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Abstract

In the recent years anew High Resolution Solar Physics Working Group established itself in
Graz with the help of the Austrian Science Fund (FWF) and its approved projects. The group
leader and his team are working on such diverse subjects such as small-scale solar magnetic
fields as seen by MBPs, the interaction of these fields with the granulation, flow-field analysis,
theoretical modelling of magnetic flux tubes, coronal holes, and small-scale activity within these
holes. In this contribution we would like to give a short overview of these topics and the current
status of research.

1. INTRODUCTION MBPs reach generally beyond the 1 kG regime ang the
are very small in size with just a few hundred«mf in

We restarted our small group in October 201 w diameter. Due to their large field strength, narrow
the launch of the FWF project: The interaction lné t diameter, and possibility to characterise them las f
solar granulation with small-scale magnetic fields“tubes, they are of high interest for the field oHM
Since then the group has grown in size and consists wave creation and propagation studies (e.g., Xeak e
of the PI asenior researcher, one PhD as well 2909 [4]) and thus in respect to the coronal heatin
a master student, one senior volunteer researghéran problem. Moreover, they are highly dynamic with eéim
associated team member. Currently we undertalseales of just a few minutes ever undergoing foionat
research covering in abroad sense the modellindissolution, splitting and merging events (e.g. etal.
simulation, and observation of small-scale sola2014 [5]). While a principle theory for their fortian is
magnetic fields. In the following we wish to intuoge  known — the convective collapse theory — much igss
the team members and their current field of re¢easc  known how and why they disappear and dissolve. ;Thus
well as the state of the art of their researchs®mall MBPs are of great interest for the principle
report will be closed by an outlook and first glisegs of understanding of the interaction of the solar cative
obtained data during a combined space and groupthsma flows as seen by granulation with magnetic
based observational campaign carried out in autunfields.
2017 at the European largest solar telesecope — However, currently the team focuses less om th

GREGOR (see Schmidt et al. 2012 [1]). dynamic side of MBPs and more on the long-time
behaviour.
It is a very well-established fact that the Sunamdes

2. OBSERVATIONS OF MBPS a solar cycle established with the most prominent

variation character, the changing sunspot number
The team-leader (D.U.) is heavily involved in(Schwabe 1844 [6]). While it is thus known for

research on Magnetic Bright Points (MBPs). MBPs areundreds of years that the large- scale magneticifes
small-scale highly concentrated magnetic field sagi undergo such cyclic variations, it is not undergtoges
in the solar photosphere (see Utz et al. 2013 [y even contradictory, what happens with small-scalars
appear bright in the so-called G-band (see Schijsdtle magnetic fields. Some authors found evidence that
al. 2003 [3]), a molecular band of CH moleculesselo small-scale magnetic fields vary in accordance with
to the blue continuum. The magnetic field strength sunspot cycle, while others state that they areedd



anticyclic to the sunspot cycles with some stuéiesn 3. MODELLING OF SMALL-SCALE MAGNETIC
indicating that there is no variation at all (séeet al. FLUX TUBES
2011 [7]).

Thus, our team focuses at the moment on thg-lo  Another topic we are currently interested in is the
time evolution of MBPs and analyses for that pueposmodelling of small-scale solar magnetic flux tubes.
the Hinode/SOT (see Kosugi et al. 2007 [8] antBPs as discussed before can be seen as the cross-
Tsunetat et al. 2008 [9]) G-band synoptic datandeth section of such kG strong vertical expanding flulkets
was recorded from early on in the mission untiteent (see, e.g., Shelyag et al. 2010 [13]). The ideanideh
CCD fail in February 2016. expanding flux tubes is that the magnetic fieldhwt

We obtained all the available data, some 6380 the solar photosphere can be thought of existing in
band images, carefully selected only the sharpest; strong concentrated flux bundles within the solar
de-focused and fully transmitted ones. Then weiagpl network region. These flux bundles or flux tubdshey
an automated image segmentation and MBRppear roundish; else also flux sheets) expand with
identification algorithm before analysing the ditathe height in the solar atmosphere as the gas pressure
variation of the number of MBPs as well asdecreases.
characteristic size. The interesting point concerns now exactly this

The outcome of this work can be found in @étails opening of the flux tube, as it influences the etioh
in Utz et al. 2016 [10], 2017 [11], and 2018 [1BUt of the magnetic field in the atmosphere, i.e. tieddf
can be summarized as follows: direction but also the strengths. The ratio of fietd

» MBPs follow the solar sunspot cycle; howeverstrength to the gas pressure and its evolutiortipedly
they are temporally shifted with the sunspotexpressed as plasma Beta, is an important pardaomter
going ahead in the cycle. wave processes (see, e.g., Grant et al 2015 [14]).

