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1  Operations 
 
During 2022 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) used for mm wave single-dish 

astronomy and mm-VLBI 
– The Nordic ARC node (the Atacama Large Millimeter/sub-millimeter Array Regional 

Centre node for the Nordic, and Baltic, countries) 
– The Onsala Twin Telescope (OTT) for geodetic VLBI 
– The Onsala gravimeter laboratory for absolute and relative gravimetry 
– The Onsala GNSS stations 
– The tide gauges at Onsala 
– A water vapour radiometer (WVR) 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 
(Sect. 1.1), Nordic ARC node (Sect. 1.2), and Geophysical instruments (Sect. 1.3), resp. 
 
1.1 Telescopes  
[Modules 3, 4 and 5] 
 
Below we describe the activities of the Onsala telescopes during 2022. 
 
Onsala 20 m telescope: The 20 m telescope was used according to expected plans during 2022. 
It participated in 39 geodetic 24-hour campaigns, 8 astronomical single-dish projects, 5 
extended astronomical VLBI sessions (plus three short out-of-session campaigns), 10 24-hours 
astronomical eVLBI sessions, several extended geodetic test runs in synchronisation with the 
Onsala Twin Telescopes, and 2 teaching/outreach observations. Maintenance activities in the 
form of minor upgrades and repairs, as well as technical on-sky observations, were at normal 
levels. Upgrades included a new protection from potential radar damage to the SIS receiver by 
automatically blocking the optical path and moving the telescope far from the line of sight to 
the transmitter source (a low earth orbit satellite), based on official announcements of predicted 
overhead passes. Also, the elevation helical gearboxes were serviced as a result of the trouble 
shooting process for the tracking problems described in Onsala Activity Report 2021.  
 
Onsala 25 m telescope: The Onsala 25 m telescope was used for astronomical VLBI as 
planned without any major problems during the year. 
 

 
 

Figure 1.1. The the 25 m telescope in Onsala. Credit: Magnus Thomasson 
 
 
Onsala Twin Telescope (OTT):  In 2022, The OTT was used for 44 VGOS sessions of 24 h 
duration and 89 VGOS sessions of 1 h duration. See Sect. 1.3 for details. 
 
APEX: Swedish APEX observations, during 2022, were conducted on 31 days, organized 
mainly in three major observing runs in April, July, and October. To perform service mode 
observations, OSO normally sends an observing team to Chile for every run. In 2022 travelling 
to Chile was again possible despite some pandemic restrictions, and the service observations 
were performed by Swedish astronomers at APEX with the aid of remote support from Sweden 
and the local APEX staff members. 
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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 the Netherlands. In Local mode the station is controlled by OSO; this observing 
time is partially allocated via an Onsala 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 with some exceptions, e.g., a short meteor shower observation in August 2022. 
 
VLBI: Very Long Baseline Interferometry observations were conducted using the Onsala 25 m 
and 20 m telescopes, and OTT (Onsala Twin Telescope) as part of international networks of 
telescopes for astronomy and geodesy. The astronomical VLBI observations were scheduled 
based on recommendations from time allocation committees [for the 20 m and 25 m telescopes 
theses TACs are the European VLBI Network TAC and the Global Millimetre VLBI Array 
(GMVA) TAC]. Geodetic VLBI observations using Onsala telescopes (20 m and OTT) were 
scheduled by the International VLBI Service (IVS). 

 
The usage of the above telescopes was distributed in the following way: 
 
–  The Onsala 20 m telescope:        17 days of astronomical VLBI  
     39 days of geodetic VLBI (for details, see Sect. 1.3) 
     130 days of single-dish astronomy 
 
–  The Onsala 25 m telescope:         69 days of regular astronomical VLBI 

(in addition, observations were carried out on 98 days for 
the VLBI-campaign PRECISE and magnetar monitoring, 
see Sect. 4.3) 
 

–  The Onsala Twin Telescope:       44 + 89 sessions of geodetic VLBI (for details, see 
Sect. 1.3) 

 
–  The APEX telescope:                  31 days of single-dish astronomy on Swedish time 
 
–  The LOFAR station:                    271 days ILT, 94 days Local, out of 365 days observing 

(74 % ILT, 26 % Local)  
 
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. 
 
1.2 Nordic ARC node  
[Module 2] 

 
After recovering from the COVID-19 pandemic period, ALMA returned to full operations in 
Cycle 8 2021, which started on 1 October 2021 and finished in 30 September 2022 and was 
executed without any major deviations from the original cycle plans.  

In spring of 2022, the ALMA Cycle 9 Call for Proposals took place. It was the second 
time the review process of regular proposals was perfomed in a Distributed Peer-Review mode. 
Out of 461 submitted proposals in the Nordic countries (Sweden 210; Denmark 195; Finland 
37; Norway 19), 159 projects were accepted. The oversubscription rate remains the highest in 
Europe (39% of all proposals had a European PI). Observations of Cycle 9 projects successfully 
started on 1 October but, due to a cyber-attack on 29 October operations of ALMA halted 



   
 

4 
 

completely. Observations could only resume right before Christmas. Due to the cyber-attack, 
more than two months of the cycle were lost affecting the observations planned in the most 
compact configurations of the array (C-1 and C-2). Those configurations will not be visited in 
Cycle 9. 

Locally at the Nordic ALMA Regional Center (ARC) node, in 2022 we provided support 
to our ALMA user community and to telescope operations. Our most direct form of support are 
Face-to-Face visits and community events. In 2022 the node carried out 12 Face-to-Face in-
person visits for researchers in Sweden, and 2 remote support cases of non-locals. We also 
supported 7 researchers in proposal preparation (including PIs of Large Programs). Besides 
that, the National Facility Computing Infrastructure provided computing resources to 8 Nordic 
PIs to work on ALMA projects. 

The Nordic ARC node contributed significantly to telescope operations. In 2022 staff 
were Contact Scientists of a total of 33 Cycle 9 ALMA projects. We also carried out the Quality 
Assurance of 65 observations, including specialized manual data reduction for 5 full 
polarization observations (which are not automatically reduced by the ALMA Science Pipeline 
yet). In that respect, the node staff is key to the data reduction of full polarization projects in 
Europe. Staff also participated in a training week at the ESO headquarters in Garching on the 
topic of the Quality Assurance of ALMA full polarization data and contributed to the yearly 
testing of the ALMA Observing Tool. Nordic ARC node staff in collaboration with Allegro 
(the ARC node in the Netherlands) and the Joint ALMA Observatory in Chile are the developers 
of a reporting system that facilitates to the ALMA Contact Scientists the tracking of the projects 
they support during the cycle. In 2022 the reporting system was released as a stable version and 
made available to contact scientists in all the ALMA Regional Centers. Relevant to the 
coordination of operations and user support in Europe are the yearly European ARC Network 
All-hands meeting, in which all ARC members in Europe participate (Kreuth, 17–20 October 
2022). 

After the long period of remote interactions in the pandemic, the node organized a series 
of events to serve the community, maintaining remote availability and revamping interactions 
in person whenever possible. Three online events were hosted on the subject of Proposal 
Preparation for ALMA Cycle 9. Staff was also in the scientific/local organizing committes of 
the first Meeting of ALMA Young Astronomers (MAYA 2022 conference, March 2022), the 
European Radio Interferometry School (Dwingeloo, 19–23 September 2022), the first ALMA 
Archive Schoool (Bologna, 5–7 October 2021) and the Swedish astronomical meeting 
Astronomdagarna 2022 (Göteborg, 6–8 October 2022). In the latter, special representation of 
the Nordic ARC node was organized to reach out to the Swedish community of astronomers. 
Node staff was also present at the EAS 2022 conference (Valencia, 27 June – 1 July 2022), 
which included a Symposium and a Lunch Session organized by ARC node staff (Symposium 
S7 - Building bridges: The lifecycle of dust and gas in the Milky Way with ALMA and SKA and 
Lunch Session LS6 - ALMA in Europe: support by the European ALMA Regional Centre 
Network and new ways of interacting with data through the ALMA Science Archive). In June 
2022, the node hosted a one-day local event at the Onsala Space Observatory. The event 
congregated astronomers and receiver developers working with ALMA to present the future 
developments of the telescope that will take place under the ALMA2030 Wide-Sensitivity 
Upgrade and discuss the needs of the user community in Sweden in preparations for this future 
challenge. 

Other activities directed at users were carried out at the European ARC Network level: 
the continuation of the series of online trainings events I-TRAIN with the European ARC Network 
with 6 new trainings in 2022 (staff contributed the main coordination of the series and were 
tutors and active hosts in 2 of the tutorials), and the European ARC Network social media (staff 
in charge of its Facebook site). In the Nordic ARC node region, we maintained our main channel 

https://eas.unige.ch/EAS2022/session.jsp?id=S7
https://eas.unige.ch/EAS2022/session.jsp?id=LS6
https://eas.unige.ch/EAS2022/session.jsp?id=LS6
https://almascience.org/tools/eu-arc-network/i-train)
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of online communication: we provided relevant news on ALMA to our users through the 
mailing list (with almost 90 subscribers). Staff also participated in the European ARC Network 
Visibility Working group, which aims at improving the visibility of the network and its 
activities among ALMA users in Europe.  

The node activities also encompass advanced products and software tools for ALMA 
users. Extra imaging products were generated for all ALMA projects observed in full 
polarization as part of the European ARC Network project High-level Data Products. The new 
polarisation products were ready for ingestion into the ALMA Science Archive. However, due 
to several factors, including the cyber-attack that the observatory suffered at the end of 2022, 
the ingestion of the products was delayed to 2023. These products will be available as 
supplementary products in the ALMA Science Archive by Spring 2023.  

The node hosts and maintains the software tool UVMultiFit. A total of 9 users received 
support in using that tool, which was cited in 12 publications in 2022. Efforts to migrate the 
tool UVMultiFit to a CASA 6, Python 3 based, environment continued, focusing on making the 
code easier to maintain and test. By breaking up the original, monolithic code base into several 
classes, the code was restructured in order to comply with modern practices and packaging 
recommendations. This should facilitate any future additions to the functionality of the tool. 

The Nordic ARC contributed with dedicated FTE in 2022 to the ESO ALMA 
Development Study “High-Cadence Imaging of the Sun” (PI: S. Wedemeyer & Toribio). The 
study explores the potential of sub-second ALMA observations of the Sun and in particular the 
challenges for the interferometric imaging techniques. The support will continue until the 
completion of the study (its final review is scheduled in spring 2023). 
 
1.3 Geophysical instruments 
[Module 6] 
 
Geodetic VLBI: 
The geodetic VLBI observing sessions 2022, using the 20 m telescope with its S/X receiver 
system, were 24 h long and included regular IVS sessions in the R1-, RD-, RV-, T2-series. In 
total 39 sessions in the IVS program were observed during 2022. The cancellation of eight 
originally planned sessions was due to the co-observing rules introduced after the Russian 
invasion war against Ukraine. All sessions were recorded with the DBBC2 in vdif-format on 
the FlexBuff recorder for geodetic VLBI. These data were then e-transferred to the respective 
correlator.  

The Onsala twin telescopes (OTT) were used for 44 international broadband VGOS 
operational (VO) sessions of 24 h duration each, and 89 VGOS sessions of 1 h duration 
(B2/C2/V2). During most of these sessions both OE and OW were used in parallel and all data 
were recorded with the corresponding DBBC3 backends in vdif-format on dedicated FlexBuff 
recorders. While the international VO-sessions were observed in networks of up to 9 VGOS 
partner stations in total, the B2/C2-sessions were observed together on one baseline with station 
Ishioka (Japan), and the V2-sessions with Kokee Park (Hawaii, USA). 

The VO-sessions were correlated at the correlators at MIT/Haystack (USA), USNO 
Washington (USA), MPIfR Bonn (Germany), Technical University Vienna (Austria), and 
Shanghai Astronomical Observatory (China). The B2/C2-sessions were correlated at the 
Tsukuba correlator (Japan) and the V2-sessions at USNO Washington (USA). The goal of the 
VGOS 1 h Intensive sessions is to determine UT1-UTC parallel to simultaneously observed 
IVS-Intensive sessions with legacy S/X systems and to test the limits of VGOS slewing and 
recording modes.  

Additionally, during 2022 nine local interferometry sessions were observed using the 
On-Oe-Ow cluster, with the goal to connect the twin telescopes to the 20 m telescope. These 
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so-called ONTIE-sessions were all planned, scheduled, observed, correlated, fringe-fitted, and 
analysed at Onsala. Unfortunately, one of these nine sessions did not result in a useful database 
for analysis. 
 
