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WP2.1.2 Forum for Solar Telescopes and Databases.  
Lead SU. Participants: all interested partners. 
1st Forum was held in Stockholm 26 Nov 2019.  
2nd Forum was held in Zoom-space 26 Nov 2020.  
3rd Forum – Will it take place in Oslo this autumn?

D2.4 Minutes from Forum meeting 1  M12
D2.5 Minutes from Forum meeting 2  M24
D2.6 Minutes from Forum meeting 3  M36
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WP2.1.3 Coordinated observations.  
Lead: AIP. Participants: SU, KIS, CNRS, IAC, AISAS, MPG. 

WP2.1.4 Coordination between ALMA and ground-based solar 
telescopes.  
Lead: ASU. Participants: SU, KIS, CNRS, MPG, HVAR, UiO. 

WP2.1.5 Service mode observations.  
Lead: SU. Participants: KIS, IAC, UiO,  
CNRS, QUB, INAF, UNICT, AIP. 

D2.8 Guidelines M36

D2.9 Guidelines M24

D2.10 Guidelines M36

Work together!
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WP2.2 JRA Coordination and dissemination of results 

WP2.2.1 Networking for instrumentation activities. An email-list will be created and 
on-line seminars arranged to facilitate communication. A workshop on solar 
instrumentation representing mainly the activities of WP6 and WP8 will be arranged.  
Lead: IAC. Participants: WP6 and WP8 partners. 

D2.11 First report on networking M18

WP2.2.2 Networking for activities related to atmospheric turbulence 
and seeing. Networking will be facilitated between the involved 
partners with an email-list and on-line seminars. One dedicated 
workshop called “MCAO for EST” will be organised  
Lead: KIS. Participants: WP7 partners, AIP, Aperio, ORB, UNIGRAZ. 

D2.12 2nd report on networking M36

MS4 ”Workshops took place.” Postponed due to covid-19. 
When will they take place?

D2.14 First report on networking M18 D2.15 2nd report on networking M36
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WP2.2.3 Coordination of development of software tools for solar 
physics. Lead: USFD. Participants: SU, UiO, QUB, ASU, Aperio. 

D2.17 Report on the inventory M18
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WP2.2.4 Metadata definitions for observational data.  
One physical meeting planned.  
Lead: UiO. Participants: KIS, IAC, SU, CNRS, INAF, MPG, 
AIP, USFD, UCL, ASU, ORB, HVAR, AISAS, USI/IRSOL. 

WP2.2.5 Metadata definitions and database structure for 
numerical simulations. One joint meeting with WP2.2.4.  
Lead: UiO. Participants: KIS, IAC, SU, MPG, USFD, UCL, 
USI/IRSOL. 

D2.18 Updated document M18

D2.20 First report M18

SOLARNET=1.0

D2.19 Final document M48

D2.21 Final report M48
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WP2.2.6 Big-data storage. Lead: KIS. Participants: WP5 partners. 

Data in the cloud or in-house?

D2.22 Report M36
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What is a  
TRANS-NATIONAL ACCESS PROGRAMME?

• Open research 
infrastructures to 
researchers from other 
countries. 

• Infrastructures get paid.

• Travel for researchers to 
the facility. 

• In our case: 2 researchers, 
administrated by the 
SOLARNET Project Office.
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This project aims at integrating the major 
European infrastructures in the field of high-
resolution solar physics. 

Total cost: 13.5 M€

EU grant: 10 M€


30% of that is for the 
Access programmes
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GREGOR

VTT

Daniel López / IAC

HP Doerr

Ground-based telescopes

SST

THEMIS

SOLARNET  
Trans-national Access Programme

Revamped optical train

New vacuum window 
Operations from 

summer 2021

Adaptive optics

Offering HeSP in 2022?

