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AnHorauusi. Beedenue. Maruutnoe mosie kopoHsl CoJIHIIA UMEET MPSIMOE OTHOIICHHE K SIBICHHSIM
COJIHEYHON aKTHUBHOCTH, B TOM YHCJIE K BCIBIIIKAM M KOPOHANBHBIM BbIOpOcaM Macchl. OHO Takxke
HETIOCPEACTBCHHO CBS3aHO C (POPMHPOBAHHUEM IIOCTOSHHO HCXOMAALIMX ITOTOKOB COJIHEYHOW IIa3MBI,
Ha3bIBa€MBIX COJHEYHBIM BETPOM. B YacTHOCTH, MCTOYHUKU COJIHEYHOTO BETpa KOHIIEHTPHUPYIOTCS B
00JTacTsX Tak Ha3bIBAEMOTO OTKPBITOrO MarHUTHOTO Touist. CTpyKTypa MoJis, pacrioiokeHne U popma ero
JUHUAN BIMAIOT HA BEJIWYMHY CKOPOCTH IIOTOKOB IIasMbl. B cBs3M ¢ 3TUM OoJblloe 3HAYEHHE
proOpeTaeT MpoBepKa BETUYUHBI OTKPHITOTO MAarHUTHOTO MOTOKA, HAWJEHHOTO C MOMOIIBI0 PAacyeToB,
CO 3Ha4YCHWEM, MONYYCHHBIM U3 NPsAMBIX HaOmoaeHud. IJens. CpaBHUTH pe3yibTaThl PacyETOB
MarHUTHOTO MOTOKA C MOJYYEHHBIX JAaHHBIX U3 Pa3IHuHbIX oOcepBaTopuili Mamepuanvt u memoosl. B
HacTOsIIIEH paboTe MpoBEepKa MEXIy JTaHHBIMH MPOBOIUTCS Ha OCHOBE (OTOCGHEPHBIX MarHUTHBIX KapT,
MTOCTPOEHHBIX C TIOMOIIBIO0 HA3eMHBIX Teseckonos, KucnoBozckoii actpoHoMudeckort ctanimu 1 GONG,
B 2024 1. Pe3ynivmamol u 06cyrycoenue. PacyeTsl moka3and, 4TO pacXokISHHUE MEXTy HaOI0JaeMbIM U
pacyeTHBIM OTKPBITHIM MarHUTHBIM HMOTOKOM 3HAYMUTENBHOE, XapaKTEPHOE IIsI MAKCUMyMa COJTHEUHON
aKTUBHOCTHU. 3akitouenue. 110 Bcelt BUAMMOCTH, TOYHOCTH MOTEHIIMAIBLHOW MOJIETH HEJOCTATOYHO IS
MOJTyYeHUs] a/JeKBAaTHOTO KOPOHAIBHOTO MAarHUTHOTO TIOJS, TIIO3BOJISIIOIIETO YYeCTh OTKPBITHIN
MarHUTHBIA MOTOK B MOJHOU Mepe.
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Abstract. Introduction. The magnetic field of solar corona is directly related to solar activity, including
flares and coronal mass ejections. It is also directly linked to the formation of the constantly outgoing
streams of solar plasma, known as the solar wind. Specifically, solar wind sources are concentrated in
regions of the so-called open magnetic field. The structure of field, location, and shape influence the
speed of the plasma streams. Therefore, it is crucial to compare the calculated open magnetic flux with
the value obtained from direct observations. Goal. Compare the results of magnetic flux calculations with
the data obtained from various observatories Materials and methods. In this paper, the data validation is
carried out using photospheric magnetic maps constructed using ground-based telescopes, the Kislovodsk
Astronomical Station and GONG, in 2024. Results and discussion. Calculations have shown that the
discrepancy between the observed and calculated open magnetic flux is significant, typical for the
maximum of solar activity. Conclusion. Apparently, the accuracy of the potential model is not sufficient
to obtain an adequate coronal magnetic field that would allow the open magnetic flux to be taken into
account fully.
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Introduction. Open magnetic fields on the Sun are characterized by the fact that the field lines
originate on its surface (the photosphere) and extend far into space. Their study is important because they
reveal the large-scale structure of the solar magnetic field and form stable connections between the Sun
and the interplanetary medium, determining the geometry of the solar wind flow, as well as its sources on
the Sun [1]. Systematic studies of the open field began with the construction of simple potential models of
the field in the corona [2-4] based on maps of the photospheric field, initially obtained using ground-
based observations [5-6]. The Wilcox observatories are widely known Solar Observatory ( WSO ) in the
United States, an international network of ground-based observatories Global Oscillations Network
Group ( GONG ), as well as the Kislovodsk Mountain Astronomical Station, where the Solar Telescope
for Operational Forecasts (STOP) is installed. Currently, solar magnetic field observations are conducted
using magnetographs installed on spacecraft, such as Solar Dynamics Observatory ( SDO ). The OMNI
spacecraft observe the interplanetary field at a distance of 1 AU. The aim of this work is to study the
problem of open magnetic flux (OMF) and to verify the results using data from the Global observatories.
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Oscillation Network Group ( GONG ) and the Kislovodsk Mountain Astronomical Station (GAS GAO)
of the Russian Academy of Sciences .