For the other geoscience facilities, the activities are summarised as follows: 
 
GNSS stations:  
OSO’s primary GNSS station, called ONSA, has operated continuously during 2022. This is a 
station in the SWEPOS network operated by Lantmäteriet, the Swedish mapping, cadastral and 
land registration authority. ONSA 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 the same networks network. In addition to ONSA and 
ONS1, the six GNSS stations close to the Onsala twin telescopes were all running continuously 
during the year. For these six GNSS stations, the receiver type was exchanged on 23 February 
2023 to a more modern receiver of type Trimble NetR9. The reason for replacing the receivers 
was that we found that the Javad Sigma receivers were generating and transmitting signals that 
interfered with other equipment and observations at the observatory. The Trimble NetR9 
receiver model is also a more modern receiver tracking all GNSS. For one of the six stations, 
OTT1, the antenna was changed to a Leica AR20 on 30 August 2022. Already in 2021, the 
antennas of the other five stations had been exchanged to the same antenna type. The reason for 
the exchange of the antenna was to install individually calibrated antennas including antenna 
radomes for all GNSS stations at OSO. The antenna calibrations were carried out at GEO++. 
 
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 Fundamental Geodetic Station. The laboratory is furnished with platforms for visiting 
absolute gravimeters (AGs), which happens on average one to three times per year. The 
laboratories primary instrument is a superconducting gravimeter (SG, model GWR 054). In 
international context the instrument is called OSG054 and has been operated continuously with 
very few breaks in recording (less than 10 days) since its installation in June 2009. The one-
minute sampled gravity data are uploaded monthly to the International Geodynamics and Earth 
Tide Service (IGETS) servers and contribute to the global SG data base, together with 41 other 
SG around the world. In 2022, we hosted the NKG absolute gravimeter intercomparison at 
Onsala. Comparing absolute gravimeters is necessary to assess the accuracy of these 
instruments. The comparison was arranged as an additional comparison according to the CCM-
IAG strategy for Metrology in absolute gravimetry. To guarantee traceability to the SI, its 
results will be linked to the International and European key comparisons (CCM.G-K2.2017 and 
EURAMET.M.G-K3) through joint participants. The gravimeter intercomparison was held 
during 7 weeks between May and July in 2022. In total 15 different instruments participated, 
of which 5 were from the NKG countries. Both ballistic (FG5X, FG5, A10) and quantum 
(AQG) absolute gravimeters participated in the intercomparison. The Onsala SG continuously 
kept track of local gravity variations, especially due to hydrological effects. It allows to properly 
compare all absolute gravity measurements across the 7 weeks duration of the intercomparison. 

Since 2022, the SG also has its own DOI, which should be cited when its data (available 
through the IGETS portal) are used. The DOI page is available here: https://dataservices.gfz-
potsdam.de/igets/showshort.php?id=280b90c6-27ae-11ed-88a2-c7c587541054. More and 
more journals encouraged/require authors to include data citations as part of their reference list. 
This should help to enhance the visibility of our SG data and to monitor their usage. 

https://isdc.gfz-potsdam.de/igets-data-base/
https://dataservices.gfz-potsdam.de/igets/showshort.php?id=280b90c6-27ae-11ed-88a2-c7c587541054
https://dataservices.gfz-potsdam.de/igets/showshort.php?id=280b90c6-27ae-11ed-88a2-c7c587541054
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The SG had some power issues that tend to trigger spikes into the data in October and 
December 2022. This was due to an excessive power load applied to the continuous self-
levelling system of the device. Under the guidance of the supplier GWR, we adjusted the tilts 
of the gravimeter to reduce that load. Spikes stopped occurring after that. 
 
Tide gauges: 
The Onsala tide gauge station ran uninterrupted for the entire year, excluding the yearly 
cleaning of the well causing a data gap of less than 3 hours on 10 August. The sea level 
observations are available in real time from the official web site of national sea level data 
operated by the Swedish Meteorological and Hydrological Institute (SMHI). Onsala’s other 
GNSS-based tide gauge was also operated continually over the year proving observations with 
a sampling rate of 1 Hz. Data are stored in Receiver Independent Exchange Format (RINEX) 
format and include multi-GNSS (i.e., GPS, GLONASS, Galileo, Beidou) code- and carrier-
phase observations as well as signal-to-noise ratio (SNR) measurements. 
 

 
 

Figure 1.2. The GNSS-based tide gauge in Onsala. Credit: Magnus Thomasson 
 
 
Water Vapour Radiometers: 
The water vapour radiometer Konrad measures the sky brightness temperatures at 20.7 GHz 
and 31.4 GHz from which the radio wave propagation delay due to water vapour in the 
atmosphere can be inferred. During 2022 Konrad was operating more or less continuously from 
12 January to the end of the year.  There were just a few data gaps due to computer failure, 
internet failure, and human interference, in total a few days. The largest loss of data is due to 
rain, or very heavy clouds, in the observed volume of air, which causes the retrieval algorithm 
to suffer from large uncertainties. 
 
Aeronomy station: 
The aeronomy station consists of two radiometers: 1) The single sideband H2O system (water 
vapour) that measures the sky brightness temperature at 22 GHz, and 2) the double sideband 
CO/O3 system (carbon monoxide and ozone) that measures the sky brightness temperatures at 
111 and 115 GHz. Spectra from both radiometer systems are used to retrieve vertical profiles 
of the observed molecules in the middle atmosphere. During 2022 both radiometers operated 
without problems, which means that we have about 340 days of collected H2O and CO/O3 
measurements. 
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Figure 1.3. The water vapour radiometer Konrad, with the radome enclosing the 20 m telescope in the 
background. Credit: Magnus Thomasson 
 
 
Seismometer station: 
OSO hosts a seismograph station in the Swedish National Seismic Network (SNSN) led by 
Uppsala University. We have data access to the local seismometer and keep 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, 
but 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 instruments 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. Since both 
instruments are getting old, there is a need to purchase a new hyrdogen maser rather soon. 
 
InSAR reflectors: 
Two corner reflectors for Interferometric synthetic aperture radar (InSAR), provided to us by 
Lantmäteriet, were permanently installed on bedrock at the observatory. During 2022 the 
coordinates of the InSAR reflectors were determiend in the local survey network at OSO. 
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2  Key numbers 
 
2.1 Astronomy 
[Modules 2, 3, 4, 5] 
 
Detailed key numbers for the astronomy activities are given in tables at the end of this report 
and in a separate excel file. Here we give only a few comments, a summary of the publication 
statistics, and some key numbers for single-dish observations with the 20 m telescope. 
 
Users of the astronomy research infrastructure 
The ALMA user project/user statistics given at the end of this report and in the associated excel 
file are for Proposal Cycles 8 and 9; that is for observations in the period October 2021 – 
September 2022. In conjunction with the annual ALMA deadline the Nordic ARC node is very 
active in advertising the use of ALMA in Sweden and the Nordic countries and a significant 
number of Nordic/Swedish ALMA project proposals are generated by these Nordic ARC 
publicity efforts.  

We note that for ALMA, APEX, astronomical VLBI, and LOFAR taken together, 
slightly less than one quarter of the Swedish users (individuals) were from other institutions 
than Chalmers. The Swedish non-Chalmers users were affiliated with Stockholm University, 
Royal Institute of Technology, Uppsala University, and Lund University. 

About one quarter of the users in 2022 were women. There was only a small difference 
in success rate (fraction of applications for telescope time which are observed) between men 
and women. 
 
Number of refereed scientific papers 
The associated excel file gives a list for each instrument of papers in refereed journals 
published in 2022 (see also the publication list at the end of this report). Conference publications 
are not included (except for a few technical publications). Below are given summary statistics 
of papers for each instrument/activity. For each instrument two figures are given; in most cases 
the first number is the total number of instrument-related publications while the second is the 
number of publications with at least one Swedish author. In contrast for ALMA the first number 
is the number of papers with at least one Nordic author. 

The Nordic ARC provides standard support for all projects with Nordic PIs, and further 
dedicated support upon request. The level and type of Nordic ARC node support for each 
publication is described in the accompanying excel file. Alongside the raw numbers for ALMA 
publications below, on the same line, we give the total number of papers with at least one 
Nordic/Swedish author that have received dedicated Nordic ARC node support. The dominant 
reason the number of papers receiving Nordic ARC support is smaller than the total number of 
ALMA papers authored by Nordic/Swedish scientists is that ~75 %/60 % of those publications 
used ALMA data from projects that were not led by Nordic PIs, and therefore received support 
from other ALMA Regional Centers.   

For APEX, publications based on all partners’ observing time are counted because OSO 
contributed to the full APEX operations costs and because Swedish receivers are used by all 
partners. The numbers for astronomical VLBI include observations with EVN, GMVA, EHT 
and users of JIVE. Publications by OSO staff on technical R&D are also presented. A 
publication list is found at the end of this report. 
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• ALMA     106/43, Nordic ARC node dedicated support 28/16 
(Nordic/Swedish) 

• APEX     76/17       (total/Swedish) 
• Astronomical VLBI   51/24       (total/Swedish) 
• LOFAR     119/12       (total/Swedish) 
• 20 m telescope, single-dish  7/4       (total/Swedish) 
• Technical publ. by OSO staff  13 
 
In addition, in 2022 there was one publication using astronomical data from the satellite Odin 
(now operating mainly in aeronomy mode), and two publications using data from the Swedish-
ESO Submillimetre Telescope SEST (closed in 2003). 
 
Onsala 20 m telescope, single-dish observations 
Single-dish observations with the 20 m telescope in Onsala are not supported by VR (but by 
Chalmers funding) and key numbers for them are therefore not given in the tables at the end of 
this report. We note that in 2022, proposals for 8 projects were observed. There were 4 female 
and 9 male users on the observed projects. Of these, 7 were Swedish (6 of them from Chalmers). 
 
2.2 Geosciences 
[Module 6] 
 
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. 
 
Number of refereed scientific papers 
We have identified 5 papers with one or more Swedish authors and 22 papers with non-Swedish 
authors published during 2022 where the use of data or services from OSO are specifically 
stated. In addition, there are significantly more papers making use of OSO data products, 
especially those 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 OSO geoscience data. This is in any case not a 
readily computable statistic since as described above virtually all of the OSO geoscience data 
are automatically 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 39 experiments, 

http://ivscc.gsfc.nasa.gov/
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each one with a length of 24 h and rather evenly spread over the year, were carried out during 
2022 with the Onsala 20 m telescope. Additionally, we have been observing with the Onsala 
twin telescopes during several VGOS sessions; 44 international 24 h sessions and 89 one-
baseline intensive sessions (1 h long).  

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. These databases are fundamental for many scientific disciplines with Geophysics. 
Given also that global navigation satellite systems like GPS and Galileo, 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, has significant economic value to society; given that everybody relying 
on GNSS positioning and navigation has in the end use of the data. 
 
GNSS: 
The two major GNSS reference stations at OSO, i.e. 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. 
Additionally, GNSS data are recorded with six stations distributed around the Onsala twin 
telescopes, called OTT1 to OTT6 with data stored at Lantmäteriet. It should 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 cases are found in the research 
community where GNSS data 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. Also during 2022 the GNSS station OSOI 
has been operated and contributed to ESA’s ionospheric monitor network. 
 
Gravimeter Laboratory:  
Gravimeter data with one-second samples and maximum with a two-minutes latency is publicly 
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) 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). In 
2022 we hosted the NKG absolute gravimeter intercomparison in Onsala. It was held during 
seven weeks between May and July in 2022. In total 15 different instruments participated. Since 
2022, the SG also has its own DOI, which should be cited when its data (available through the 
IGETS portal) are used. The DOI page is available here: https://dataservices.gfz-
potsdam.de/igets/showshort.php?id=280b90c6-27ae-11ed-88a2-c7c587541054. 
 
 
 

https://webigs.ign.fr/gdc/en/
http://www.epncb.oma.be/
http://holt.oso.chalmers.se/hgs/SCG/monitor-plot.html
https://isdc.gfz-potsdam.de/igets-data-base/
https://dataservices.gfz-potsdam.de/igets/showshort.php?id=280b90c6-27ae-11ed-88a2-c7c587541054
https://dataservices.gfz-potsdam.de/igets/showshort.php?id=280b90c6-27ae-11ed-88a2-c7c587541054
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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.  
 
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. In 2022 the Onsala tide gauge station ran 
uninterrupted for the entire year, excluding the yearly cleaning of the well causing a data gap 
of less than 3 hours on 10 August.  
 
Aeronomy station: 
During 2022 both radiometers operated without problems, which means that we have about 340 
days of collected H2O and CO/O3 measurements. 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).  
 
 
3  Selected scientific highlights 
 
Below follows a list of scientific highlights selected to illustrate the different instruments and 
science areas covered by OSO. In the listed publications Swedish authors are shown underlined. 
 
Astronomy  
 
Especially highlighted in this section are papers from Swedish astronomers using OSO 
telescopes or receiving user support provided at OSO (via for instance by the Nordic ARC 
Node). In addition, some interesting international results that make use of OSO telescopes 
and/or instrumentation are listed. 
 
