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The globally distributed antennas of the European VLBI Network, including the Onsala 25 m telescope, 
for the first time localized the exact position of a Fast Radio Burst (FRB121102) within a host galaxy. 
Left: Illustration of the incoming burst and VLBI array (credit:.Danielle Futselaar, www.artsource.nl). 
Right: Time profile of the burst as observed on the Effelsberg to Onsala baseline after being coherently 
de-dispersed and band-integrated (Marcote et al. ApJ 834, L8, 2017). 
 
 
 
Onsala, 13th April 2018 
 
John Conway 
Director, Onsala Space Observatory  
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In most sections (or subsections) there is a reference to the corresponding module in VRs 
“Särskilda villkor” for OSOs national and/or international activities. A financial account will 
be provided separately to VR. 
 
 
1  Operations 
 
During 2017 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 as part of the International LOFAR Telescope (ILT) and in 

stand-alone mode 
– The Atacama Pathfinder Experiment telescope (APEX) for single-dish astronomy  
– The Nordic ARC node (the Atacama Large Millimeter/sub-millimeter Array Regional 

Centre node for the Nordic, and Baltic, countries) 
– The Onsala gravimeter laboratory for absolute and relative gravimetry 
– The Onsala GNSS stations 
– The tide gauges at Onsala 
– Two water vapour radiometers (WVRs) to support space geodesy 
– The Onsala aeronomy station for observations of H2O, CO, and O3 in the middle 

atmosphere 
– The Onsala seismometer station 
– The Onsala time & frequency laboratory 
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Operations using the above facilities are described in more detail below under Telescopes 
(Section 1.1), Nordic ARC node (Section 1.2), and Geophysical instruments (Section 1.3), 
respectively. 
 
 
1.1 Telescopes  
[Modules: national A4 and A5, international A1, A2 and A3] 
 
In general, all telescopes have operated according to the 2017 activity plan without any major 
problems, more details are given below: 
 
– Onsala 20 m telescope: The 20 m telescope was used in accordance with the 2017 activity 

plan without any major divergence. This included 36 geodetic 24-hour campaigns, 
1 geodetic 15-day campaign (CONT17), 17 astronomical single-dish projects, participation 
in 5 extended astronomical VLBI sessions, 2 teaching/outreach observations, and a number 
of shorter special campaigns in collaboration with international telescopes. Apart from 
maintenance (incl. technical observations) at normal levels, a number of extra days were 
spent on trying to better characterise the telescope efficiency using astronomical sources. 
Incremental testing of the new telescope control system Bifrost was done, also amounting 
to several days. In addition, one week was spent installing new IF channels, and finally 
telescope operations were halted altogether in December for the planned upgrade of the 
subreflector control system hardware. 

 
– Onsala 25 m telescope: The Onsala 25 m telescope has operated according to the 2017 

activity plan without any major problems during the year. 
 
– APEX: A total of 36 days, organized in three runs, of Swedish APEX observations were 

carried out in 2017. To perform service mode observations, which are organized as three 
observing shifts per day (afternoon, night, morning), OSO typically sends four observers 
per run. A major upgrade (new panels, subreflector, hexapod, wobbler) of the telescope 
started in October 2017 and will be ready in the spring of 2018.  

 
– LOFAR: The Onsala LOFAR station operates in two main modes: International LOFAR 

Telescope (ILT) mode and Local mode. In ILT mode, the station is controlled centrally by 
ASTRON. In Local mode, the station is controlled by OSO, and this observing time is 
partially allocated via an open Call-for-Proposals basis and partially via ILT Call-for-
Proposals that run in Local mode. In both cases the Local mode time is devoted to pulsar 
research. 

 
– VLBI: Very Long Baseline Interferometry observations were conducted using the Onsala 

25 m and 20 m telescopes as part of international networks of telescopes. The astronomical 
VLBI observations were scheduled based on recommendations from time allocation 
committees [the European VLBI Network TAC and the Global Millimetre VLBI Array 
(GMVA) TAC]. The International VLBI Service (IVS) scheduled the geodetic VLBI 
observations for Astrometry and Geodesy. 
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The usage of the above telescopes was distributed in the following ways: 
 
–  The Onsala 20 m telescope:   61 days of single-dish astronomy 
      27 days of astronomical VLBI 
      51 days of geodetic VLBI 
–  The Onsala 25 m telescope:  67 days of astronomical VLBI 
–  The LOFAR station   200 days (ILT), 156 days (local) 
–  APEX telescope    36 days of single-dish astronomy  
 
Note that time for “normal” technical service, pointing, etc. are not included in the above 
figures. These service activities amounted to about 16 and 12 days on the 20 m and 25 m 
telescopes, respectively. Test and commissioning observations that are not related to routine 
maintenance and repairs are not included. 
 
1.2 Nordic ARC Node  
[Module: national A3] 
 
In 2017, the Nordic ARC provided support to the Nordic ALMA communities for data 
reduction and analysis of ALMA data from all observing cycles. Additionally, proposal 
preparation workshops were organized for the Cycle 5 call for proposals. Members of the 
Nordic ARC node visited the astronomy institutes in Stockholm/Uppsala, Oslo, and Turku to 
present the ALMA Cycle 5 capabilities, and to provide individual proposal preparation support. 
 In Cycle 5, 77 % of all (71) Swedish co-I/PI proposals were awarded time. Swedish co-
I/PI were represented on 81 out of a total of 695 accepted ALMA proposals. The Nordic ARC 
provides contact scientists for each project with a Nordic PI or leading Nordic co-I. In 2017, 
contact scientists were assigned for 30 projects, plus continued support for three Cycle 4 
projects that were carried over. The Cycle 5 support includes support for one of the four 
accepted Large Programs. The contact scientists serve as the point of contact between the user 
and the ALMA project during the phase 2 scheduling block (SB) generation and afterwards. 
Nordic ARC staff also supported 18 face-to-face visits for Nordic researchers for data reduction 
of ALMA projects, including archive research. Each project has taken an average of two weeks 
of full-time support. So far, at least 75 % of all Nordic projects with delivered data have 
benefited from Nordic ARC face-to-face support. The Nordic ARC performed quality 
assessment on 31 European ALMA observations units, each containing several scheduling 
blocks (SBs). All of these processed SBs were for Nordic projects.  
 In March the ARC node manager and deputy manager attended the ARC node 
representatives face-to-face meeting in Bonn. During these annual meetings, the ARC node 
representatives discuss the status of the different nodes, operations of ALMA, and procedures 
for the upcoming ALMA deadline. In September, the ARC node participated in the annual all-
hands meeting of the European ARC node members in the Netherlands. At these annual 
meetings, all issues related to e.g. quality assessment, face-to-face support, ALMA operations 
and data reduction, which are of relevance for functioning of the ARC network, were discussed 
with all ARC nodes staff. In November, the ARC node hosted an Advanced Software Tools 
workshop. During this workshop, members of the European ARC node network discussed 
current and future software tools aimed at advanced reduction and analysis of ALMA data. The 
goal of the workshop was to coordinate and combine software tools development within the 
European ARC node network, and define the future needs to provide optimal user support.  

The ARC Node continued the development and maintenance of the Advanced Data 
Analysis Tools, published at the Nordic ARC webpage (http://www.oso.nordic-
alma.se/software-tools.php). Since the release of the UVMULTIFIT code (in early 2014), a 

http://www.oso.nordic-alma.se/software-tools.php
http://www.oso.nordic-alma.se/software-tools.php
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total of 44 publications have referred to the code and 28 users have contacted the Node for 
support on the use of the tool. The modelling engine in UVMULTIFIT is now being used for 
the development of advanced calibration algorithms, in the frame of the RadioNet's (EU H2020) 
working package RINGS (Radio Interferometry Next Generation Software).  

In addition, the Nordic node has led the development of the ALMA-VLBI polarimetry 
software "PolConvert" (essential for the calibration of the ALMA-VLBI visibilities) and has 
led the development of the special QA2 scripts for the ALMA observations in phased-up mode. 
The Node is still actively involved in the ALMA-VLBI development and assessment.  

Other advanced tools (e.g., simulation of ALMA spectro-polarimetric observations and 
a task for Total-Power combination in Fourier space, SD2Vis) have also been developed and 
released to the community. Another successful tool is the "APSYNSIM" graphical simulator to 
learn Interferometry. This has been used in several radio astronomy schools across Europe, 
receiving very positive feedback from students and tutors. There have been more than 1300 
registered downloads from the release of the first version, in early 2015. 
 
1.3 Geophysical instruments 
[Module: national A2] 
 
The geodetic VLBI observing sessions, using the 20 m telescope, are 24 h long and include 
regular IVS sessions in the R1-, RD-, RDV-, T2- and EUR-series. In total, 51 sessions in the 
IVS program were observed during 2017. This included the 15 days long continuous campaign 
CONT17. All sessions were recorded with the DBBC2 in VDIF-format on the FlexBuff storage 
cluster for geodetic VLBI. These data were later e-transferred to the respective correlator.  
 
For the other geoscience facilities, the activities are summarised as follows: 
 
– GNSS stations: OSO’s primary GNSS station, called ONSA, operated continuously during 

2017. ONSA is a station in the SWEPOS network operated by Lantmäteriet and is also one 
of the fundamental reference sites used in the global IGS network, as well as in the European 
EUREF network. An additional station, ONS1, has also delivered data continuously to the 
same networks (more details in Section 2.2 below). During the last years an additional local  
GNSS-based test network has been established at Onsala. This network is co-located with 
the Onsala VLBI (Very Long Baseline Interferometry) antennas and also surrounding the 
area where the new Onsala twin telescopes (OTT) (see Section 7) have been built. Six good 
locations for permanent GNSS installations were previously identified, and five of these 
have been equipped with steel-grid masts serving as monuments for permanent GNSS 
installations. The purpose is both to improve the knowledge of the station-dependent effects 
in SWEPOS, and to quantify these by analyzing the collected observational data. In 
addition, this network also serves as a monitoring tool for the local deformation around the 
new twin telescope. During 2017 the sixth station OTT5 was established, OTT5 is intended 
to be the yet another station contributing data to the International GNSS Service (IGS). 

 
– Gravimeter laboratory: The main purpose of 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 Onsala Fundamental Geodetic Station. The 
laboratory is furnished with platforms for visiting absolute gravimeters; visits which happen 
on average one to three times per year. The lab’s primary instrument is a superconducting 
gravimeter (SCG, model GWR 054). This instrument has been operated with very few 
breaks in recording (less than 10 days) since its installation in June 2009.  
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– Tide gauges: The new ‘super’ tide gauge continued to acquire data with one minute 
temporal resolution over the year. It is one of the stations in the national observational 
network operated by the Swedish Meteorological and Hydrological Institute (SMHI).  

The GNSS-based tide gauge was also operated continually over the year proving 
observations with a sampling rate of 1 Hz. There was however a short interruption of 
operations in the autumn due to service and maintenance of the GNSS-antennas. Data are 
stored in Receiver Independent Exchange Format (RINEX) format and include GPS and 
GLONASS code- and carrier-phase observations as well as signal-to-noise ratio (SNR) 
measurements. 

 
– Water Vapour Radiometers: The two water vapour radiometers, Astrid and Konrad, 

measure the sky brightness temperatures at 21 GHz and 31 GHz from which the radio wave 
propagation delay in the atmosphere is inferred. Astrid was operating continuously from 
July through December, and Konrad was operating about 300 days during the year. 

 
– Aeronomy station: The aeronomy station has two radiometers. The single sideband H2O 

system (water vapour) measures the sky brightness temperature at 22 GHz and the double 
sideband CO/O3 system (carbon monoxide and ozone) measures the sky brightness 
temperatures at 111 and 115 GHz. The spectra from both systems are used to retrieve 
vertical profiles of the above mentioned molecules in the middle atmosphere. In 2017 there 
were 11 months of H2O and 7 months of CO/O3 measurements collected. 
 

– Seismometer station: OSO hosts a seismograph station in the Svenska nationella seismiska 
nätverket (SNSN) at Uppsala University. OSO has data access to the local seismometer and 
keeps a continuous archive of its recordings. The station's waveform files are used in delay 
calibration of the superconducting gravimeter and for noise reduction in absolute gravity 
measurements.  
 

– Time and frequency laboratory:  The time and frequency laboratory hosts the hydrogen 
maser, necessary for VLBI observations, which also contributes to the universal atomic 
time. OSO also collaborates with RISE (Research Institutes of Sweden) on a Swedish time-
keeping system. RISE owns a second hydrogen maser and a cesium clock that are installed 
at Onsala. These masers are used for comparison measurements and provide redundancy of 
accurate reference time (and frequency) for the VLBI observations (both astronomy and 
geodesy) at the observatory. 

 
 
2  Key numbers 
 
2.1 Astronomy 
[Modules: national A3, A4 and A5, international A1, A2 and A3] 
 
In this compilation of user statistics for astronomy, ‘user’ means an author or co-author of a 
proposal granted observing time during 2017 on an OSO instrument (for LOFAR, only proposal 
PIs are counted). The numbers of unique users are reported, i.e., an individual using a telescope 
for two or more projects is only counted once. 
  For ALMA, the user statistics are given for Proposal Cycle 5 with deadline in April 2017. 
Only Swedish ALMA users are reported here. The number of APEX users is given only for the 
Swedish APEX time. Astro VLBI includes users of EVN and GMVA. For LOFAR, user 
statistics (only PIs) for accepted proposals for Cycle 7 and 8 are reported. 
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Number of users per higher education institution: 
A majority of the Swedish users (75 in total) were from Chalmers University of Technology. 
Of the non-Chalmers users, a significant fraction was affiliated with Stockholm University, 
followed by Uppsala University, but there were also users from the Royal Institute of 
Technology, Lund University, Gothenburg University, Nordita and the Royal Swedish 
Academy of Sciences. 
 • Chalmers University of Technology: 44 users 
 • Stockholm University: 17 users 
 • Royal Institute of Technology: 2 users 
 • Lund University: 1 user 
 • Uppsala University: 7 users 
 • Swedish Institute of Space Physics, Uppsala: 1 user 
 • Gothenburg University: 1 user 
 • Nordita: 1 user 
 • The Royal Swedish Academy of Sciences: 1 user 
The 477 international users were from a large number of universities and research institutes. 
We choose not to list them all here, but instead note that they represented institutes in more 
than 30 countries (in approximate order of number of users): Netherlands, Germany, United 
Kingdom, United States of America, Italy, France, Chile, Spain, Russia, Poland, Australia, 
Belgium, Japan, Canada, Mexico, India, China, Denmark, South Korea, Finland, Croatia, South 
Africa, Ukraine, Hungary, Austria, Greece, Switzerland, New Zealand, Ireland, Portugal, 
Romania and Taiwan. 
 
Number of users per subject area: 
All 75 Swedish users and 477 international users did research in the subject area 103 Physical 
Sciences. 
 
Gender balance: 
Of the 477 unique non-Swedish users, 357 were men and 108 were women (for 12 users, the 
gender is unknown to us). Of the 75 unique Swedish users, 44 were men and 31 were women. 
The Swedish user gender balance is thus considerably better than that for non-Swedish users. 
The numbers of male/female unique Swedish users of each telescope are given below: 
 • ALMA:    34/19  (male/female; only Swedish) 
 • APEX, Swedish time:  17/11 
 • Astronomical VLBI:  8/0 
 • LOFAR (PIs only):   0/0 
 • LOFAR, stand alone:  2/0 
 • 20 m telescope, single dish: 11/4 
 
Number of users per telescope: 
For each telescope, two numbers are given below: the total number of users and the number of 
Swedish users. Note that APEX was closed from September 2017. 
 • ALMA:    2668/53 (total/Swedish) 
 • APEX, Swedish time:  113/28 
 • Astronomical VLBI:  310/8 
 • LOFAR (PIs only):   50/0 
 • LOFAR, stand alone:  9/2 
 • 20 m telescope, single dish: 42/15 
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Number of publications and patents: 
The list below give the number of papers in refereed journals published in 2017. Conference 
publications are not included. Two figures are given: total number of publications/number of 
publications with at least one Swedish author. For APEX, publications based on all partners’ 
observing time are counted, because OSO contributes to the full APEX operations and because 
Swedish receivers are used by all partners. For ALMA, the numbers of publications in which 
the Nordic ARC node helped the authors with observation preparation or with data reduction 
are given. The numbers for astronomical VLBI includes observations with EVN and GMVA, 
and use of JIVE. A publication list is found at the end of this report. 
 • ALMA    16/16 (total/Swedish) 
 • APEX    72/12 
 • Astronomical VLBI  29/10 
 • LOFAR    25/5 
 • 20 m telescope, single-dish 3/3 
In addition, in 2017 there were two publications using astronomical data from the satellite Odin 
(now operating mainly in aeronomy mode), three publications using data from SEST (closed in 
2003), and eight publications by OSO staff on radio astronomical instrumentation, methods, 
techniques, etc. We are not aware of any patents originating directly from our astronomy 
activities. 
 
