced receiver development
(GARD) is working on 4 – 12 GHz solid-state superconducting IF hybrids for such
receivers. The project includes simulations, manufacturing, and tests of such a
hybrid.
A new generation of superconducting IF hybrids with improved amplitude and
phase imbalance, below 0.6 dB and 2 degrees, respectively, has been developed,
fabricated, and tested by GARD. The hybrid uses superconducting transmission
lines, and a built-in bias-T, and it is fully compatible with the ALMA Band 5 and
Onsala 3 mm receiver designs. Furthermore, GARD has designed a 4 – 12 GHz
hybrid, the chip is under fabrication and tests will be performed during the first
half of 2013. Another component, the RF-waveguide hybrid, has a high impact on
the sideband rejection. GARD has developed an innovative design of such an RF
hybrid; the 3D electromagnetic simulations show very good performance with the
amplitude imbalance below 0.4 dB and a phase imbalance of 4 degrees. The
experimental hybrid for the 163 – 211 GHz band will be experimentally verified
during the first half of 2013.
GARD is working on a new generation of low-noise HEMT amplifiers for 4 – 8 and
4 – 12 GHz. During 2012 this work was complicated by the non-availability of InP
transistors (to be supplied by the Department of microtechnology and nanoscience
at Chalmers).
GARD has developed and demonstrated a new approach to construct THz Hot
Electron Bolometer (HEB) mixers, where the active element is micro-machined
using a so-called "-frame, and the waveguide is micro-machined using a moulding
technique with thick photoresist, Fig. 2. These technologies are now being
implemented in the second generation of the APEX T2 receiver, 1.25 – 1.39 THz.
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Important research was done on the deposition of ultra-thin NbN films, which are
used to make HEB mixers. GARD produced NbN films which have critical
temperatures between 9 and 9.5 K with a sharp transition from normal to
superconducting state within 0.2 K. This characteristic promises a good HEB mixer
performance.

Figure 2. Left: Electron microscope pictures of a !-frame-based HEB mixer. Right: The mixer chips
mounted in the mixer block. (the scales on the pictures are about 100 µm)

GARD has also performed measurements on the first chip of an SIS multiplier. The
prove-of-concept experimental chip has demonstrated a multiplication of a factor of
two for frequencies around 200 GHz.
SKA-related R&D
Work continued on developing ultra-wideband feeds (in particular the Eleven-feed,
11-feed) for use both on the Square Kilometre Array (SKA) and for geodetic VLBI.
The final report on an 11-feed for 1 – 4 GHz, commissioned and financed by the
SKA project office, was delivered in March. It was subsequently released as an SKA
memo (no. 144). This memo also contains a study of the performance of the 11-feed
within a prototype SKA dish, which shows excellent performance, approaching that
of conventional narrow-band-feed designs. A study was made of the impact of the
beam pattern of the 11-feed on the likely dynamic range achievable for SKA images.
It was presented at a major antenna conference in South Africa in October.
During the year, Radionet3 JRA DIVA work on developing wideband feeds for
VLBI began. A large planning grant application was submitted to VR in April and
was granted in November. These new resources will finance work on ultra wideband feeds as part of the SKA pre-construction phase.
In parallel to the SKA work a system study was also carried out for geodetic VLBI
use. The 11-feed performance was compared to its main rival the quad-ridge feed. It
was shown that the two are comparable even in main reflectors optimised for the
quad-ridge feed. The results will be published in the 2012 IVS report. During the
year work, started to further develop the quad-ridge feed beyond published
designs.
OSO has started preparations for the SKA pre-construction phase. The plan is to
submit a bid to the SKA office as part of an International Dish Consortium where
OSO will be involved in ultra-wide-band single-pixel feeds and antenna optics.
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VLBI R&D
Within the DIVA project OSO is also involved in design work and testing of the
third generation of a digital backend system (DBBC3). The aim is to fully implement
digitally all the functionality required of a complete 32 Gb/s VLBI backend for the
EVN and VLBI2010.
OSO is a partner in the EU-funded project NEXPReS, which is aimed at enhancing
the scientific performance of the EVN. In particular, it will allow the introduction of
an e-VLBI component to every experiment and thus improving the robustness and
flexibility of the array. During 2012, the project has e.g. demonstrated the possibility
of 4 Gb/s recording and real-time e-VLBI correlation of three EVN stations
(including OSO), Fig. 3. This has never been done before in the EVN. Although no
fringes were detected (almost certainly due to DBBC configuration issues) the Joint
Institute for VLBI (JIVE) software correlator performed as expected, keeping up
with the incoming data in real-time and producing believable autocorrelations. In
addition, another important demonstration of triggered observation and correlation
happened in May 2012. A pre-written observing schedule was transmitted to a
workflow manager platform, developed in the project, which then re-transmitted it
to the participating telescopes, whilst simultaneously processing the schedule ready
to begin a correlation. At the start time specified in the schedule, the workflow
manager then again contacted the telescopes and correlator to begin the
observation, causing them to abort their current observations and observe the new
source.

Figure 3. Network connectivity between stations and JIVE correlator (eVLBI) for the high-data-rate
experiment.

OSO, Yebes (Spain), and Effelsberg (Germany) performed a successful VLBI-fringetest observation at a data rate of 2048 Mb/s using their new digital VLBI backends,
the EVN DBBC and the RDBE (from the National Radio Astronomy Observatory,
NRAO, USA), in a poly-phase filter bank (PFB) configuration, Fig. 7. This is a very
promising result and a big step forward towards global VLBI observations at data
rates of up to 2 Gb/s.
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LOFAR R&D
OSO has been active in the long-baseline workgroup, which is tasked with
understanding and mitigating the particular problems associated with the long
baselines of the ILT. In particular, OSO has developed a code that converts LOFAR
data from a linear polarization basis to a circular basis. The purpose of this is to
address the recently discovered detrimental effect of differential Faraday rotation,
which is more pronounced on long baselines. In a circular basis, the rotation is only
a phased delay in the same-handed channel.
Beam modelling has been investigated as it is an important new problem in lowfrequency radio astronomy based on phased array telescopes. Rather than
mechanical slewing, phased arrays are electronically slewed which offers several
advantages. But they also give rise to new difficulties, in particular the so-called
"direction-dependent effects" (DDEs). DDEs mean that the gain in different
directions can vary significantly, to the extent that it is necessary to compensate
numerically, and this requires a good understanding of the beam behaviour. OSO
has during 2012 developed models for the LBA and HBA arrays of LOFAR.
OSO was also involved in setting up definitions of the polarimetry of LOFAR.
LOFAR, being a fixed-mount telescope, required particular handling in order for
the Stokes parameters to be in line with the IAU definitions. OSO participated in an
expert panel that wrote the official "Polarimetry with LOFAR" document published
in its latest version at the start of 2012.