3.1 ALMA  
[Module 2] 
 
CO line observations of OH/IR stars in the inner Galactic Bulge: Characteristics of stars at 
the tip of the AGB 
Olofsson, H., Khouri, T., Sargent, B. A., Winnberg, A., Blommaert, J. A. D. L., 
Groenewegen, M. A. T., Muller, S., Kastner, J. H., Meixner, M., Otsuka, M., Patel, N., 
Ryde, N., Srinivasan, S. 
Astronomy & Astrophysics, vol. 665, p. A82 (2022) 
 
Summary: Hans Olofsson and colleagues observed a sample of 22 evolved stars toward the 
inner Galactic bulge using ALMA. Using CO lines and continuum, they measured essential 
properties of these stars, namely the mass-loss rates, wind velocity, 12C/13C isotopic ratios, and 
dust-to-gas ratios. Those parameters eventually govern the fate of evolved stars and are keys to 

http://holt.oso.chalmers.se/loading
http://www.ndsc.ncep.noaa.gov/
https://doi.org/10.1051/0004-6361/202244053
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our understanding of stellar evolution. The team performed consistency checks to classify the 
stars and make sure that they could be treated as an equidistant and homogeneous enough 
sample to be able to characterise the stellar population in the bulge. For example, some stars of 
the sample may have recently ceased mass loss and, hence, have begun to evolve beyond the 
Asymptotic Giant Branch. Despite short integrations of only few seconds to few minutes per 
target, all stars in the sample were successfully detected, demonstrating the capability of ALMA 
for follow-up studies on a much larger sample. 
 

 
 

Figure 3.1. 13CO(J = 3–2) brightness distribution integrated over the line for a sample of OH/IR stars 
located in the inner Galactic bulge. 
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First Images of the Molecular Gas around a Born-again Star Revealed by ALMA 
Tafoya, D., Toala, J. A., Unnikrishnan, R., Vlemmings, W. H. T., Guerrero, M. A., 
Kimeswenger, S., van Hoof, P. A. M., Zapata, L. A., Trevino-Morales, S. P.,   
Rodriguez-Gonzalez, J. B. 
The Astrophysical Journal Letters, vol. 925, p. L4 (2022) 
 
Summary: Born-again stars allow probing stellar evolution in human timescales and provide 
the most promising path for the formation of hydrogen-deficient post-asymptotic giant branch 
objects, but their cold and molecular components remain poorly explored. In this work the 
authors present high angular ALMA observations of V 605 Aql that unveil for the first time the 
spatio-kinematic distribution of the molecular material associated with a born-again star. Both 
the continuum and molecular line emission exhibit a clumpy ring-like structure. The clumpy 
ring-like morphology of the emission resembles the elliptical distribution of hydrogen-deficient 
clumps seen in the more evolved born-again planetary nebulae. The presence of high-density 
tracer molecules, such as HCN and HCO+, suggests that the expanding molecular disk seen in 
V 605 Aql contains dense neutral regions. Thus, it is expected that, after ionization and erosion 
by the energetic radiation and fast winds from the central star, the molecular disk will turn into 
a disrupted ring like the ones seen in later stages of the born-again star evolution. 

These results were featured in an ESO blog: https://www.eso.org/public/blog/a-star-
is-born-again/. 
 

 
 

Figure 3.2. ALMA observations of the molecular gas disc around V605 Aquilae. The blue and red 
structures at its center are two jets moving towards us (blue) and away from us (red), while the 
yellow-green indicates the rapidly expanding disc. 
 

https://www.doi.org/10.3847/2041-8213/ac4a5b
https://www.eso.org/public/blog/a-star-is-born-again/
https://www.eso.org/public/blog/a-star-is-born-again/
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3.2 APEX  
[Module 3] 
 
The APEX Large CO Heterodyne Orion Legacy Survey (ALCOHOLS). I. Survey overview 
Stanke, T., Arce, H.G., Bally, J., Bergman, P., Carpenter, J., Davis, C.J., Dent, W., 
Di Francesco, J., Eislöffel, J., Froebrich, D., Ginsburg, A., Heyer, M., Johnstone, D., 
Mardones, D., McCaughrean, M.J., Megeath, S.T., Nakamura, F., Smith, M.D., Stutz, A., 
Tatematsu, K., Walker, C., Williams, J.P., Zinnecker, H., Swift, B.J., Kulesa, C., Peters, B., 
Duffy, B., Kloosterman, J., Yιldιz, U.A., Pineda, J.L., De Breuck, C., and Klein, T.  
Astronomy & Astrophysics, vol. 658, p. A178 (2022) 
 
Summary: A 2.7 square degree CO(3-2) mapping survey covering main sites of star formation 
in the Orion molecular cloud complex. The mapping was made with the SuperCAM heterodyne 
64-pixel array at APEX. Evidences for expanding bubbles and molecular outflows are seen. 
 

 
 

Figure 3.3. The NGC 2023/2024 part of the SuperCAM CO(3-2) map. The beam size (19 arcsec) is 
indicated in the lower left corner as the red dot. 
 

https://doi.org/10.1051/0004-6361/201937034
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APEX and NOEMA observations of H2S in nearby luminous galaxies and the ULIRG Mrk 
231. A possible relation between dense gas properties and molecular outflows 
Sato, M.T., Aalto, S., Kohno, K., König, S., Harada, N., Viti, S., Izumi, T., Nishimura, Y., 
Gorski, M. 
Astronomy & Astrophysics, vol. 660, p. A82 (2022) 
 
Summary: The APEX SEPIA180 GHz receiver was used to study the molecule H2S (the sulphur 
version of water) in several nearby luminous galaxies. The study was focussed on possible 
formation mechanism of H2S molecules, and the authors did not find any connection with 
galactic-scale outflows. Instead, the authors suggest the elevated presence of H2S could be due 
to harsh radiation (such as X-rays and cosmic rays) or smaller scale shocks. 
 

 
 

Figure 3.4. A spectrum showing several molecular lines toward the galaxy NGC4945 - a nearby 
luminous galaxy. The H2S line is near 169 GHz. The spectrum was obtained with the SEPIA 180 GHz 
receiver at APEX. 
 
 
Ionize Hard: Interstellar PO+ Detection 
Rivilla, V.M., García De La Concepción, J., Jiménez-Serra, I., Martín-Pintado, J., Colzi, L., 
Tercero, B., Megías, A., López-Gallifa, Á., Martínez-Henares, A., Massalkhi, S., Martín, S., 
Zeng, S., De Vicente, P., Rico-Villas, F., Requena-Torres, M.A., Cosentino, G. 
Astronomy and Space Sciences, vol. 9, 829288 (2022) 
 
Summary: The phosphorus monoxide ion lines were detected using the IRAM 30 m telescope 
toward the molecular cloud G0.693-0.027. The authors used APEX to provide additional 
information on related molecules in this source. 
 
3.3 Astronomical VLBI  
[Module 4] 
 
First Sagittarius A* Event Horizon Telescope Results.  
I. The Shadow of the Supermassive Black Hole in the Center of the Milky Way 
Event Horizon Telescope Collaboration et al. (from Sweden: Ceccobello, C., Conway, J.E., 
Lindqvist, M.) 
The Astrophysical Journal Letters, vol. 930, p. L12 (2022) 
 
Summary: The Event Horizon Telescope (EHT) collaboration presented the first EHT 
observations of Sagittarius A* (Sgr A*), the Galactic Centre source associated with a super-
massive black hole. The observations were conducted in 2017 using a global interferometric 

https://doi.org/10.1051/0004-6361/202141260
https://doi.org/10.3389/fspas.2022.829288
https://www.doi.org/10.3847/2041-8213/ac6674
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array of 8 telescopes operating at a frequency of 230 GHz. A variety of imaging and modeling 
analyses all support an image that is dominated by a bright, thick ring with a diameter of ∼52 
μas (see Fig. 3.5). The ring has modest azimuthal brightness asymmetry and a comparatively 
dim interior. Using a large suite of numerical simulations, Event Horizon Telescope 
Collaboration et al. (2022) demonstrate that the EHT images of Sgr A* are consistent with the 
expected appearance of a Kerr black hole with mass of 4‧106 M⊙. The results provide direct 
evidence for the presence of a supermassive black hole at the center of the Milky Way galaxy. 
 

 
 

Figure 3.5. EHT image of Sgr A* from the 7 April 2017 data. The inset circle shows the restoring beam 
used for CLEAN image reconstructions (20 μas FWHM).  
 
 
A repeating fast radio burst source in a globular cluster 
Kirsten, F., Marcote, B., Nimmo, K., Hessels, J.W.T., Bhardwaj, M., Tendulkar, S.P., 
Keimpema, A., Yang, J., Snelders, M.P., Scholz, P., Pearlman, A.B., Law, C.J., Peters, W.M., 
Giroletti, M., Paragi, Z., Bassa, C., Hewitt, D.M., Bach, U., Bezrukovs, V., Burgay, M., 
Buttaccio, S.T., Conway, J.E., Corongiu, A., Feiler, R., Forssén, O., Gawroński, M.P., 
Karuppusamy, R., Kharinov, M.A., Lindqvist, M., Maccaferri, G., Melnikov, A., Ould-
Boukattine, O.S., Possenti, A., Surcis, G., Wang, N., Yuan, J., Aggarwal, K., Anna-
Thomas, R., Bower, G.C., Blaauw, R., Burke-Spolaor, S., Cassanelli, T., Clarke, T.E., 
Fonseca, E., Gaensler, B.M., Gopinath, A., Kaspi, V.M., Kassim, N., Lazio, T.J.W., 
Leung, C., Li, D.Z., Lin, H.H., Masui, K.W., Mckinven, R., Michilli, D., Mikhailov, A.G., 
Ng, C., Orbidans, A., Pen, U.L., Petroff, E., Rahman, M., Ransom, S.M., Shin, K., 
Smith, K.M., Stairs, I.H., and Vlemmings, W. 
Nature, vol. 602, p. 585 (2022) 
 
Summary: The vast majority of fast radio bursts (FRBs, extremely bright millisecond-duration 
radio-flashes of unknown extragalactic origin) have been seen only once, although some are 
known to repeat. A possible explanation invokes young neutron stars with strong magnetic 
fields (magnetars) as the source of the emission. Kirsten et al. (2022) reported observations that 
localized the repeating FRB 20200120E to a globular cluster associated with the spiral galaxy 

https://doi.org/10.1038/s41586-021-04354-w
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M81, where it is 2 parsecs away from the optical centre of light of the globular cluster (see 
Fig. 3.6). Globular clusters host old stellar populations, challenging FRB models that invoke 
magnetars formed in a core-collapse supernova as FRB progenitors. They propose instead that 
if FRB 20200120E is a magnetar, it must have formed via exotic formation channels such as 
accretion-induced collapse of a white dwarf, or the merger of compact stars in a binary system. 
Alternative source models include old millisecond pulsars or low-mass X-ray binaries, all of 
which are found in abundance in globular clusters. 
 
 
 

 
 
Figure 3.6. From Kirsten et al. (2022), showing the localisation of FRB 20200120E (small red ellipse 
in both panels) and its surroundings as seen in optical images acquired with Hyper Suprime-cam. The 
right panel is a zoom-in on the position of the globular cluster, illustrating the offset of the FRB from 
the optical center of light (grey circle). 
 
 
Is there a sub-parsec-scale jet base in the nearby dwarf galaxy NGC 4395? 
Yang, J., Yang, X., Wrobel, J.M., Paragi, Z., Gurvits, L.I., Ho, L.C., Nyland, K., Fan, L., 
Tafoya, D. 
Monthly Notices of the Royal Astronomical Society, vol 514, p. 6215 (2022) 
 
Summary: Faint dwarf galaxies are the most common type of galaxy in the Universe. Observing 
these nearby dwarf galaxies might provide some key clues for the early stage of the co-evolution 
of galaxies and massive black holes. The dwarf galaxy NGC 4395, at a distance of 4.3 Mpc, 
hosts a black hole with a very low mass, likely about 104 M⊙. As a rarely-seen intermediate-
mass black hole (IMBH), it also powers an active nucleus from X-ray to radio wavelengths. To 
probe its radio nucleus, Yang et al. (2022) performed milli-arcsecond-resolution observations 
and re-visited some already existing data. Figure 3.7 shows their multi-frequency and multi-
resolution imaging results. There are two features, marked as E and C, in the low-resolution 
15 GHz image. The central component C represents a thermal radio emission region associated 
with the central IMBH and is not seen in the high-resolution VLBI maps because of its low 
surface brightness. The more compact component E is detected in the high-resolution 1.4 GHz 
map and possibly tracks a relic plasma blob from the early ejection activity. This research 
provides an unprecedented view of the radio nucleus and present the strong evidence for the 
IMBH radio activity in NGC 4395.  
 

https://doi.org/10.1093/mnras/stac1753
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Figure 3.7. The radio nucleus of the nearby dwarf galaxy NGC 4395. North is up and east is left. The 
involed radio facilities are the Jasnky VLA (Very Large Array), the HSA (High Sensitivity Array) and 
the EVN (European VLBI Network).  
 