Number of users who have applied for access to the infrastructure, but who have not been 
granted access: 
For APEX, eight of the projects proposed for observations in 2017 were not observed for 
various reasons. There were 32 unique users on these eight projects, 20 were male and 12 were 
female. Several of these users took part in other projects that were observed with APEX in 
2017.  No users who applied for observing time in 2017 on the Onsala 20 m telescope were 
denied access. No users who requested support from the Nordic ARC node were denied support. 
 For the other telescopes, we have not been able to calculate (or even define) the number 
of users whose applications for access in 2017 were unsuccessful, either because we do not 
have full information on applications and scheduling, or because applications can result in 
observations several years after a proposal is submitted. 
 
2.2 Geosciences 
[Module: national A2] 
 
Users of the geoscience research infrastructure 
The OSO geoscience instruments, including the geodetic VLBI observations as the major 
activity, do not have individual scientific users who apply for observing time. Rather the 
geoscience instruments make long-term measurements of Earth parameters – which are 
thereafter stored in international databases with open access. Since these databases are open 
access, it is impossible for us to acquire detailed insight in the user groups in terms of which 
universities or other organisations they belong to and the gender distribution of the users. The 
data and derived products such as station positions, Earth’s orientation/rotation rate and gravity 
field are then used both by the global geophysics community for scientific purposes and by civil 
society for a variety of practical applications including supporting accurate geo-location 
services and monitoring of global change. As far as we know, all use of the data for scientific 
purposes was within the subject area 105 Earth and Related Environmental Sciences. 
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Number of refereed scientific papers 
We have identified 8 papers with one or more Swedish authors and 36 papers with non-Swedish 
authors published during 2017 where the use of data or services from OSO are specifically 
stated. In addition, we are convinced that there are significantly more papers, especially using 
GNSS reference data from OSO via IGS/EUREF, that cannot be identified because the 
inclusion of the OSO station is not explicitly mentioned. It is also likely that there are papers 
published that we simply are not aware of. A publication list is found at the end of this report.We 
are not aware of any patents originating directly from our geoscience activities. 
 
No user has been rejected to use data. The majority of the data are moreover distributed 
via open data bases. 
 
Data submissions 
Geodesy VLBI: 
The geodetic VLBI observations are carried out within the framework of the International VLBI 
Service for Geodesy and Astrometry (IVS), http://ivscc.gsfc.nasa.gov/. In total 51 experiments, 
each one with a length of 24 h and rather evenly spread over the year, were carried out during 
2017. This includes also the 15 days long continuous campaign CONT17. 

Correlated VLBI observations are provided via the IVS data archives and are available 
free of charge. The IVS registers its data also under the umbrella of the World Data System 
(WDS), which is an Interdisciplinary Body of the International Council for Science (ICSU). 
Databases as well as products are supplied to users around the globe with minimum latency in 
order to guarantee that operation critical information, in particular Earth orientation parameters 
from VLBI observations, are available for satellite operators, space agencies, and other 
stakeholders. Considering that global navigation satellite systems like GPS, would not be 
operable without the Earth orientation parameters provided from VLBI measurements, the true 
value chain and the number of users of products emerging from data collected at globally 
distributed VLBI sites, like Onsala, will be many millions, i.e. everybody relying on GNSS 
positioning and navigation. 
 
GNSS: 
The two major GNSS reference stations at OSO, ONSA and ONS1, are nodal points for the 
Swedish permanent GNSS network, SWEPOS, hosted by Lantmäteriet. All data acquired 
continuously are openly distributed via the data archives of IGS https://webigs.ign.fr/gdc/en/, 
and EUREF http://www.epncb.oma.be/. These archives serve thousands of users every year.  
It shall be noted that the need for using GNSS data from OSO is motivated by the fact that the 
stations are co-located with one of the most accurately determined VLBI stations world-wide. 
Therefore, indirectly also the VLBI data are used via the GNSS data from OSO. Many of the 
users are found in the research community where GNSS data typically are used with OSO acting 
as a reference site in global, regional and local studies. A vast majority of the downloads, that 
occur from the international databases operated by IGS and EUREF, are by universities and 
research agencies for studies of, e.g., plate tectonics, crustal deformation, space weather, sea 
level, climate, meteorological monitoring, et cetera. Thus, OSO provides both the national and 
international user communities with a robust and accurate link to the international reference 
frame. 
 
Gravimeter Laboratory:  
Gravimeter data with one-second samples and maximum with a two-minutes latency is 
publically available, see http://holt.oso.chalmers.se/hgs/SCG/monitor-plot.html. The records 
are also submitted to the archive of IGETS (International Geodynamics and Earth Tide Service) 

http://ivscc.gsfc.nasa.gov/
https://webigs.ign.fr/gdc/en/
http://www.epncb.oma.be/
http://holt.oso.chalmers.se/hgs/SCG/monitor-plot.html
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at GeoForschungsZentrum (GFZ) Potsdam (Germany), on a monthly routine. OSO delivers 1-
minute down-sampled data, raw and “corrected”, i.e. cleaned from earthquake signatures. 
IGETS is a service under the auspices of the International Association of Geodesy (IAG). 
During 2017. One visit with an absolute gravimeter, Lantmäteriet's FG5, took place July 5-7.  
 
Ocean tide loading service:  
Since 2002, OSO provides a computing service for ocean tide loading effects in application to 
surface displacements and gravity (http://holt.oso.chalmers.se/loading). Being endorsed by 
the IERS, its main purpose is to provide consistent reduction of these effects to VLBI, GNSS 
and SLR analysis centres in their preparation of products that maintain the ITRF. Apart from 
this, the service’s logbook hints at a large number of users peripheral or outside the ITRF 
community in their analysis of GNSS observations. Loading-induced displacements are 
computed from a range of global ocean tide maps, using 28 sources featuring 8 to 11 tide species 
each. In 2017 three ocean tide models were added and the service started to share the 
computation load between Onsala and SEGAL, a unit at University Beira Interior, Instituto 
Dom Luiz, Covilhã, Portugal. In 2017, the web site had 702 different users who placed 11,098 
requests for a sum of 43,909 geographic locations – probably non-unique, but many users 
compare a range of models for their observing stations. The original paper detailing the 
computation of tide displacements and the oceanic loading effects (Scherneck, Geophys. J. Int. 
106, 677, 1991) has been cited 211 times (scholar.google).  
 
Tide gauges:  
The data from the super tide gauge are transferred to SMHI in near-real time. These are 
available to the public through the SMHI web pages.  

The data of the Onsala GNSS-R tide gauge were provided to an international working 
group of the International Association for Geodesy (IAG) to study GNSS-R for sea level 
monitoring. This working group is co-chaired by Thomas Hobiger. Data were provided to 
international research groups working on GNSS-R for an intercomparison campaign and are 
currently being used by groups in Germany, China, US and Canada. 
 
Aeronomy station:  
During 2017 OSO collected about 11 months of H2O data derived from its aeronomy station. 
These data are being processed to be delivered to the Network for the Detection of Atmospheric 
Composition Change (NDACC; see http://www.ndsc.ncep.noaa.gov). During 2017 OSO has 
collected about 7 months of CO/O3 data. 
 
 
3  Selected scientific highlights 
 
Below follows a list of scientific highlights selected to illustrate the different instruments and 
science areas covered by OSO. Swedish authors are underlined. 
 
Astronomy  
 
Especially highlighted in this section are papers from Swedish astronomers using OSO facilities 
plus some international results of high science impact that make use of OSO telescopes and/or 
instrumentation. 
 
  

http://holt.oso.chalmers.se/loading
http://www.ndsc.ncep.noaa.gov/
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3.1 Onsala 20 m telescope single dish 
 
Chemical complexity induced by efficient ice evaporation in the Barnard 5 molecular cloud 
V. Taquet, E. S. Wirström, S. B. Charnley, A. Faure, A. López-Sepulcre and C. M. Persson 
A&A 607, A20 (2017) 
Summary: Data from the Onsala 20 m telescope data were used to constrain the abundance of 
a number of complex organic molecules in the Barnard 5 cloud, in a position where non-thermal 
ice mantle evaporation is thought to occur for water and methanol in the outer layers. The 
authors then suggest that it is this phenomenon that stimulates the gas phase chemistry forming 
the observed species. 
 

 
Figure 3.1. Example observations of the B5 methanol hotspot (Taquet et al., 2017). The spectra show 
lines from CH2CO, one of the four targeted molecules, near 101 GHz observed with three different 
telescopes including the Onsala 20 m telescope. 
 
Gas kinematics in high-mass star-forming regions from the Perseus spiral arm  
M. S. Kirsanova, A. M. Sobolev, M. Thomasson  
Astronomy Reports. Vol. 61 (9), p. 760-774 (2017) 
Summary: Observations with the Onsala 20 m telescope of high-mass star forming regions in 
the Perseus spiral arm show that, surprisingly, velocity ranges of 6.7 GHz methanol maser 
emission are predominantly red-shifted with respect to corresponding CS (2-1) line velocity 
ranges. It is suggested that this could be related to the alignment of gas flows caused by the 
large-scale motions in the Galaxy. 
 
3.2 Astronomical VLBI 
 
The Repeating Fast Radio Burst FRB 121102 as Seen on Milliarcsecond Angular Scales 
B. Marcote, Z. Paragi, J.W.T. Hessels et al. 
The Astrophysical Journal Letters 834, L8 (2017) 
Summary: Fast radio bursts (FRBs) are bright (~ Jy) and short (~ ms) bursts of radio emission 
of unknown physical origin. Until now, unambiguous associations with multi-wavelength 
counterparts have uncertainty regions of at least several square arcminutes. Chatterjee et al. 
(Nature 541, 58, 2017) for the first time pinpointed the location of an FRB. Using Expanded 
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Very Large Array observations of the only known repeating FRB, named FRB 121102, they 
were able to determined its sky position with an uncertainty of ~100 mas, and reported an 
unresolved, persistent radio source and an extended optical counterpart at this location, neither 
of them corresponding to any known class of Galactic source.  

Marcote et al. (2017) reported EVN observations which simultaneously detect both the 
bursts and the persistent radio emission at milliarcsecond angular scales and show that they are 
co-located to within a projected linear separation of 40 pc (12 mas angular separation, at 95% 
confidence). The EVN observations included the Onsala 25 m antenna and were correlated with 
the SFXC correlator at JIVE. The observations also limit the size of the suspected source of 
origin to ~ 0.2 mas. It is argued that the two scenarios for FRB121102 that best match the 
observed data are a burst source associated with a low-luminosity active galactic nucleus, or a 
young (< 1000 year) supernova remnant (SNR) powered by an energetic neutron star.  

Further Gemini North observations by Tendulkar et al. (ApJL 834, L7, 2017) show that 
the bursts originate about ~ 200 mas away from the center of a low-metallicity dwarf galaxy at 
z ~ 0.2. The optical properties they report do not add support to the AGN interpretation, 
although they cannot conclusively rule it out.  
 

 
Figure 3.2. EVN image of the persistent source at 1.7 GHz (white contours) together with the 
localisation of the strongest burst (red cross), the other three observed bursts (grey crosses), and the 
position obtained after averaging all four bursts detected on 2016 September 20 (black cross). From 
Marcote et al. (2017). 
 
 
Probing the gravitational redshift with an Earth-orbiting satellite  
D.A. Livinov, …, R. Haas, …, M. Lindqvist, …, J. Yang et al. 
Phys. Lett. A (2017), http://dx.doi.org/10.1016/j.physleta.2017.09.014  
Summary: An international team of scientists, including authors from OSO, led by Dmitry 
Litvinov from the Sternberg Astronomical Institute, Russia, have performed a test of general 
relativity using the 10 m space radio telescope RadioAstron. The ultra-stable on-board 
hydrogen maser frequency standard and the highly eccentric orbit make RadioAstron an ideal 
instrument for probing the gravitational redshift effect, which constitutes a test of the Local 
Position Invariance aspect of the Einstein Equivalence Principle (EPP). The highly eccentric 
orbit around the Earth evolves due to the gravitational influence of the Moon, as well as other 



13 
 

factors, within a broad range of the orbital parameter space (perigee altitude 1,000–80,000 km, 
apogee altitude 270,000–370,000 km). The large gravitational potential variation, occurring on 
the time scale of ~24 hr, causes a large variation of the on-board H-maser clock rate, which can 
be detected via comparison with frequency standards installed at various ground radio 
astronomical observatories, including at the OSO 20 m telescope.   

Litvinov et al. (2017) presents the techniques as well as some preliminary results. They 
expect to reach an accuracy of the gravitational redshift test of order 10-5, one magnitude better 
than that of Gravity Probe A mission which yielded the best such test to date. All data has been 
taken and data processing is ongoing; preliminary results agree with the predictions of the EPP.  
 
3.3 LOFAR 
 
Faraday tomography of the local interstellar medium with LOFAR: Galactic foregrounds 
towards IC 342 
C. L. Van Eck, …, C. Horellou, …, I. Martí-Vidal et al. 
A&A 597, A98 (2017) 
Summary: The authors, demonstrate the advancement in the capabilities of the new generation 
of low-frequency radio telescope, such as LOFAR, to probe Galactic magnetism. They do this 
using the technique of Faraday tomography exploiting LOFAR’s low-frequency polarimetry. 
They observed the polarized emissions from IC 342 and made foreground maps from which 
Galactic magnetic fields can be inferred. 
 
The LOFAR Two-metre Sky Survey. I. Survey description and preliminary data release 
T.W. Shimwell, …, J. E. Conway, …, C. Horellou, …, E. Varenius et al.  
A&A 598, A104 (2017) 
Summary: A survey called the LOFAR Two-metre Sky Survey (LoTSS) is being undertaken 
that is a deep 120-168 MHz imaging survey that will eventually cover the entire northern sky. 
Swedish scientists are involved in this important legacy survey of the low-frequency sky. 
 
3.4 APEX 
 
SEDIGISM: Structure, excitation, and dynamics of the inner Galactic interstellar medium  
F. Schuller, T. Csengeri, J. S. Urquhart, J. S. et al.  
A&A 601, 124 (2017) 
Summary: This 78 deg2 13CO(2-1) survey of the inner Galaxy provides a global view, with sub-
arcminute resolution, of the large-scale distribution of molecular gas (see Fig. 3.3). This project 
was conducted as a large observing programme on Swedish time (together with other APEX 
partners) and using the SHFI receiver, the observations are now complete and the full data set 
will be published in the near future. Many aspects of the origin and life-cycle of molecular 
clouds are still poorly understood and this survey may provide further clues on these issues. 
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Figure 3.3. Sample 13CO peak temperature map from the SEDIGISM project (Schuller et al., 2017). Red 
emission is from the VLSR range [–130, -110 km/s] and is related to the 3-kpc arm, green emission (from 
[-110, -60 km/s]) is from the Norma arm, and the blue emission (range [-60, +5 km/s]) delineates the 
Scutum-Centaurus arm. From Schuller et al. (2017). 
 
 
Externally Heated Protostellar Cores in the Ophiuchus Star-forming Region 
J. E. Lindberg, S. B. Charnley, J. K. Jørgensen, M. A. Cordiner, P. Bjerkeli 
ApJ 835, 3 (2017)  
Summary: Using a complete sample (around 30) of embedded sources in the Ophiuchus star-
forming region, the authors have determined the molecular gas properties, by means of H2CO 
and cyclic C3H2 spectral line observations around 218 GHz. More specifically, higher kinetic 
temperatures are found from the H2CO gas than in the gas traced by c-C3H2. The authors suggest 
that H2CO is tracing irradiated outer envelopes (with the exception of IRAS16293 where hot 
corino emission dominates over the envelope emission) while c-C3H2 is primarily tracing the 
more shielded parts of the envelopes around the embedded sources. 
 
Sulphur-bearing molecules in AGB stars. I. The occurrence of hydrogen sulphide 
T. Danilovich, M. Van de Sande, E. De Beck, L. Decin, H. Olofsson, S. Ramstedt, T.J. Millar 
A&A 606, A124 (2017) 
Summary: The authors present a study of sulphur bearing molecules toward 20 AGB stars using 
SEPIA and SHFI receivers at the APEX telescope. In this paper, the focus is on hydrogen 
sulphide (H2S) – which is the sulphur counterpart of water. In five of the stellar envelopes, H2S 
molecules were detected and the authors conclude that H2S molecules play a significant role in 
the chemistry in oxygen rich stars with high mass-loss. 
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3.5 ALMA observations supported by the Nordic ARC node 
[Module: national A3] 
 
Subarcsecond imaging of the water emission in Arp 220.  
S. König, S. Martín, S. Muller, …, S. Aalto, W. H. T. Vlemmings et al.  
A&A 602, A42 (2017) 
Summary: Water emission is an excellent probe of the physical conditions (e.g., temperature 
and density) in the molecular gas in the highly obscured innermost parts of galaxies. 
Extragalactic megamaser emission is typically excited as the result of activity from an active 
galactic nucleus (AGN), either in the accretion disk or torus close to the AGN, or due to the 
interaction between the AGN jet and molecular clouds in the surrounding interstellar medium. 
However, other masers, e.g., OH megamasers, are known to be associated with star-forming 
regions. Arp 220 makes for one of the most interesting objects in the nearby Universe. As the 
result of a merger, two remnant nuclei, Arp 220 East and Arp 220 West, are separated by only 
380 pc at the center of Arp 220. They are each embedded in their own rotating gas disks in the 
foreground of a kpc-scale molecular gas disk. Whether AGN or the powerful starburst 
associated with the central activity, or a mixture of the two, facilitates the bright appearance 
this prototypical ultraluminous infrared galaxy at many wavelengths is still under debate.  