Technical studies and construction
C-band receiver for Onsala 20 m and 25 m telescopes
A design of a new wide-band horn for the Onsala 20 m telescope, covering the Cband (4.5 – 6.7 GHz), was produced by GARD. Electromagnetic simulations of the
feed as part of the 20 m reflector have shown a good aperture efficiency. A design
study has been carried out on how to mount the new C-band horn within the 20 m
cabin and how to efficiently switch between this and other receivers.
Simultaneously, a new L- and C-band receiver system for the Onsala 25 m telescope
has been designed and is under construction. The receiver will be installed in early
2013. It has a cryogenically cooled Ortho Mode Transducer (OMT) for the C-band,
which will improve the sensitivity in the 4 – 8 GHz band. A final decision on
moving C-band operations from the 25 m to the 20 m has yet to be made.
A new 4 and 3 mm receiver for the Onsala 20 m telescope
GARD has designed and built a new 3 mm SIS mixer, employing a 2SB
configuration, to be installed at the Onsala 20 m telescope. The receiver was tested
at GARD and the Electronic Lab at Onsala. The project had various technical
difficulties in the qualification tests that delayed installation of the receiver. GARD
will continue to work on the new 3/4mm receiver for the 20 m telescope, focusing
the activities on the optics, the cryostat, and the beam switch.
Onsala 20 m telescope operation
Dual polarisation measurements are now possible with all backends at the 20 m
telescope due to a second optical fiber installed between the antenna cabin and the
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control room. This yields an important increase in efficiency for high
bandwidth/high resolution observations with the 7 mm and 1.4 cm receivers. The
noise behaviour and polarisation uniformity and stability of the high-frequency end
of the 7 mm receiver has been significantly improved.
Major advances have been made in our effort to make the hardware in the control
chain of the 20 m telescope simplified and more network based. New hardware and
software have been put to use to increase the robustness and accessibility of critical
hardware monitoring and alarms (for e.g. sensitive cryogenic equipment).
A new, web-based, proposal system, NorthStar was commissioned and used for the
first time for proposals for the Onsala 20 m telescope. It is planned to be used also
for APEX proposals in 2013. EVN proposals are also submitted via a NorthStar
system.
Onsala 25 m telescope operation
The 25 m telescope tracking problem was partially identified as an axial backlash in
the polar unit. This has affected the data taken with the telescope, even in moderate
wind speeds (> 7 m/s). A major repair of the polar unit was therefore made in May
2012, Figs 4 and 5. This included a removal of the 4-ton polar unit, control of the
worm drive's gear condition, and replacement of its tapered roller bearings. The
renovation has improved the pointing performance of the telescope considerably,
but there are still some tracking issues to be resolved. This major repair was
efficiently executed without impairing the scheduled observations.

Figure 4. Demounting the hour angle drive on the Onsala 25 m telescope.

Figure 5. The repaired Onsala 25 m telescope observing at sunset.
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LOFAR station in stand-alone mode
In September 2012, a collaboration with a french/british team, which was already
doing pulsar and transient searches on international LOFAR stations while in
stand-alone mode, was initiated. A specially equipped data-recording computer
(and the specialised software ARTEMIS), with the capacity to record and process in
real-time 1/4 of the total data stream, was borrowed. Four sessions in Oct. – Nov.
2012, each lasting ≈ 2 days, were used for various observations, such as the
verification of a pulsar candidate previous only seen by the Green Bank 100 m
telescope, Fig. 6. Software was also developed to monitor the state of the station's
operations mode, the rate of data flow in and out, and the environment of the
electronics container, all in real time. There has been interest in this software from
other international LOFAR partners and it is being used already operationally at
least at one other station. Finally during 2012 a portable transmitter plus mast was
designed, constructed and verified. This test transmitter is used to diagnose faults
with the LOFAR station antenna front-ends.
VLBI
In May, APEX participated successfully for the first time in a VLBI observation
together with the Sub-millimeter Telescope (SMT) in Arizona (USA) and the Submillimeter Array (SMA) on Mauna Kea, Hawaii (USA). The observations were
made at 1.3 mm (229 GHz). The result was the sharpest observation ever of the
centre of a distant galaxy (3C279). The observations show that the quasar's radio

Figure 6. First detection of a pulsar, PSR B0329+54, with the Onsala LOFAR station. Upper: the
pulse at 146 MHz. Lower: the interstellar dispersion of the pulse.

signals come from a region only 28 microarcseconds in diameter, Fig. 7. This result
marks an important step towards realizing the future global submillimetrewavelength array, The Event Horizon Telescope, which may make it possible to e.g.
image the black hole in the centre of our galaxy.
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Figure 7. The 229 GHz VLBI experiment between APEX (Chile), SMA (Hawaii), and SMT
(Arizona), which resulted in a record angular resolution of 28 microarcseconds.

APEX service mission
GARD performed a comprehensive maintenance mission for the Swedish
Heterodyne Facility Instrument (SHFI) on APEX during 2012. The reason for this
was the observed baseline instabilities for all receiver channels. The maintenance,
which included replacing the entire receiver cryogenic and optical structure with a
new more stiff design, was successfully completed leading to a fully satisfactory
performance, Fig. 8. APEX Band 3 (a double-sideband receiver for ≈ 400 to 500 GHz)
was commissioned during 2012. It was accepted as a facility receiver by the APEX
board in October. It has been used for regular scientific observations since then. The
planned IF system upgrade had to be postponed due to the impossibility to obtain
InP transistors (to be provided by the Department of microtechnology and
nanoscience at Chalmers).