 
3.4 LOFAR  
[Module 5] 
 
Magnetic field strength in cosmic web filaments 
Carretti, E., Vacca, V., O'Sullivan, S.P., Heald, G.H., Horellou, C., Röttgering, H.J.A., 
Scaife, A.M.M., Shimwell, T.W., Shulevski, A., Stuardi, C., and Vernstrom, T. 
Monthly Notices of the Royal Astronomical Society, vol. 512, p. 945 (2022) 
 
Summary: This paper uses data from the LoTSS data release 2 at 144 MHz. The authors create 
a catalogue of rotation measures (RM) and polarization fractions, p. The evolution with redshift 
of the extragalactic RM is flat at 144 MHz, but, once redshift-corrected, it shows evolution at 
high significance, and also p evolves with redshift. 
 
The LOFAR Two-metre Sky Survey - V. Second data release 
Shimwell, T. W., et al. (from Sweden: Conway, J.E., C. Horellou, C.) 
Astronomy & Astrphysics, vol. 659, p. A1 (2022) 
 
Summary: LoTSS is an ongoing survey consisting of images in the 120–168 MHz frequency 
band using the LOFAR telescope. It currently covers 27% of the northern sky. This paper marks 
the 2nd data release. Some figure highlights from the survey are shown in Fig. 3.8. 
 

https://doi.org/10.1093/mnras/stac384
https://doi.org/10.1051/0004-6361/202142484
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Figure 3.8. Left: Status of the LoTSS observations as of April 2021 (yellow and black outlines show the 
LoTSS-DR1 and LoTSS-DR2 areas respectively). Right: LoTSS-DR2 images of a selection of highly 
resolved sources, including radio galaxies and cluster of galaxies. 
 
 
Nearby galaxies in the LOFAR Two-metre Sky Survey. I. Insights into the non-linearity of 
the radio-SFR relation 
Heesen, V., Staffehl, M., Basu, A., Beck, R., Stein, M., Tabatabaei, F.S., Hardcastle, M.J., 
Chyży, K.T., Shimwell, T.W., Adebahr, B., Beswick, R., Bomans, D.J., Botteon, A., 
Brinks, E., Brüggen, M., Dettmar, R.-J., Drabent, A., de Gasperin, F., Gürkan, G., 
Heald, G.H., Horellou, C., Nikiel-Wroczynski, B., Paladino, R., Piotrowska, J., 
Röttgering, H.J.A., Smith, D.J.B., Tasse, C. 
Astronomy & Astrophysics, vol. 664, p. A83 (2022) 
 
Summary: This paper presents an analysis of a large sample of galaxy images from the LoTSS. 
In particular, spatially resolved radio spectral indices are presented that have a mean indicative 
of cosmic ray electrons (CRE), and these spectral indices are comparable to radio-star forming 
rates (SFR) derived from infra-red and Halpha measurements. 
 
3.5 Onsala 20 m telescope single dish  
 
Emission from HCN and CH3OH in comets. Onsala 20-m observations and radiative 
transfer modelling 
Bergman, P., Lerner, M.S., Olofsson, A.O.H., Wirström, E., Black, J.H., Bjerkeli, P., 
Parra, R., Torstensson, K. 
Astronomy & Astrophysics, vol. 660, p. A118 (2022) 
 
Summary: A new radiative transfer code was applied to a large sample of cometary observations 
of HCN and CH3OH done with the 20 m telescope (see Fig. 3.9). The code takes into account 
the changing excitation conditions molecules released from the surface undergo until they reach 
the point of destruction/dissociation. This in turn improves the accuracy of production rate 
estimates. 
 

https://doi.org/10.1051/0004-6361/202142878
https://doi.org/10.1051/0004-6361/202142583
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Figure 3.9. Modelling of a 73P/Schwassmann-Wachmann fragment showing HCN level populations 
variations vs distance when various excitation mechanisms are accounted for. The logarithmic distance 
scale runs from 100 to 106 km. 
 
 
Multiple components in the molecular outflow of the red supergiant NML Cyg 
Andrews, H., De Beck, E., Hirvonen, P. 
Monthly Notices of the Royal Astronomical Society, vol. 510, p. 383 (2022) 
 
Summary: The 3- and 4-mm receivers at the Onsala 20 m telescope were used to make spectral 
surveys of two massive post main sequence stars. This paper presents results for the Red Super 
Giant (RSG) NML Cyg. The data were consistent with a 3-component model with varying 
relative contributions from different molecular species and in general agreement with 
morphologies seen in maser and dust emission. The results also suggest that there could be 
different evolutionary paths in terms of the nature of mass loss rate for this type of stars. 
 
Expanding shells around young clusters - S 171/Be 59 
Gahm, G.F., Wilhelm, M.J.C., Persson, C.M., Djupvik, A.A., and Portegies Zwart, S.F. 
Astronomy &Astrophysics, vol. 663, p. A111 (2022) 
 
Summary: Onsala 20 m telescope 13CO 1-0 data were used to delineate several shell structures 
in the nebula Sharpless 171 (surrounding the cluster Berkeley 59), which is an expanding HII 
region. One result from the modelling efforts based on these data is that massive shell structures 
are dragging behind cloudlets which obtained very high initial velocities. 
 
3.6 Geosciences 
[Module 6] 
 
Broad band flux-density monitoring of radio sources with the Onsala twin telescopes 
Varenius, E., Maio, F., Le Bail, K., Haas, R. 
Experimental Astronomy, vol. 54, p. 137 (2022) 
 
Summary: Ten bright radio sources were monitored repeatedly using the Onsala twin telescopes 
(OTT) as a standalone instrument. During seven months a total number of 71 short 
interferometric sessions were observed, correlated, and analysed. Seven potentially variable 
radio sources and three reference calibrators were included in this pilot study. A bright multi-
frequency flare was observed in the radio source 0058+581, while OJ287 and 1156+295 
showed significant long-term variability in their light curves. Empirically, the flux density 
uncertainty was determined to about 5 %. 
 
 
 

https://doi.org/10.1093/mnras/stab3244
https://doi.org/10.1051/0004-6361/202142927
https://doi.org/10.1007/s10686-022-09867-4
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Comparison of EOP and scale parameters estimated from the three simultaneous CONT17 
VLBI observing networks 
MacMillan, D.S. 
Journal of Geodesy, vol. 96, p. 25 (2022) 
 
Summary: The author analyses the latest continuous VLBI campaign, CONT17, observed 
during 15 days in 2017 with two different legacy S/X VLBI. The differences between the Earth 
Orientation Parameters (EOPs) and scale parameters estimated from the simultaneous 
observing sessions of the three networks are compared, as well to corresponding results derived 
from Global Navigation Satellite System (GNSS) observations. Using the so-called three corner 
hat method the precisions of the derived polar motion values is determined to be between 20 
and 40 microarcseconds. The session scale parameter precision of the legacy S/X VLBI 
networks is between 0.30 and 0.45 ppm. 
 
Detection of a New Large Free Core Nutation Phase Jump 
Z. Malkin, S. Belda, S. Modiri 
Sensors, vol. 22(16), p. 5960 (2022) 
 
Summary: The authors analysed free core nutation (FCN) models based on the global geodetic 
VLBI data set and detected a phase jump of the FCN in the period 2021/2022. The detected 
phase jump is the second one detected in more than 30 years and 1.5 times larger than a previous 
phase jump in 1999/2000. It is suggested that the 2021/2022 phase jump it is connected to a 
recent geomagnetic jerk that started in 2020. 
 
3.7 Device physics and Terahertz technology  
[Module 8] 
 
SEPIA345: A 345 GHz dual polarization heterodyne receiver channel for SEPIA at the 
APEX telescopes 
Meledin, D., Lapkin, I., Fredrixon, M., Sundin, E., Ferm, S.-E., Pavolotsky, A., Strandberg, 
M., Desmaris, V., López, C., Bergman, P., Olberg, M., Conway, J., Torstensson, K., Durán, 
C., Montenegro-Montes, F.M., De Breuck, C., and Belitsky, V. 
Astronomy and astrophysics, vol. 668, p. A2 (2022) 
 
Summary: This paper describes the SEPIA345 heterodyne receiver channel installed at the 
Atacama Pathfinder EXperiment (APEX) telescope, including details of its configuration, 
characteristics, and test results on sky. SEPIA345 is designed and built to be a part of the 
Swedish ESO PI Instrument for the APEX telescope (SEPIA). This new receiver channel is 
suitable for very high-resolution spectroscopy and covers the frequency range 272–376 GHz. 
It utilizes a dual polarization sideband separating (2SB) receiver architecture, employing 
superconductor-isolator-superconductor mixers (SIS), and provides an intermediate frequency 
(IF) band of 4–12 GHz for each sideband and polarization, thus covering a total instantaneous 
IF bandwidth of 4 × 8 = 32 GHz.  

The paper provides a description of the new receiver in terms of its hardware design, 
performance, and commissioning results. Even though the receiver was installed in 2020 at the 
beginning of the pandemic, it has only been fully commissioned in 2022 and thus is now 
available for observation. The receiver features an ALMA compatible cartridge layout (see 
Fig. 3.10) and an integrated IF circuitry enabling the delivery of 12 GHz IF per sideband per 
polarization. The noise performance of the receivers and typical sideband separation ration are 
illustrated in Fig. 3.11 and Fig. 3.12 below. 

https://doi.org/10.1007/s00190-022-01611-2
https://doi.org/10.3390/s22165960
https://doi.org/10.1051/0004-6361/202244211
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Figure 3.10. SEPIA345 CCA layout. The following components are marked: 1 – the first cold mirror; 
2 – the second cold mirror; 3 – the OMT; 4 – the 2SB mixer block at Pol0; 5 – the 2SB mixer block at 
Pol1; 6 – the magnetic coil assembly at Pol0; 7 – the magnetic coil assembly at Pol1; 8 – the LSB and 
USB IF assemblies at Pol0; 9 – the LSB and USB IF assemblies at Pol1; 10 – the 4K plate; 11 – the 
15K plate; 12 – the 110 K plate; 13 – the room temperature plate. 
 
 

 

 
Figure 3.11. SSB receiver noise temperature 
measurements performed for each polarization 
and sideband over the entire RF band averaged 
over each 4.0 GHz-wide FFTS IF sub-band. The 
temperature in the higher IF section (8–12 GHz) 
is illustrated with blue (Pol0) and violet circles 
(Pol1). The results in the inner segment (4–
8 GHz) are shown with red (Pol0) and green 
circles (Pol1).  

Figure 3.12. Estimated SBRR over the 4–12 GHz 
IF at every 1 GHz, as determined by observations 
of the CO J = 3 → 2 line toward WB 947 in the 
LSB (top) and in the USB (bottom).  
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4  Instrument upgrades and technical R&D 
 
4.1 ALMA 
[Modules 2 & 8] 
 
Within the frame of the ALMA Band 2 Development and pre-production project, where GARD 
owns the role of the cold cartridge designer in this prestigious international project with partner 
institutions from the Netherlands (NOVA, Groningen), and Italy (INAF, Palermo), GARD 
completed in 2022 the design of two cartridge receivers and produced most of the unique and 
dedicated hardware in its own workshop. In the fall of 2022, the two prototype ALMA Band 2 
cold cartridge receivers have been assembled at NOVA and the receiver tests at INAF have 
shown excellent results. Consequently, ESO together with ALMA decided to build six ALMA 
Band 2 receiver cartridges and integrate them into ALMA FE receivers for commissioning. 
This work is continued in 2023 when a decision on full ALMA Band 2 deployment will be 
taken after initial tests. 

The Band 2 receiver pursues 2SB layout and provides 4–18 GHz IF band for two 
sidebands in dual-polarization configuration covering the 67–116 GHz band, taking advantage 
of the recent progress in mm-wave amplifiers. The Band 2 is the last band that completes the 
suit of the 10 receiver channels of the ALMA Observatory 
 

 
 

Figure 4.1. The ALMA Band 2 CCA 3D model (left) and the built prototype of the ALMA Band 2 CCA 
(right), for 67–116 GHz. 
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Figure 4.2. ALMA Band 2 receiver noise, preliminary results, 4–18 GHz IF bandwidth, averaged over 
4 GHz bins, RF 67–116 GHz. 
 
 
The Nordic ARC contributed with dedicated FTE in 2022 to the ESO ALMA Development 
Study “High-Cadence Imaging of the Sun” (PI: S. Wedemeyer & Toribio). The study explores 
the potential of sub-second ALMA observations of the Sun and in particular the challenges for 
the interferometric imaging techniques. The support will continue until the completion of the 
study (its final review is scheduled in spring 2023). 
 