« The temporal shift between the declining andimplified one can immeadiately imagine that amas
rising phase of the sunspot cycle in respect tdominated solar atmosphere will feature differeatev
the MBP cycle are different. types than a magnetic field dominated atmosphdras T

«  The number of MBPs close to the disc centre ithe shape of the flux tube will have important
slightly different at the northern and southerrtonsequences for the flux tube as a wave guide.
hemisphere with a more prominent hemisphere Figure 2 shows our principle approach to this lofid

similar to the sunspot cycle. problem of finding a good flux tube model:

e The number of MBPs at disc centre can be
modelled via an ad-hoc model considering the B ot Extracting atmospheric parameters

solar atmosphere and flux and calculating hydrogen

sunspot number, sunspot appearance rate, elementes e
number of MBPs, as well as an acting surface
dynamo.

. As the number of MBPs at disc centre can be Calculating Formation Heights and Feeding of these population level
modelled it can be also quite well predicted out adoptine the MPEAMRVAC atmosphers into MULTIS and

atmosphere calculation of the radiation field

of a starting number and the sunspot number.

e The size distribution of MBPs follows a _. . .
Lo . . F 2.Sch t h to the flux tube modellin
Gamma distribution (see Fig. 1) and 1gure ematie approach 1o Me fiix 1 g

. Sproblem. Step one: Setting up a flux tube model in MPI -
temporally variable. AMRVAC; Step two: Extracting a vertical cut through the

» At the solar minimum the MBP features seematmosphere; Step three: Calculating the excitation levels and
to be slightly smaller while during the populationsof the hydrogen atom and feeding the Multi 3
maximum the size distribution is shifted tocode (codefor non-LTE radiative transfer); Step four:
slightly larger sizes. Calculating the formation heights and adopting the model

flux tube atmosphere;

E 0.006 ME%P s2¢ @Stmbw.‘on . The ultimate goal of our flux tube modelling is
~ Obs. Time: twofold: on the one side we wish to calculate faiiora

= 0.005¢ 2007—04—11 | heights of spectral bands like the G-band and G4 II
2 0.004F 3 band as well as artifical G-band and Ca Il H imafges

g 0.003F Shape: 857854_% different flux tube parameters and models, on tiero

° Scale:  27.0501 3 side we wish to have arealistic flux tube model fo
2 0.002¢ E wave propagation simulations.

k_g 0.001E 3 For a current first model atmosphere see Fig. 3 and
S 0.000E . ‘ ] for all the details about how to construct suchaaleh

o 0 200 400 600 g0 See Utz et al. 2016 [15]. A quite strong magneltix f

Diometer [km] tube element (about 200 G) is sided by two parasiti

Figure 1. An exemplary MBP size distribution created via internetwork  flux elements. The corresponding

the Hinode/SOT G-band data set and fitted by a Gamma formation heights of this flux tube ensemble isvshan
distribution. Fig. 4. Due to the relatively weak magnetic field
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Figure 3. An exemplary model flux tube atmosphere with one network sheet element squeezed by two parasitic opposite
internetwork elements. Due to the opposite polarity the parasitic elements form low lying arcade structures.

strength reached so-far in the central magnetimefe Figure 4. First test cases of calculated formation heights for
(around 200 G) the effects on tfermation heights are the flux tube ensemble from Fig. 3. The top panel shows the
yet quite insignificantly. However, in future fluxibe 3 continuum bands while the lower _panel i_IIustrates the G-
models we will implement stronger elements for wahic Pad and Ca Il H band formation height across the
the caused effects will become stronger and mofgagnemﬂux tube element.

prominent. 4. FLOW FIELD ANALYSIS
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Another topic, the working group is involved iis
the analysis of flow fields on the solar surfacd. O
special interest in these regards is the studyhef t
evolution of flow fields during the formation of tae
regions. While active regions are already of irgethue
to their higher dynamics, in the moment of flux
emergence we can expect changes in the flow fields
; which should manifest themselves in the correspandi
oL e . E velocity distributions. Indeed, this was observgdus
-150  -100  -50 0 50 100 150 and all the details can be found in Campos Rozal.et

Distance from Fluxtube—Center [km] 2018 a) b) [16,17]