Some time in service mode

Remote obs from Freiburg possible
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SUNRISE 3

Balloon-borne telescope

Supercomputer
Piz Daint

SOLARNET  
Trans-national Access Programme

Launch planned for June 2022

Humming along
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EAST TAC
Dan Kiselman (SU): SST, chair
Bernard Gelly (CNRS): THEMIS
Saida Diaz (KIS): GREGOR, VTT
Marian Martinez (IAC): Spanish TAC
Andreas Lagg (MPG): SUNRISE
Oskar Steiner (USI/IRSOL & KIS): Piz Daint supercomputer

Distributes Access time in SOLARNET and  
also ITP for GREGOR, THEMIS, VTT.
Two external scientific referees for  
every call.

EAST = European 
Association for Solar 
Telescopes

Awarding of time and 
coordination of the TNA.

Time awarded on scientific merit, but 
priority to users who: 
- have not previously used the 
installation. 
- are working in countries where no 
equivalent research infrastructure 
exist.
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Nationality rules
• The PI and at least half of the Co-I’s must be from an 

EU or associated country (including UK) except for the 
country of the facility.

”Excluded” countries
GREGOR & VTT DE, ES
THEMIS FR, ES
SST SE, ES
SUNRISE 3 DE
Piz Daint CH



This project has received funding from the European Union’s Horizon 
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824135.

Non-associated third countries  

• Allowed up to a limit of 20%.


• Our plan, after it has become clear that UK 
is still ”associated”, is to allow 20% for the 
ground-based telescopes, jointly. 


• 2021 calls for GREGOR, SST, THEMIS, VTT 
are thus open to the world.



Application to the

SOLARNET
Transnational Access Programme
for the 2021A observing season: GREGOR, SST, THEMIS

To be sent by email, together with the appropriate detailed proposal forms for the wanted telescope(s) as
pdf files, to east-tac@astro.su.se no later than 25 January 2021 23:59 UT.

Project name

Observations of minute details in major structures

Applicant information

Role Name Email A�liation (Country)

PI A. Person a.person@solar.ac.uk Solar Institute (UK)
CoI A. Nother Person a.n.person@solar.fr Institute Solaire (FR)
CoI Also A. Person a.a.person@solar.no Solinstituttet (NO)

Observations programme information

We apply for observations with the following instruments.
Days Telescope Instruments Countries PI new

to the

facility

Expected

observing

period

GREGOR DE, ES Apr–Aug
10 SST CRISP, CHROMIS SE, ES X Apr–Oct
10 THEMIS Something FR, ES Apr–Oct

If two or more telescopes are requested then this will be taken as an application for coordinated obser-
vations to be accepted or rejected in its entirety. For the possibility of using only one telescope, please
submit a separate proposal for that telescope.

Appendices: 1. SST proposal form. 2. THEMIS proposal form.

Legal

Applications must follow these rules:
• PI’s a�liation country cannot be the same as the telescope country (owner and location). The same

applies to the majority of the CoIs.
• This call will allow applications also from countries that are not EU members or associated states.
• You must acknowledge support from SOLARNET when publishing results. You must also report

to SOLARNET about publications. See
https://solarnet-project.eu/Acknowledgement-SOLARNET-EU-funding.

By submitting this application, the PI certifies that they follow the rules above and that they are aware of
the paragraph below.

Data will become public one year after delivery to the PI.

The SOLARNET Transnational Access Programme has received financial support from the European
Union’s Horizon 2020 research and innovation program under grant agreement No. 824135.

Requested by the 
Mid-Term Review 

Common 
application form for 

the Access 
Programme 

To be bundled with 
individual forms for 

each facility. 