ALMA band 5 science verification observations (testing the receiver band delivered by 
the GARD group at Chalmers) made it possible to image the 183 GHz water line arising from 
the central region of Arp 220 for the first time, Fig. 3.4 (left). Water maser emission is found 
in both Arp 220 East and Arp 220 West, with the western nucleus being the brighter of the two. 
The same is seen for the water line at 325 GHz, Fig. 3.4 (right). A comparison with previous 
observations with the IRAM 30 m telescope and APEX showed that the line shapes and 
intensities of both water lines are surprisingly stable over time scales of up to a decade. This is 
quite unexpected for water maser lines, for which line shapes and intensities can change in as 
little as a few days. Considering the properties of the three water lines at 22, 183 and 325 GHz, 
the authors suggest that the water maser emission in Arp 220 is originating from many 
individual masers in star-forming regions distributed throughout the two nuclei, and not from 
AGN activity as is usually assumed for extragalactic water megamaser emission. Higher spatial 
resolution observations with ALMA in band 5 and 7 are necessary to observe the water emission 
in Arp 220 in such detail that the individual emitting regions can be identified. 
 

Figure 3.4. Distribution of the 183 GHz  (left) and 325 GHz (right) water emission in the two nuclei of 
Arp 220. From König et al. (2017). 
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First detection of methanol towards a post-AGB object, HD 101584 
H. Olofsson, W. H. T. Vlemmings, P. Bergman, E. M. L. Humphreys, M. Lindqvist, 
M. Maercker, L. Nyman, S. Ramstedt, and D. Tafoya 
A&A 603, L2 (2017) 
Summary: Methanol (CH3OH) is an abundant molecule in the interstellar medium, and it is, in 
particular, used as an excellent probe of the star formation process. Many attempts have also 
been made to detect it in the medium surrounding evolved stars. None have been successful 
until now when it was for the first time detected towards an object called HD101584, using 
ALMA. In addition, APEX has provided crucial information on the evolutionary status of 
HD101584 in the form of estimated 12C/13C and 18O/17O isotope ratios that strongly support that 
it is an object in transition from being a red giant to becoming a white dwarf, Fig. 3.5. 
 

 
Figure 3.5. Observations of three CO isotopologues towards HD101584 (Olofsson et al., 2017). The 
C18O(2–1) (upper) and C17O(2–1) (middle) lines are observed with APEX, while the 13C17O(2–1) (lower) 
line is observed with ALMA.  
 
This object, which is the result of a low-mass companion being captured by the red giant, has 
some remarkable characteristics. Among them is a high-velocity outflow of molecular gas 
expanding at a speed of about 150 km/s in two diametrically opposed directions. This is 
illustrated by the SiO (5-4) emission which is particularly sensitive to shocked gas, Fig. 3.6 
(upper). The high-velocity gas ends in two spots about 4 arc seconds on either side of 
HD101584. The methanol was detected in these spots, Fig. 3.6 (lower). 

In addition to methanol, emissions from other molecules like CO, SiO, CS, SO, OCS, 
and H2CO were detected in the spots. It is estimated that it has taken the gas, ejected by the red 
giant, about 7000 years to reach the position of the spots. Only CO would survive in the harsh 
environment of interstellar space for such a long time, so the other molecules must have their 
origin in a local chemistry in the spots. A similar situation occurs also around young stars, and 
there it is believed that shock chemistry in combination with the release of molecules from dust 
grain surfaces explain the chemical composition. It is possible that the same applies to 
HD101584, with the difference that here circumstellar rather than interstellar dust grains are 
affected by the high-velocity gas colliding with the surroundings.  
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Figure 3.6. Upper: A colour image, produced from the SiO (J=5–4) peak emission in each pixel using 
ALMA data, outlines the high-velocity molecular gas outflow from HD101584 (located at the centre). 
Lower: A similar colour image produced from the CH3OH ALMA data. CH3OH emission is only seen 
from the two outer spots where the high-velocity outflow ends. From Olofsson et al. (2017). 
 
3.6 Geosciences 
[Module: national A2] 
 
Observation of the Earth’s nutation by the VLBI: how accurate is the geophysical signal? 
C. Gattano, S. B. Lambert, C. Bizouard 
Journal of Geodesy, 91:849–856 (2017) 
Summary: This paper extensively and consistently analyses nutation time series that were 
determined by different VLBI analyses, based on the global geodetic VLBI data set. The 
amplitudes of the main nutations are adjusted as well as the phenomena associated with the free 
core nutation (FCN) and the free inner core nutation (FICN). Consistent FCN signals are found 
and corrections to the IAU 2000 A nutation series are provided including realistic error terms. 
However, the work also shows that the smaller FICN still is not detected with high significance. 
The differences and inconsistencies in the different nutation time series derived from different 
analyses still prevents any significant geophysical conclusion on the FICN. 
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Data assimilation of GNSS zenith total delays from a Nordic processing centre 
M. Lindskog, M. Ridal, S. Thorsteinsson, T. Ning 
Atmospheric Chemistry and Physics, 17, 13983–13998 (2017) 
Summary: The paper marks an important milestone for the application of using ground-based 
GNSS data for improved quality of weather forecasts. The development started in Sweden, 
using the GNSS research infrastructure at the Onsala Space Observatory, together with SMHI 
in the late 1990:ies. The research has now resulted in an operational activity which is reported 
here. From the abstract we cite: "Atmospheric moisture-related information estimated from 
Global Navigation Satellite System (GNSS) ground-based receiver stations by the Nordic 
GNSS Analysis Centre (NGAA) have been used within a state-of-the-art kilometre-scale 
numerical weather prediction system. …  Results show benefits to forecast quality when 
using GNSS ZTD as an additional observation type.” 
 
Coastal Sea Ice Detection Using Ground-Based GNSS-R 
J. Strandberg, T. Hobiger, R. Haas  
IEEE Geoscience and Remote Sensing Letters, 14:9, 1552–1556 (2017)  
Summary: This paper proves that it is possible to use ground-based GNSS-reflectometry 
installations to detect coastal sea ice. The freezing and melting process and the corresponding 
state change of water impact the reflection properties of the sea surface. This leads to a changes 
in the signal-to-noise data that are recorded with coastal GNSS-receivers overlooking the 
nearby sea. An advanced analysis method is described in the paper, based on non-linear 
inversion techniques. The inversion algorithm allows to determine key parameters that describe 
the actual state of the reflection surface and thus to detect sea ice. This novel technique has been 
applied to data of the Onsala GNSS-R installation and proves to be a promising source of 
ground truth for sea ice extend measurements. 
 
 
4  Technical R&D 
 
4.1 Millimetre/sub-millimetre devices 
[Module: national A7] 
 
The Group for Advanced Receiver Development (GARD) carries out research and development 
work on mm and sub-mm technology that is further implemented into receivers and their 
components in order to maintain the observatory at the forefront of instrumentation. These 
technological developments are directly incorporated into the receivers that GARD builds for 
the Onsala 20 m telescope, APEX, and ALMA. 

The EC Horizon 2020 RadioNet AETHRA Joint Research Activity “Broadband SIS 
mixers” (PI V. Belitsky) is a Europe-wide collaborative effort to push forward millimetre and 
sub-millimetre heterodyne instrumentation for radio astronomy. Within this project GARD is 
working on design of broad-band SIS mixers and in particular attempting to extend the 
intermediate frequency (IF) band of SIS mixers, currently 4–8 GHz, to 4–12 GHz or even 
broader. 

The earlier developed APEX SHeFI Band 2 mixer (Risacher et al., A&A 454, L17, 
2016) has been used with IF circuitry in the fashion described in a later paper (Billade et al., 
IEEE Trans. THz Sci. Tech. 3, 416, 2013) in attempt to extract a broadband IF signal. Figure 4.1 
below shows the new designed mixer block DSB and the results of the measurement for the 
receiver noise temperature over the IF frequency band. 
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Figure 4.1. Picture of the DSB mixer using APEX Band 2 mixer chip used for IF bandwidth studies 
(left). The measured mixer noise temperature vs IF frequency for LO 295 GHz (right). We interpret 
slight rise of the noise temperature above 10 GHz as the increased insertion loss of the isolator specified 
0.5 dB for the band 4–10 GHz and 1.1 dB for 10–12 GHz. 
 
The work in this project will continue up to 2019 with further development towards 2SB mixer 
and installation of the wideband SIS mixer at APEX telescope, see section 5.2. 

GARD is funded by ESO to execute the project “Advanced Study for Upgrades of 
ALMA. SIS Junction Technology Development for Wideband 2SB Receivers”. As part of this 
project GARD is working on thin-film processing and developing alternative superconducting 
tunnel junction (SIS) technology with AlN tunnel burrier instead of conventional AlOx barrier. 
The advantage of SIS junctions with AlN barriers is their lower specific capacitance (expected 
2–3 times lower) for the same level of current density and a possibility to produce substantially 
higher current density junctions (e.g. RnA=4–8). These two factors make SIS junctions with 
AlN barriers a strong candidate for next generation ALMA receivers. 

SIS junctions are nano-structures with tunnel barrier of 1–2 nm thick and junction linear 
dimensions 1–3 micrometers and area of a few square micrometers. Such junctions are 
fabricated using advanced thin-film fabrication techniques in the clean room conditions and 
using photolithography, sputtering, plasma etching process, etc., to fabricate such electronic 
component. Figure 4.2 below shows the highly non-linear current voltage characteristic of 
GARD fabricated Nb-Al-AlN-Nb SIS junctions. 

 

  

 
Figure 4.2. Typical current-voltage characteristics of the Nb/Al-AlN/Nb junctions with the specific 
resistance RnA of (a) ca. 130 Ohm.mm2 and (b) ca. 15 Ohm.mm2. 



20 
 

The work in this project will continue through 2018 and 2019 aiming to create reliable 
fabrication technology for AlN tunnel barrier SIS junctions and in parallel to design an SIS 
mixer around 300 GHz that uses such junctions. 
 
4.2 LOFAR  
[Modules: national A4, international A2] 
 
New software to process data from cross-correlations between individual antenna elements of 
the Onsala LOFAR station has been developed. This software allows images to be made at Low 
Band (10–80 MHz) of the whole sky at high time resolution for transient detection, with 
cadence down to seconds, and angular resolution of order 1 degree. For High Band (110–
240 MHz) simultaneous images of regions 20 degrees in diameter, limited by analogue 
beamforming, can be made with spatial resolution 1.8 deg. Python modules are provided to 
handle metadata generation, coordinate systems and geometric phase calibration and to support 
data output in standard Measurement Set format, making the data compatible with most 
commonly used interferometric imaging software suites. OSO also provides software to 
produce interferometric products from LOFAR's Transient Buffer Boards (TBBs). These allow 
the telescope to capture intense transient events for later detailed analysis. Using the tools 
developed at OSO, one can produce from this buffered data sky maps with extremely fine 
control over time (sub milliseconds) and frequency resolution (sub kHz). 

OSO has also developed, as a work package for the RadioNet project called RINGS, a 
software package for modeling radio telescope beams. A major module within this software 
called dreamBeam, is a beam model of the LOFAR telescope. LOFAR points its beam 
electronically rather than mechanically steering, so it can vary significantly with pointing 
direction, it is therefore important to quantify the beam so that calibration is facilitated.  
 
4.3 VLBI  
[Modules: international A3] 
 
OSO has successfully been involved in testing e-VLBI mode at 4 Gbit/s (note, 2 Gbit/s was 
offered to the user community in 2016, see 2016 activity report). In addition, OSO has also 
been involved in real-time VLBI observations using the JIVE UniBoard correlator and thus 
contributed to its first real-time fringes. 

OSO is involved in the EU H2020 RadioNet Joint Research Activity (JRA) BRoad 
bAND (BRAND) EVN (see Section 11). The aim of the project is to develop a very wide-band 
“digital” VLBI receiver for the EVN and also other telescopes (in fact, it may be of interest also 
for SKA2). The frequency range of the BRAND receiver prototype will be from 1.5 GHz to 
15.5 GHz. Until now, a radio astronomical receiver with a frequency ratio of 1:10 has never 
been realised. BRAND EVN is a truly European project with partners in Germany (MPIfR), 
Italy (INAF), Sweden (OSO), Spain (IGN), The Netherlands (ASTRON), and Latvia (VIRAC). 
OSO is leading the feed design for BRAND, with a first prototype currently under development 
for the primary focus of the Effelsberg 100 m telescope.  

With a BRAND receiver, astronomers will be able to measure variations of polarised 
emission over a very wide frequency range with very precise, unambiguous rotation measures. 
Studies of several different maser types in different frequency bands can be made 
simultaneously with proper alignment of the different maser species. Further opportunities arise 
for flux variation studies in several bands simultaneously, which is especially interesting for 
intraday variability investigations. Pulsar searches and observations can be performed over a 
wide frequency range without timing ambiguities. In addition, the receiver will be very useful 
for studies of Fast Radio Bursts.  
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OSO is also involved in the RadioNet JRA, ‘Radio Interferometry Next Generation 
Software’ (RINGS) (see Section 11). The main objective for RINGS is to deliver advanced 
calibration algorithms for the next generation of radio astronomy facilities, characterized by  
high sensitivity, high bandwidth and long baselines. During 2017, OSO has been working on 
the development and testing advanced algorithms for the polarization calibration of wide-band 
and long-baseline interferometric observations at both low frequencies (the case of LOFAR, 
EVN) and high frequencies (the case of mm-VLBI and ALMA). Additionally, OSO has also 
been working on the implementation of full polarization beam-modelling algorithms for the 
wide-band calibration software. 

OSO is involved in the H2020 project JUMPING JIVE (see Section 11). During 2017, 
OSO has mostly been involved in WP7 (The VLBI future). The main deliverable of this will be 
a document, in the form of a White Paper, that will address and explore several relevant points 
in setting the future priorities of VLBI science capabilities. 
 
4.4 ALMA 
[Module: national A3] 
 
The Nordic ARC Node in Onsala has actively participated in all the Commissioning and 
Science Verification (CSV) observations with ALMA in VLBI mode (ALMA Phasing Project, 
APP). The PolConvert code (developed at the Node) has been extensively used for the Event 
Horizon Telescope (EHT) and Global Millimeter VLBI Array (GMVA) observations, 
throughout 2017. The ARC Node has also developed all the ALMA calibration scripts (QA2) 
for the APP observations, and is continuously involved in the calibration of the science 
observations. Investigations to adapt the PolConvert code (Marti-Vidal et al. 2016, A&A, 587, 
143) for its use in wide-band VLBI observations with the EVN are presently on-going. 
 
4.5 Geoscience  
[Modules: national A2] 
 
Onsala Twin Telescope (OTT) activities (installation of receivers, commissioning, etc.) are 
described in Section 7 of this report. Smaller technical development projects for the geoscience 
activities are described in Section 5.6. 
 
 
5  Instrument development and upgrades 
 
5.1 The Onsala 20 m telescope 
[Modules: national A2, A4 and A8, international A3] 
 
A significant capacity upgrade was made to the fibre link for data transfer and control of the 
20m telescope by adding a large number of digital and analogue channels. In the near term, this 
will simplify and improve the reliability of hardware control communication links. In the long 
term this will support migrating to optical fibre for the S/X data transfer, as well as allowing 
more extensive transmission of frequency reference and calibration signals via fibre. 

A new high resolution spectrometer (resolution <100 Hz) was commissioned at X-band. 
This was important both to ensure a continued capacity to do Single Dish type pointing 
measurements at this frequency, as well as a step towards using the same spectrometer on higher 
frequency bands for certain narrow-line astronomical observations and RFI monitoring. 

The development of the new control system, Bifrost, continued during 2017 and reached 
a point where it could be used for some technical observations and is now compatible with all 
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receivers. In particular, it allowed tests of a new strategy to perform beam-switched 
measurements that may improve the boadband baseline shape at the 1 mK level. 

Towards the end of 2017, the whole subreflector including frame and equipment was 
brought down to the electronics lab for a planned major overhaul that continued into 2018. 
 
5.2 APEX: Expanding SEPIA with ALMA Band 7 and Band 9 receiver development 
[Modules: national A7, international A1] 
 
In May 2017, the APEX partners (OSO, ESO and MPIfR) signed an agreement to continue to 
operate the telescope for the period 2018−2022. In preparation for this extension period, a major 
upgrade of the APEX telescope started in October 2017 and is expected to be completed in mid-
April 2018. The antenna surface and subreflector have been replaced, making the telescope 
even more efficient when observing at high frequencies. An updated suite of submm receivers 
will also become available to Swedish astronomers when observations resume in 2018.  