Materials and methods of research. Direct observation of the interplanetary field allows us
to test open field models for their agreement with observational data. The main criterion for testing is the
magnitude of the total magnetic flux of the open field. In this case, the field of different directions, from
the source and to the source, is taken into account. The magnetic flux calculated in this way is called
unsigned. The first measurements until about 1997 showed good agreement between the average model
values of the field strength calculated using coronal models ( Potential Field Surface , PFSS and MHD )
[7-8], which use identical input maps of the photospheric magnetic field and observations in situ at a
distance of 1 AU [9-11]. However, later observations revealed a discrepancy, and over the next two
decades, model and in- obtained In situ unsigned open flux values have not been consistent and show
discrepancies reaching a factor of 2 or more during solar maximums. Currently, heliospheric scientists are
noting the existence of a missing flux problem. Proposed sources of the missing flux include, for
example, problems with photospheric magnetic field measurements [12], incorrect estimates of the polar
magnetic field [13], unaccounted for magnetic fields from coronal mass ejections, as well as the time-
dependent nature of the magnetic field and the methodologies for estimating the total open flux from in
situ observations. Arge et al . [11] suggest that the boundaries of coronal holes observed in the extreme
ultraviolet are merely the boundaries of a long-term open field. Beyond these boundaries, and in the
region of the apparently closed field, there is a layer of a constantly evolving mixture of open and closed
fields with a width of about one or two supergranules.

Sun service is used to perform coronal field calculations. Gazers [14], using data from the
Kislovodsk Mountain Astronomical Station. A PFSS model of the coronal field is constructed using
photospheric magnetic field maps obtained from magnetograph observations. The coronal field is
constructed similarly using GONG magnetic maps. Magnetic field lines are traced in two directions, from
the solar surface to the source surface and vice versa. This allows for the magnetic flux to be fully
accounted for. Field lines emanating from the solar surface, i.c., "outward" lines, and those entering the
solar surface, i.e., "inward" lines, are considered. Thus, the total field flux is taken into account,
regardless of its direction, or the unsigned magnetic flux.

Results and discussion. The most plausible reason for the discrepancy in the MPE calculations
is the inaccuracy of the coronal field models calculated from photospheric maps, of which there are
several. As noted above, the simplest of these is the PFSS model of a potential field with a radial direction
on the source surface. Although the most accurate and complex dynamic MHD models will be required to
finally reconcile theory and data, it is worth noting that PFSS models, such as WSA, with all the
permissible simplifications, remain extremely effective for studying and understanding the complex
relationship between the Sun and the heliosphere. In this paper, we verify the results of the MPE
comparison using data from the Global observatories. Oscillation Network Group (GONG) and the
Kislovodsk Mountain Astronomical Station of the Main Astronomical Observatory of the Russian
Academy of Sciences. The validity of this hypothesis is further confirmed by comparing the morphology
of coronal holes obtained by PFSS magnetic line tracing with coronal holes observed in ultraviolet light
using the Atmospheric Imaging Assembly on board the Solar Dynamics Observatory (AIA / SDO)
ultraviolet telescope.