It worked for 2021A!
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Calls for  
SOLARNET 
TNA

Deadline Oversub-
scription

2019 (A) GREGOR, VTT, 
SST, THEMIS

20 Jan 2019 3.2 18 proposals, 8 accepted

2019 B GREGOR, VTT 2 Jun 2019 1.7 5 proposals, 3 accepted

2019 PD Piz Daint 24 Oct 2019 0.75 5 preproposals => 2 full proposals, all accepted

2020 SST, THEMIS 20 Jan 2020 1.4 5 proposals, 5 accepted – 4 executed in service 
mode, 1 rolled over to 2021

2020 A GREGOR 
(science 
verification), 
VTT

19 Apr 2020 0.33 1 VTT proposal accepted – rolled over to 2021

2020 B GREGOR, VTT 19 Sep 2020 0.5 1 GREGOR proposal accepted.

2020 PD Piz Daint 31 May/30 Sep 
2020

7 proposals => 4 full proposals, 3 accepted, 
1 in limbo

2021 (A) GREGOR, SST, 
THEMIS

25 Jan 2021 Several proposals…
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COVID-19 impact on the TNA

• SST managed to operate with a single staff member during 
4 months. In the end delivered 23 d in service mode. 

• GREGOR ”revamp” in the spring, observing season was 
planned to start late. Managed to deliver 10 d in remote 
service mode. 

• VTT could never operate. 
• THEMIS could not execute the proposal that was accepted. 
• Piz Daint has kept operating. 
• Two proposals that could not be executed were rolled over to 

2021.

Spanish lockdown closed observatories. Travel restrictions for most of the rest 
of the year: staff and/or observers couldn’t travel.
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WP9 Access statistics – end of 2020
Units 

delivered  
(planned) 

in 2020

Units 
delivered 

2019-2020 

Minimum 
quantity of 

Access

Percentage 
provided

PI countries

GREGOR [d] 10 (30) 56 143 39 % 3UK, SK, CZ, IT

SST [d] 23 (25) 37 85 44 % 2DE, GR, 2UK, AT

THEMIS [d] 0 (16) 14 80 18 % IT

VTT [d] 0 (20) 10 75 13 % CZ

SUNRISE 3 [h] 0 (0) 0 11 0 % none

Piz Daint  
[knodeh] 270 (375) 270 1500 18 % SE, DE
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Gleanings from statistics and questionnaires
Questionnaire: Users generally content, but don’t understand 
that they wouldn’t have got access otherwise and how 
expensive the time is.

Female/Male fraction for PI’s of 
accepted proposals = 40%/60%. 
For all proposals = 35%/65%

Piz Daint demanding to use.

0

5

10

15

20

25

30

AT CN CO CZ DE ES ESA FI FR GR IT JP NO SE SK UK US

All researchers

Telescopes Piz Daint

Many nationalities (17)

All accepted projects 
were within the field of 
solar physics, except the 
one for THEMIS which 
was on the planet 
Mercury.



This project has received funding from the European Union’s 
Horizon 2020 research and innovation programme under grant 
agreement No 824135.

SOLARNET 
TNA impact

A&A 642, A52 (2020)
https://doi.org/10.1051/0004-6361/202038559
c� V. Abbasvand et al. 2020
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Observational study of chromospheric heating by acoustic waves
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ABSTRACT

Aims. Our aim is to investigate the role of acoustic and magneto-acoustic waves in heating the solar chromosphere. Observations in
strong chromospheric lines are analyzed by comparing the deposited acoustic-energy flux with the total integrated radiative losses.
Methods. Quiet-Sun and weak-plage regions were observed in the Ca ii 854.2 nm and H↵ lines with the Fast Imaging Solar Spec-
trograph (FISS) at the 1.6-m Goode Solar Telescope on 2019 October 3 and in the H↵ and H� lines with the echelle spectrograph
attached to the Vacuum Tower Telescope on 2018 December 11 and 2019 June 6. The deposited acoustic energy flux at frequencies
up to 20 mHz was derived from Doppler velocities observed in line centers and wings. Radiative losses were computed by means of
a set of scaled non-local thermodynamic equilibrium 1D hydrostatic semi-empirical models obtained by fitting synthetic to observed
line profiles.
Results. In the middle chromosphere (h= 1000–1400 km), the radiative losses can be fully balanced by the deposited acoustic energy
flux in a quiet-Sun region. In the upper chromosphere (h > 1400 km), the deposited acoustic flux is small compared to the radiative
losses in quiet as well as in plage regions. The crucial parameter determining the amount of deposited acoustic flux is the gas density
at a given height.
Conclusions. The acoustic energy flux is e�ciently deposited in the middle chromosphere, where the density of gas is su�ciently
high. About 90% of the available acoustic energy flux in the quiet-Sun region is deposited in these layers, and thus it is a major
contributor to the radiative losses of the middle chromosphere. In the upper chromosphere, the deposited acoustic flux is too low, so
that other heating mechanisms have to act to balance the radiative cooling.