Figure 8. The inner structure of the Swedish Heterodyne Facility Receiver (SHFI) for APEX.
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ALMA Band 5 Full Production
The EU-funded ALMA Enhancement Project, within which GARD produced, and
delivered to Chile, six ALMA Band 5 receiver cartridge assemblies, was successfully
completed. This band covers the frequency range 163 – 211 GHz, i.e., it is centred on
the para-H2O(313-220) line at 183 GHz. It is one of a few H2O lines that can be
observed from ground (at the excellent ALMA site the transmission can approach
50% at the line peak). The receivers have been tested on the site, and interferometric
fringes have been obtained. This lead to an increased interest in the full deployment
of ALMA with Band 5 receivers, and eventually the ALMA Observatory board
decided to finance such a development in spring 2012. The production contract,
where GARD will collaborate with the Netherlands Research School for Astronomy
(NOVA), will be signed in early 2013. The project totals about 48 Mkr for OSO.
Gravimeter laboratory
Calibration of the superconducting gravimeter (SG) was performed. SG measures
changes of gravity over time, i.e., it does not measure gravity in an absolute sense.
Over very long time a fairly linear drift is found. So far, the conversion factor
(nm/s2/V) has been determined through parallel recordings with the FG5 absolute
gravimeters of Lantmäteriet and Leibniz University (Hannover) to within 0.15 %
(775.2 ± 1.1 nm/s2/V). In 2012 a different approach was tried. A portable ZLS Burris
gravimeter, owned by Leibniz University, was placed alongside the SG and
operated continuously between June 6 and Sept. 11. Before and after installation it
was calibrated on a calibration profile, the top and bottom floors in the office tower
in Hannover. It was found that the ZLS Burris had a problem with keeping the
vertical reference. As a consequence, the daily admittance values scattered within
0.5 %, and the average admittance, the precision of the calibration that could be
reached in this project, was determined to be only 0.2 %.
Seismometer station
The “Svenska nationella seismiska nätverket (SNSN)” seismograph that Uppsala
University placed in the gravimeter laboratory in 2011 had to be moved to a new,
more remotely located, site at Onsala. OSO has provided the new facility, and on
Sep. 25 the relocation was completed, Fig. 9. The instrument is operated by
scientists at the University of Uppsala (details at: http://snsn.geofys.uu.se).
Placement in the gravimeter laboratory building implied a too high level of
perturbation from the SG’s liquid-helium compressor. Nevertheless, the parallel
recording of data from both instruments, gravimeter and seismometer, at a 3 m
distance from each other provided a rare occasion for calibrating the seismometer
gain.
Super-tide-gauge station
There are plans to install a super-tide-gauge station, in collaboration with the
Swedish Meteorological and Hydrological Institute (SMHI), at Onsala. Discussions
are ongoing about formulating a long-term agreement concerning the investment,
operating costs, data quality assessment, and archiving. The time plan for
implementation is still unclear. It seems reasonable that we can apply for, and
receive, permission to build the installation at the coast from the local county
authorities in Halland during 2013.
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Figure 9. The Uppsala seismograph installed in the new seismometer station at Onsala.

DORIS station
A detailed investigation on how to inhibit potential interference problems of
Doppler Orbiography and Radiopositioning Integrated by Satellite (DORIS) stations
in the vicinity of radio astronomical telescopes is carried out at NASA Goddard
Space Flight Center (GSFC). Since there are no final conclusions and
recommendations available yet the project currently has a lower priority.

User statistics
In this compilation of user statistics ‘user’ means an author or co-author of a
proposal granted observing time during 2012 on an OSO instrument:
–

Onsala 20 m telescope, single-dish:
32
(8 had Swedish affiliation, 10 had not used the telescope before; the
oversubscription rate was about 1)

–

APEX (Swedish time), single dish:
190
(28 had Swedish affiliation, 105 had not used APEX before on Swedish time; the
oversubscription rate was 1.3)

–

Astronomical VLBI:
212
(The handling of proposals, scheduling, etc. is done centrally, mainly through
EVN, and OSO does not have direct access to all statistics, etc. But we have been
informed that in 2012, there were 212 individual users of EVN (including eVLBI) and GMVA (The Global mm-VLBI Array). Four of them had Swedish
affiliation. Most VLBI projects included at least one of the Onsala telescopes.
The EVN oversubscription rate was 2.4)
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The following instruments deliver data through various archives:
–

Geodetic VLBI: Observations are performed as a service to the global geodesy
community, i.e., the observations are not performed for particular scientific
projects. Thus, it is not possible to give the number of users. Geodetic VLBI
defines the global geodetic reference system, which is used by a very large
number of research projects (e.g., in remote sensing). It can be noted though,
that 7 refereed publications with a total of 21 individual authors were based on
geodetic VLBI data including the Onsala 20 m telescope in 2012.

–

The Onsala Aeronomy Station data were delivered through the Network for the
Detection of Atmospheric Composition Change (NDACC).

–

The Onsala Gravimeter Laboratory has been added to the European Plate
Observing System (EPOS). In order to contribute low-latency gravity data a live
webpage has been created. Numeric data, sampled at one-second interval can
be downloaded with a latency of, at maximum, two minutes. On neighbouring
webpages plots of the actual, recent data are shown, and plots for earlier dates
can be requested. The pages show e.g. power spectra for monitoring of
environmental noise. See http://holt.oso.chalmers.se/hgs/SCG/monitorplot.html.

–

The GNSS data is available through the SWEPOS (http://swepos.lmv.lm.se/),
and International GNSS Service (IGS) (http://igscb.jpl.nasa.gov/) archives.