For comparison, Figure 1 shows an image of a large coronal hole obtained on February 1, 2024, in
the 193 A line with the SDO / AIA ultraviolet telescope. The coronal hole serves as an indicator of a large
open-field region, constructed from the GONG map, marked in red. The locations of the coronal hole and
the open-field region coincide with minor variations. Figure 2 shows an example of the calculation of the
open coronal magnetic field obtained from the GONG photospheric maps.
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Fig. 1- A coronal hole image obtained with AIA / SDO (left). An example of an open-field region on the
photosphere obtained from GONG data (right).
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Fig. 2 - Open field on the photosphere obtained from GONG data .
Tracing magnetic field lines inward (top) and outward (bottom). There are slight discrepancies, indicating
incomplete data from each individual measurement.
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Figure 3 shows the results of a study of the behavior of the NMF during the year and a half of the
maximum of the last solar cycle. The black line shows the NMF values obtained from direct observations,
while the red and blue lines show the NMF change calculated by the PFSS model based on photospheric
maps from the Kislovodsk Astronomical Station and GONG. There is a significant discrepancy between
the observational data and the model calculations, characteristic of solar maximums. The data from the
Kislovodsk Astronomical Station provide slightly better results than those from GONG.

121 —— unsign. mag. flux GONG

—— Unsign. mag. flux STOP
104 —— Unsign. mag. flux OMNI
——- AVG Unsign. mag. flux GONG
=== AVG Unsign. mag. flux STOP

Magnetic flux (1022 Mx)

2024-01 2024-03 2024-05 2024-07 2024-09 2024
Fig. 3 - Change in the open magnetic flux during the last solar activity cycle according to OMNI data

(direct observation), the STOP magnetograph (Kislovodsk Astronomical Station), and GONG. The vertical
axis shows the OMF values obtained by direct observation or using the coronal field model.

Conclusion. The solar magnetic flux estimated using the PFSS model was studied using
ground-based observations from the Kislovodsk Astronomical Station and GONG. The results show a
significant discrepancy with direct spacecraft observations, typical during periods of solar maximum.
Apparently, the accuracy of the potential model is insufficient to obtain an adequate coronal magnetic
field that would fully account for the NMF. Conclusion: MHD models are necessary for constructing the
coronal magnetic field used in solar wind modeling.
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HNudopmanms 06 apTopax

CanpanuneB Muxania EBrenbeBnY — MiIa M Hay4yHBIH COTPYAHUK KaJMBIIKOro rocyaapcTBEHHOTO

YHHBEpPCUTETA
Muxansie Ojier HukojaeBu4 — MIAIIIMA HAYYHBIA COTPYIHHUK KaJIMBIITKOTO TOCYIapCTBEHHOTO
YHHUBEpPCUTETA

MankaeBa TanmnHa AJiekceeBHa — cTaplimii mpernojasarenb Kadeapsl TEOPETHUECKOW (UIUKU
KanmMsInkoro rocyjapcTBEHHOIO YHUBEPCUTETA

Muxaasiee bagma BopucoBuu — 1oktop (pusHKo-MaTeMaTHUECKMX HayK, MOLCHT, 3aBEIYIOIMA

kadeapoii TeopeTrdeckoil Pprznkn KaiMpIlKoro rocyJapcTBEHHOTO YHUBEPCHTETA
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HamunoBa Aiica JIMuTpueBHa — WHXEHEp - wucciefoBaTeab KalaMBIIIKOrO TOCyAapCTBEHHOIO
YHHUBEpPCUTETA

BKJ'IaI[ ABTOPOB: BCC aBTOPBI BHECIIH paBHI)II\/'I BKJIaJ B IOATOTOBKY Hy6HI/IKaHI/II/I..
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