Key words. Sun: chromosphere – Sun: oscillations – radiative transfer

1. Introduction

The solar chromosphere is hotter than the photosphere and the
increase in temperature in semi-empirical models of the chro-
mosphere cannot be explained by radiative heating. The strong
spectral lines of neutral hydrogen, Ca ii, and Mg ii are the most
important lines for studying the released radiative energy from
the chromosphere (Carlsson et al. 2019). The cores of these
spectral lines are formed under non-local thermodynamic equi-
librium (non-LTE) conditions, where departures from the LTE
are important. In the quiet Sun, Vernazza et al. (1981) integrated
the radiative losses over the height of the chromosphere, obtain-
ing 4600 W m�2. In active regions, these losses are higher by a
factor of two to four (Withbroe & Noyes 1977). They have to be
balanced by an energy input supplied by various heating mecha-
nisms.

There are several candidates of chromospheric heating
mechanisms, which can be classified into two main competi-
tive groups (see Jess et al. 2015, for a review): (1) heat release
related to two groups of magnetic field lines with opposite
directions and their reconnection, which creates local electric
current sheets to release the magnetic energy (Rabin & Moore
1984; Testa et al. 2014); (2) dissipation of the energy of
upward-propagating magneto-acoustic waves. These waves stem

from the acoustic waves generated in the upper convection
zone because of turbulent motions (e.g., Aschwanden 2001;
Zaqarashvili & Erdélyi 2009; Kayshap et al. 2018, and refer-
ences therein). In this paper, we focus to the latter mechanism.

The magnetic field a↵ects the propagation of acoustic waves.
The acoustic waves undergo the mode conversion of magneto-
acoustic waves on equipartition surfaces in the upper photo-
sphere, where the Alfvén velocity is equal to the sound speed.
The inclined magnetic field then also facilitates the propagation
of the waves with frequencies below the acoustic cut-o↵ fre-
quency ⌫ac = 5.2 mHz (Bel & Leroy 1977) into the upper atmo-
sphere through so-called magnetic portals (Je↵eries et al. 2006;
Stangalini et al. 2011; Kontogiannis et al. 2014, 2016).

The physical properties of the solar chromosphere, includ-
ing its dynamics, energetics, and the formation of spectral-line
features, have been explored with significant e↵orts, using both
theoretical simulations and observational analysis. Theoretical
evidence shows that acoustic waves can heat the intranetwork (i.e.,
non-magnetic) regions on the Sun (Ulmschneider & Musielak
2003). Based on simulations, Carlsson & Stein (1992) reported
that when the acoustic wave dissipation is fully employed,
the Ca iiH line behavior is very similar to the observed one.
Cuntz et al. (2007) discussed the physical nature of acoustic
heating in the solar chromosphere using time-dependent 1D
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ABSTRACT