Peer-reviewed papers
Only publications in refereed journals based on the OSO instruments are included
(the numbers are minimum, publications may have been missed):
–
–
–
–
–
–
–
–
–

Onsala 20 m telescope, single-dish:
Onsala 25 m telescope, single-dish
APEX, single-dish:
SEST, single-dish 1
Astronomical VLBI:
Odin astronomy
Odin aeronomy 2
Geodetic VLBI 3:
GNSS, gravimeter, radiometers 3

3
1
63
5
29
1
7
7
3

(Swedish, ESO and MPI time)

1) Swedish-ESO Submillimetre Telescope (SEST) was taken out of operation in 2003.
2) Odin aeronomy is mentioned here since OSO played a technically important role in this
satellite project.
3) These data are also used in other ways than scientific publications. It is one of the main
goals for geodetic VLBI to define the global geodetic reference system, which is used by a
very large number of research projects (e.g., in remote sensing from ground and space
accurate positioning is often a necessity). In a similar way GNSS data define geodetic
reference frames for regional scales (land surveying).

In addition, there are 8 refereed publications based on R&D within mm/sub-mm
instrumentation, broadband receiver systems, antenna-feed system simulation, and
SKA performance.
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Quantitative measures
The reliability of the OSO instruments is in general very high. For instance, the
downtimes of the telescopes because of technical problems are very small, certainly
well below 10%. The downtimes are instead dominated by weather effects (rain,
wind). The efficiency is particularly high for the Onsala 20 m telescope because of
the radome enclosure.
In general, the efficiency is difficult to define. In particular, for the astronomical
observations if data quality is taken into account. The quality is e.g. sensitively
dependent on the (varying) weather conditions, particularly at mm and submm
wavelengths. In addition, the efficiency varies strongly with the complexity of the
observations. This is particularly noticeable for submm observations at APEX where
the overhead for getting data may be a factor of three even in good weather
conditions and no technical issues. In the list below, efficiency is therefore defined
as the ratio between the amount of time delivering data (of acceptable quality),
including overhead because of telescope movement, pointing, and calibration, and
the amount of time allocated to the activity.
– Efficiency of 25 m telescope for astronomical VLBI
(time lost mainly due to weather)

90%

– Efficiency of 20 m telescope for astronomical VLBI

90%

– Efficiency of 20 m telescope for geodetic VLBI

97%

– Efficiency of 20 m telescope for cm- and mm-wave single-dish
(time lost mainly due to weather)

75%

– Efficiency of LOFAR station participation in ILT observations

100%

– Efficiency of APEX during Swedish time
(time lost mainly due to weather)

80%

– Efficiency of superconducting gravimeter

100%

– Efficiency of aeronomy station,
22 GHz system
(time lost due to installation of a new spectrometer and a
rebuild of the feed system)
110 – 115 GHz system
(time lost due to repeated failures of the front-end; there are
plans for a new front-end system to be installed during 2013)

75%

– Efficiency of water vapour radiometers,
Astrid
(time lost due to a faulting azimuth drive, and rain)
Konrad
(time lost due to a broken waveguide switch used for
calibration, and rain)

55%

– Efficiency of GNSS station
(based on how many days of data that have been acquired .
On the other hand, individual observations, especially at low
elevation angles, may be lost or suffer from low signal-to-noise
ratio. Typical values are that more than 80 % of all possible

75%

85%

100%
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observations above the horizon (0 degrees) and more than
95 % of the observations above 15 degrees have an acceptable quality.)

Selected scientific highlights
Below follows a list of scientific highlights selected to illustrate the different
instrument and science areas covered by OSO facilities.
Galactic astronomy: astrochemistry, star formation, and evolved stars
The hydroperoxyl radical (HO2) was detected for the first time in the interstellar
medium in the cloud ρ Ophiuchi using APEX SHFI and IRAM 30 m telescope data,
Fig. 10. This new astrophysical molecule, combined with the previously detected
hydrogen peroxide molecule (H2O2) using APEX SHFI, provides insights on how
water can be formed in interstellar clouds through a gas-grain chemistry (A&A 541,
L11).
The gas properties around low-mass protostars in the Corona Australis region have
been studied using APEX SHFI data, as well as Submillimeter Array (SMA)
interferometric data. The unusually high gas temperatures are likely caused by
heating from nearby, young, luminous stars. The result has relevance for the effects
of the environment on the evolution of newly formed low-mass stars (A&A 548,
A24).

Figure 10. APEX/SHFI spectra of ρ Ophiuchi with spectral lines from the hydroperoxyl radical
(HO2).

Class II methanol masers are unique tracers of the early stages of high-mass star
formation. SEST was used to search for new class II methanol maser transitions
toward the southern source G 345.01+1.79. Emission with the narrow line width
and characteristic velocity of class II methanol masers (in this source) was detected
in eight of eleven observed transitions, two of which (at 104.1 GHz and 216.9 GHz)
have not previously been reported as masers (ApJL 759, L5).
Methanol masers, observed at 6.7 GHz, are often associated with high-mass star
formation, and their polarisation is one of the best probes of magnetic field
morphologies. The role of magnetic fields in the formation of high-mass stars is still
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under debate. VLBI observations, with milliarcsecond resolution, of 6.7 GHz
methanol masers have been used to determine the magnetic field morphology
around massive protostars in four star-forming complexes, Fig. 11. An important
conclusion is that the magnetic fields are well-ordered in all the four regions, and
that the strengths of the magnetic fields measured at low and high angular
resolution are in good agreement (A&A 541, A47).

Figure 11. EVN image of methanol maser features in the massive star-forming complex W51, with
linear polarization vectors indicated.

Water masers, observed at 22.2 GHz, are often associated with the 6.7 GHz
methanol masers, but owing to the different excitation conditions they likely probe
independent spatial and kinematic regions. VLBI observations with milliarcsecond
resolution of two sources show that the water maser spots form complex and
filamentary structures of sizes 18 – 160 AU. Most of the water masers appear to
trace shocks on a working surface between an outflow/jet and a dense envelope
(A&A 541, A72).
Infrared dark clouds (IRDCs) are promising sites to study the earliest formation
stages of stellar clusters and high-mass stars. In one project, the LABOCA
instrument on APEX was used to map Spitzer 8-µm-dark regions in a search for
genuine infrared-dark clouds (IRDCs) and precursors to massive stars and stellar
clusters. In total, 91 clumps were identified, out of which 44% appear dark at 8 and
24 µm, Fig. 12. Many of the identified clumps are massive enough to allow highmass star formation, and some of them already show clear signposts of that. In the
N10/11 bubble environment, the morphology of the detected dust emission
conforms to the triggered high-mass star formation in the system. The clump mass
distributions can be explained by the action of supersonic turbulence (A&A 542,
101).
In a related study, the submillimetre peak positions in the IRDC G304.74+01.32,
identified from the LABOCA 870 µm map, were observed in C17O(2–1) with APEX.
The data show that the IRDC is a coherent filamentary structure. Although the
clumps appear to be gravitationally bound, the ambient, turbulent, ram pressure
may be an important factor in the cloud dynamics. This is qualitatively consistent
with the suggestion that the filament was formed by converging supersonic
turbulent flows (A&A 540, A104).
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Figure 12. An APEX/LABOCA map (left) of the infrared dark cloud G1.87-0.14 (the right figure is
a Spitzer 8 µm image with LABOCA contours in white).