In this proceeding we would only like to shamn
example of a created flow field map from an SDO/HMI
v data set (see Pesnel et al. 2012 [18]). The date we
2505 coli treated by a newly algorithm (see Diaz Baso, @t &l

: 2018 [19]) which tries via deep learning methodd an
neuronal network to improve the resolution avagaiol
the data. In the case of the current images theonal
network was trained by higher resolved Hinode
magnetograms and then applied successfully on SDO
data to improve the spatial resolution of the aldé
220 ‘ 40 magnetograms. Afterwards we calculated via the LCT
T tance from Fluxtube_Conter [er] -0 method (see November and Simon 1988 [20])

implemented in Python (the methods, including a
graphical user interface, can be found and dowmdad
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from: https://github.com/Hypnus1803/FlowMapsGUI)  Currently we are analysing a CH observed during a
the flow fields within the FOV. The result can btees GREGOR (see Schmidt et al. 2012 [1]) combined
in Fig. 5 with red arrows indicating the obtainedobservational campaign (see also next section).
velocities for the one polarity and blue arrows foe Unfortunately, no GREGOR data were available due to
other polarity. In case of interest in these meshodbad seeing on the particular day of the coronak hol
please contact J. I. Campos Rbzo analysis, but many interesting space-born data were
taken by Hinode, IRIS (see De Pontieu et al. 2@PJ)[
and SDO. In Fig. 6 the CH is shown with marked FOVs
for the various instruments taking data during tilhee
period.
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Figure 6. A small zoom-in of a full disc image taken by AIA
193 channel of the SDO spacecraft is shown. The larger
highlighted area (orange) marks the FOV of the XRT
telescope of Hinode whereas the smaller rectangular box in
the centre highlights the EIS FOV. The circle demarks the
position where small-scale activity was found in the form of
two micro-flaresand a jet.
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In the analysed data we found a small-scale active
region producing within roughly 10 minutes two
microflares and a small-scale jet event (see Fignd
il for more details Krikova et al. 2018 [22]).

0 - 75 100 15 15 175 After this very short overview of our current resga

x-arcsecs activities we would also like to outline future ppects

Figure 5. Atest data set of SDO HMI data treated by the —due to the obtained data from a GREGOR observdtiona
spatial resolution improving algorithm of Diaz Baso et al. campaign performed last year in late September.
2018 [19]. Afterwards the flow field has been analysed by
a Python implementation of a LCT algorithm. Thetop panel 6. COMBINED GREGOR OBSERVATIONAL

shows the improved magnetogram and the lower panel the  caAMPAIGN OF SEPTEM BER 2017
calculated flow fields.
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The group submitted with the help of co-proposers
(e.g. Peter Gomory from Astronomical Institute bét
Slovak Academy of Sciences and many colleagues from
AIP in Potsdam) an observational proposal bothhto t
GREGOR (see Schmidt et al. 2012 [1]) and VTT (see

Another interesting current research topic of oupchroeter et al. 1985 [24]) ground-based obserwestor

group focuses on coronal holes (CH) and the magneft well as to Hinode and IRIS spacecraft teams. The
field topology below these CHs (see, e.g., the opog proposal was accepted, and the campaign launched on
work of Hofmeister et al. 2018 [21]) as well as théhe 1&="of September until 35"of September 2017.
small-scale magnetic field dynamic which can bentbu Unfortunately, due to bad weather influences like

below them causing many interesting small—scalga"ma (high concgntrations of Sahara dust), loigdy
activity phenomena clouds or bad seeing, data were only taker3odays

5. CORONAL HOLE INVESTIGATIONS AND
RELATIONS TO THE UNDERLYING
MAGNETIC FIELD TOPOLOGY

1 e-mail: jose.campos-rozo@uni-graz.at
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Figure 7. Top: 7-timeinstances of the Al A 193 channel (roughly 45 sec. cadence) are shown belonging to the second micro-
flare event. Last panel showsthe EIS dlit position over the micro-flare event. The contoursin theimages give the magnetic
fields as seen by SDO/HMI. Below: the two instances of the microflare as seen by the EI' S spectra of the Fe Xl1 line. On the
left side the integral intensity of the line is shown, while the right panels give the spectral two component line fits. While we
practically cannot detect any flowsin the first micro-flare event (the slight upflow iswithin the accuracy of the analysis),
which was also (at least in the moment of data acquisition) weaker than the second one; the second micro-flare event shows
strong and clear downflows. For more details see Krikova et al. 2018.
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Figure 8. Two image examples (MOMFBD reconstructed) of the data sets taken on the 22nd of September by GREGOR/HiFi
instrument with a G-band filter (left side) and H-g filter (right side).
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Figure 9. One of the GRI S line scan data set is shown. At the
end of the scans the seeing becomes unfortunately too bad.
However, several useful and interesting line scans are
available.
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Figure 10. An exemplary G-band image of the HiFi
instrument is shown corresponding to the previous data set.

by the ground-based facilities. These were the 2#nd
September when we have been able to obtain some
acceptable sunspot images of NOAA 12681 in G-band
as well as in H3 supported by some GRIS scans of a
photospheric Si line as well as a chromosphericl He
line and VTT scans of d and a Ca line. An example of
this data set can be seen in Fig. 8.