While the longitudinal field that dominates in photospheric network regions has been studied extensively, small-scale transverse
fields have recently been found to be ubiquitous in the quiet internetwork photosphere and this merits further study. Furthermore,
few observations have been able to capture how this field evolves. We aim to statistically characterise the magnetic vector in a
quiet Sun internetwork region and observe the temporal evolution of specific small-scale magnetic features. We present two high
spatio-temporal resolution observations revealing the dynamics of two disk centre internetwork regions taken by the new GRIS-IFU
(GREGOR Infrared Spectrograph Integral Field Unit) with the highly magnetically sensitive photospheric Fe I line pair at 15648.52 Å
and 15652.87 Å. We record the full Stokes vector and apply inversions with the SIR code to retrieve the parameters characterising the
atmosphere. We consider two inversion schemes: scheme 1 (S1), where a magnetic atmosphere is embedded in a field free medium,
and scheme 2 (S2), with two magnetic models and a fixed 30% stray light component. The magnetic properties produced from S1
inversions returned a median magnetic field strength of 200 and 240 G for the two datasets, respectively. We consider the median
transverse (horizontal) component, among pixels with Stokes Q or U, and the median unsigned longitudinal (vertical) component,
among pixels with Stokes V , above a noise threshold. We determined the former to be 263 G and 267 G, and the latter to be 131 G
and 145 G, for the two datasets, respectively. Finally, we present three regions of interest (ROIs), tracking the dynamics of small-scale
magnetic features. We apply S1 and S2 inversions to specific profiles of interest, and find the latter produces better approximations
when there is evidence of mixed polarities. We find patches of linear polarization with magnetic flux density on the order of 130−150
G and find that linear polarization appears preferentially at granule/intergranular lane (IGL) boundaries. The weak hG magnetic
field appears to be organised in terms of complex “loop-like” structures, with transverse fields often flanked by opposite polarity
longitudinal fields.

Key words. methods: observational – Sun: photosphere – Sun: infrared – Sun: magnetic fields – Sun: granulation – technique:
polarimetric

1. Introduction

Granulation is the dominant pattern observed in the quiet so-
lar photosphere, generated by convective cells rising from the
convection zone. The photospheric “magnetic carpet” is contin-
uously replenished, with flux in the photospheric network and
internetwork regions balanced by the processes of flux emer-
gence, fragmentation, coalescence and cancellation (Gošić et al.
2014). These processes have a role in determining the heating
and dynamics of the upper atmosphere (Schrijver et al. 1997).
While the longitudinal field that dominates network regions
has been studied extensively, small-scale horizontal fields ubiq-
uitous in the internetwork photosphere merit more thorough
investigation. Ultimately, developing an understanding of and
ability to decipher the turbulent, mixed-polarity or “hidden”
photospheric magnetic field, that is revealed by the Hanle ef-
fect to be present on small-scales, could contribute to solv-
ing key problems in solar physics, such as heating of the
upper atmosphere (Trujillo Bueno et al. 2004). This magnetic

field is hidden to the Zeeman effect at low spatial resolu-
tions, and therefore requires very high resolution observations
(Bellot Rubio & Orozco Suárez 2019). As the polarization sig-
nals produced by such weak fields have such low amplitudes, the
Zeeman sensitivity of the employed spectral lines and signal-to-
noise (SNR) of the observations is also of critical importance.
The ratio of the Zeeman splitting, λB, to the Doppler width, λd,
of a given spectral line, λB/λd, provides a measure of its sensi-
tivity to different field strengths. λb, may be expressed as,

λB =
e

4πmc
geffBλ2

0 ≈ 4.6686× 10−13geffBλ2
0, (1)

where e and m are the charge and mass of an electron, respec-
tively, c is the speed of light, geff is the effective Landé g-factor
of the spectral line, B is the magnetic field strength and λ0 is the
rest wavelength of the spectral line, when B is expressed in G
and λB and λ0 are expressed in Å. Evidently, therefore, maxi-
mum Zeeman sensitivity is achieved with a weak line with large
geff in the infrared (Solanki et al. 1992).
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Abstract

Using high-resolution spectropolarimetric data recorded with the Swedish 1m Solar Telescope, we have identified
several instances of granular lanes traveling into granules. These are believed to be the observational signature of
underlying tubes of vortical flow with their axis oriented parallel to the solar surface. Associated with these
horizontal vortex tubes, we detect in some cases a significant signal in linear polarization, located at the trailing
dark edge of the granular lane. The linear polarization appears at a later stage of the granular lane development, and
is flanked by patches of circular polarization. Stokes inversions show that the elongated patch of linear polarization
signal arises from the horizontal magnetic field aligned with the granular lane. We analyze snapshots of a
magnetohydrodynamic numerical simulation and find cases in which the horizontal vortex tube of the granular lane
redistributes and transports the magnetic field to the solar surface causing a polarimetric signature similar to what is
observed. We thus witness a mechanism capable of transporting magnetic flux to the solar surface within granules.
This mechanism is probably an important component of the small-scale dynamo supposedly acting at the solar
surface and generating the quiet-Sun magnetic field.