A large mosaic map with ALMA (reduced at the Nordic ARC node) of the CO
emission around the AGB star R Scl revealed, in addition to the expected detached
shell created during a thermal pulse, an unexpected spiral connecting the shell to
the present day mass loss, Fig. 13. Analysis of the velocity structure of the spiral
revealed it to be due to a previously unknown binary companion, of ≈0.25 Msun, at
60 AU from the AGB star. Even more importantly, smooth-particle hydrodynamics
and advanced radiative transfer modelling, indicate that the mass lost after the
thermal pulse was significantly higher than predicted by current models, further
reinforcing the importance of thermal pulses in the enrichment of the ISM (Nature
490, 232).

Figure 13. The circumstellar environment of the red giant star R Scl imaged by ALMA in the CO
J=3–2 line. The outer shell was ejected about 1800 years ago. The spiral modulation of the gas
density is due to the presence of an unseen companion.
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The Galactic Centre
The variable source Sagittarius A*, associated with the super-massive black hole at
the Galactic Centre, has been observed with APEX at 870 µm, and with mid-IR,
near-IR, and X-ray telescopes. The data has been used to better understand the
physical processes giving rise to the variable emission of Sagittarius A* (A&A 537,
A52; A&A 540, A41).
Extragalactic astronomy: black holes, gamma-ray bursts, AGNs, starburts, and galaxy
clusters
VLBI observations a 6 cm wavelength of the central parts of the starburst galaxy
Arp 220 have revealed three sources with rapid (< 4 months) variability and
possible superluminal motion (> 4c) of jet-like features near rapidly varying almost
stationary components. The most likely explanation for the observed features is that
they are microquasars or microblazars: binary-star systems in which one star has
exploded and left behind a black hole, which draws gas from its companion,
producing powerful jets that emit radio waves (A&A 542, L24).
Results of six epochs of EVN observations of the starburst galaxy and “supernova
factory” Arp299-A was recently published. The source-variability properties
indicate that the centre of this galaxy harbours a mixed population of radio
supernovae and supernova remnants. An estimate of the rate of core-collapse
supernovae is obtained (A&A 539, A134).
High-resolution, high-sensitivity radio images (from VLBI, Merlin interferometer,
and Very Large Array data) of the ultra-luminous infrared galaxy (ULIRG) IRAS
23365+3604 show that its nuclear region, with an approximate linear size of 200 pc,
has two main emission components: one with a composite spectrum due to ongoing
non-thermal activity (probably due to recently exploded supernovae and the
presence of an active galactic nucleus), and the other with a steep spectrum, likely
dominated by an old population of radio emitters, such as supernova remnants
(MNRAS 422, 510).
APEX provided data at 345 GHz in a project with simultaneous Planck, Swift, Fermi
(all satellite observatories), and ground-based observations of 105 blazars belonging
to three samples with flux limits in the soft X-ray, hard X-ray, and gamma-ray
bands. Analysis of this unique data set demonstrates that the selection method
strongly influences the results, producing biases that cannot be ignored. A
comparison of the multi-frequency data with theoretical predictions shows that
simple homogeneous synchrotron self-Compton (SSC) models cannot explain the
simultaneous SEDs of most of the gamma-ray-detected blazars in all samples. The
SEDs of the blazars that were not detected by Fermi-LAT may instead be consistent
with SSC emission (A&A 541, A160).
The gravitational magnification provided by massive galaxy clusters makes it
possible to probe the physical conditions in distant galaxies that are of lower
luminosity than those in blank fields, and hence likely to be more representative of
the bulk of the high-redshift galaxy population. SABOCA observations with APEX
were used together with molecular-line observations with the Australia Telescope
Compact Array (ATCA) to study the strongly magnified submm galaxy SMM J0658
located behind the massive Bullet Cluster, Fig. 14. The results show that SMM J0658
is one of the least massive submm galaxies discovered so far, and thus a likely
representative of the bulk of the submm galaxy population (A&A 543, A62).
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Figure 14. An APEX/SABOCA map (greyscale and red contours) of part of the Bullet Cluster, with
the gravitationally magnified image of the submm galaxy SMM J0658 at the centre. A, B, and C
mark the positions of the Spitzer images of the galaxy.

APEX data was used for other studies of submm galaxies, e.g., in a LABOCA
survey of the Extended Chandra Deep Field-South to study clustering of submm
galaxies (MNRAS 421, 284).
Gamma-ray bursts (GRBs) generate an afterglow emission that can be detected from
radio to X-rays during days, or even weeks, after the initial explosion. The peak of
this emission crosses the millimetre and submillimetre range during the first hours
to days, making their study in this range crucial for constraining the models. APEX
data are included in a catalogue of mm/submm observations of GRBs.
Observations in the mm/submm bands have been shown to be crucial for the
understanding of the physics of GRBs. Based on this catalogue, it is estimated that
ALMA will be able detect up to 98 % of the afterglows if observed during the
passage of the peak synchrotron emission (A&A 538, A44).
Geoscience
A strategy has been developed to combine the space geodetic techniques GPS and
VLBI in order to study short-term variations in the rotation of the Earth. This
approach is based on the combination of homogeneous normal equation matrices in
order to guarantee the preservation of the strengths of both techniques. The
primary purpose of this work was to determine an empirical model for sub-daily
polar motion and universal time variations. For the first time the geometrical
benefits of both VLBI and GPS have been exploited to derive such tidal model for
Earth rotation variations. The noise floor of this model was estimated to be about 1
microarcsecond for diurnal polar motion and 0.07 microsecond for diurnal
universal time variations, while the semi-diurnal components had slightly better
accuracy (J. of Geodesy 86, 221).
The impact of Galactic aberration on the International Celestial Reference System
(ICRS) and the Earth's rotation has been studied. It was shown that the effect of
20

Galactic aberration depends strongly on the distribution of the radio sources that
are used for the realization of the ICRS, Fig. 15. The amplitude of apparent rotation
of the ICRS was found to be between 0.2 and 1 microarcsecond per year for two
different realizations of the ICRS. It was also shown that there is no rotational
component along an axis pointing toward the Galactic Centre. For a uniform
distribution of radio sources the rotational amplitude is zero (A&A 548, A50).