More interesting data were obtained on th& @8d
29" of September (see e.g. Figs. 9 and 10) when
GREGOR was pointing on the trailing section of NOAA
12682 were we found a highly dynamic small-scale
solar magnetic field forming ever-changing magnetic
pores. The analysis of this data will be our sthione
future research focus with the data being reduagd r
now and a series of workshops to be hold for dedail
discussions and analysis.



5. CONCLUSIONS points inferred from filtergrams and spectro-poteetric data, A&A
2013, 554, 65
. . [3] Schussler, M.; Sehlyag, S.; Berdyugina, S.; EAigA.;

The newly established (with the help of FWRIMIr sgjanki, s., k.; Why Solar Magnetic Flux Conceritras Are Bright
27800 N) high resolution solar physics working grouin Molecular Bands, ApJ, 2003, 597, 173
in Graz started to engage successfully in a quibad [4] Jess, D. B., Mathioudakis, M., Erdélyi, R., Ckett, P. J.,
range of activities regarding the small-scale mégne Keenan, F. P, C_hnsnan, D. J. Alfvén Waves inltbever Solar
. . . . Atmosphere, Science, 2009, 323, 1582
flek_j/plasma Interaction in the S_Olar atmosphe_rbe_T [5] Utz, D.; del Toro Iniesta, J. C.,; Bellot Rubla R.; Jutak, J.;
topics vary from direct observations of magnet&ldi Martinez Pillet, V.; Solanki, S. K.; Schmidt, W.h& Formation and
proxies such as MBPs over the modelling of sing|§isintegration of Magnetic Bright Points ObservedSunrise/IMaX,

! iy thAPJ, 2014, 796, 79
isolated and/or more complex flux tube models ia th (6] Schwabe, H.: Sonnenbeobachtungen im Jahre '

solar atmosphere with the prospect of interestiBqy@V erm Hofrath Schwabe in Dessau, Astronomische Netten, 1844,
propagation simulations to coronal holes and agtivi 21, 233
within such coronal holes. [7]Jin, C. L; Wang, J. X.; Song, Q.; Zhao, H..eTBun’s Small-

; ; ot scale Magnetic Elements in Solar Cycle 23, ApJ120381, 37
B.es.ldes’ we have recently Obt.amed a veryeetmg [8] Kosugi, T.; Matsuzaki, K.; Sakao, T.; etpal.eTHinode
multi instrument data set during an observationgkojar.) Mission: An Overview, Solar Physics 20243, 3
campaign with GREGOR performed last year. This was [9] Tsuneta, S.; Ichimoto, K.; Katsukawa, Y.; Thal& Optical
only possible due to the support of the Leibnizitas Telgeng;)e for the Hinode Mission: An Overview, $&aysics, 2008,
fur AStrO.phySIK. PotS(_jam who shared a par_t of theft* [10] Utz, D.; Muller, R.; Thonhofer, S.; Veronig,;AHansimeier,
observatlonal_tlme with our group. The ObtamedadatA.; Bodnéarové, M.; Bérta, M. del Toro Iniesta, J, Bng-term trends
are currently in the process of being reduced a®tin of magnetic bright points, | Number of magnetightipoints at disc

further analysis which we wish to perform in thecentre, A&A, 2016, 585, 39

; [11] Utz, D.; Muller, R.; Van Doorssealaere T.; Tgonal
coming months. relations between magnetic birght points and tmssot cycle, PASJ,
2017, 69, 98
Acknowledgments [12] Utz, D.; Van Doorssealaere T.; GagelmansRByrke,