In 2017, OSO’s Group for Advanced Receiver Development (GARD) initiated the 
construction of a Band 7 receiver cartridge covering 272–376 GHz (see Figure 5.1). This 
receiver cartridge will become a new APEX facility receiver, and is expected to come into use 
during 2018. When fully commissioned, it will provide dual-polarisation and two-sideband 
(2SB) operation. This receiver will enhance the science capabilities of APEX. For instance, 
when the 4–12 GHz bandwidth is fully utilized, the astrophysically important J=3–2 transition 
of carbon monoxide (CO) together with its most common isotopologues (13CO and C18O) can 
be observed simultaneously. Furthermore, the 2SB operation of the receiver will greatly 
increase the efficiency of performing searches for molecular spectral lines in a variety of 
astronomical objects (from comets to high-z galaxies) over the entire frequency range of the 
receiver. It will be placed in the SEPIA cryostat together with the Band 5 (158–211 GHz) 
receiver cartridge which was commissioned in 2015. 

 
 

 
Figure 5.1. Left: the optics for the new APEX SEPIA Band 7 receiver, designed and fabricated by 
GARD. Right: the new 2SB SIS mixer developed and fabricated by GARD for SEPIA Band 7. 
 
Also during 2017, a new 2SB version of the Band 9 receiver (597–725 GHz) was developed by 
Nederlandse Onderzoekschool Voor Astronomie (NOVA) in the Netherlands based on their 
earlier double-sideband (DSB) version which has been in use at APEX since 2016. This new 
receiver cartridge, also becoming an APEX facility receiver, will be placed in the third and final 
slot of the SEPIA cryostat making SEPIA and its three receiver cartridges, the receiver with the 
broadest frequency coverage at APEX. The 2SB enhancement of this high-frequency receiver 
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will enable APEX to readily observe in frequency ranges which otherwise would be swamped 
by the atmospheric noise contribution. It is expected that this receiver can expand on scientific 
work resulting from the Herschel satellite. 
 
5.3 ALMA Band 5 Full Production project  
[Module: national A7] 
 
The ALMA Band 5 receiver covers the frequency range 163–211 GHz and is centered on the 
para-H2O (313–220) line at 183 GHz; one of the few H2O lines that can be observed from the 
Earth’s surface (at the high-altitude ALMA site under good weather conditions, the atmospheric 
transmission can approach 50 % at the line peak). The ALMA Observatory Board decided in 
Spring 2012 to finance the full deployment of Band 5 receivers on ALMA. In the full production 
project GARD collaborates with NOVA, NL. A contract was signed in February 2013 to 
produce 67 Band 5 cartridges of a slightly modified design compared to those made for an 
earlier EU project (in which GARD alone produced Band 5 receiver cartridges).  
 The ALMA Band 5 Full Production Project continued through 2017 with GARD 
actively supplying our partners NOVA with the 2SB mixer assemblies. The production went 
according to plan and this allowed ALMA to announce availability of the ALMA Band 5 for 
observations under Cycle 5 that starts in the winter-spring (Europe seasons) 2018. The results 
of the ALMA Band 5 Production project has been presented in the article summarizing the 
performance and commissioning results for this receiver (Belitsky et al., A&A, accepted for 
publication 2017). Figure 5.2 shows the ALMA Band 5 receiver cartridge noise temperature 
measured at ALMA antennas for 63 receivers produced by GARD in collaboration with NOVA. 

 

 
Figure 5.2. Comparison of the receiver noise temperature measured in laboratory and at the ALMA 
Operations Support Facility (OSF) vs. LO frequency. The data from the produced Band 5 cartridges 
have been averaged over polarization channels, IF bandwidth and the sidebands at each location. The 
solid black line shows the specification (75 K) where the receiver noise temperature must be below at 
all frequencies within the RF band of 163–211 GHz. The dash black line shows the specification (55 K) 
that the receiver noise temperature must be below at 80% of frequencies within the RF band of 163–
211 GHz. The green solid line is the value averaged over 73 cartridges measured in the laboratory and 
the blue solid line provides averaged noise temperature measurements performed at OSF. Lower 
operational temperature of the FE cryostat (3.5 K, OSF data compared to 4 K @cold plate NOVA data) 
manifests itself with significantly lower receiver noise temperatures around 33 K single sideband. The 
gray arrow in the plot points toward the range of the better performance. 
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5.4 LOFAR 

[Modules: national A4, international A2] 
 
LOFAR's data processing infrastructure has been deployed on Chalmers’ Centre for 
Computational Science and Engineering (C3SE) computer cluster. This allows OSO to work 
with the large data volumes produced by the LOFAR telescope. This deployment has been 
commissioned using one of the 3000 planned observations from the LOFAR Survey, a project 
that will ultimately produce 50 Petabytes of data, Fig. 5.3. With this commissioned system, 
OSO offers automated processing of LOFAR observations to the Swedish community. OSO 
can support Swedish users with new observations and processing of existing data. 
 

 
 
Figure 5.3. The field of a single LOFAR observation with selected objects highlighted. Diameter: 
5 degrees, resolution: 7.5 arcseconds, frequency: 150 MHz. The sensitivity of the image is about 
0.45 mJy/Beam. Higher resolution (down to 0.2 arcseconds) is available using LOFAR's full array. For 
a high quality version of the image, see: http://skogul.oso.chalmers.se/Lofar_Tier1_Survey/sample/ 
 
Onsala maintains the LOFAR survey progress web application. This allows users to quickly 
search the sky using the standard Aladin astronomical tools to determine if a region has been 
observed by the LOFAR survey. If the region has been observed, links to the archive are 
provided. See http://skogul.oso.chalmers.se/Lofar_Tier1_Survey/status/. 
 
5.5 VLBI 
[Module: international A3] 
 
The commissioning of a complete new parallel VLBI system was completed in 2015. This allow 
OSO to observe routinely in VLBI-mode with both the 20 m and the 25 m telescope 
simultaneously. In addition, the so called FlexBuff, allowing a disk-shipping-less operation, 
was taken into operation during 2016. No major upgrades were carried out during 2017. 
 

http://skogul.oso.chalmers.se/Lofar_Tier1_Survey/sample/
http://skogul.oso.chalmers.se/Lofar_Tier1_Survey/status/


25 
 

5.6 Geoscience 
[Module: national A2] 
 
5.6.1 Aeronomy station 
The optics of the CO/O3 instrument have been updated. A movable elevation mirror has 
replaced the fixed mirror. This update makes it possible to measure the Doppler shift between 
the emission lines from the East and from the West and hence make it possible to estimate zonal 
winds in the middle atmosphere. 
 
5.6.2 Improvement of the laser sensor for sea level measurements 
As mentioned in the report for 2016 a development of a laser based sea level sensor has been 
carried out. Due to occasional condensation on the reflector its reliability has been poor. During 
August 2017 the reflector was replaced with a new version that has a darker (grey) surface 
compared the previous white one. Experimental evidence indicate that the sensor now acquires 
high quality data for more than 99 % of the time. 
 
5.6.3 Maintenance and upgrade of the GNSS-R station 
In the autumn of 2017 the GNSS-antennas of the GNSS-R installation were taken down for 
service. Since their installation a couple of years ago, the antennas had been exposed to the 
harsh and salty environment at the coast and showed signs of severe corrosion. Thus, they were 
serviced, the corrosion removed, and afterwards painted and sealed. Additionally, a multi-
GNSS receiver was connected to the upward looking antenna to test the additional reception of 
Galileo signals. 
 
5.6.4 An ionospheric scintillation monitoring station 
During 2017 preparatory work was performed concerning an ionospheric scintillation 
monitoring station at OSO to be included into the ionospheric monitoring network of the 
European Space Agency (ESA). 
 
 
6  SKA design activities  
[Module: national A8] 
 
During 2017, OSO continued its technical involvement in the Square Kilometre Array (SKA), 
an international project aiming to build a new astronomical facility serving the radio waveband 
at metre and centimetre wavelengths. SKA will be co-hosted by South Africa and Australia. 
The main bulk of the SKA will be built in two main phases, between 2019 and the late 2020s, 
the first phase will involve testing the full system in a “proof of concept” manner. 

OSO is involved in three work packages of the design phase of the SKA project. OSO 
is designing the feed and LNA package of Band 1 in the Dish Consortium. OSO is the 
consortium leader for the Wide Band Single Pixel Feed (WSPF) Advanced Instrumentation 
Program (AIP) for SKA. Finally, OSO participates in the Phase Array Feed advanced 
instrumentation program. 
 
6.1 Band 1 in SKA-DC 
 
Onsala Space Observatory is involved in the design phase of the SKA project with the 
responsibility to design the feed package for Band 1 of SKA-mid. The frequency coverage of 
350–1050 MHz will open the possibility to map highly redshifted HI with very high spatial 
resolution. During 2016 a demonstration model of the Band 1 feed, LNA was built, and 
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successfully tested on the Dish Verification Antenna-1, an SKA prototype antenna, at the 
Dominion Radio Astrophysical Observatory in Canada. For the accomplishment of the design 
phase a next generation prototype, a so-called Qualification Model (QM) was built during 2017 
(Fig. 6.1). The design of the package is based on ambient temperature Low Noise Amplifiers 
(LNAs) manufactured by the Gothenburg based company Low Noise Factory. Their noise 
performance sets a world record for low noise temperature achievable with ambient temperature 
LNAs. The Band 1 Qualification Model (QM) was successfully tested in the Electronics Lab at 
Onsala Space Observatory. In early 2018, the feed will be sent to South Africa for testing on a 
dish of the MeerKAT array. 
 

 
 
Figure 6.1. SKA Band 1 Qualification Model in the Electronics Lab at Onsala Space Observatory before 
shipment to South Africa for tests on MeerKAT. 
 
6.2 SKA-WBSPF 
 
The Wide Band Single Pixel Feed (WBSPF) consortium is aiming to develop instrumentation 
for the Stage 2 of the SKA project. Members of the consortium are companies and universities 
from Germany, France, Holland and China. The work of the consortium includes the design of 
wide-band feeds, LNAs and digitizers. OSO provides overall project management for the 
consortium and works also on the development of feed and LNA package for the 4.6–24 GHz 
band. The work on the feed design has progressed very well and in 2017 OSO designed, 
assembled and tested a complete package including LNAs delivered from Low Noise Factory. 

The consortium is scheduling a Preliminary Design Review for mid-2018. There are 
discussions on testing of the 4.6–24 GHz feed and LNA package on DVA2. The consortium is 
considering a revised work programme following PDR that will include revised deliverables 
and a name change. 
 
6.3 AENEAS 
 
Onsala Space Observatory has been involved in the EU Horizon 2020 project AENEAS since 
the beginning of 2017. The aim of the project is to propose a model for a European Science 
Data Centre (ESDC), which will exist to support the European astronomy community in 
processing SKA data products. Onsala is the lead partner of a task within one of the work 
packages, which focuses on the evaluation of existing data transfer protocols and storage 
subsystems. To facilitate this, a new high speed PC has been acquired and equipped with a 
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100 Gbps capable Ethernet card, as well as two other existing machines which have been 
equipped with such cards. High bandwidth tests have been performed between these local 
machines, and also data storage transfer tests have been conducted between Onsala and 
machines in Juelich, Germany, via one of Onsala's external 10 Gbps network links which 
connects directly to the new SunetC network. 
 
 

7  OTT: Twin-telescope system for geodetic VLBI at Onsala 
[Module: national B2] 
 
The Onsala Twin Telescope (OTT) will be used for geodetic VLBI within the VLBI Global 
Observing System (VGOS) of the International VLBI Service for Geodesy and Astrometry 
(IVS). The entire OTT construction project, including the telescope, receivers, infrastructure 
work, labour cost, etc., is completely funded by a grant provided by the Knut and Alive 
Wallenberg (KAW) foundation together with support from Chalmers. VR has however 
continuously supported the operations of Geodetic VLBI infrastructure at OSO throughout its 
history and will also support OTT operations in the coming years (2018 onward).  

During 2017 the signal chains and receiving systems of the OTT were installed and the 
scientific commissioning started. The first VGOS receiver, equipped with an QRFH feed 
covering 3–18 GHz, was installed on the north telescope in January. “First light” was achieved 
on 7 February. In March the two DBBC3 backends were delivered and installed, followed by 
testing and commissioning. In April the second VGOS receiver, equipped with an Eleven-feed 
covering 2–14 GHz, was installed on the south telescope. First light was achieved a few days 
later. In connection to the 23rd Working Meeting of the European VLBI Group for Geodesy and 
Astrometry (EVGA), the telescopes were officially inaugurated on 18 May 2017 in a ceremony 
with more than 200 national and international guests (see Fig. 7.1).  

During the summer extensive commissioning work took place. Pointing models were 
determined, cable and delay measurement systems were installed, and the signal chains were 
tested. In the autumn the OTT started to participate in international VGOS test experiments. 
First fringes to partner stations in North America and Europe were found with the north 
telescope on 25-26 September. First fringes with the south telescope were found on 5-6 October.  

The scientific commissioning will continue during 2018 with further improvements of 
the systems. The goal is to become fully operational towards the end of 2019 which is the formal 
end of the construction phase supported by the KAW foundation. 
 

 
 
Figure 7.1. The OTT were inaugurated by Lena Sommestad and Lisbeth Schultze, the governors of 
Västra Götaland and Halland, respectively. Some 200 guests followed the ceremony. 
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8  Computers and networks 
[Module: national A10] 
 
Presently there is at Onsala a cluster of four machines (48 cores) together with 100 TB of data 
storage. There is also a larger OSO owned cluster at the SNIC–C3SE node at Chalmers 
consisting of 5 machines with a total of 100 cores, additionally 2 machines each have 2 GPUs. 
This cluster has a 100 TB Lustre file-disk system plus 196 TB of slower disk storage. This 
storage is dimensioned to allow an international LOFAR data set (40 TB) plus two large ALMA 
data sets (20 TB) to be processed (including scratch space) on the Lustre file system. A final 
system at Onsala used operationally for the temporary storage of raw VLBI data was upgraded 
in 2017 and now consists of four machines with a total capacity of 1.0 PB and 54 cores.  
 Network connections to OSO presently support the transmission needs of geodetic VLBI 
(1 Gbit/s), astronomical VLBI (1–4 Gbit/s) and LOFAR (3 Gbit/s). OSO is now a fully-fledged 
node of SUNET. Presently OSO rents multiple 10 Gbit/s fibre connections to SUNET, used for 
ordinary network traffic, plus a dedicated lightpath to the Netherlands for transfer of LOFAR 
and astronomical VLBI data. There is also an option to transmit data in IP format, used for 
sending data to other stations/correlators. 

In 2017, OSO upgraded the emergency (diesel) power system from covering only the 
needs for sensitive observations and computer systems, to cover all the observatory’s power 
needs in case of a power cut. 
 
 
9  Frequency protection 
[Module: national A9] 
 
The radio spectrum is a limited resource, under ever increasing pressure for frequency 
allocations by active (i.e., emitting) users. On behalf of European radio astronomers, the 
Committee on Radio Astronomy Frequencies (CRAF, www.craf.eu) of the European Science 
Foundation coordinates activities to keep the frequency bands used by radio astronomy and 
space sciences free from interference. CRAF has Member Institutes (radio observatories, 
national academies or funding agencies) in 20 countries, sometimes more than one per country. 
CRAF has a chairman and a secretary, and it employs a full-time Frequency Manager. Sweden 
is represented in CRAF via OSO. In addition, OSO is also contributing to the expenses of the 
CRAF Frequency Manager, currently stationed in Munich, Germany. CRAF (in principle 
through its Frequency Manager) attends a number of international meetings where possible 
threats to radio astronomy occur. In 2017, the activities have increased in preparation for the 
2019 ITU World Radio Communication Conference. The OSO CRAF member focus mainly 
on interference issues at local and national levels (via contacts with Post- och telestyrelsen). 
Examples of issues during 2017 have concerned the 5th generation (5G) mobile network and 
coordination of the 71-76/81-86 GHz bands. 
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10  Memberships of International Committees 
 
During 2017, OSO was involved in the following international boards and coordinating 
committees. The observatory Director John Conway serves on many of these boards. 
 
– AENEAS, an EU-financed Horizon 2020 project to develop a concept and design for a 

distributed, European Science Data Centre for SKA (the Director is a board member) 
– The European VLBI Network (EVN) for astronomical VLBI (the Director is a board member, 

and Michael Lindqvist is chairman of the Programme Committee and a member of the 
Technical Operations Group (TOG)) 

– The Joint Institute for VLBI ERIC (JIVE), a European Research Infrastructure Consortium 
that operates the EVN correlator in Dwingeloo (NL) and supports the EVN activities (the 
Director is a board member) 

– The APEX project where three partners operate a 12 m sub-mm telescope in northern Chile 
(the Director is a board member) 

– The International LOFAR Telescope (ILT) Board, which oversees the operation of the ILT 
(the Director is a board member) 

– Jumping JIVE, an EU-financed Horizon 2020 project to develop European VLBI (the 
Director is a board member) 

– RadioNet, an EU-financed Horizon 2020 project, which coordinates all of Europe's leading 
radio astronomy facilities (The Director is a board member, Michael Lindqvist is leading the 
Networking Activity Dissemination) 

– The SKA Organisation (SKAO), the British company that is responsible for the SKA project 
in its pre-construction phase (the Director and Lars Börjesson, Chalmers, are board 
members; In addition, Hans Olofsson is a member of the Finance Committee) 

– SKA Dish Design Consortium (the Director is a board member)  
– SKA Wide-Band Single Pixel Feed Design Consortium (the Director is the leader of the 

Consortium) 
– LOFAR for Space Weather (LOFAR4SW), an EC funded (H2020 INFRADEV) design 

project (the Director represents Chalmers in the project) 
– International VLBI Service for Geodesy and Astrometry (IVS), which operates geodetic 

VLBI (Rüdiger Haas is a board member) 
– International Earth Rotation and Reference Frame Service (IERS) (Rüdiger Haas is a board 

and committee member) 
– The European VLBI Group for Geodesy and Astrometry (EVGA) (Rüdiger Haas is 

Chairman) 
– Galileo Scientific Advisory Committee (GSAC) of the European Space Agency (Gunnar 

Elgered is chairman) 
– ESF Committee on Radio Astronomy Frequencies (CRAF) for the protection of the radio 

band for radio astronomical use (Michael Lindqvist is a committee member) 
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11  EU projects  
 
OSO participates in four EU Horizon 2020 projects (proposals submitted in 2016 and 2017): 
RadioNet, AENEAS, JUMPING JIVE and LOFAR4SW. 
 