Figure 15. The distribution of radio sources in the ICRF1 (top panel) and ICRF2 (bottom panel)
catalogs where the red open circles represent the 212 and 295 defining sources of corresponding
catalogs, respectively. The arrows represent the proper motions of the defining sources resulting from
the theoretical Galactic aberration. The catalogs are from the ICRS data center operated at Paris
Observatory, http://hpiers.obspm.fr/icrs-pc/.

Ten years of measurements of the atmospheric water vapour content using VLBI,
GPS, ground-based microwave radiometry, radiosondes, and numerical weather
models have been summarized, Fig. 16. The result is a more detailed
characterization of the measurement uncertainties of these techniques. The
comparison between three co-located techniques (VLBI, GPS, radiometer) gave
zenith wet delay differences at a level of a few millimetres and corresponding
standard deviations of less than 7 millimetres. It is shown that the standard
deviations for comparisons involving radiosondes and numerical weather models
have a seasonal behaviour (J. of Geodesy 86, 565).
The global astrometric and geodetic VLBI data set has been used to determine the
three-dimensional acceleration vector of the Solar system barycenter. This
acceleration is referred to as secular aberration variation drift and results in the
apparent proper motion of extragalactic radio sources. Thus, it becomes possible to
investigate this phenomenon directly using VLBI data, without any kinematic or
dynamical model of the Milky Way. Two different approaches were used to derive
the acceleration vector from VLBI, resulting in consistent results. The significantly
detected component perpendicular to the Galactic plane appears to be an important
result for research on the Milky Way (A&A 544, A135).
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Figure 16. Time series of the zenith wet delay (ZWD, which is approximately proportional to the
atmospheric water vapour content) derived from the different techniques at Onsala. Note that offsets
of 250, 500, 750, and 1,000 mm have been added to the time series from GPS, radiosondes (RS),
VLBI, and the numerical weather model (reanalysis product) from the European Centre for MediumRange Weather Forecasts (ECMWF), respectively.

International collaborations
OSO was involved in the following international collaborations in 2012:
–
–
–
–
–
–
–
–
–

–
–

The European VLBI Network (EVN) for astronomical VLBI (Hans Olofsson is
board member; Michael Lindqvist chairman of the Technical Operations Group
(TOG) and member of the Observing Programme Committee)
The Joint Institute for VLBI in Europe (JIVE), a Dutch foundation that operates
the EVN correlator in Dwingeloo (NL) and supports the EVN activities (Hans
Olofsson is chairman of the board)
The APEX project where three partners operate a 12 m sub-mm telescope in
northern Chile (Hans Olofsson is board member, and Per Bergman is the
Swedish project scientist)
The International LOFAR Telescope (ILT) Board, which sets up the roles for the
operation of the ILT (John Conway is board member)
NEXPReS, an EU-financed project which promotes the use of eVLBI (John
Conway is board member)
RadioNet3, an EU-financed I3 project, which coordinates all of Europe's leading
radio astronomy facilities (Hans Olofsson is board member, Michael Lindqvist
represents the EVN TOG and CRAF)
PrepSKA, an EU-financed preparatory phase project for the SKA (Hans Olofsson
is board member)
European SKA Consortium, which promotes the European involvement in the
SKA project (Hans Olofsson is board member)
The SKA Organisation (SKAO), the Brittish company that is responsible for the
SKA project in its pre-construction phase (Hans Olofsson and John Conway are
board members, Hans Olofsson is a member of the Funding Task Force and the
Hosting Agreement Task Force, Maria Karlsson is member of the Finance
Committee)
International VLBI Service for Geodesy and Astrometry (IVS), which operates
geodetic VLBI (Rüdiger Haas is board member)
International Earth Rotation and Reference Frame Service (IERS) (Rüdiger Haas
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–
–
–

is committee member)
GGOS Inter Agency Committee (GIAC) (Hans Olofsson is committee member)
Nordic Geodetic Commission (NKG) through the working group on
infrastructure (Rüdiger Haas is committee member)
ESF Committee on Radio Astronomy Frequencies (CRAF) for the protection of
the radio band for radio astronomical use (Michael Lindqvist is committee
member)

RadioNet3
A new RadioNet (Advanced Radio Astronomy in Europe) activity started in 2012,
RadioNet3 in the period 2012 – 2015. It is an EU Integrated-Infrastructure-Initiativefunded network of all the major radio astronomical observatories in Europe (and
some beyond), and it follows a number of successful similar activities over the
years. Its aim is to support the use of the radio astronomical facilities as well as to
support R&D on new radio astronomical instrumentation and methods. OSO gets
TransNational Access (TNA) funding for its operation of APEX and its contribution
to astronomical VLBI. It also takes part in two Joint Research Activities: DIVA
(Developments in VLBI Astronomy) and AETHER (Advanced European TeraHertz
Heterodyne Receivers).