4.2 APEX 
[Modules 3 and 8] 
 
A replacement synthesizer was sent to APEX in April 2022. This synthesizer is needed as local 
oscillator reference for all SEPIA receivers. In conjunction with this, some minor adjustments 
were made to the synthesizer output power level to improve the phase locking stability in the 
180 and 345 GHz channels. The SEPIA receivers were working without problems during the 
science operations. 

The SEPIA 345 GHz instrument paper was published in 2022 (Meledin et al. 2022). This 
paper contains technical details of the receiver as well as important information on the 
astronomical usage. 
 
4.3 Astronomical VLBI 
[Module 4] 
 
The VLBI technique allows astronomers to use multiple radio telescopes on Earth or in space 
to study the very high-resolution structure of distant objects, such as black hole shadows. To 
observe much fainter sources at tens of micro-Jansky, it requires that the current VLBI 
networks, e.g., the European VLBI Network, significantly improve its observing bandwidth. 
Recently, the Onsala station has installed the 3rd generation digital base-band converter 
(DBBC3) developed by HAT-Lab. This new backend enables the Onsala 25 m and 20 m 
telescopes to operate astronomical VLBI observations with a bandwidth up to 4 GHz per 
polarization in the upcoming years.  
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Figure 4.3. The new OSO VLBI DBBC3 backend. 
 
 
Since May 2019 the Onsala 25 m telescope has taken part in a VLBI-campaign (PRECISE) that 
regularly observes Fast Radio Bursts that have been reported to repeat as discovered by the 
CHIME telescope in Canada and other major facilities around the globe. The ad-hoc array is 
composed of most of the smaller (< 40 m) telescopes that also take part in EVN-observations 
viz Onsala, Torun, Irbene, Medicina, Noto, Urumqi, Shanghai, and Westerbork. Since January 
2020, the telescopes in Effelsberg and Sardinia also take part in a subset of the observations. 
The 25 m telescope was used for this project on 40 days in 2022. In addition to that, OSO has 
been monitoring repeating FRBs and magnetars as potential galactic sources of FRBs. This 
work is done in collaboration with Westerbork in the Netherlands and Torún in Poland. In total, 
the 25 m telescope was used for this project on 58 days in 2022. These data were partially used 
for a master thesis project of student Omar Ould-Boukattine (University of Amsterdam, The 
Netherlands). 
 
4.4 LOFAR 
[Module 5] 
 
During 2022 the technical development of LOFAR2.0 came to a conclusion. At the same time 
the operational aspects of LOFAR2.0 were initiated. In particular, a remote LOFAR station was 
taken out of regular operations so that it could be used exclusively to explore the technical 
possibilities of LOFAR2.0, a project called IDOLS. Operationally, the unique aspects of 
LOFAR2.0 is in its use for space-weather observations, since space-weather is real-time, event 
driven, while astronomy is highly static and repeatable. These event driven operations have led 
to the further development of software coming out of the LOFAR4SW called iLiSA, written by 
OSO staff engineers. 

iLiSA was exploited in earnest during a collaborative campaign between OSO, Trinity 
college Dublin, and Berkley University. The campaign employed students during the summer 
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of 2022 to schedule observations of transients using two international LOFAR stations: the one 
in Ireland and the Onsala station. A crucial element of the schedules was that the stations 
observed simultaneously, thus allowing the exclusion of local, radio inference transients and 
obtaining proper commensurable transients on the celestial sky. In this regard, the OSO 
developed iLiSA proved crucial, and observations of transients such as pulsar and variable stars 
were successful.  
 

 
 

Figure 4.4. The hemispheric, all-sky images show simultaneous measurements with the Swedish (left) 
and Irish (right) LOFAR stations Low Band Array. The presence of the transient source on North-
Eastern horizon of the Swedish station, allows it to be excluded as a celestial transient. Also, a similar 
source can be seen in the South-Western horizon, which is actually the OSO 20 m telescope building. 
Differences in rotation of Milky-Way band orientation has to do with the fact that the maps are in local 
coordinates and the Irish and Swedish stations being separated longitudinally by about 20 degrees. 
 
 
4.5 The Onsala 20 m telescope 
[Modules 4,6] 
 
In 2022, the control software was upgraded in various ways of which two examples are 
discussed here. 

In 2021, the powerful Earth observing microwave radar satellite CloudSat could no 
longer maintain strict nadir radar emissions and thus became a concern for the 3 mm SIS 
receiver since the telescope is often observing at elevations now high enough to potentially stare 
into the radar source and pick up a signal strong enough to the destroy the expensive mixer 
blocks. After a period of manual and/or semi-automatic makeshift solutions, we in 2022 
implemented a robust protection in the software that relies on officially published overhead 
passages and if needed takes over control and moves the telescope close to the horizon as well 
as actively blocks the signal path in to the receiver using one of the existing movable mirrors 
in the optics assembly for the duration of the passage, and then resumes the previous activity. 

We also commissioned a new observing mode for pointing measurements which allows 
us to use weaker pointing sources and get reliable results during worse weather conditions by 
eliminating the need for long integration times in situations with poor signal-to-noise ratio (high 
noise/weak source). This is accomplished by co-adding many short integrations before trying 
to find the direction of maximum signal (and thus determine the current pointing offsets). 

On the hardware side, we inspected and renovated four of the original elevation 
gearboxes that are used to downshift the revs of the electric motors when driving the main 
elevation axis. The safety was improved by adding key-controlled main power breakers and a 
key lock box for personnel working on the telescope or in the skylift. 
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4.6 Geoscience 
[Module 6] 
 
During 2022 we worked on an improvement of the receiver position of the western Onsala twin 
telescope (Ow). The receiver was positioned in different, well-defined positions, and 
corresponding system equivalent flux density (SEFD) measurements were performed. On 
11 July 2022, the preliminary best receiver position was determined to be +15 mm and has been 
used since then in all VGOS observations. 

Tests were performed during 2022 to improve the level of the phase calibration signal 
for the broad-band VGOS observations with the Onsala twin telescopes (OTT). For this 
purpose, an equalizer was temporarily installed at the cable delay measurement system (CDMS) 
that also provides the phase calibration signal. 
 The storage capacity of the flexbuff system was increased in 2022. 
 
4.7 Development of new millimetre/sub-millimetre devices 
[Module 8] 
 
During 2022, GARD worked on several internal and external projects. GARD designed, built, 
and commissioned a laboratory cryostat for 10 K operation, aiming at for the testing of the 
micro fabricated components and amplifiers. This enables the device model and noise 
characterization of the AlGaN/GaN HEMT transistors at cryogenic temperature in a current 
study run at GARD in collaboration with the Microtechnology and Nanoscience department at 
Chalmers for prospective use such devices in radio-astronomy receivers. AlGaN/GaN HEMT 
technology was shown to deliver promising results, presented in the licentiate thesis of 
A. M. Mebarki, defended in December 2022. Some devices show noise temperatures 
comparable to other semiconductor technologies yet having still some space for optimization 
and improvements.  

GARD also designed and is currently building a complete test setup for the 
characterization of superconducting mixers. In a first phase, an add-on to the 4 K cryostat 
commissioned last year has been developed and is currently operational for noise performance 
measurements. In a second phase, extra hardware allowing the characterization of the side-
band-rejection ratio of the mixers would be implemented. For both phases, a specific software 
for controlling the measurement equipment and data acquisition has been developed for most 
efficient device characterization at 4 K. This mixer characterization setup will serve as a base 
for testing novel SIS mixers covering several ALMA bands with a single receiver. 

In fact, GARD ran several studies targeting the development of such ultra-wideband 
receivers. One study within the framework of ESO ALMA upgrade is dedicated to the process 
development for the new type of superconducting tunnel junctions, SIS, with AlN tunnel barrier 
and having a junction area down to a square micron area, with in end-goal to serve next 
generation receivers for ALMA. In September 2022, the important milestone in the study, Mid-
Project Review, was successfully passed. Also, the AlN-barrier SIS junction process develop-
ment at GARD was presented at the ISSTT2022 Conference. Figure 4.5 shows an example of 
current-voltage characteristic and micro photo of a Nb/Al-AlN/Nb SIS junction with the RnA 
product of 8.4 Ohm∙µm2 with the area of ca. 0.88 µm2 fabricated and characterized in the course 
of the study. Another project targets a Band 6 and 7 cold cartridge demonstrator for ALMA 
aiming to explore instantaneous IF bandwidth up to 16 GHz (e.g. frequency range 4–20 GHz). 
In the 2022, the both projects progressed significantly towards their project goals and passed 
the mid-term review. The two studies are strongly interrelated as the second one relies on the 
outcome of the SIS process development being performed in the first one, and simultaneously, 
gives immediate feedback to it.  
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While the two ESO studies on wideband SIS receivers focus on a more conventional 
approach to the mixer chips, a third parallel internal OSO study aims at the demonstration of 
ground-breaking mixer technology enabling more tolerant and robust mixer assemblies for mm-
wave and sub-mm-wave mixers. Enabling wideband operation of the receivers, is not only 
limited the development of improved mixer chips, but also requires widening the band of 
operation of all components in the RF signal path. Therefore, within the frame of the internal 
OSO study, a wideband waveguide twist was developed to enable suitable wideband interfacing 
of two mixer chains with an orthomode transducer (OMT). The twist was designed to be 
machinable using standard CNC milling machine. The performance of the twist (Fig. 4.6) was 
later verified and demonstrated excellent performance (Fig. 4.7) and hence suitability for future 
wideband waveguide mixer designs covering ALMA band 6 and Band 7, exhibiting a return 
loss better than 20 dB over a 56 % fractional bandwidth.  
 
 

      
 

Figure 4.5. Current-voltage characteristic (left) and micro photo (right) of a Nb/Al-AlN/Nb SIS junction 
with the RnA product of 8.4 Ohm∙µm2 with the area of ca. 0.88 µm2. 
 
 
 

 
 

 
Figure 4.6. Conceptual schematic of the 
compact twist. 

Figure 4.7. Measured performance of the 
fabricated twists. 
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5  SKA – The Square Kilometre Array 
[Module 9] 
 
5.1 Introduction   
 
The Square Kilometre Array is the next major step forward in centimetre and metre wave radio 
astronomy, consisting of two new interferometric arrays with greatly enhanced sensitivity and 
sky survey speed compared to existing radio telescopes.  The part of SKA1 operating at cm 
wavelengths (SKA1-mid) will be constructed in South Africa by adding 133 dishes to the 
existing 64 dish MeerKAT array. The metre wavelength part (SKA1-low) will be built in 
Australia utilizing the infrastructure of the MWA SKA precursor telescope. The global 
headquarters of the SKA project are located at Jodrell Band in the UK. 

During 2022 SKA construction operations moved into high gear with many high value 
construction contracts being signed. In December 2022 a series of coordinated international 
media events were organised to officially mark the start of SKA construction (even if some of 
the first contracts were issued already in 2021). These media events created worldwide public 
attention for the SKA project. 

Sweden has, since the establishment of the SKAObs Intergovernmental Organization in 
early 2021, been attending council meetings as an Observer (with Sweden represented by Lars 
Börjesson from Chalmers and Mathias Hamberg from VR). All the national funding required 
for Sweden to participate in the SKA1 construction and operations phase is identified and is 
committed. Sweden currently formally participates in SKA via a two-year bilateral agreement 
between the SKA Observatory and Chalmers signed in October 2021. This agreement identifies 
Chalmers as a collaborating organisation within the framework of the SKA international 
convention.  This status gives full industrial and scientific rights to Swedish companies and 
scientists in return for our financial contribution.  During 2022 the Swedish Research council 
(VR) officially submitted a request to the Swedish government to sign the SKA convention and 
therefore become a full SKA Observatory member. Signing the convention will establish a 
permamnent relationship between SKA and the SKA Observatory and will give Sweden the 
right to vote at the SKA Council. At the time of writing this request is being processed by the 
Swedish government. 
 
5.2 Swedish industrial contributions to SKA1 constructions 
 
Sweden is the ‘Level 1’ lead for two work packages within SKA construction, namely for the 
SKA1-mid Band 1 receiver and for SKA1-mid Digitizers. In addition, a Swedish company 
(Low Noise Factory) is working as a Level 2 supplier of Low Noise Amplifiers to at least one 
other SKA1-mid receiver band in addition to Band 1.  For the digitizer work that Sweden leads 
at Level 1 the Gothenburg company Qamcon continued during 2022 to work under contract on 
industrialization of the SKA1-mid Band 1, 2, 3 Digitizer design, with that being internationally 
reviewed and passing its Critical Design Review (CDR) in Gothenburg in July 2022. 
 