11.1 RadioNet 
 
RadioNet joins together 28 partners, amongst them institutions operating world-class radio 
telescopes, as well as organisations performing cutting-edge research, education, and 
development in a wide range of technology fields that are important for radio astronomy. OSO 
is part of the Transnational Access (TA) program via APEX and the EVN, and participates in 
the Networking Activities. OSO also plays an important role in all of the three of its Joint 
Research Activities (JRA) which includes both software and hardware development. RadioNet 
includes the following JRA:s.  
 

• Advanced European Technologies for Heterodyne Receivers for Astronomy (AETHRA) 
aims at exploiting new technologies, such as highly integrated microelectronic semi- or 
superconducting circuits, to significantly improve the next generation receivers of mm 
and sub-mm wavelength telescopes, reinforcing European technological and scientific 
leadership by considerably improving the receiver performance and observing speed of 
the European-owned world leading facilities ALMA, APEX, NOEMA and PV. 

 
• JRA BRoad bAND EVN (BRAND EVN) will develop and build a prototype broad-band 

digital receiver, which will cover a frequency range from 1.5 GHz to 15.5 GHz. The 
BRAND receiver when deployed at a majority of EVN telescopes will catapult EVN to 
new levels of performance not achievable with any other astronomical VLBI network. 
The BRAND receiver might even become the next generation VGOS receiver due to its 
superior sensitivity, its wider bandwidth, and the possibility to choose parts of the 
spectrum still uncontaminated by RFI. 

 
• JRA Radio Interferometry Next Generation Software (RINGS) will deliver advanced 

calibration algorithms for the next generation of radio astronomy facilities, 
characterized by a high sensitivity, a high bandwidth and long baselines. The 
functionality delivered by RINGS will be incorporated in the CASA CORE software 
package. 

 
RadioNet started January 2017 and will run for four years (till December 2020).  
 
11.2 AENEAS 
 
The large scale, rate, and complexity of the data that the SKA will generate, present challenges 
in data management, computing, and networking. The objective of the Advanced European 
Network of E-infrastructures for Astronomy with the SKA (AENEAS) project is to develop a 
concept and design for a distributed, European Science Data Centre (ESDC) to support the 
astronomical community in achieving the scientific goals of the SKA. AENEAS brings together 
all the European member states currently part of the SKA project as well as potential future EU 
SKA national partners, the SKA Organisation itself, and a larger group of international partners 
including the two host countries Australia and South Africa. 

AENEAS started January 2017 and will run for three years (till December 2019). See 
Section 6.3 of this report for more information. 
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11.3 JUMPING JIVE 
 
Joining up Users for Maximising the Profile, the Innovation and the Necessary Globalisation 
of JIVE (JUMPING JIVE) aims to prepare and position European VLBI for the SKA era, and 
to plan the role of the ERIC JIVE, as well as the EVN, in the future European and global 
landscape of research infrastructures. On a European scale, the proposed activities will raise the 
profile of JIVE/EVN among scientists and operators of radio astronomical facilities, by widely 
advocating its science capabilities and its role as research infrastructure provider within the 
international radio astronomy community. These activities will focus on outreach and on 
reinforcing science cases for the next decade. JUMPING JIVE started December 2016 and will 
run for four years (January 2021).  
 
11.4 LOFAR4SW 
 
The LOFAR for Space Weather (LOFAR4SW) project will deliver the full conceptual and 
technical design for creating a new leading-edge European research facility for space weather 
science. It also supports outreach and dialogue with a range of stakeholders in the space weather 
community, regarding the possible subsequent implementation, potential future use, and 
governance aspects of a LOFAR4SW data monitoring facility. 

Designing a significant upgrade in hardware, algorithms, and software will allow to 
create, at a fraction of the cost of building a new facility, a large scale cutting-edge research 
facility providing simultaneous independent access to both the radio astronomy and the space 
weather research communities. LOFAR4SW will in particular address capabilities to monitor 
Solar dynamic spectra, interstellar scintillation measurements of densities and velocities in the 
inner heliosphere, and high-resolution measurements of TEC variations in the Earth’s 
ionosphere. A strong point of the LOFAR4SW is to uniquely enable provision of the missing 
link of global measurements of the interplanetary magnetic field – a key parameter in 
forecasting the severity of geomagnetic storms. LOFAR4SW started December 2017 and will 
run for 3.5 years (till May 2021).  
 
 
12  Workshops, schools, etc. 
 
For meetings organized by the Nordic ARC node, see section 1.2. 
 
The 23rd Working Meeting of the European VLBI Group for Geodesy and Astrometry 
(EVGA) was held at Chalmers University of Technology in Gothenburg in May 2017. 
Almost 100 participants from 20 countries, both from inside and outside Europe, contributed 
with many interesting presentations on the current status of geodetic and astrometric VLBI 
and corresponding technical development and scientific results. Thereafter followed 
workshops and splinter meetings and, finally, the inauguration of the Onsala Twin Telescope, 
OTT (see Section 7). 
 
 
13  Education 
 
The OSO national infrastructure staff do not generally take part in the academic teaching at 
Chalmers (except for, e.g., a few guest lectures on specialized radio astronomy observing 
techniques). The national infrastructure does however support teaching by making a small 
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fraction of the time on its telescopes available for exercises by students on Chalmers and other 
Swedish academic courses. The staff are also sometimes involved in teaching and providing 
exercises at specialised graduate level schools that are organised from time to time at the 
Observatory. Specifically at Chalmers, the 20 m telescope and SALSA were used in astronomy 
courses, the 25 m telescope in a satellite-communication course, GNSS equipment in a satellite-
positioning course, and laboratory equipment in courses on microwave, millimetre wave, and 
THz technology. Additionally, students from the universities in Stockholm and Lund visited 
the Observatory during 2017 to carry out observations and/or to learn about radio astronomy. 
 
 
14  Outreach 
[Module: national A6] 
 
During the year over 1600 people visited Onsala Space Observatory, its telescopes and 
exhibition. Most came as part of a total of 35 guided tours, of which school groups of all ages 
accounted for 22 of the tours. Around 300 of these visitors to Onsala came as part of two public 
open days, during the Gothenburg Science Festival and on the Mothers’ day open day in May. 
In conjunction with Mothers’ day we organised a special event for the observatory’s closest 
neighbours in the village of Råö. 
 The SALSA radio telescopes at Onsala were booked for an average of about 30 hours 
per week, on average 3 h per booking, by students, teachers and amateur astronomers from 20 
countries. This includes Sweden but also, e.g., Bangladesh, Chile, Ecuador, Lithuania, 
Luxembourg, South Africa and Turkey. Most users study the movements of interstellar gas in 
the Milky Way. OSO provided supervision for five Swedish high school projects using SALSA. 
SALSA was used to demonstrate and to teach radio astronomy to the general public in several 
outreach activities. Also, SALSA has been extended with the module that allows to track 
satellites of Global Navigation Satellite Systems (GNSSs) and observe signals they transmit. 
 OSO communicated news from Onsala facilities and research by Chalmers scientists to 
the media in collaboration with Chalmers press office and partner organisations. News reports 
from Sweden and around the world featured the first localization of the host galaxy of a fast 
radio burst, the inauguration of the Onsala Twin Telescopes for geodesy, ALMA observations 
of a delicate bubble of expelled material around an exotic red star, VLBI observations of a 
source of gravitational waves, and ALMA observations of the details on the surface of an aging 
solar-mass star.    

The OSO staff handled many media enquiries on astronomical topics and were regularly 
quoted in news media. OSO also supported department scientists who gave a number of public 
talks during the year, particularly on Sweden’s Day and Night of Astronomy in September, at 
events in Gothenburg, Västerås, Fjärås, Västervik, Jönköping and Borås.  
 Two MOOCs (massive open online courses) titled Sensing Planet Earth, given by OSO’s 
host department at Chalmers, started in 2016 and continued through 2017. They included 
geoscience methods used at OSO, e.g., geodesy VLBI and tide gauges for sea level 
measurements; both were a great success. The two courses, From Core to Outer Space and 
Water and Ice, have attracted almost 14000 participants from more than 100 countries.  

In collaboration with Chalmers’s fundraising office, Chalmersfastigheter and its host 
department OSO initiated a pre-study for a new visitor centre at the observatory, with an 
accompanying programme for schools and public outreach activities.  
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15  Changes in organisation 
[Module: national A1] 
 
Chalmers was reorganized in 2017. OSO’s host department until April 2017, Earth and Space 
Sciences, joined forces with the divisions of Energy technology and Physical resource theory 
to form the new Department of Space, Earth and Environment, which is OSO’s host department 
since May 2017. 

The Steering Committee, chaired by Kjell Möller, continued its work during 2017. Mats 
Larsson (Stockholm University) resigned from the committee after six years of service. 
 The OSO Time Allocation Committee (TAC) handles proposals for observing time on 
the Onsala 20 m telescope (single-dish), Swedish APEX time, and the Onsala LOFAR station 
(stand-alone). The TAC continued its work during 2017 with no changes in membership. 
 The memberships of the Steering Committee and the Time Allocation Committee can 
be found at http://www.chalmers.se/en/centres/oso/about-us/Pages/Organization.aspx. 
 
 
16  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. Geodetic VLBI provides the fundamental terrestrial reference frame, which is the basis 
for all navigational applications. As a by-product of its VLBI activities, 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 also involved 
in education at all levels from bachelor to graduate studies at Chalmers, and through organised 
schools. 
 
 
17  Importance to industry 
 
The major industrial impact of OSO’s work is connected with the SKA project. The SKA is on 
such a scale that its components must be provided by industry. It is expected that the SKA will 
have a large financial payback to Swedish industry especially if Sweden fully joins the SKA 
construction phase. OSO is working closely with industrial partners (Leax Arkivator and Low 
Noise Factory) within the SKA project (see Section 6). Similar technology has possible 
commercial applications for geodetic and astronomical VLBI. Kjell Möller, chairman of the 
OSO Steering committee, is the Swedish SKA Industrial Liaison Officer (ILO). An important 
point of contact with industry is the new organization Big Science Sweden 
(https://www.bigsciencesweden.se), which is the official Swedish ILO-organization, helping 
Big Science facilities across the world finding Swedish suppliers. 
 
 
 
 
 
 

http://www.chalmers.se/en/centres/oso/about-us/Pages/Organization.aspx
https://www.bigsciencesweden.se/


34 
 

Acronyms 
 
A&A  Astronomy & Astrophysics (a scientific journal) 
AENEAS Advanced European Network of E-infrastructures for Astronomy with the  
  SKA 
AGB  Asymptotic Giant Branch (AGB stars are giant evolved stars) 
AGN  Active Galactic Nucleus 
AIP  Advanced Instrumentation Programme (SKA) 
ALMA Atacama Large Millimeter/submillimeter Array (Chile) 
APEX  Atacama Pathfinder Experiment (Chile) 
ApJ  Astrophysical Journal (a scientific journal) 
APP  ALMA Phasing Project 
ARC  ALMA Regional Centre 
ASTRON Netherlands Institute for Radio Astronomy 
AU  Astronomical Unit (the distance between the Sun and Earth) 
 
C3SE  Chalmers Centre for Computational Science and Engineering 
CO  Carbon monoxide (molecule frequently observed by radio telescopes) 
CoDR  Concept Design Review 
CoI / Co-I Co-investigator 
CRAF  Committee on Radio Astronomy Frequencies (ESF) 
 
DBBC  Digital Base Band Converter (equipment for VLBI observations) 
DORIS Doppler orbitography and radio-positioning integrated by satellite 
DRAO Dominion Radio Astrophysical Observatory 
 
EC  European Commission 
EHT  Event Horizon Telescope 
ERIC  European Research Infrastructure Consortium 
ESDC  European Science and Data Centre (SKA) 
ESF  European Science Foundation 
ESO  European Southern Observatory 
EUREF IAG Reference Frame Sub-Commission for Europe 
e-VLBI electronic VLBI (fibre optics connect radio telescopes to a central data 
  processor, which correlates the data from the telescopes in real-time) 
EVGA  The European VLBI Group for Geodesy and Astrometry 
EVN  European VLBI Network 
 
FFTS  Fast Fourier Transform Spectrometer 
FP6  The Sixth Framework Programme for Research and Technological  
  Development (EC) 
 
GARD Group for Advanced Receiver Development (part of OSO) 
GMVA Global Millimeter VLBI Array 
GNSS  Global Navigational Satellite Systems 
GNSS-R GNSS reflectometry 
GPS  Global Positioning System 
GPU  Graphics Processor Unit 
GSAC  Galileo Scientific Advisory Committee of the European Space Agency 
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IAG  The International Association of Geodesy 
ICSU  International Council for Science 
IERS  International Earth Rotation and Reference Frame Service 
IF  Intermediate frequency 
IGETS International Geodynamics and Earth Tide Service 
IGS  The International GNSS Service 
ILT  International LOFAR Telescope 
ITRF  International Terrestrial Reference Frame 
ITU  International Telecommunication Union 
IVS  International VLBI Service for Geodesy and Astrometry 
 
JIVE  Joint Institute for VLBI in Europe (NL) 
JIV-ERIC  Joint Institute for VLBI – ERIC (has replaced JIVE) 
 
KAW  Knut och Alice Wallenbergs Stiftelse 
 
LNA  Low-Noise Amplifier 
LOFAR Low Frequency Array 
LOFAR4SW LOFAR for Space Weather (EU Horizon 2020 project) 
 
MC2  Department of Microtechnology and Nanoscience at Chalmers 
MNRAS Monthly Notices of the Royal Astronomical Society (a scientific journal) 
MOOC Massive Open Online Course 
 
NDACC Network for the Detection of Atmospheric Composition Change 
NOC  National Observatory of Canada 
NOVA Nederlandse Onderzoekschool Voor Astronomie (The Netherlands Research  
  School for Astronomy) 
NRAO National Radio Astronomy Observatory (USA) 
NRC  The National Research Council of Canada 
 
OSO  Onsala Space Observatory 
OTT  Onsala Twin Telescope 
 
QA2  Quality Assessment stage 2 (deals with the quality of ALMA data products) 
QRFH  Quadruple-Ridge Feed Horn 
 
RadioNet Advanced Radio Astronomy in Europe (EU Horizon 2020 project) 
RFI  Radio Frequency Interference or Rådet för forskningens infrastrukturer vid  
  VR (The Council for Research Infrastructures at VR) 
RFoF  Radio Frequency Over Fiber 
RISE  Research Institutes of Sweden 
 
SALSA Small antennas at OSO for education and outreach 
SB  Scheduling Block (ALMA) 
SEPIA  Swedish ESO PI receiver for APEX 
SEST  Swedish-ESO Submillimetre Telescope (Chile) 
SKA  Square Kilometre Array 
SKAO  Square Kilometre Array Organisation 
SLR  Satellite Laser Ranging 
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SMHI  Sveriges meteorologiska och hydrologiska institut (Swedish Meteorological 
  and Hydrological Institute) 
SNIC  Swedish National Infrastructure for Computing 
SNR  Signal-to-Noise Ratio 
SNSN  Svenska nationella seismiska nätverket 
SP  Technical Research Institute of Sweden (now part of RISE) 
SPF  Single Pixel Feed 
SUNET Swedish University Computer Network 
SWEPOS The Swedish permanent GNSS network, hosted by Lantmäteriet 
 
TAC  Time Allocation Committee 
TBB  Transient Buffer Boards (for LOFAR) 
 
UT1  The principal form of Universal Time (which is based on Earth’s rotation) 
UTC  Coordinated Universal Time (an atomic timescale that approximates UT1) 
 
VGOS  VLBI Geodetic Observing System 
VLBI  Very Long Baseline Interferometry 
VR  Vetenskapsrådet, The Swedish Research Council 
 
WBSPF Wideband Single Pixel Feeds 
WDS  World Data System, an Interdisciplinary Body of the International Council  
  for Science (ICSU) 
WP  Work Package 
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Publications 2017  
 
This section lists publications in refereed journals 2017 enabled by the Onsala infrastructure, 
divided by instrument and separated in two groups: with or without a Swedish author. The 
number of publications per instrument is given below. Two figures are given: total number of 
publications/number of publications with at least one Swedish author. 
 