Workshops, schools, etc.
Below follows a list of workshops and schools that OSO hosted, and/or played an
important role in the organisation of, during 2012:
–
–
–
–
–
–
–
–

Science with the Atacama Pathfinder Experiment (APEX), Schloss Ringberg,
Tegernsee (Germany), Febr. 12 – 15.
2nd ALMA Evolved Stars meeting, Chalmers, April 12 – 13.
ESO, NOVA, and GARD ALMA Band 5 specification and production meetings,
Chalmers, May and Nov.
LOFAR Magnetism Key Science Project meeting, Chalmers and Onsala, May 29
– June 1.
Nordic ALMA Cycle 1 Proposal Preparation workshop, Onsala June 7 – 8.
Nordic Millimetre and Optical/NIR Astronomy Summer School –
Observational Cosmology and the Formation and Evolution of Galaxies,
Onsala, June 11 – 20.
EVN Technical Operations Group (TOG) meeting, Onsala, June 27 – 28.
Day and Night of Astronomy, Chalmers and Onsala, Oct. 13.

Seminar series
OSO is arranging a seminar series at Onsala in collaboration with scientists in the
Radio astronomy and astrophysics and Space geodesy and geodynamics groups at
the Dept. of earth and space sciences (Chalmers). The list of seminar speakers in
2012 follows below:
11 Jan.
18 Jan.
29 Febr.
16 March

Dainis Dravins, Lund University
Natalia Lundqvist, Stockholms University
René Liseau, Chalmers
Nikolai Piskunov, Uppsala University
23

4 April
18 April
24 April
25 April
16 May
23 May
30 Aug.
5 Sept.
19 Sept.
26 Sept.
3 Oct.
5 Oct.
10 Oct.
17 Oct.
24 Oct
7 Nov.
14 Nov.
21 Nov.
27 Nov.
29 Nov.
4 Dec.
12 Dec.

Ricky Nilsson, Stockholm University
David Hobbs, Lund University
Colin Lonsdale, Haystack Observatory
Genoveva Micheva, Stockholm University
Reinhard Genzel, MPI for Extragalactic Astronomy, Garching
Daniel Tafoya, Chalmers
Johan Lindberg, Copenhagen University
Jan Conrad, Stockholm University
Joel Berge, ETH, Zürich
Ted Gull, Goddard Space Flight Center, NASA
Kanan Datta, Stockholm University
Maciej Serylak, Observatoire de Paris
Michael Way, Goddard Institute for Space Studies, NASA
Bruce Balick, University of Washington
Alexander Tielens, Leiden University
Per Bjerkeli, Chalmers
Rudy Montez, Vanderbilt University
Francesco Costagliola, Chalmers
Johan Richard, Observatoire de Lyon
Malcolm Walmsley, Osservatorio di Acetri, Florense
Per Elias, Gothenburg University
Mike Barlow, University College London

Education
The OSO staff and instruments are involved in education at all levels from bachelor
to graduate studies at Chalmers, and through organised schools. At Chalmers, the
20 m telescope and SALSA are used in astronomy courses, the 25 m telescope in a
satellite communication course, GNSS equipment in bachelors thesis projects and a
satellite positioning course, and laboratory equipment in courses on microwave,
millimeter wave and THz technology. Students from the universities in Stockholm
and Lund visited the observatory to carry out observations and/or to learn about
radio astronomy. A Nordic summer school in Onsala used the 20 m telescope for
observational projects.

Outreach
The outreach activities are done in close collaboration with scientists in the Radio
astronomy and astrophysics and Space geodesy and geodynamics groups at the
Dept. of earth and space sciences (Chalmers).
More than 2400 people visited the Onsala site, its telescopes and exhibition, in 2012.
In total 2092 visitors took part in 81 guided tours, the largest number of which were
school children in all age groups, Fig. 17. Two new events marked Sweden’s first
Day and Night of Astronomy on 13 October 2012. The star party “Onsala
stjärnträff”, during which 15 enthusiasts from the general public carried out radio
observations and learned from both each other and from invited speakers, and the
first ever Astronomy Slam in which five astronomers competed against each other
in delivering 8-minute talks for an audience of about 100 at the science centre
Universeum in Gothenburg. Events were organised during the Gothenburg Science
Festival in April, among them a public debate with the title “Are our brains created
to understand the universe?”. A TEDx event was organized in Gothenburg where
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one staff member gave a talk (http://www.tedxgoteborg.com/portfolio/puzzlingout-the-universe-wouter-vlemmings/). In addition, our staff gave a number of
public talks about astronomy across the country. Staff members wrote a number of
articles and reviews for the magazines Populär Astronomi and Fysikaktuellt.
OSO maintained a presence on social media (Facebook and Twitter for spreading
news, and Flickr for images). Journalists made a number of visits to the Onsala site,
leading to articles about the SKA (Göteborgs Posten) and the purported end of the
world on 21 Dec. 2012 (Dagens Nyheter). A number of press releases were also
issued. The discovery with ALMA of a spiral nebula around the red giant
R Sculptoris was reported in media all over the world, and the discovery of a
population of black holes (microblazars) in the galaxy Arp 220 was also widely
reported. News of the Wallenberg Foundation grant for the design and construction
of the Twin Telescope System for geodetic VLBI was reported widely in Swedish
media. The successful submm VLBI observation with APEX was highlighted by
ESO, Max-Planck-Institut für Radioastronomie, and OSO.

Figure 17. A visiting group and their guide in the exhibition area at Onsala (J.-O. Yxell).

High school students and classes from Sweden and elsewhere in Europe were the
majority of the 50 users of our SALSA radio telescopes in 2012, most carrying out
projects observing interstellar gas in the Milky Way. Other users connected
remotely from as far away as Bangladesh and Venezuela. Six 12 – 15 year olds came
to the observatory as part of their work experience (prao) weeks. The third edition of
our book Populärt om astronomi by Mikael Lerner, updated and for the first time
with illustrations, was published and made available at a low price on paper and
free of charge on the net.

New seminar and library building
The increasing number of staff members has gradually lead to a problem of lack of
office space at Onsala that had to be resolved. Several areas in the administration
building were turned into office space, and a new building was erected, which now
houses a more modest library in terms of space, and a new room for seminars etc.
equipped with modern video and audio equipment (e.g., for video conferencing),
Fig. 18.
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Figure 18. The new seminar and library building at Onsala.