5.3 SKA Regional Centre planning and SKA Data Challenges 
 
A vital component of the SKA project will be a network of SKA Regional Centres (SRCs) 
which will collectively form the permanent data archive and higher-level processing layer for 
SKA data. At computer centres close to the SKA1-mid and SKA1-low telescopes in South 
Africa and Australia raw SKA data will first be converted into Observatory Data Products (such 
as data cubes of radio intensity versus spatial coordinates and frequency) – which will then be 
transferred to the distributed SRC Network sites. At these SRC sites/nodes these ODPs will be 
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converted into Advanced Data Products (ADPs) such as catalogues of sources (requiring AI 
and Machine Learning processing). Sweden is expected to provide its share of SRC resources 
in terms of data storage and computation. During 2022 Sweden fully participated in the SRC 
Steering Committee (SRCSC) whose mission is to plan in detail this worldwide SRC network.  

During the year a new SRC Network Architect was appointed at the SKA Observatory 
headquarters and he initiated a set of multinational prototyping teams that have began 
implementing aspects of the SRC Network system. Sweden primarily began working within the 
‘Coral’ team which is deploying test ‘data lake’ solutions between European SRCNet partners. 
The Swedish SRCNet node is being established as a close collaboration between OSO and 
Chalmers e-commons incorporating the C3SE data centre. During 2022 three new permanent 
people were hired to form the form the nucleus of the Swedish SRC node (with other domain 
expertise being added from those aleady working supporting interferometers such as ALMA).  
Amongst the three new employees hired is Dejan Vitlacil who is employed by e-commons (but 
largely financed by OSO) and who works as the technical lead of the node. He began his 
position in October 2022. Franz Kirsten who has a background in data intensive radio 
astronomy was hired as an OSO employee within the node and began his position in December. 
Finally during the year Kelley Hess was recruited to Chalmers as a new Senior Researcher to 
act as the scientific lead of the Swedish SRC node – with a projected start date at Chalmers of 
April 2023. 

In addition to initial prototyping efforts and the above new staff  hired as described above 
existing members of the OSO Observatory Support unit were involved in organizing training 
in  "Hands-on containerisation" as one of the first SRC community training efforts. This event 
was held online (6 sessions during the period 27 January – 14 February 2022) and had more 
than 100 participants from all around the globe. This was the first training event of a series that 
are planned by the SRC Network in order to prepare users for the challenge of SKA data.  

Following on from the highly successful OSO led contribution to SKA Data Challenge 
2 during 2021, when the Swedish team came a close second in the HI source finding challenge, 
the Swedish teams results were presented at EAS2022 and a paper was prepared and submitted 
to A&A. A dedicated Source Finding working group was established under the umbrella of the 
SKA HI Science WG to follow-up on the second SKA cata challenge, with OSO participants 
working as active members of this group.  
 
 
6  Computers and networks 
[Module 10] 
 
During 2022 additional high-speed fibers were laid between the 20 m building and the computer 
hall in the administration building which allowed a third 100 Gbps link between the buildings 
to be realised. This gives the capability for each of the OTT DBBC3s to send 64 Gbps directly 
via their own 100 Gbps fiber, whilst leaving the third 100 Gbps link for external data transfers 
and astronomy data recording. A DBBC3 2L2H for astronomy was installed and a new flexbuff 
for this was also bought, consisting of a single AMD Threadripper with 32 cores, 512 GB RAM 
and 24 × 18 TB disks. 

Tests of recording VLBI data at rates greater than 16 Gbps on a single thread have been 
undertaken. The current recording software jive5ab can pass a maximum of ca 22 Gbps in a 
single thread at present, which means that logically splitting data streams of rates greater than 
16 Gbps is needed, increasing the complexity for the recording and observation control. Instead, 
various options to 'offload' have been looked at to facilitate this. One method allowed for 
32 Gbps (likely 64 Gbps also, but there the disks become a bottleneck), however this requires 

https://indico.skatelescope.org/event/876/
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a specific brand of network cards and always caused small data losses at the beginning of each 
recording. Other more generic alternatives are still being looked at. 

A new machine was purchased and is in the process of being added to the NAFCI-1 
(NAtional Facility Computer InfraStructure) cluster at OSO, which will replace the two oldest 
machines in NAFCI-1. The new machine has 64 cores and 1 TB RAM, which is significantly 
more than twice as powerful as the two older machines being replaced combined. This will 
assist in the processing of ever larger data sets for ALMA large programs. Once this 
replacement is complete, NAFCI-1 will consist of 136 cores with a storage capacity of 530 TB. 
A separate system at Onsala consisting of 20 cores and 280 TB as well as a Tesla T4 GPU, is 
dedicated to searching for Fast Radio Bursts (FRB). 

The OSO NAFCI-2 cluster at the NAISS–C3SE, (NAISS: National Academic 
Infrastructure for Supercomputing in Sweden; C3SE: Chalmers Centre for Computational 
Science and Engineering) node at Chalmers consists of a five-node cluster with 32 cores each 
and a dedicated NFS storage server with a capacity of 583 TB, enabling the processing of ever 
larger data sets from ALMA and LOFAR (earlier dimensioned to allow an international 
LOFAR data set, 40 TB, plus two large ALMA data sets, 20 TB, to be processed). 

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 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. 
 
 
7  Frequency protection 
[Module 10] 
 
On behalf of European radio astronomers, the Committee on Radio Astronomy Frequencies 
(CRAF) of the European Science Foundation (ESF) 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 chairperson 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 at JIVE, 
The Netherlands. CRAF represents European Radio astronomy at international meetings where 
possible threats to radio astronomy occur.  

Work in CRAF is divided into several small teams, so-called Work Item (WI) teams, 
which deal with well-defined topics such as satellite services (including the so-called mega-
constellations) or questions of spectrum engineering. Some of the WI teams are active on both 
International Telecommunication Union Radiocommunication Sector (ITU-R) and European 
Conference of Postal and Telecommunications Administrations Correspondance Group 
(CEPT) related issues.  

During 2022, final preparations for World Radio Conference 2023 (WRC23) have been 
underway. The ITU-R Study Groups have been preparing the Conference Preparatory Meeting 
(CPM) Report, which contains all potential methods and Draft Resolutions that may solve 
current Agenda Item issues for WRC23. CRAF has been successful in adding appropriate 
clauses, compatibility study results and summaries to the CPM Report, which should help to 
protect the RAS from possible new allocations. This has been a great success. However, the 
CPM Report is still not completed and the CPM meeting in Spring 2023 will require full 
attention of CRAF to protect the achievements. Two Agenda Items have the potential to do 

https://www.craf.eu/
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great harm to radio astronomy: AI 1.2 concerns the possible allocation of frequencies to cell 
phone networks at 6.6 GHz and 10.5 GHz; AI 1.4 concerns the introduction of flying base 
stations. The 6.6 GHz allocation might lead to a situation where observations of the Methanol 
spectral line in the frequency range 6650-6675 MHz might become impossible in Europe. 

A big success at the ITU-R level during 2022 has been the publication of a new ITU-R 
Report concerned with the VLBI Global Observing System (VGOS), which it is hoped will be 
a foot in the door towards better protection of Geodetic VLBI observations in the future. 

Regarding European issues, several new ECC Decisions and Reports are close to being 
published to which CRAF has significantly contributed. Among them are deliverables 
regarding car radars at millimetre wavelengths, cell-phone equipment on board drones and 
aircraft, the introduction of 43 GHz 5G networks in Europe, a new Iridium Report and many 
more. CRAF is also leading a work item in the ECC satellite working group, SE40_45, 
concerning the impact of aggregation effects resulting from multiple, large, low-Earth orbit, 
satellite constellations. 

The ESF initiated a review process of CRAF in late 2021. The CRAF management team 
produced a detailed self-evaluation report covering the last 10 years, which was assessed by the 
Review Panel (led by Dr. Pierre Cox, with Dr. Markus Dreis, Prof. Hermann Opgenoorth, and 
Prof. Liese van Zee). A written report by the review panel has been received (see Fig. 7.1) 
which was very positive. 

The OSO CRAF member, apart from being part of the CRAF Management Team and 
being involved in the points above, focuses also on interference issues at local and national 
levels (e.g., via contacts with the Swedish Post- och telestyrelsen, PTS).  
 

 
 

Figure 7.1. Frontpage of the CRAF review report. 
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8  Memberships of International Committees 
 
During 2022 OSO was represented on the following international boards and coordinating 
committees. The OSO Infrastructure Director John Conway serves on many of these boards. 
 
– The European VLBI Network (EVN) for astronomical VLBI (the Director is a member of the 

board, and Michael Lindqvist is member of the Programme Committee)) 
– 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 council member) 

– The APEX project board – representing the three partners that operate the 12 m diameter 
sub-mm telescope APEX 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) 

– ORP (OPTICON RadioNet Pilot, an EU-financed Horizon 2020 project which coordinates 
optical and radio astronomy facilities in Europe (the Director is a board member) 

– SKA Regional Centre Steering Committee (The Director is a member). 
– SKA communications steering committee (Robert Cumming is a member) 
– International Astronomical Union Office for Astronomy Outreach (Robert Cumming is the 

IAU National Outreach Coordinator for Sweden) 
– LOFAR for Space Weather (LOFAR4SW), an EC funded (H2020 INFRADEV) design 

project (the Director represents Chalmers in the project). This project ended in early 2022. 
– International VLBI Service for Geodesy and Astrometry (IVS), which operates geodetic 

VLBI (Rüdiger Haas is the chairperson of the IVS Directing board) 
– International Earth Rotation and Reference Frame Service (IERS) (Rüdiger Haas is a board 

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

Chairman) 
– Inter-Commission Committee on Marine Geodesy (ICCM) (Rüdiger Haas is an IERS 

Representative to the Steering Committee) 
– International DORIS Service (IDS) (Karine Le Bail is member of the IDS Governing Board) 
– The GCOS Reference Upper-Air Network (GRUAN) Global Navigation Satellite Systems 

(GNSS) precipitable water (GNSS-PW) Task Team (TT) (Gunnar Elgered is member of the 
TT) 

– Inter-Commission Committee on Geodesy for Climate Research (ICCC) (Gunnar Elgered is 
a member of JWG C.2 Quality control methods for climate applications of geodetic 
tropospheric parameters) 

– Galileo Scientific Advisory Committee (GSAC) of the European Space Agency (Gunnar 
Elgered is a member) 

– ESF Committee on Radio Astronomy Frequencies (CRAF) for the protection of the radio 
band for radio astronomical use (Michael Lindqvist is a member) 

– The Program Committee Effelsberg (PKE) at Max Planck Institute for Radio Astronomy 
(Per Bergman is a member evaluating proposals for the Effelsberg 100 m radio telescope) 

– LOFAR Users Committee (Maria Carmen Toribio is a member) 
– Scientific advisory committee of the International Symposium on Space TeraHertz 

techniques, ISSTT2022 (Victor Belitsky is a member) 
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9  EU projects  
[Modules 3, 4, 5, 9]  
 
During the year OSO participated in two EU Horizon 2020 projects (proposals submitted in 
respectively 2017 and 2020): LOFAR4SW and ORP. 
 
9.1 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 for LOFAR 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, scintillation measurements of densities and velocities in the 
inner heliosphere, and high-resolution measurements of Total Electron Content (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. In 2020, the project was extended to 28 February 
2022, in order to minimise the impact of Covid-19 into the project activities. 
 
9.2 ORP 
 
The OPTICON RadioNet Pilot (ORP) project brings together the well-established ground-
based astronomy community, in an effort to support and develop seamless access to radio and 
optical facilities in an efficient, co-ordinated and future-looking programme. It offers access to 
an unrivalled set of major and specialised observatories across Europe (and around the world) 
covering the optical, infra-red, sub-mm and radio wavebands to open the way to new 
discoveries. OSO is part of the Transnational Access (TA) program via APEX and the EVN. 
 
 
10  Conferences, workshops, schools, etc. 
 
The Nordic ARC node took part in the organization of several schools, conferences, trainings, 
and workshops for the ALMA user community in 2022: 

• The Nordic ARC node coordinated the series of online training events I-TRAIN with the 
European ARC Network, a regular series of Interactive Training in Reduction and 
Analysis of INterferometric data. In 2022 a total of 6 online trainings were hosted 
featuring European ARC Network experts and software tools. Besides coordination, the 
Nordic ARC actively hosted 2 of the events and were tutors in one of them. The live 
sessions were well attended, with an average number of ~35 participants. The series has 
also an important legacy value, as all trainings are uploaded in the YoutTube channel of 
the European ARC Network. 

• The first Meeting of ALMA Young Astronomers (MAYA 2022 conference) was held 
online on 2−4 March 2022. The meeting was well received and well attended by young 

https://almascience.org/tools/eu-arc-network/i-train)
https://almascience.org/tools/eu-arc-network/i-train)
https://www.youtube.com/playlist?list=PLSPuDgCIX-pbJTT8Q9KdBVFsVBsIzlu2p
https://www.youtube.com/playlist?list=PLSPuDgCIX-pbJTT8Q9KdBVFsVBsIzlu2p
https://www.eso.org/sci/facilities/alma/arc/maya2023/maya.html
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researchers, who presented their science cases (more than 60 talks all available online) 
and gave room for discussions and interactions.   