• ALMA observations, projects with Nordic ARC node involvement  (16/16) (total/Swedish) 
• APEX observations (all APEX partners’ observing time)  (72/12) 
• Astronomical VLBI observations with EVN and GMVA, or using JIVE  (29/10) 
• LOFAR observations  (25/5) 
• Geoscience instruments  (44/8) 
• Onsala 20 m telescope, single-dish observations  (3/3) 
 
In addition to the publications listed below, in 2017 there were two publications using 
astronomical data from the satellite Odin (now operating mainly in aeronomy mode), three 
publications using data from SEST (closed in 2003), and eight publications by OSO staff on 
radio astronomical instrumentation, methods, techniques, etc. 
 
Note: 
- For instrument publications are separated into two groups: with or without a Swedish author  
- In each section, the references are sorted alphabetically by first author. 
 
 
ALMA, 
publications, in refereed journals, with Nordic ARC node involvement 2017 
 
Swedish authors (ALMA – ARC node) 
 
Luminous, pc-scale CO 6-5 emission in the obscured nucleus of NGC 1377. Aalto, S.; 
Muller, S.; Costagliola, F. et al. (13 more), A&A 608, A22 (2017) 
 
Search for aluminium monoxide in the winds of oxygen-rich AGB stars. De Beck, E.; 
Decin, L.; Ramstedt, S. et al. (4 more), A&A 598, A53 (2017) 
 
The extended molecular envelope of the asymptotic giant branch star π1 Gruis as seen by 
ALMA. I. Large-scale kinematic structure and CO excitation properties. Doan, L.; 
Ramstedt, S.; Vlemmings, W. H. T. et al. (8 more), A&A 605, A28 (2017) 
 
A merger in the dusty, z = 7.5 galaxy A1689-zD1? Knudsen, Kirsten K.; Watson, Darach; 
Frayer, David et al. (5 more), MNRAS 466, 138 (2017) 
 
Subarcsecond imaging of the water emission in Arp 220. König, S.; Martín, S.; Muller, S. 
et al. (14 more), A&A 602, A42 (2017) 
 
The ALMA-PILS survey: First detections of ethylene oxide, acetone and propanal toward the 
low-mass protostar IRAS 16293-2422. Lykke, J. M.; Coutens, A.; Jørgensen, J. K. et al. (14 
more), A&A 597, A53 (2017) 
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Detection of CH+, SH+, and their 13C- and 34S-isotopologues toward PKS 1830-211. 
Muller, S.; Müller, H. S. P.; Black, J. H. et al. (13 more), A&A 606, A109 (2017) 
 
First detection of methanol towards a post-AGB object, HD 101584. Olofsson, H.; 
Vlemmings, W. H. T.; Bergman, P. et al. (6 more), A&A 603, L2 (2017) 
 
The Dense Molecular Gas and Nuclear Activity in the ULIRG IRAS 13120-5453. 
Privon, G. C.; Aalto, S.; Falstad, N. et al. (12 more), ApJ 835, 213 (2017) 
 
The circumstellar envelope around the S-type AGB star W Aql. Effects of an eccentric binary 
orbit. Ramstedt, S.; Mohamed, S.; Vlemmings, W. H. T. et al. (9 more), A&A 605, A126 
(2017) 
 
ALMA Observations of the Water Fountain Pre-planetary Nebula IRAS 16342-3814: High-
velocity Bipolar Jets and an Expanding Torus. Sahai, R.; Vlemmings, W. H. T.; Gledhill, T. 
et al. (4 more), ApJL 835, L13 (2017) 
 
The Coldest Place in the Universe: Probing the Ultra-cold Outflow and Dusty Disk in the 
Boomerang Nebula. Sahai, R.; Vlemmings, W. H. T.; Nyman, L.-Å., ApJ 841, 110 (2017) 
 
Resolved Structure of the Arp 220 Nuclei at λ ≈ 3 mm. Sakamoto, Kazushi; Aalto, Susanne; 
Barcos-Muñoz, Loreto et al. (6 more), ApJ 849, 14 (2017) 
 
The shock-heated atmosphere of an asymptotic giant branch star resolved by ALMA. 
Vlemmings, Wouter; Khouri, Theo; O'Gorman, Eamon et al. (8 more), Nature Astronomy 1, 
848 (2017) 
 
Magnetically aligned dust and SiO maser polarisation in the envelope of the red supergiant 
VY Canis Majoris. Vlemmings, W. H. T.; Khouri, T.; Martí-Vidal, I. et al. (9 more), 
A&A 603, A92 (2017) 
 
ALMA Compact Array observations of the Fried Egg nebula. Evidence for large-scale 
asymmetric mass-loss from the yellow hypergiant IRAS 17163-3907. Wallström, S. H. J.; 
Lagadec, E.; Muller, S. et al. (12 more), A&A 597, A99 (2017) 
 
 
APEX,  
publications in refereed journals 2017 
 
Note: This list is based on APEX publications in the ESO Telescope Bibliography “Telbib”, 
http://telbib.eso.org/.  
 
Swedish authors (APEX) 
 
Sulphur-bearing molecules in AGB stars. I. The occurrence of hydrogen sulphide. 
Danilovich, T.; Van de Sande, M.; De Beck, E., A&A 606, A124 (2017) 
 
Search for aluminium monoxide in the winds of oxygen-rich AGB stars. De Beck, E.; 
Decin, L.; Ramstedt, S. et al. (4 more), A&A 598, A53 (2017) 
 

http://telbib.eso.org/
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Nucleosynthesis in AGB stars traced by oxygen isotopic ratios. I. Determining the stellar 
initial mass by means of the 17O/18O ratio. De Nutte, R.; Decin, L.; Olofsson, H. et al. 
(8 more), A&A 600, A71 (2017) 
 
On the frequency of star-forming galaxies in the vicinity of powerful AGNs: The case of SMM 
J04135+10277. Fogasy, J.; Knudsen, K. K.; Lagos, C. D. P.; Drouart, G.; Gonzalez-Perez, V., 
A&A 597, A123 (2017) 
 
Physical conditions of the molecular gas in metal-poor galaxies. Hunt, L. K.; Weiß, A.; 
Henkel, C. et al. (8 more), A&A 606, A99 (2017) 
 
Radio observations of globulettes in the Carina nebula. Haikala, L. K.; Gahm, G. F.; 
Grenman, T.; Mäkelä, M. M.; Persson, C. M., A&A 602, A61 (2017) 
 
Simultaneous 183 GHz H2O maser and SiO observations towards evolved stars using APEX 
SEPIA Band 5. Humphreys, E. M. L.; Immer, K.; Gray, M. D. et al. (10 more), A&A 603, 
A77 (2017) 
 
Externally Heated Protostellar Cores in the Ophiuchus Star-forming Region. 
Lindberg, Johan E.; Charnley, Steven B.; Jørgensen, Jes K.; Cordiner, Martin A.; 
Bjerkeli, Per, ApJ 835, 3 (2017) 
 
Rosette nebula globules: Seahorse giving birth to a star. Mäkelä, M. M.; Haikala, L. K.; 
Gahm, G. F., A&A 605, A82 (2017) 
 
First detection of methanol towards a post-AGB object, HD 101584. Olofsson, H.; 
Vlemmings, W. H. T.; Bergman, P. et al. (6 more), A&A 603, L2 (2017) 
 
(Sub)millimeter emission lines of molecules in born-again stars. Tafoya, D.; Toalá, J. A.; 
Vlemmings, W. H. T. et al. (7 more), A&A 600, A23 (2017) 
 
ALMA Compact Array observations of the Fried Egg nebula. Evidence for large-scale 
asymmetric mass-loss from the yellow hypergiant IRAS 17163-3907. Wallström, S. H. J.; 
Lagadec, E.; Muller, S. et al. (12 more), A&A 597, A99 (2017) 
 
International authors (APEX) 
 
Chasing discs around O-type (proto)stars: Evidence from ALMA observations. Cesaroni, R.; 
Sánchez-Monge, Á.; Beltrán, M. T. et al. (27 more), A&A 602, A59 (2017) 
 
Herschel survey and modelling of externally-illuminated photoevaporating protoplanetary 
disks. Champion, J.; Berné, O.; Vicente, S. et al. (5 more), A&A 604, A69 (2017) 
 
The final data release of ALLSMOG: a survey of CO in typical local low-M∗ star-forming 
galaxies. Cicone, C.; Bothwell, M.; Wagg, J. et al. (16 more), A&A 604, A53 (2017) 
 
Characterizing the properties of cluster precursors in the MALT90 survey. Contreras, Yanett; 
Rathborne, Jill M.; Guzman, Andres et al. (4 more), MNRAS 466, 340 (2017) 
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The ATLASGAL survey: The sample of young massive cluster progenitors. Csengeri, T.; 
Bontemps, S.; Wyrowski, F. et al. (5 more), A&A 601, A60 (2017) 
 
Simultaneous low- and high-mass star formation in a massive protocluster: ALMA 
observations of G11.92-0.61★. Cyganowski, C. J.; Brogan, C. L.; Hunter, T. R. et al. (4 more), 
MNRAS 468, 3694 (2017) 
 
Star Formation Activity in the Molecular Cloud G35.20-0.74: Onset of Cloud-Cloud 
Collision. Dewangan, L. K., ApJ 837, 44 (2017) 
 
New Insights in the Mid-infrared Bubble N49 Site: A Clue of Collision of Filamentary 
Molecular Clouds. Dewangan, L. K.; Ojha, D. K.; Zinchenko, I., ApJ 851, 140 (2017) 
 
Triggered massive star formation associated with the bubble Hii region Sh2-39 (N5).  
Duronea, N. U.; Cappa, C. E.; Bronfman, L. et al. (3 more), A&A 606, A8 (2017) 
 
The Hi-GAL compact source catalogue - I. The physical properties of the clumps in the inner 
Galaxy (-71.0° < ℓ < 67.0°). Elia, Davide; Molinari, S.; Schisano, E. et al. (82 more), 
MNRAS  471, 100 (2017) 
 
Squeezed between shells? The origin of the Lupus I molecular cloud. II. APEX CO and GASS 
H I observations. Gaczkowski, B.; Roccatagliata, V.; Flaischlen, S.; Kröll, D.; Krause, M. G. 
H.; Burkert, A.; Diehl, R.; Fierlinger, K.; Ngoumou, J.; Preibisch, T., A&A 608, A102 (2017) 
 
Galactocentric variation of the gas-to-dust ratio and its relation with metallicity. 
Giannetti, A.; Leurini, S.; König, C. et al. (6 more), A&A 606, L12 (2017) 
 
ATLASGAL-selected massive clumps in the inner Galaxy. V. Temperature structure and 
evolution. Giannetti, A.; Leurini, S.; Wyrowski, F. et al. (5 more), A&A 603, A33 (2017) 
 
Radio observations confirm young stellar populations in local analogues to z ~ 5 Lyman 
break galaxies. Greis, Stephanie M. L.; Stanway, Elizabeth R.; Levan, Andrew J.; Davies, 
Luke J. M.; Eldridge, J. J., MNRAS 470, 489 (2017) 
 
Deuteration of ammonia in the starless core Ophiuchus/H-MM1. Harju, J.; Daniel, F.; 
Sipilä, O. et al. (13 more), A&A 600, A61 (2017) 
 
Detection of Interstellar Ortho-D2H+ with SOFIA. Harju, Jorma; Sipilä, Olli; 
Brünken, Sandra et al. (9 more), ApJ 840, 63 (2017) 
 
Tracing the Magnetic Field of IRDC G028.23-00.19 Using NIR Polarimetry. Hoq, Sadia; 
Clemens, D. P.; Guzmán, Andrés E.; Cashman, Lauren R., ApJ 836, 199 (2017) 
 
A search for pre- and proto-brown dwarfs in the dark cloud Barnard 30 with ALMA.  
Huélamo, N.; de Gregorio-Monsalvo, I.; Palau, A. et al. (9 more), A&A 597, A17 (2017) 
 
The outflow of gas from the Centaurus A circumnuclear disk. Atomic spectral line maps from 
Herschel/PACS and APEX. Israel, F. P.; Güsten, R.; Meijerink, R.; Requena-Torres, M. A.; 
Stutzki, J., A&A 599, A53 (2017) 
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MALT-45: A 7 mm survey of the southern Galaxy - II. ATCA follow-up observations of 44 
GHz class I methanol masers. Jordan, Christopher H.; Walsh, Andrew J.; Breen, Shari L. et al 
(3 more), MNRAS 471, 3915 (2017) 
 
Organic molecules, ions, and rare isotopologues in the remnant of the stellar-merger 
candidate, CK Vulpeculae (Nova 1670). Kamiński, T.; Menten, K. M.; Tylenda, R.; 
Karakas, A.; Belloche, A.; Patel, N. A., A&A 607, A78 (2017) 
 
An observational study of dust nucleation in Mira (o Ceti). II. Titanium oxides are negligible 
for nucleation at high temperatures. Kamiński, T.; Müller, H. S. P.; Schmidt, M. R. et al. 
(7 more), A&A 599, A59 (2017) 
 
The Galactic Center Molecular Cloud Survey. I. A steep linewidth-size relation and 
suppression of star formation. Kauffmann, Jens; Pillai, Thushara; Zhang, Qizhou et al. 
(4 more), A&A 603, A89 (2017) 
 
The Galactic Center Molecular Cloud Survey. II. A lack of dense gas and cloud evolution 
along Galactic center orbits. Kauffmann, Jens; Pillai, Thushara; Zhang, Qizhou et al. 
(5 more), A&A 603, A90 (2017) 
 
ATLASGAL-selected massive clumps in the inner Galaxy. IV. Millimeter hydrogen 
recombination lines from associated H II regions. Kim, W.-J.; Wyrowski, F.; Urquhart, J. S.; 
Menten, K. M.; Csengeri, T., A&A 602, A37 (2017) 
 
Revealing the structure of the outer disks of Be stars. Klement, R.; Carciofi, A. C.; 
Rivinius, T. et al. (9 more), A&A 601, A74 (2017) 
 
Cold CO Gas in the Envelopes of FU Orionis-type Young Eruptive Stars. Kóspál, Á.; 
Ábrahám, P.; Csengeri, T. et al. (3 more), ApJ 836, 226 (2017) 
 
Resolving the Circumstellar Environment of the Galactic B[e] Supergiant Star MWC 137 
from Large to Small Scales. Kraus, Michaela; Liimets, Tiina; Cappa, Cristina E. et al. 
(10 more), AJ 154, 186 (2017) 
 
ATLASGAL-selected massive clumps in the inner Galaxy. III. Dust continuum 
characterization of an evolutionary sample. König, C.; Urquhart, J. S.; Csengeri, T. et al. 
(8 more), A&A 599, A139 (2017) 
 
Herschel observations of the Galactic H II region RCW 79. Liu, Hong-Li; Figueira, Miguel; 
Zavagno, Annie et al. (12 more), A&A 602, A95 (2017) 
 
HIFI Spectroscopy of H2O Submillimeter Lines in Nuclei of Actively Star-forming Galaxies. 
Liu, L.; Weiß, A.; Perez-Beaupuits, J. P. et al. (10 more), ApJ 846, 5 (2017) 
 
ALMA Reveals Sequential High-mass Star Formation in the G9.62+0.19 Complex. Liu, Tie; 
Lacy, John; Li, Pak Shing et al. (15 more), ApJ 849, 25 (2017) 
 
Distribution of water in the G327.3-0.6 massive star-forming region. Leurini, S.; Herpin, F.; 
van der Tak, F. et al. (3 more), A&A 602, A70 (2017) 
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Cloud Structure of Three Galactic Infrared Dark Star-forming Regions from Combining 
Ground- and Space-based Bolometric Observations. Lin, Yuxin; Liu, Hauyu Baobab; 
Dale, James E. et al. (12 more), ApJ 840, 22 (2017) 
 
Gas emission and dynamics in the infrared dark cloud G31.23+0.05. Liu, Xiao-Lan; Wang, 
Jun-Jie; Xu, Jin-Long; Zhang, Chuan-Peng, Research in Astronomy and Astrophysics 17, 035 
(2017) 
 
H2O Southern Galactic Plane Survey (HOPS): Paper III - properties of dense molecular gas 
across the inner Milky Way. Longmore, S. N.; Walsh, A. J.; Purcell, C. R. et al. (22 more), 
MNRAS 170, 1462 (2017) 
 
The Molecular Gas Environment in the 20 km s-1 Cloud in the Central Molecular Zone. 
Lu, Xing; Zhang, Qizhou; Kauffmann, Jens et al. (9 more), ApJ 839, 1 (2017) 
 
An ALMA survey of submillimetre galaxies in the COSMOS field: Physical properties derived 
from energy balance spectral energy distribution modelling. Miettinen, O.; Delvecchio, I.; 
Smolčić, V. et al. (25 more), A&A 606, A17 (2017) 
 
A Face-on Accretion System in High-mass Star Formation: Possible Dusty Infall Streams 
within 100 AU. Motogi, Kazuhito; Hirota, Tomoya; Sorai, Kazuo et al. (7 more), ApJ 849, 23 
(2017) 
 