Changes in organisation
There were no major changes in the organisation during 2012. Chalmers University
of Technology operates OSO, which forms a part of the Dept. of earth and space
sciences. The National Facility operates under a contract between the Research
Council (VR) and Chalmers which outlines the conditions under which the National
Facility should be operated, and gives the respective financial contributions until
(and including) 2013. The internal organisation of OSO has not changed, except that
this was the first full year with a deputy director, John Conway, joining the
management. Katarina Norheim replaced Ingrid Eriksson, who retired, as OSO
administrative and economy officer.
In line with the agreement between the present director and the president of
Chalmers, he will step down as director on 30 Nov. 2013 when his second term
ends. The position as new director of OSO was advertised (deadline 28 Febr. 2013).

Funding for a twin-telescope system for geodetic VLBI at Onsala
The International VLBI Service for Geodesy and Astrometry (IVS) has defined a
technological roadmap to achieve a significant step forward in the capacity of
geodetic VLBI, VLBI2010. In broad terms this means the use of smaller, but faster,
telescopes, preferably at least two per site, and the use of wide-band systems and
high-speed data transfer links. In 2011, OSO filed an application to the Knut and
Alice Wallenberg Foundation (KAW) to get funding for a twin-telescope system,
according to VLBI2010 standard, for geodetic VLBI at Onsala. This will consist of
two 12 m radio telescopes equipped with VLBI instrumentation. In April 2012 the
KAW announced that it grants OSO close to 30 Mkr for this project.
After the positive outcome of the KAW application, a decision on the location of the
two new radio telescopes has been made, Fig. 19. A request for building permit has
been submitted to Kungsbacka municipality and a first reaction is expected in early
2013. Investigations of potential telescope manufacturers and manufacturers of
other necessary equipment have started, as well as the preparations of documents
for the call for tender.
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Figure 19. The selected location of the two 12 m geodetic VLBI telescopes in the area of the Onsala
25 m radio telescope.

Importance to society
OSO supports basic research within astronomy and geoscience. Both astronomy
and geoscience research have a strong appeal to the curiosity of people of all ages,
and this is used in our outreach activities as described above. In addition,
geoscience is of importance for understanding the system “Earth”, and therefore of
importance for e.g. climate applications, such as monitoring of ozone in the
atmosphere and determining changes in the absolute sea level. There is also the
potential to predict earthquakes. Geodetic VLBI provides the fundamental
terrestrial reference frame, which is the base for all navigational applications. The
observatory also contributes to establishing the official Swedish time and
international time, through two hydrogen maser clocks and one cesium clock. The
OSO staff and instruments are involved in education at all levels from bachelor to
graduate studies at Chalmers, and through organised schools.

Importance to industry
The activities at OSO are not directly aimed at industry-relevant products. Their
importance lies rather in the spin-off products, in particular in microwave
engineering, and in collaborations with local high-tech companies, such as Omnisys
Instruments AB and the Low Noise Factory. The work on a cryogenic broadband
feed system based on the 11-feed, which for OSO has relevance for both geodetic
VLBI and the SKA, has lead to the formation of a spin-off company, and Omnisys
develops a cryogenic broadband feed system specifically for geodetic VLBI together
with OSO. OSO staff also contributes to ‘continuing professional development’ of
relevance to industry.
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Financial account
OSO gets operation funding from primarily the Research Council (VR) and
Chalmers. The division of expenditures is such that the Chalmers funding takes
care of rent, electricity, administration, central overhead, etc. There is TransNational
Access (TNA) funding for APEX and EVN through the EU-financed RadioNet3.
VR, operation

36 230 kkr

Expenditures:
Salaries
APEX, central operation
LOFAR, central operation
JIVE, central operation
SKA, membership fee
ESF, Frequency manager
Data fibre link, 10 Gb/s to Sthlm 1
Travel
Equipment
Supplies
Services
Outreach
Buildings
Telephones, office mtrl, etc

21 195 kkr
5 176 kkr
778 kkr
1 249 kkr
2 219 kkr
159 kkr
653 kkr
968 kkr
2 454 kkr
1 856 kkr
700 kkr
80 kkr
269 kkr
283 kkr

Total

38 039 kkr

1) Includes cost for LOFAR data transfer from Stockholm to Groningen (the Netherlands)

The deficit of close to 2 Mkr is due to OSO entering the SKA Organisation on behalf
of Sweden. It is covered by an accumulated surplus from previous years. In the
balanced budget for 2013 this cost is covered by the OSO VR operation grant.
Chalmers, operation
Other funding:
VR, LOFAR equipment, 2008 – 2013-02-08
Chalmers, EU support
EU, RadioNet3, 2012 – 2015
EU, ALMA Band 5, 2006 – 2012
EU, NEXPReS, 2010 – 2013
EU, PrepSKA 2010 – 2012
ASTRON, 25% salary for Marianna Ivashina

14 600 kkr
6 960 kkr
497 kkr
678 k€
5 079 k€
287 k€
60 k€
240 kkr

28

Acronyms
AETHER
ALMA
ARC
APEX
DIVA
eMERLIN
ESO
EVN
GARD
GMVA
GNSS
ILT
IVS
JIVE
LOFAR
NRAO
NEXPReS
OSO
RadioNet3
SEST
SHFI
SKA
TAC
TNA
ToO
VLBI

Advanced European TeraHerz Heterodyne Receivers
Atacama Large Millimeter/submillimeter Array (Chile)
ALMA Regional Centre
Atacama Pathfinder Experiment (Chile)
Developments In VLBI Astronomy
e-Multi-Element-Radio-Linked Interferometer (UK)
European Southern Observatory
European VLBI Network
Group for Advanced Receiver Development
Global Millimeter VLBI Array
Global Navigational Satellite Systems
International LOFAR Telescope
International VLBI Service for Geodesy and Astrometry
Joint Institute for VLBI in Europé (NL)
Low Frequency Array
National Radio Astronomy Observatory (USA)
Novel Explorations Pushing Robust e-VLBI Services
Onsala Space Observatory
Advanced Radio Astronomy in Europe
Swedish-ESO Submillimetre Telescope (Chile)
Swedish Heterodyne Facility Instrument for APEX
Square Kilometre Array
Time Allocation Committee
TransNational Access
Target of Opportunity
Very Long Baseline Interferometry
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