• The Nordic ARC node hosted three online workshops dedicated to the ALMA Cycle 9 
Call for Proposals. The node gave a general introduction to interferometry and ALMA 
and dedicated two full sessions to support proposal preparation with the ALMA 
Observing Tool.  

• The node organized a one-day event to present the future upgrade of the ALMA 
telescope towards 2030, the ALMA2030 Wideband Sensitivity Upgrade, and discuss 
the future user needs and developments in Sweden. The event was attended by ~20 
participants, including astronomers from Chalmers and ALMA receiver experts from 
GARD. 

• The European ARC Network and the Nordic ARC had representation during the 
European Astronomical Society conference (EAS 2022) that was held in Valencia 27 
June – 1 July 2022), which included a Symposium and a Lunch Session organized by 
ARC node staff (Symposium S7 - Building bridges: The lifecycle of dust and gas in the 
Milky Way with ALMA and SKA and Lunch Session LS6 - ALMA in Europe: support by 
the European ALMA Regional Centre Network and new ways of interacting with data 
through the ALMA Science Archive). 

• Nordic ARC node staff were SOC members of the European Radio Interferometry 
School 2022 (Dwingeloo, 19–23 September 2022), and the first ALMA Archive School 
(Bologna, 5–7 October 2021). 

• Staff was part of the LOC of Astronomdagarna 2022 (Göteborg, 6–8 October 2022). 
During the event, there was a dedicated stand and a presentation on the Nordic ARC 
node support to the Swedish astronomical community. 

 
On behalf of the Swedish SKA Regional Center: 

• The first SKA Regional Center training was organized: Hands-on containerization. The 
event was held online (6 session within 27 January – 14 February 2022) and had more 
than 100 participants worldwide. 

 
 
11  Education 
 
The OSO national infrastructure staff are only involved in a minimal way within the academic 
teaching at Chalmers. The infrastructure does however support teaching by making a small 
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 (see Fig. 11.1) were 
used in astronomy and physics courses, the 25 m telescope and SALSA in a satellite-
communication course, GNSS equipment in a satellite-positioning course, and laboratory 
equipment in courses on microwave, millimetre wave, and THz technology. Students in the 
Engineering physics programme at Chalmers visited the Observatory for a half-day, designed 
as part of the course Experimental physics. Students from Stockholm University used the 20 m 
telescope to learn about radio astronomy. 
 

https://www.youtube.com/playlist?list=PLSPuDgCIX-pYJkZ3VEd_SewcPkPh5BpyE
https://eas.unige.ch/EAS2022/session.jsp?id=S7
https://eas.unige.ch/EAS2022/session.jsp?id=S7
https://eas.unige.ch/EAS2022/session.jsp?id=LS6
https://eas.unige.ch/EAS2022/session.jsp?id=LS6
https://eas.unige.ch/EAS2022/session.jsp?id=LS6
https://indico.skatelescope.org/event/876/
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Figure 11.1. One of the SALSA antennas in Onsala used for education and outreach, in front of the 
new visitor centre and with the 25 m telescope in the background. Credit: Magnus Thomasson 
 
 
12  Outreach 
 
With the exception of the project SALSA för högstadiet (see below), outreach activities at OSO 
are funded by Chalmers and are not part of the national infrastructure’s VR funding.  

The observatory’s new visitor centre was inaugurated on 27 September 2022 (see 
Figs. 12.1 and 12.2). OSO secured a second 1 MSEK grant from the Hasselblad Foundation to 
cover continued costs for the centre’s new exhibition. A four-person team worked on 
developing content for the exhibition, in collaboration with colleagues from Chalmers’ division 
for interaction design, and using input from school pupils and adults.  

Visits from schools and the public during 2021 were kept to a minimum due to work on 
the new visitor centre. We organised one public event, in October in collaboration with Naturum 
Fjärås Bräcka, which allowed 100 visitors to see the visitor centre for the first time. We 
supported 22 guided tours for internal and partner organisations. During the autumn term we 
used these opportunities to test the new exhibition. 

We continued offering occasional question-and-answer sessions with school classes, 
and worked with the project Rymdskolan, developed by astronomers Chiara Ceccobello and 
Kiana Kade at our host department, which provided digital interactive lessons in astronomy for 
high-school students in Gothenburg schools.  

Our project working together with Lövgärdesskolan in Göteborg continued, aimed at 
increasing science capital among students, as part of the city-wide initiative Skolan som arena. 
Year 6 classes from both this school and Kollaskola, Kungsbacka, took part in the inauguration 
of the visitor centre. 

We concluded our VR-funded MINT project SALSA för högstadiet. The project 
developed a new user interface for our small SALSA radio telescopes, and supported the 
undergraduate network Upprymd. During 2022 the network took part in several outreach 
assignments, and monthly workshops focused on building skills in astronomy and space-related 
science communication.  

Our SALSA telescopes continued to be an important online resource for students, 
schools and amateur astronomers. During 2022 the telescopes were booked for an average of 
68 hours per week, with bookings of on average 4 h from in total 19 countries, among them 
Sweden, India, Italy and Ukraine. The number of hours booked doubled compared to 2021, 
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likely because of the new third SALSA telescope, and the increasing use of remote telescopes 
in physics courses during the covid-19 pandemic.  

Staff handled media enquiries on astronomical topics and were regularly quoted in news 
media and participated in public events (e.g, public talks at Universeum, Göteborg).  

We communicated news from Onsala facilities and research by Chalmers scientists to 
the media in collaboration with Chalmers press office and partner organisations. We reported 
for example on the Event Horizon Telescope’s image of the black hole Sgr A*, the start of 
construction for the SKA, and fast radio bursts from a globular cluster. 
 

 
 

Figure 12.1. Chalmers President Stefan Bengtsson inaugurates the new visitor centre at the observatory 
on 27 September 2022. Credit: Chalmers/Anna-Lena Lundqvist. 

 
 

Figure 12.2. The new visitor centre in Onsala, with the 25 m telescope, a SALSA antenna, and one of 
the OTT antennas in the background. Credit: Magnus Thomasson. 
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13  Changes in organisation 
[Module 1] 
 
During 2022 there were no significant changes in internal organisation affecting the OSO 
infrastructure. With the OSO Time Allocation Committee Sabine König stepped down and 
Daniel Tafoya joined as the Observatory member. During the year Jan-Petter Hansen left as 
Head (prefekt) of the Chalmers department (Space, Earth and Environment or SEE) that hosts 
the OSO infrastructure. The new SEE Head of Department is Peter Forkman who comes from 
a long career working at Onsala as part of the OSO infrastructure. 
 
 
14  Importance to society 
 
Onsala Space Observatory 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. 
 
 
15  Importance to industry 
 
Currently 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. The ongoing Swedish 
involvement in SKA construction will have a large financial payback to Swedish companies. 
During 2022 Patrik Carlsson of Chalmers Industrial Technology and Big Science Sweden 
continued to fulfil the Swedish SKA Industrial Liaison Officer (ILO) role. Big Science Sweden 
(https://www.bigsciencesweden.se) is an organisation which promotes technological and 
industrial return to Sweden from international Big Science infrastructures. 

During 2022 Chalmers Level 1 leadership of the SKA1-mid Band 1 and SKA1-mid 
Digitizer work packages continued with involvement of the Qamcom company in the final 
industrial design of the SKA1-mid telescope digitizers. In addition, preparations began for the 
selection of a Swedish company to act as the prime contractor for the delivery of the SKA1-
mid Band 1 receiver package. 
 
  

https://www.bigsciencesweden.se/
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Acronyms 
 
A&A  Astronomy & Astrophysics (a scientific journal) 
ADP  Advanced Data Products (for SKA) 
AG  Absolute gravimeter 
AGB  Asymptotic Giant Branch (AGB stars are giant evolved stars) 
AI   Artificial Intelligence 
ALMA Atacama Large Millimeter/submillimeter Array (Chile) 
APEX  Atacama Pathfinder Experiment (Chile) 
ApJ  Astrophysical Journal (a scientific journal) 
ARC  ALMA Regional Centre 
ASTRON Netherlands Institute for Radio Astronomy 
 
C3SE  Chalmers Centre for Computational Science and Engineering 
CEPT European Conference of Postal and Telecommunications Administrations 

Correspondance Group 
CO  Carbon monoxide (molecule frequently observed by radio telescopes) 
CPM  Conference Preparatory Meeting 
CRAF  Committee on Radio Astronomy Frequencies (ESF) 
 
DBBC  Digital Base Band Converter (equipment for VLBI observations) 
 
EAS  European Astronomical Society 
EC  European Commission 
ECC  Electronic Communications Committee 
EHT  Event Horizon Telescope 
ERIC  European Research Infrastructure Consortium 
ESF  European Science Foundation 
ESO  European Southern Observatory 
EUREF IAG Reference Frame Sub-Commission for Europe 
EVGA  The European VLBI Group for Geodesy and Astrometry 
EVN  European VLBI Network 
 
FRB  Fast radio burst 
FTE  Full-time equivalent 
 
GARD Group for Advanced Receiver Development (part of OSO) 
GLONASS Globalnaja navigatsionnaja sputnikovaja sistema 
GMVA Global Millimeter VLBI Array 
GNSS  Global Navigational Satellite Systems 
GPS  Global Positioning System 
GPU  Graphics Processor Unit 
GSAC  Galileo Scientific Advisory Committee of the European Space Agency 
 
IAG  The International Association of Geodesy 
IAU  International Astronomical Union 
ICCC  Inter-Commission Committee on Geodesy for Climate Research 
ICCM  Inter-Commission Committee on Marine Geodesy 
ICSU  International Council for Science 
IERS  International Earth Rotation and Reference Frame Service 
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IF  Intermediate frequency 
IGETS International Geodynamics and Earth Tide Service 
IGS  The International GNSS Service 
ILO  Industrial Liaison Officer 
ILT  International LOFAR Telescope 
IMBH  Intermediate mass black hole 
InSAR Interferometric synthetic aperture radar 
I-TRAIN Interactive Training in Reduction and Analysis of INterferometric data (activity 

within the European ARC Network) 
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) 
 
LOFAR Low Frequency Array 
LOFAR4SW LOFAR for Space Weather (EU Horizon 2020 project) 
LoTSS LOw-Frequency ARray (LOFAR) Two-metre Sky Survey 
 
 
MINT  Matematik, ingenjörsvetenskap, naturvetenskap och teknikvetenskap (STEM: 

science, technology, engineering and mathematics) 
MNRAS Monthly Notices of the Royal Astronomical Society (a scientific journal) 
MPIfR  Max-Planck-Institut für Radioastronomie 
MWA  Murchison Widefield Array 
 
NAFCI NAtional Facility Computer InfraStructure 
NAISS National Academic Infrastructure for Supercomputing in Sweden 
NDACC Network for the Detection of Atmospheric Composition Change 
NOVA Nederlandse Onderzoekschool Voor Astronomie (The Netherlands Research  
  School for Astronomy) 
 
ODP  Observatory Data Products (SKA) 
OMT  Orthomode transducer 
ONSA  OSO’s primary GNSS station 
ORP  OPTICON RadioNet Pilot (an EU-financed Horizon 2020 project) 
OSO  Onsala Space Observatory 
OTT  Onsala Twin Telescope 
 
PI  Principal Investigator 
 
RadioNet Advanced Radio Astronomy in Europe (EU Horizon 2020 project) 
RISE  Research Institutes of Sweden 
 
SALSA Small antennas at OSO for education and outreach 
SEE Department of Space, Earth and Environment (OSO’s host department at 

Chalmers) 
SEPIA  Swedish ESO PI receiver for APEX 
SEST  Swedish-ESO Submillimetre Telescope (Chile) 
SG  Superconducting gravimeter 
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SIS  Superconductor-isolator-superconductor (a type of mixers) 
SKA  Square Kilometre Array 
SKAO  Square Kilometre Array Organisation 
SLR  Satellite Laser Ranging 
SMHI  Sveriges meteorologiska och hydrologiska institut (Swedish Meteorological 
  and Hydrological Institute) 
SNR  Signal-to-Noise Ratio 
SNSN  Svenska nationella seismiska nätverket 
SRC   SKA Regional Centre 
SUNET Swedish University Computer Network 
SWEPOS The Swedish permanent GNSS network, hosted by Lantmäteriet 
 
TAC  Time Allocation Committee 
TEC  Total Electron Content 
 
USNO  US Naval Observatory 
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 
 
WDS  World Data System, an Interdisciplinary Body of the International Council  
  for Science (ICSU) 
WP  Work Package 
WRC23 World Radio Conference 2023 
WVR  Water vapour radiometers 
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Publications 2022  
 
This section lists publications in refereed journals 2022 enabled by the Onsala infrastructure, 
divided by instrument and separated in two groups: with or without a Swedish author. For more 
detailed information about the publication list, see Sect. 2.1. 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 (for ALMA, the first figure is instead the number 
of papers with at least one Nordic author).  
 