Outflows, infall and evolution of a sample of embedded low-mass protostars. The William 
Herschel Line Legacy (WILL) survey. Mottram, J. C.; van Dishoeck, E. F.; Kristensen, L. E. 
et al. (22 more), A&A 600, A99 (2017) 
 
Search for Interstellar LiH in the Milky Way. Neufeld, David A.; Goldsmith, Paul F.; 
Comito, Claudia; Schmiedeke, Anika, ApJ 837, 52 (2017) 
 
The hybrid disks: a search and study to better understand evolution of disks. Péricaud, J.; Di 
Folco, E.; Dutrey, A.; Guilloteau, S.; Piétu, V., A&A 600, A62 (2017) 
 
Characterizing the Transition from Diffuse Atomic to Dense Molecular Clouds in the 
Magellanic Clouds with [C II], [C I], and CO. Pineda, Jorge L.; Langer, William D.; 
Goldsmith, Paul F. et al. (8 more), ApJ 839, 107 (2017) 
 
The Green Bank Ammonia Survey: Unveiling the Dynamics of the Barnard 59 Star-forming 
Clump. Redaelli, E.; Alves, F. O.; Caselli, P. et al. (17 more), ApJ 850, 202 (2017)  
 
Discovery of Broad Molecular Lines and of Shocked Molecular Hydrogen from the 
Supernova Remnant G357.7+0.3: HHSMT, APEX, Spitzer, and SOFIA Observations.  
Rho, J.; Hewitt, J. W.; Bieging, J. et al. (3 more), ApJ 834, 12 (2017) 
 
Rise of the Titans: A Dusty, Hyper-luminous “870 μm Riser” Galaxy at z ~ 6. Riechers, 
Dominik A.; Leung, T. K. Daisy; Ivison, Rob J. et al. (12 more), ApJ 850, 1 (2017) 
 
xCOLD GASS: The Complete IRAM 30m Legacy Survey of Molecular Gas for Galaxy 
Evolution Studies. Saintonge, Amélie; Catinella, Barbara; Tacconi, Linda J. et al. (18 more), 
ApJS 233, 22 (2017) 
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GRB 110715A: the peculiar multiwavelength evolution of the first afterglow detected by 
ALMA. Sánchez-Ramírez, R.; Hancock, P. J.; Jóhannesson, G. et al. (35 more), MNRAS 464, 
4624 (2017) 
 
SEDIGISM: Structure, excitation, and dynamics of the inner Galactic interstellar medium. 
Schuller, F.; Csengeri, T.; Urquhart, J. S. et al. (41 more), A&A 601, A124 (2017) 
 
ISM Properties of a Massive Dusty Star-forming Galaxy Discovered at z ~ 7. Strandet, M. L.; 
Weiss, A.; De Breuck, C. et al. (28 more), ApJL 842, L15 (2017) 
 
Submillimeter and radio variability of Sagittarius A*. A statistical analysis. Subroweit, M.; 
García-Marín, M.; Eckart, A. et al. (5 more), A&A 601, A80 (2017) 
 
Kinetic temperature of massive star-forming molecular clumps measured with formaldehyde. 
II. The Large Magellanic Cloud. Tang, X. D.; Henkel, C.; Chen, C.-H. R. et al. (8 more), 
A&A 600, A16 (2017) 
 
Kinetic temperature of massive star forming molecular clumps measured with formaldehyde.  
Tang, X. D.; Henkel, C.; Menten, K. M. et al. (8 more), A&A 598, A30 (2017) 
 
A Massive Molecular Outflow in the Dense Dust Core AGAL G337.916-00.477. 
Torii, Kazufumi; Hattori, Yusuke; Hasegawa, Keisuke et al. (9 more), ApJ 840, 111 (2017) 
 
Massive 70 μm quiet clumps I: evidence of embedded low/intermediate-mass star formation 
activity. Traficante, A.; Fuller, G. A.; Billot, N. et al. (5 more), MNRAS 470, 3882 (2017) 
 
Gas kinematics in the H II regions G351.69-1.15 and G351.63-1.25. Veena, V. S.; Vig, S.; 
Tej, A.; Kantharia, N. G.; Ghosh, S. K., MNRAS 465, 4219 (2017) 
 
High-mass Starless Clumps in the Inner Galactic Plane: The Sample and Dust Properties. 
Yuan, Jinghua; Wu, Yuefang; Ellingsen, Simon P. et al. (7 more), ApJS 231, 11 (2017) 
 
Gas versus solid-phase deuterated chemistry: HDCO and D2CO in massive star-forming 
regions. Zahorecz, S.; Jimenez-Serra, I.; Testi, L. et al. (5 more), A&A 602, L3 (2017) 
 
Mass-size scaling M ~ r1.67 of massive star-forming clumps - evidences of turbulence-
regulated gravitational collapse. Zhang, Chuan-Peng; Li, Guang-Xing, MNRAS 469, 2286 
(2017) 
 
A multiwavelength observation and investigation of six infrared dark clouds. Zhang, Chuan-
Peng; Yuan, Jing-Hua; Li, Guang-Xing; Zhou, Jian-Jun; Wang, Jun-Jie, A&A 598, A76 
(2017) 
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Astronomical VLBI, 
publications in refereed journals 2017 
 
Note: This list is partly based on information on the GMVA web site (http://www3.mpifr-
bonn.mpg.de/div/vlbi/globalmm/) 
 
Swedish authors (Astro VLBI) 
 
Multi-messenger Observations of a Binary Neutron Star Merger. Abbott B.P., Abbott R.,  
Abbott T.D., et al. 3674 more), ApJL 848 L12 (2017) 
 
Young, active radio stars in the AB Doradus moving group. R. Azulay, J. C. Guirado, J. M. 
Marcaide, I. Martí-Vidal, E. Ros, E. Tognelli, F. Hormuth and J. L. Ortiz, A&A 602, A57 
(2017) 
 
VLBI observations of four radio quasars at z  > 4: blazars or not? H.-M. Cao, S. Frey, 
K. É. Gabányi, Z. Paragi, J. Yang, D. Cseh, X.-Y. Hong and T. An, Monthly Notices of the 
Royal Astronomical Society 467, 950–960 (2017) 
 
Single-dish and VLBI observations of Cygnus X-3 during the 2016 giant flare episode. 
E. Egron, A. Pellizzoni, M. Giroletti, S. Righini, M. Stagni et al. (32 more), Monthly Notices 
of the Royal Astronomical Society 471, 2703–2714 (2017) 
 
Location of γ-ray emission and magnetic field strengths in OJ 287. J. A. Hodgson, 
T. P. Krichbaum, A. P. Marscher, S. G. Jorstad, B. Rani, I. Marti-Vidal, U. Bach, S. Sanchez, 
M. Bremer, M. Lindqvist et al. (12 more), A&A 597, A80 (2017) 
 
Constraining Magnetic Field Amplification in SN Shocks Using Radio Observations of SNe 
2011fe and 2014J. E. Kundu, P. Lundqvist, M. A. Pérez-Torres, R. Herrero-Illana and 
A. Alberdi, ApJ 842, 17 (2017) 
 
Probing the gravitational redshift with an Earth-orbiting satellite. D.A. Litvinov, 
V. N. Rudenko, A. V. Alakoz et al. (45 more), Physics Letters A (2017) 
 
Discovery of five low luminosity active galactic nuclei at the centre of the Perseus cluster. 
Park, S., Yang J., Oonk J.B.R., Paragi Z., MNRAS 465, 3943–3948 (2017) 
 
Unveiling the AGN in IC 883: discovery of a parsec-scale radio jet. C. Romero-Cañizales, 
A. Alberdi, C. Ricci, P. Arévalo, M. Á. Pérez-Torres, J. E. Conway et al. (9 more), Monthly 
Notices of the Royal Astronomical Society 467, 2504–2516 (2017) 
 
Resolved, expanding jets in the Galactic black hole candidate XTE J1908+094. 
A. P. Rushton, J. C. A. Miller-Jones, P. A. Curran, G. R. Sivakoff, M. P. Rupen et al. (13 
more), Monthly Notices of the Royal Astronomical Society 468, 2788–2802 (2017) 
 
NGC 5252: a pair of radio-emitting active galactic nuclei? Yang X., Yang J., Paragi Z., et al. 
(7 more), MNRAS 464, L70–L74 (2017) 
 
 
 

http://www3.mpifr-bonn.mpg.de/div/vlbi/globalmm/
http://www3.mpifr-bonn.mpg.de/div/vlbi/globalmm/


45 
 

International authors (Astro VLBI) 
 
First multi-wavelength campaign on the gamma-ray-loud active galaxy IC 310. M. L. Ahnen, 
S. Ansoldi, L. A. Antonelli, C. Arcaro, A. Babić, B. Banerjee, P. Bangale, U. Barres de 
Almeida, J. A. Barrio, J. Becerra González et al. (154 more), A&A 603, A25 (2017) 
 
SN 1986J VLBI. III. The Central Component Becomes Dominant. Michael F. Bietenholz and 
Norbert Bartel, ApJ 839, 10 (2017) 
 
The Disk-Driven Jet of Cygnus A. Bia Boccardi, Thomas P. Krichbaum and Uwe Bach, 
Galaxies 5(2), 22 (2017) 
 
Radio observations of active galactic nuclei with mm-VLBI. Boccardi, B., Krichbaum, T.P., 
Ros, E., Zensus, J.A., Astron Astrophys Rev 25: 4 (2017) 
 
SDSSJ143244.91+301435.3 at VLBI: a compact radio galaxy in a narrow-line Seyfert 1. 
A. Caccianiga, D. Dallacasa, S. Antón, L. Ballo, M. Berton, K.-H. Mack and A. Paulino-
Afonso, MNRAS 464, 1474–1480 (2017) 
 
3 mm GMVA Observations of Total and Polarized Emission from Blazar and Radio Galaxy 
Core Regions. Carolina Casadio, Thomas P. Krichbaum, Alan P. Marscher, Svetlana G. 
Jorstad, José L. Gómez, Iván Agudo, Uwe Bach, Jae-Young Kim, Jeffrey A. Hodgson and 
Anton J. Zensus, Galaxies 5(4), 67 (2017)  
 
A direct localization of a fast radio burst and its host. Chatterjee S., Law C.J., Wharton R.S., 
et al. (22 more), Nature 541, 58 (2017) 
 
A VLBI experiment using a remote atomic clock via a coherent fibre link. Cecilia Clivati, 
Roberto Ambrosini, Thomas Artz, Alessandra Bertarini, Claudio Bortolotti, Matteo Frittelli, 
Filippo Levi, Alberto Mura, Giuseppe Maccaferri, Mauro Nanni, Monia Negusini, Federico 
Perini, Mauro Roma, Matteo Stagni, Massimo Zucco & Davide Calonico, Scientific Reports 
volume 7, Article number: 40992 (2017) 
 
Recurring OH Flares towards o Ceti – I. Location and structure of the 1990s’ and 2010s’ 
events. S. Etoka, E. Gérard, A. M. S. Richards, D. Engels, J. Brand and T. Le Bertre,  
Monthly Notices of the Royal Astronomical Society 468, 1703–1716 (2017) 
 
Physical properties and astrometry of radio-emitting brown dwarf TVLM513-46546 revisited. 
Gawronski M.P., Gozdziewski K., Katarzyński K., MNRAS 466, 4211–4220 (2017) 
 
No AGN evidence in NGC 1614 from deep radio VLBI observations. Rubén Herrero-Illana, 
Antxon Alberdi, Miguel Ángel Pérez-Torres, Almudena Alonso-Herrero, Daniel González-
Millán and Miguel Pereira-Santaella, MNRAS 470, L112–L116 (2017) 
 
Radio light curve of the galaxy possibly associated with FRB 150418. S. Johnston, 
E. F. Keane, S. Bhandari, J.-P. Macquart, S. J. Tingay et al. (11 more), Monthly Notices of the 
Royal Astronomical Society 465, 2143–2150 (2017)  
 
Fibre-optic delivery of time and frequency to VLBI station. P. Krehlik, Ł. Buczek, J. 
Kołodziej et al. (18 more), A&A 603, A48 (2017) 
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The Repeating Fast Radio Burst FRB 121102 as Seen on Milliarcsecond Angular Scales. 
B. Marcote, Z. Paragi, J. W. T. Hessels, A. Keimpema, H. J. van Langevelde, Y. Huang, C. G. 
Bassa, S. Bogdanov, G. C. Bower, S. Burke-Spolaor et al. (19 more), ApJL 834, L8 (2017) 
 
Extended CH3OH maser flare excited by a bursting massive YSO. L. Moscadelli, A. Sanna, 
C. Goddi, M. C. Walmsley, R. Cesaroni, A. Caratti o Garatti, B. Stecklum, K. M. Menten and 
A. Kraus, A&A 600, L8 (2017) 
 
The 999th Swift gamma-ray burst: Some like it thermal — A multiwavelength study of GRB 
151027A. F. Nappo, A. Pescalli, G. Oganesyan, G. Ghirlanda, M. Giroletti, A. Melandri, 
S. Campana, G. Ghisellini, O. S. Salafia, P. D’Avanzo et al. (16 more), A&A 598, A23 (2017) 
 
Resolving the blazar CGRaBS J0809+5341 in the presence of telescope systematics. Iniyan 
Natarajan, Zsolt Paragi, Jonathan Zwart, Simon Perkins, Oleg Smirnov, Kurt van der Heyden,   
Monthly Notices of the Royal Astronomical Society, 464, 4306–4317 (2017) 
 
On significance of VLBI/Gaia position offsets. L. Petrov and Y. Y. Kovalev, MNRAS 467, 
L71–L75 (2017) 
 
Planar infall of CH3OH gas around Cepheus A HW2. A. Sanna, L. Moscadelli, G. Surcis, 
H. J. van Langevelde, K. J. E. Torstensson and A. M. Sobolev, A&A 603, A94 (2017) 
 
 
LOFAR, 
publications in refereed journals 2017 
 
Note: This list is based on the publication list on the LOFAR web site: 
http://astron.nl/radio-observatory/lofar-science/lofar-papers/lofar-papers    
 
Swedish authors (LOFAR) 
 
Multi-messenger Observations of a Binary Neutron Star Merger. Abbott B.P., Abbott R., T. 
D. Abbott T.D., et al. 3674 more), ApJL 848 L12 (2017) 
 
The association of a J-burst with a solar jet. Morosan, D. E.; Gallagher, P. T.; Fallows, R. A. 
et al. (56 more), A&A 606, A81 (2017) 
 
Upper Limits on the 21 cm Epoch of Reionization Power Spectrum from One Night with 
LOFAR. Patil, A. H.; Yatawatta, S.; Koopmans, L. V. E. at al. (25 more), ApJ 838, 65 (2017) 
 
The LOFAR Two-metre Sky Survey. I. Survey description and preliminary data release.  
Shimwell, T. W.; Röttgering, H. J. A.; Best, P. N. et al. (69 more), A&A 598, A104 (2017) 
 
Faraday tomography of the local interstellar medium with LOFAR: Galactic foregrounds 
towards IC 342. Van Eck, C. L.; Haverkorn, M.; Alves, M. I. R. et al. (18 more), A&A 597, 
A98 (2017) 
 
 
 
 

http://astron.nl/radio-observatory/lofar-science/lofar-papers/lofar-papers
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International authors (LOFAR) 
 
LOFAR Discovery of the Fastest-spinning Millisecond Pulsar in the Galactic Field. 
Bassa, C. G.; Pleunis, Z.; Hessels, J. W. T. et al. (15 more), ApJL 846, L20 (2017) 
 
Search and modelling of remnant radio galaxies in the LOFAR Lockman Hole field. 
Brienza, M.; Godfrey, L.; Morganti, R. et al. (8 more), A&A 606, A98 (2017) 
 
The LOFAR window on star-forming galaxies and AGNs – curved radio SEDs and IR–radio 
correlation at 0 < z < 2.5. Calistro Rivera, G.; Williams, W. L.; Hardcastle, M. J. et al. 
(20 more), MNRAS 469, 3468–3488 (2017) 
 
LOFAR MSSS: Discovery of a 2.56 Mpc giant radio galaxy associated with a disturbed 
galaxy group. Clarke, A. O.; Heald, G.; Jarrett, T. et al. (40 more), A&A 601, A25 (2017) 
 
A LOFAR Detection of the Low-mass Young Star T Tau at 149 MHz. Coughlan, Colm P.; 
Ainsworth, Rachael E.; Eislöffel, Jochen et al. (15 more), ApJ 834, 206 (2017) 
 
Scattering analysis of LOFAR pulsar observations. Geyer, M.; Karastergiou, A.; 
Kondratiev, V. I. et al. (8 more), MNRAS 470, 2659–2679 (2017) 
 
Deep LOFAR observations of the merging galaxy cluster CIZA J2242.8+5301. Hoang, D. N.; 
Shimwell, T. W.; Stroe, A. et al. (20 more), MNRAS 471, 1107–1125 (2017) 
 
LOFAR MSSS: The scaling relation between AGN cavity power and radio luminosity at low 
radio frequencies. Kokotanekov, G.; Wise, M.; Heald, G. H. et al. (35 more), A&A 605, A48 
(2017) 
 