Unified Astronomy Thesaurus concepts: Solar photosphere (1518); Solar granulation (1498); Solar magnetic fields
(1503); Magnetohydrodynamical simulations (1966); Magnetohydrodynamics (1964)
Supporting material: animations

1. Introduction

Granular lanes, first observed and termed so by Steiner et al.
(2010), consist of a dark lane preceded by a bright rim that both
move together from the boundary of a granule into the granule
itself. The trailing dark lane often remains attached to the edges
of the parent granule giving it an arch-like appearance as can be
seen, e.g., in the first row of Figure 1. Steiner et al. (2010)
performed further analysis by searching for this signature in
continuum images synthesized from CO5BOLD (Freytag et al.
2012) simulations. Examining 32 simulation cases, they
concluded that the observed signature was caused by under-
lying horizontal vortex tubes aligned to the solar surface.
Interestingly, a connection of the magnetic field with horizontal
vortex tubes was found in some of the simulation cases but
could not be confirmed in observations of granular lanes with
the Imaging Magnetograph eXperiment (IMaX; Martínez Pillet
et al. 2011).

Since then, horizontal vortex tubes in simulations have also
been reported by others using different codes (Kitiashvili et al.
2012, 2013; Rempel 2018), which reproduced in each case the
overall structure of a vortex tube beneath the observable
intensity signal from the solar surface. Horizontal vortex tubes
seem to be the natural consequence of vorticity generated by
the baroclinic effect (nonaligned density and pressure gradi-
ents) near the edges of granules. The observational counterpart
—the granular lane—is a common occurrence and easily
recognizable in high-resolution continuum time series from the
largest solar telescopes. Yurchyshyn et al. (2011) observed
granular lanes in TiO filtergrams and speculated from

simultaneously recorded Hα−0.1 nm and Hα+0.07 nm
filtergrams that cospatially occurring chromospheric jets were
caused by the interaction of magnetic fields associated with the
granular lane with preexisting magnetic fields. Yurchyshyn
et al. (2012) found in high-resolution polarimetric data from the
Goode Solar Telescope(Goode et al. 2010) diffuse intensity
structures within the granules exhibiting flux emergence. In
some cases these intensity structures were clearly due to
granular lanes, which led them to suggest that horizontal vortex
tubes might in some way be related to small-scale magnetic
field emergence. In this Letter we present polarimetric data
from the Swedish 1m Solar Telescope (SST; Scharmer et al.
2003), which for the first time show cases of distinct and
persistent polarization signal developing with granular lanes.
Further insight is obtained by studying magnetohydrodynamic
simulations of granular lanes with associated horizontal vortex
tubes hinting at the local (shallow) recycling and generation of
magnetic field associated with vortex tubes.

2. Data and Methods

We studied a quiet-Sun disk-center full Stokes time series
recorded with the CRisp Imaging SpectroPolarimeter (CRISP;
Scharmer et al. 2008) instrument attached to the SST. The data
were obtained during a 9day observing campaign in 2019
April as part of the SOLARNET access program. The data
provided were processed using the SSTRED data pipeline(see
Löfdahl et al. 2018; de la Cruz Rodríguez et al. 2015), where it
was corrected for dark current and a flat-field correction was
applied. The data were further demodulated and corrected for
cross talk (Stokes I to Q, U, and V ). A reconstruction was
performed using the Multi-Object Multi-Frame Blind Decon-
volution(MOMFBD; Löfdahl 2002; van Noort et al. 2005)
algorithm. The observations were taken in the Fe I 617.3 nm
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