• ALMA observations, publications with Nordic authors  (106/43)                 (Nordic/Swedish) 
                thereof with explicit Nordic ARC node support  (28/16)                 (Nordic/Swedish) 
• APEX observations (all APEX partners’ observing time)  (76/17)                   (total/Swedish) 
• Astronomical VLBI obs. w. EHT, EVN or GMVA, or using JIVE  (50/24)   (total/Swedish) 
• LOFAR observations  (119/12)                                                                         (total/Swedish) 
• Geoscience (OSO instruments specifically stated)  (27/5)                               (total/Swedish) 
• Onsala 20 m telescope, single-dish observations  (7/4)                                   (total/Swedish) 
• Technical publications about, e.g., receiver development, by OSO staff  (13) 
 
In addition to the publications listed below, in 2022 there was one publication using astro-
nomical data from the satellite Odin (now operating mainly in aeronomy mode), and two 
publications using data from the Swedish-ESO Submillimetre Telescope SEST (closed in 2003). 
 
Note: 
- The publications are separated in two groups: with or without a Swedish author.  
- In each section, the publications are sorted by first author. 
- An excel file with the publications is provided separately. 
- For information about the level of ARCnode support for the ALMA publications, see the 
separate excel file.  
- For information about which of the APEX publications are based on observations on Swedish 
time, see the separate excel file.  
 
Acronyms:  
A&A    Astronomy & Astrophysics 
A&A Rev   Astronomy and Astrophysics Review 
Adv. Space Res.  Advances in Space Research 
AJ    Astronomical Journal 
ApJ    Astrophysical Journal 
ApJSS    Astrophysical Journal Supplement Series 
Astron. Nachr.  Astronomische Nachrichten 
Atmos. Meas. Tech.  Atmospheric Measurement Techniques 
Exp. Astron.   Experimental Astronomy 
FrASS    Frontiers in Astronomy and Space Sciences 
Geophys. J. Int.  Geophysical Journal International 
Geopohys. Res. L.  Geopohysical Research Letters 
IEEE Trans. GRS  IEEE Transactions on Geoscience and Remote Sensing 
IEEE Trans. Microw. IEEE Transactions on Microwave Theory and Techniques 
 Theory Techn. 
IEEE Trans. THz Sci. Technol. IEEE Transactions on Terahertz Science and Technology 
J. Astrophys. Astron.   Journal of Astrophysics and Astronomy 
J. Geod.   Journal of Geodesy 
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J. Geo. Res. (Solid Earth) Journal of Geophysical Research (Solid Earth) 
JATIS    Journal of Astronomical Telescopes, Instruments, and Systems 
MNRAS   Monthly Notices of the Royal Astronomical Society 
NatAs    Nature Astronomy 
PASJ    Publications of the Astronomical Society of Japan 
PASP  Publications of the Astronomical Society of the Pacific 
Phys. Rev. D  Physical Review D 
Phys. Status Solidi A Physica Status Solidi (A) Applications and Materials Science 
Radiophys. Quantum El. Radiophysics and Quantum Electronics 
Res. Astron. Astrophys. Research in Astronomy and Astrophysics 
ScienceA  Science Advances 
 
 
ALMA, 
publications in refereed journals 2022, with Nordic authors 
 
Swedish authors (ALMA) 
 
ALMA Reveals Extended Cool Gas and Hot Ionized Outflows in a Typical Star-forming 
Galaxy at z = 7.13 
Akins, H. B., Fujimoto, S., Finlator, K., Watson, D., Knudsen, K. K., Richard, J., 
Bakx, T. J. L. C., Hashimoto, T., Inoue, A. K., Matsuo, H., Michalowski, M. J., & Tamura, Y. 
ApJ 934, 64 (2022) 
10.3847/1538-4357/ac795b 
 
DEATHSTAR—CO Envelope Size and Asymmetry of Nearby AGB Stars 
Andriantsalaraza, M., Vlemmings, W., Ramstedt, D., De Beck, E. 
Galaxies 10, 33 (2022) 
10.3390/galaxies10010033 
 
Tracing Interstellar Heating: An ALCHEMI Measurement of the HCN Isomers in NGC 253 
Behrens, E., Mangum, J. G., Holdship, J., Viti, S., Harada, N., Martin, S., Sakamoto, K., 
Muller, S., Tanaka, K., Nakanishi, K., Herrero-Illana, R., Yoshimura, Y., Aladro, R., 
Colzi, L., Emig, K. L., Henkel, C., Huang, K.-Y., Humire, P. K., Meier, D. S., Rivilla, V. M., 
van der Werf, P. P., & Alma Comprehensive High-Resolution Extragalactic Molecular 
Inventory (Alchemi) Collaboration 
ApJ 939, 119 (2022) 
10.3847/1538-4357/ac91ce 
 
Radiative transfer modeling of the observed line profiles in G31.41+0.31 
Bhat, B., Gorai, P., Mondal, S. K., Chakrabarti, S. K., & Das, A. 
Adv. Space Res. 69, 415 (2022) 
10.1016/j.asr.2021.07.011 
 
Characterizing and Mitigating Intraday Variability: Reconstructing Source Structure in 
Accreting Black Holes with mm-VLBI 
Broderick, A.E., Gold, R., Georgiev, B., Pesce, D.W., Tiede, P., Ni, C., Moriyama, K., 
Akiyama, K., Alberdi, A., Alef, W., Algaba, J.C., Anantua, R., Asada, K., Azulay, R., 
Bach, U., Baczko, A.-K., Ball, D., Baloković, M., Barrett, J., Bauböck, M., Benson, B.A., 
Bintley, D., Blackburn, L., Blundell, R., Bouman, K.L., Bower, G.C., Boyce, H., Bremer, M., 

https://www.doi.org/10.3847/1538-4357/ac795b
https://www.doi.org/10.3390/galaxies10010033
https://www.doi.org/10.3847/1538-4357/ac91ce
https://www.doi.org/10.1016/j.asr.2021.07.011
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Brinkerink, C.D., Brissenden, R., Britzen, S., Broguiere, D., Bronzwaer, T., Bustamante, S., 
Byun, D.-Y., Carlstrom, J.E., Ceccobello, C., Chael, A., Chan, C.-kwan, Chatterjee, K., 
Chatterjee, S., Chen, M.-T., Chen, Y., Cheng, X., Cho, I., Christian, P., Conroy, N.S., 
Conway, J.E., Cordes, J.M., Crawford, T.M., Crew, G.B., Cruz-Osorio, A., Cui, Y., 
Davelaar, J., De Laurentis, M., Deane, R., Dempsey, J., Desvignes, G., Dexter, J., Dhruv, V., 
Doeleman, S.S., Dougal, S., Dzib, S.A., Eatough, R.P., Emami, R., Falcke, H., Farah, J., 
Fish, V.L., Fomalont, E., Ford, H.A., Fraga-Encinas, R., Freeman, W.T., Friberg, P., 
Fromm, C.M., Fuentes, A., Galison, P., Gammie, C.F., García, R., Gentaz, O., Goddi, C., 
Gómez-Ruiz, A.I., Gómez, J.L., Gu, M., Gurwell, M., Hada, K., Haggard, D., Haworth, K., 
Hecht, M.H., Hesper, R., Heumann, D., Ho, L.C., Ho, P., Honma, M., Huang, C.-W.L., 
Huang, L., Hughes, D.H., Ikeda, S., Impellizzeri, C.M.V., Inoue, M., Issaoun, S., James, D.J., 
Jannuzi, B.T., Janssen, M., Jeter, B., Jiang, W., Jiménez-Rosales, A., Johnson, M.D., 
Jorstad, S., Joshi, A.V., Jung, T., Karami, M., Karuppusamy, R., Kawashima, T., 
Keating, G.K., Kettenis, M., Kim, D.-J., Kim, J.-Y., Kim, J., Kim, J., Kino, M., Koay, J.Y., 
Kocherlakota, P., Kofuji, Y., Koch, P.M., Koyama, S., Kramer, C., Kramer, M., 
Krichbaum, T.P., Kuo, C.-Y., La Bella, N., Lauer, T.R., Lee, D., Lee, S.-S., Leung, P.K., 
Levis, A., Li, Z., Lico, R., Lindahl, G., Lindqvist, M., Lisakov, M., Liu, J., Liu, K., 
Liuzzo, E., Lo, W.-P., Lobanov, A.P., Loinard, L., Lonsdale, C.J., Lu, R.-S., Mao, J., 
Marchili, N., Markoff, S., Marrone, D.P., Marscher, A.P., Martí-Vidal, I., Matsushita, S., 
Matthews, L.D., Menten, K.M., Michalik, D., Mizuno, I., Mizuno, Y., Moran, J.M., 
Moscibrodzka, M., Müller, C., Mus, A., Musoke, G., Myserlis, I., Nadolski, A., Nagai, H., 
Nagar, N.M., Nakamura, M., Narayan, R., Narayanan, G., Natarajan, I., Nathanail, A., 
Navarro Fuentes, S., Neilsen, J., Neri, R., Noutsos, A., Nowak, M.A., Oh, J., Okino, H., 
Olivares, H., Ortiz-León, G.N., Oyama, T., Palumbo, D.C.M., Paraschos, G.F., Park, J., 
Parsons, H., Patel, N., Pen, U.-L., Piétu, V., Plambeck, R., PopStefanija, A., Porth, O., 
Pötzl, F.M., Prather, B., Preciado-López, J.A., Pu, H.-Y., Ramakrishnan, V., Rao, R., 
Rawlings, M.G., Raymond, A.W., Rezzolla, L., Ricarte, A., Ripperda, B., Roelofs, F., 
Rogers, A., Ros, E., Romero-Cañizales, C., Roshanineshat, A., Rottmann, H., Roy, A.L., 
Ruiz, I., Ruszczyk, C., Rygl, K.L.J., Sánchez, S., Sánchez-Argüelles, D., Sánchez-Portal, M., 
Sasada, M., Satapathy, K., Savolainen, T., Schloerb, F.P., Schonfeld, J., Schuster, K.-F., 
Shao, L., Shen, Z., Small, D., Sohn, B.W., SooHoo, J., Souccar, K., Sun, H., Tazaki, F., 
Tetarenko, A.J., Tilanus, R.P.J., Titus, M., Torne, P., Traianou, E., Trent, T., Trippe, S., 
Turk, M., van Bemmel, I., van Langevelde, H.J., van Rossum, D.R., Vos, J., Wagner, J., 
Ward-Thompson, D., Wardle, J., Weintroub, J., Wex, N., Wharton, R., Wielgus, M., Wiik, K., 
Witzel, G., Wondrak, M.F., Wong, G.N., Wu, Q., Yamaguchi, P., Yoon, D., Young, A., 
Young, K., Younsi, Z., Yuan, F., Yuan, Y.-F., Zensus, J.A., Zhao, G.-Y., Zhang, S., Zhao, S.-
S. 
ApJ 930, L21 (2022) 
10.3847/2041-8213/ac6584 
 
The Disk Population in a Distant Massive Protocluster 
Cheng, Y., Tan, J. C., Tobin, J. J., Fedriani, R., Andersen, M., & Wang, J. 
ApJ 940, 124 (2022) 
10.3847/1538-4357/ac9b54 
 
Heating of the solar chromosphere through current dissipation 
da Silva Santos, J. M., Danilovic, S., Leenaarts, J., de la Cruz Rodriguez, J., Zhu, X., 
White, S. M., Vissers, G. J. M., & Rempel, M. 
A&A 661, A59 (2022) 
10.1051/0004-6361/202243191 

https://www.doi.org/10.3847/2041-8213/ac6584
https://www.doi.org/10.3847/1538-4357/ac9b54
https://www.doi.org/10.1051/0004-6361/202243191
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The symbiotic and bipolar nebula M 2-9: Morphological variability of the collimated ionized 
wind arising from the core 
de la Fuente, E., Trinidad, M. A., Tafoya, D., Toledano-Juarez, I., & Garcia-Flores, S. 
PASJ 74, 594 (2022) 
10.1093/pasj/psac020 
 
First Sagittarius A* Event Horizon Telescope Results. VI. Testing the Black Hole Metric 
Event Horizon Telescope Collaboration, Akiyama, K., Alberdi, A., Alef, W., Algaba, J.C., 
Anantua, R., Asada, K., Azulay, R., Bach, U., Baczko, A.-K., Ball, D., Baloković, M., 
Barrett, J., Bauböck, M., Benson, B.A., Bintley, D., Blackburn, L., Blundell, R., 
Bouman, K.L., Bower, G.C., Boyce, H., Bremer, M., Brinkerink, C.D., Brissenden, R., 
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