Imaging spectroscopy of solar radio burst fine structures. E. P. Kontar, S. Yu, 
A. A. Kuznetsov et al. (6 more), Nature Communications 8, 1515 (2017) 
 
Investigating the unification of LOFAR-detected powerful AGN in the Boötes field. Morabito, 
Leah K.; Williams, W. L.; Duncan, Kenneth J. et al. (17 more), MNRAS 469, 1883 (2017) 
 
Archaeology of active galaxies across the electromagnetic spectrum. Morganti, R., Nature 
Astronomy 1, 596 (2017) 
 
Carbon and hydrogen radio recombination lines from the cold clouds towards 
Cassiopeia A. Oonk, J. B. R.; van Weeren, R. J.; Salas, P. et al. (5 more), MNRAS 465, 1066 
(2017) 
 
A Millisecond Pulsar Discovery in a Survey of Unidentified Fermi γ-Ray Sources with 
LOFAR. Pleunis, Z.; Bassa, C. G.; Hessels, J. W. T. et al. (7 more), ApJL 846, L19 (2017) 
 
Imaging spectroscopy of type U and J solar radio bursts with LOFAR. Reid, Hamish A. S.; 
Kontar, Eduard P., A&A 606, A141 (2017) 
 
Calibration of LOFAR data on the cloud. Sabater, J.; Sánchez-Expósito, S.; Best, P. et al. 
(3 more), Astronomy and Computing 19, 75 (2017) 
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LOFAR observations of decameter carbon radio recombination lines towards Cassiopeia A.  
Salas, P.; Oonk, J. B. R.; van Weeren, R. J. et al. (6 more), MNRAS 467, 2274 (2017) 
 
Radiative age mapping of the remnant radio galaxy B2 0924+30: the LOFAR perspective. 
Shulevski, A.; Morganti, R.; Harwood, J. J. et al. (9 more), A&A 600, A65 (2017) 
 
A Multiwavelength Study of Nearby Millisecond Pulsar PSR J1400-1431: Improved 
Astrometry and an Optical Detection of Its Cool White Dwarf Companion. Swiggum, J. K.; 
Kaplan, D. L.; McLaughlin, M. A. et al. (16 more), ApJ 847, 25 (2017) 
 
A Dense Plasma Globule in the Solar Neighborhood. Vedantham, H. K.; de Bruyn, A. G.; 
Macquart, J.-P., ApJL 849, 3 (2017) 
 
The two-component giant radio halo in the galaxy cluster Abell 2142. Venturi, T.; 
Rossetti, M.; Brunetti, G. et al. (9 more), A&A 603, A125 (2017) 
 
 
Geoscience, 
publications, in refereed journals, using the infrastructure at the Onsala site, 2017 
 
Swedish authors (Geoscience) 
 
Monitoring of the neutral atmosphere. Elgered, G. and J. Wickert, in Springer Handbook of 
Global Navigation Satellite Systems, eds. P. Teunissen and O. Montenbruck, Springer Int. 
Publ., 1109-1138, doi:10.1007/978-3-319-42928-1 (2017) 
 
Ultra-rapid earth rotation determination with VLBI during CONT11 and CONT14. Haas, R., 
T. Hobiger, S. Kurihara, T. Hara. Journal of Geodesy, 91: 831, doi:10.1007/s00190-016-
0974-x (2017) 

Terrestrial Laser Scanner Two-Face Measurements for Analyzing the Elevation-Dependent 
Deformation of the Onsala Space Observatory 20-m Radio Telescope’s Main Reflector in a 
Bundle Adjustment. Holst, C., D. Schunck, A. Nothnagel, R. Haas, L. Wennerbäck, 
H. Olofsson, R. Hammargren, H. Kuhlmann. Sensors, 17:1833, 1–21, doi:10.3390/s17081833 
(2017) 

The SPARC water vapor assessment II: intercomparison of satellite and ground-based 
microwave measurements. Nedoluha, G. E., M. Kiefer, S. Lossow, R. M. Gomez, 
N. Kämpfer, M. Lainer, P. Forkman, O. M. Christensen, J. J. Oh, P. Hartogh, J. Anderson, 
K. Bramstedt, B. M. Dinelli, M. Garcia-Comas, M. Hervig, D. Murtagh, P. Raspollini, 
W. G. Read, K. Rosenlof, G. P. Stiller, K. A. Walker. Atmospheric Chemistry and Physics, 
17, 14543-14558, doi:10.5194/acp-17-14543-2017 (2017) 
 
Data assimilation of GNSS zenith total delays from a Nordic processing centre. Lindskog, M., 
M. Ridal, S. Thorsteinsson, T. Ning. Atmospheric Chemistry and Physics, 17, 13983–13998, 
doi:10.5194/acp-17-13983-2017 (2017) 
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Probing the gravitational redshift with an Earth-orbiting satellite. Litvinov D. A., 
V. N. Rudenko, A. V. Alakoz, U. Bach N. Bartel, A. V. Belonenko, K. G. Belousov, 
M. Bietenholz, A. V. Biriukov, R. Carman, G. Cimó, C. Courde, D. Dirkx, D. A. Duev, A. 
I. Filetkin, G. Granato, L. I. Gurvits, A. V. Gusev, R. Haas, G. Herold, A. Kahlon, 
B. Z. Kanevsky, V. L. Kauts, G. D. Kopelyansky, A. V.  Kovalenko,  G. Kronschnabl, 
V. V. Kulagin, A. M. Kutkin, M. Lindqvist, J. E. H. Lovell, H. Mariey, J. McCallum, 
G. Molera Calvés, C. Moore, K. Moore, A. Neidhardt, C. Plötz, S. V. Pogrebenko, A. Pollard, 
N. K. Porayko, J. Quick, A. I. Smirnov, K. V. Sokolovsky, V. A. Stepanyants, J.-M. Torre, 
P. de Vicente, J. Yang, M. V. Zakhvatkin. Physics Letters A, 
doi:10.1016/j.physleta.2017.09.014 (2017) 
 
Coastal Sea Ice Detection Using Ground-Based GNSS-R. Strandberg, J., T. Hobiger, R. Haas. 
IEEE Geoscience and Remote Sensing Letters, 14:9, 1552–1556, 
doi:10.1109/LGRS.2017.2722041 (2017) 
 
Coastal Sea-Level Measurements Based on GNSS-R Phase Altimetry: A Case Study at the 
Onsala Space Observatory, Sweden. Liu, W., J.  Beckheinrich, M.  Semmling, M. Ramatschi, 
S. Vey, J. Wickert, T. Hobiger, R. Haas. IEEE Transactions on Geoscience and Remote 
Sensing. 55(10), 5625–5636, doi:10.1109/TGRS.2017.2711012 (2017) 
 
International authors (Geoscience) 
 
JTRF2014, the JPL Kalman filter, and smoother realization of the International Terrestrial 
Reference System. Abbondanza, C., T. M. Chin, R. S. Gross, M. B. Heflin, J. Parker, B. S 
Soja, T. van Dam, X. Wu. Journal of Geophysical Research Solid Earth, 122, 8474–8510, 
doi:10.1002/2017JB014360 (2017) 
 
GNSS related periodic signals in coordinate time-series from Precise Point Positioning. 
Abraha, K. E., F. N. Teferle, A. Hunegnaw, R. Dach. Geophysical Journal International, 
208:3, 1449–1464, doi:10.1093/gji/ggw467 (2017) 
 
Improved Dual Frequency PPP Model Using GPS and BeiDou Observations. Afifi, A., A. El-
Rabbany. Journal of Geodetic Science, 7:1–8, doi:10.1515/jogs-2017-0001 (2017) 
 
GPS coordinate time series measurements in Ontario and Quebec, Canada. Alinia, H. S., 
K. F. Tiampo, T. S. James. Journal of Geodesy, 91:6, 653–683 (2017) 
 
First Six Months of Superconducting Gravimetry in Argentina. Antokoletz, E. D., H. 
Wziontek, C. Tocho. In: International Association of Geodesy Symposia. Springer, Berlin, 
Heidelberg, (2017) 
 
The impact of the antenna phase center models on the coordinates in the EUREF Permanent 
Network. Araszkiewicz, A., C. Völksen. GPS Solutions, 21: 747, doi:10.1007/s10291-016-
0564-7 (2017) 
 
Adding source positions to the IVS combination—First results. Bachmann, S., D. Thaller. 
Journal of Geodesy, 91:743, doi:10.1007/s00190-016-0979-5 (2017) 
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On the consistency of the current conventional EOP series and the celestial and terrestrial 
reference frames. Belda, S., R. Heinkelmann, J. M. Ferrándiz, T. Nilsson, H. Schuh. Journal 
of Geodesy, 91:135–149, doi:10.1007/s00190-016-0944-3 (2017) 
 
An Improved Empirical Harmonic Model of the Celestial Intermediate Pole Offsets from a 
Global VLBI Solution. Belda, S., R. Heinkelmann, J. M. Ferrándiz, M. Karbon, T. Nilsson, 
H. Schuh. The Astronomical Journal, 54:4, doi:10.3847/1538-3881/aa8869 (2017) 

An evaluation of real-time troposphere estimation based on GNSS Precise Point Positioning. 
Ding, W., F. N. Teferle, K. Kazmierski, D. Laurichesse, Y. Yuan. Journal of Geophysical 
Research Atmososphere, 122, 2779–2790, doi:10.1002/2016JD025727 (2017) 
 
Tropospheric products of the second GOP European GNSS reprocessing (1996–2014). 
Dousa, J., P. Vaclavovic, M. Elias. Atmospheric Measurement Techniques, 10, 3589–3607, 
doi:10.5194/amt-10-3589-2017 (2017) 
 
Observation of the Earth’s nutation by the VLBI: how accurate is the geophysical signal. 
Gattano, C., S. B. Lambert, C. Bizouard. Journal of Geodesy, 91:849–856, 
doi:10.1007/s00190-016-0940-7 (2017) 
 
Impact of the VLBA on reference frames and earth orientation studies. Gordon, D., Journal of 
Geodesy, 91: 735, doi:10.1007/s00190-016-0955-0 (2017) 
 
Application of ray-traced tropospheric slant delays to geodetic VLBI analysis. Hofmeister, A., 
J. Böhm. Journal of Geodesy, 91:945–964, doi:10.1007/s00190-017-1000-7 (2017) 
 
Earth orientation parameters from VLBI determined with a Kalman filter. Karbon, M., 
B. Soja, T. Nilsson, Z. Deng, R. Heinkelmann, H. Schuh. Geodesy and Geodynamics, 8, 396-
407, doi:10.1016/j.geog.2017.05.006 (2017) 
 
The extension of the parametrization of the radio source coordinates in geodetic VLBI and its 
impact on the time series analysis. Karbon, M., R. Heinkelmann, J. Mora-Diaz, M. Xu, 
T. Nilsson, H. Schuh. Journal of Geodesy, 91: 755, doi:10.1007/s00190-016-0954-1 (2017) 
 
Analysis strategies for combining continuous and episodic GNSS for studies of neo-tectonics 
in Northern-Norway. Kierulf, H. P. Journal of Geodynamics, 109, 32–40 (2017) 
 
VLBI-Gaia offsets favour parsec-scale jet direction in Active Galactic Nuclei. Kovalev, Y. Y., 
L. Petrov, A. V. Plavin. Astronomy and Astrophysics, 598, L1, doi:10.1051/0004-
6361/201630031 (2017) 
 
Multi-GNSS precise point positioning (MGPPP) using raw observations. Liu, T., Y. Yuan, 
B. Zhang, N. Wang, B. Tan, Y. Chen. Journal of Geodesy, 91:253–268, doi:10.1007/s00190-
016-0960-3 (2017) 
 
Annual variations in GPS‐measured vertical displacements near Upernavik Isstrøm 
(Greenland) and contributions from surface mass loading. Liu, L., S. A. Khan, T. van Dam, J. 
H. Y. Ma, M. Bevis. Journal of Geophysical Research Solid Earth, 
doi:10.1002/2016JB013494 (2017) 
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Real-Time Tropospheric Delays Retrieved from Multi-GNSS Observations and IGS Real-Time 
Product Streams. Lu, C., X. Chen, G. Liu, G. Dick, J. Wickert, X. Jiang, K. Zheng, H. Schuh. 
Remote Sensing, 9, 1317, doi:10.3390/rs9121317 (2017) 
 
EOP and scale from continuous VLBI observing: CONT campaigns to future VGOS networks. 
MacMillan, D. S., Journal of Geodesy, 91: 819–829. doi:10.1007/s00190-017-1003-4 (2017) 
 
A Simplified Model for the Retrieval of Precipitable Water Vapor From GPS Signal. 
Manandhar, S., Y. H. Lee, Y. S. Meng, J. T. Ong. IEEE Transactions on Geosciences and 
Remote Sensing, 55(11), doi:10.1109/TGRS.2017.2723625 (2017) 
 
Tropospheric delay modelling and the celestial reference frame at radio wavelengths. 
Mayer, D., J. Böhm, H. Krásná, D. Landskron. Astronomy and Astrophysics, 606, A143, 
doi:10.1051/0004-6361/201731681 (2017) 
 
Improving the modeling of the atmospheric delay in the data analysis of the Intensive VLBI 
sessions and the impact on the UT1 estimates. Nilsson, T., B. Soja, K. Balidakis, M. Karbon, 
R. Heinkelmann, Z. Deng, H. Schuh. Journal of Geodesy, 91:857–866, doi:10.1007/s00190-
016-0985-7 (2017) 
 
EPN-Repro2: A reference GNSS tropospheric data set over Europe. Pacione, R., 
A. Araszkiewicz, E. Brockmann, J. Dousa. Atmospheric Measurement Techniques, 10, 1689–
1705, doi:10.5194/amt-10-1689-2017 (2017) 
 
Integrating multi-GNSS to improve the performance of precise point positioning. Pan, Z., 
H. Chai, Y. Kong. Advances in Space Research, 60, 2596–2606, 
doi:10.1016/j.asr.2017.01.014 (2017) 
 
Influence of subdaily polar motion model on nutation offsets estimated by very long baseline 
interferometry. Panafidina, N., U. Hugentobler, M. Seitz, H. Krásná. Journal of Geodesy, 91: 
1503. https://doi.org/10.1007/s00190-017-1039-5 (2017) 
 
On significance of VLBI/Gaia offsets. Petrov, L., Y. Y. Kovalev. Monthly Notices of the 
Royal Astonomical Society Letters, L71-L75, doi:10.1093/mnrasl/slx001 (2017). 
 
IGS polar motion measurement accuracy. Ray, J., P. Rebischung, J. Griffiths. Geodesy and 
Geodynamics, 8, 413-420, doi:10.1016/j.geog.2017.01.008 (2017) 
 
Earth's core and inner-core resonances from analysis of VLBI nutation and superconducting 
gravimeter data. Rosat, S. S. B. Lambert, C. Gattano, M. Calvo. Geophysical Journal 
International, 208:1, 211–220 (2017) 
 
Interferometric Water Level Tilt Meter Development in Finland and Comparison with 
Combined Earth Tide and Ocean Loading Models. Ruotsalainen, H., Pure and Applied 
Geophysics, doi:10.1007/s00024-017-1562-6 (2017) 
 
Orbit and Clock Product Generation. Weiss, J. P., P. Steigenberger, T. Springer. In: 
Teunissen P. J., Montenbruck O. (eds,) Springer Handbook of Global Navigation Satellite 
Systems, 983–1010, Springer, (2017) 
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The impacts of source structure on geodetic parameters demonstrated by the radio source 
3C371. Xu, M. H., R. Heinkelmann, J. M. Anderson, J. Mora-Diaz, M. Karbon, H. Schuh, 
G. L. Wang. Journal of Geodesy, 91: 767, doi:10.1007/s00190-016-0990-x (2017) 
 
A two-step ionospheric modeling algorithm considering the impact of GLONASS pseudo-
range inter-channel biases. Zhang, R., Y. Yao, Y. Hu, W.Song. Journal of Geodesy, 91: 
1435, doi:10.1007/s00190-017-1034-x (2017) 
 
Basic Earth's Parameters as estimated from VLBI observations. Zhu, P., A. Rivoldini, 
L. Koot, V. Dehant. Geodesy and Geodynamics, 8, 427-432, doi:10.1016/j.geog.2017.04.007 
(2017) 
 
 
Onsala 20 m telescope, single-dish observations,  
publications in refereed journals 2017 
 
Swedish authors (OSO 20 m) 
 
A CO survey on a sample of Herschel cold clumps. O. Fehér, M. Juvela, T. Lunttila, 
J. Montillaud, I. Ristorcelli, S. Zahorecz and L. V. Tóth, A&A 606, A102 (2017) 
 
Gas kinematics in high-mass star-forming regions from the Perseus spiral arm. 
M. S. Kirsanova, A. M. Sobolev, M. Thomasson, Astronomy Reports 61, No. 9, pp. 760-744 
(2017) 
 
Chemical complexity induced by efficient ice evaporation in the Barnard 5 molecular cloud. 
V. Taquet, E. S. Wirström, S. B. Charnley, A. Faure, A. López-Sepulcre and C. M. Persson, 
A&A 607, A20 (2017) 
 
International authors (OSO 20 m) 
 
None. 
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