C.O’; Vuerinckx, A.; Muller, R.; Veronig, A.; Lonterm trends of

This research work was performed in the frame d‘aagnetic bright points: The evolution of MBP siBeoks of
roceedings of Workshop “Solar Influences on thgyMaosphere,

a FWF stand alone project: P 27800 N. The grOL{)gnosphere and Atmosphere”, 2018, 10, 179
wishes to express their enourmous gratitude td-We [13] S. Shelyag, M. Mathioudakis, F. P. Keenan, Bn@. Jess A
for enabling all the work done so far. Moreovere th Photﬁpfgric?rjsclhép$ingm0d%, Q&AMZOIOi 5}w5, é07M &3

H H Ayt rant, 5. D. [|.; Jess, D. b.; Moreels, M. G.; Ma . Jg
group is very thankiul to the Hinode team for ping Chri[sti;n, D' Giagkionis, 1. Verth, G.. Fediy Keys, P. H.
now already for more than 10 years excellent datgan poorsselaere, T.: Erdélyi, R. Wave Damping @kein
Hinode is a Japanese mission developed and launchgshardly Propagating Sausage-mode Oscillations &heed within a
by ISAS/JAXA, with NAOJ as domestic partner andvVagnetic Pore, ApJ, 2015, 806, 132

; ; ; [15] Utz, D.; Van Doorsselaere, T.; Kuhner, O.; Mag N.;
NASA and STFC (UK) as international partners. It I% Ivo Santamaria, I.; Campos Rozo, J. |.; FulfijiMagnetostatic

operated by these agencies in co-operation with ESAngitions in Numerical Simulations of ExpandingseTubes,

and NSC (Norway). HMI/SDO data were obtained fronteAB, 2016, 40, 9

the Joint Science Operation Center (JSOC), anddhey ~ [16] Campos Rozo, J. I.; Utz, D.; Vargas Domingi&z,
courtesy of NASA/SDO and the AIA, EVE, and HMI Veronig, A.; Photospheric plasma and magnetic fisldamics during

. the formation of solar AR 11190, A&A, 2018, undevision
science teams. The 1.5-meter GREGOR solar telescopé ;7] campos Rozo, J. I; Utz, D.; Veronig, A.; Vasg

was built by a German consortium under the leadershbominguez, S.; Modelling the solar photospherisiia and

of the Kiepenheuer Institute for Solar Physics imnagnetic field dynamics in the quiet Sun and comsparof these

Freiburg with the Leibniz Institute for Astrophysic results with the flow fields in an evolving actikegion, Books of

Potsdam, the Institute for Astrophysics Géttingand proceedings of Workshop “Solar Influences on theyMzosphere,
’ I u. physi Ing ) lonosphere and Atmosphere”, 2018, 10, 37

the Max Planck Institute for Solar System Resedanch [18] Pesnell, W. D., B. J. Thompson, P.C. Chambd@D12).

Gottingen as partners, and with contributions bg thThe Solar Dynamics Observatory (SDO), Sol. Phyz5, 3

Instituto de Astrofisica de Canarias and the [19]DiazBazo, C.J. & Asensio Ramos, A. 2018, ASAA, AS

. . . 20] November,L. J. and Simon,G.W.: 1988, Astrophys$33,
Astronomical Institute of the Academy of Sciencés 0427[ ] Phy

the Czech Republic. IRIS is a NASA small explorer [21] Hofmeister, S. J.; Utz, D.; Heinemann, S.; fég, A.;
mission developed and operated by LMSAL withfemmer, M.; Magnetic clusters as the magnetic $imeeture of

e ; onal holes, ApJ, 2018, under preparation
mission operations executed at NASA Ames ReseartHf [22] De Pontieu, B. Title, A. M.: Lemen, J. R at: The

center and major contributions to  downlinkynierface Region Imaging Spectrograph (IRIS), S@hysics, 2014,

communications funded by ESA and the Norwegiaps9, 2733

Space Centre. [23] Krikova, K.; Utz, D.; Veronig, A.: Gimory, PHofmeister,
S.; Temmer, M.; Dynamics and magnetic propertieononal holes
using high-resolution multi-instrument solar obsgions, Books of

REFERENCES proceedings of Workshop “Solar Influences on thgyMzosphere,
lonosphere and Atmosphere”, 2018, 10, 31
[1] Schmidt, W.; von der Luhe, O.; Volkmer, R.; &t The 1.5 [24] Schroeter, E. H.; Soltau, D.; Wiehr, E.; Ther@an solar
meter solar telescope GREGOR 2012, AN 333/9, 796 telescopes at the Observatorio del Teide, Visitasstronomy, 1985,

[2] Utz, D.; Juték, J.; Hanslmeier, A.; Muller, R.; Veronig, A.; 28, 519
Kuhner, O. Magnetic field strength distribution wfagnetic bright



