Near-continuous tracking of solar active
region NOAA 13664 over three solar rotations
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Context o ] KW
« Complex regions evolve over many weeks, with long term impact on
solar magnetism and space weather.
* Their tracking from the Sun-Earh line (SEL) is limited to half solar rotation. | of
* Active region NOAA 13664 appeared on 29 April and subsequently on 27 8 AT
May and 23 June as NOAA 13697 and 13723, respectively.
« Favorable position of the Solar Orbiter allowed us to combine observations | | | | | | | |
along and outside the SEL, extending our ability to monitor those regions RS R v

Fig.1. The position of Solar Orbiter with respect to the Earth and the temporal

almost continuously (Fig.17).
y ( J ) coverage of the region between the two instruments, from 16 April to 18 July 2024.

Analysis
»  SDO: HMI full-disk B, o5 magnetograms and AIA EUV maps  Combined data set of magnetograms and EUV maps (Fig.2).
» Solar Orbiter: PHI full disk B, ., magnetograms, EUI EUV maps (174 A). * Flare detections from SO/STIX and GOES (Fig.3).
* Heliographic Carrington projection on common spatial grid. » Magnetic field and non-potentiality parameters (Fig.4).
Results

Evolution from emergence to decay
* We located the early stages of emergence on the far-side and monitored .
the region until its decay (also at the far-side).
* Asmall bipole was followed by repeated flux emergence events.
* Atleast 16 emergence events over 94 days were detected visually.
* Intense magnetic interactions took place during the first 40 days. .
* Complex magnetic configurations persisted for two months.

PHI FDT / HMI

Nonpotentiality evolution over three solar rotations

94-day long time series of the total unsigned magnetic flux, @, and non-
potentiality parameters: R (Schrijver 2007, ApJ, 655, L117), the length of the
magnetic polarity inversion lines, MPIL__ , MPIL, ., and the associated
magnetic flux, MPIL, , (Guerra et al. 2018, Sol. Phys., 293, 9).

Periodic gaps when the region is located near the visible limb and a
periodic trend due to foreshortening/instrumental effects (particularly Q).
* The extended time series are consistent with the ones derived from HMI
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original magnetograms and Cylindrical Equal Area projected ones.
The parameters exhibit strong correlation with the flare index.

20
R

' - ----Blos, u—corrected
+ — — Blos C
Blos, averaged —

d [ 107 Mx |
=
|

5 TR o
..................................... AR N
- 20—: . NOAA 13664 NQAA1369? NOAAI?’?EB + HMISHARP B, -
P ’ ' C
= 15—: ! , | -
S 104 | v é | A W -
5 5 A /W\ />
e | ’ | | | E E | _F

& Apr. 20 25 May 510 15 20 25 Jume 5 10 15 20 25  July 5 10 15
Time (days in 2024)
_ 6—5 ' ' + HMI/SHARP Br |
< 3 + HMUSHARP B, |
? ERE -, i -
2024-05-06 » 2004-07-02 T % o it g _,
i o .; :2024—05—09 s o~ “f’ 2024—9,7—11 X _ ;
£ 150 e %
Aais : ' :1'9 ]
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 0 200 400 600 800 % .
Mm Mm Mm Mm 1 |
Fig.2. The evolution of B 55 and the EUV emission of NOAA 13664/13697/13723 o0
from emergence to decay. 2 400 | 3
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o o = 1.0 »"‘ -
* More than half of the strongest events took place during the first month, = |
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but intense flaring activity persisted for two months. = 037 FEdE JREN :
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geomagnetic storm since 2003.
* Some of the strongest flares of Solar Cycle 25, e.g.: X8.7 on 14 May
(Earth-facing side) and X16.5 flare on 20 May 2024 (far side).

Fig.4. 94-day long time series of the total unsigned magnetic flux, ®, R, the total
length of the MPIL, the length of the main MPIL and the magnetic flux around MPILs.
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E 0 LLFH : First near-continuous tracking of a super active region from
S PJL_L S S | B A ﬁﬂﬂ nr emergence to decay.

X109 5 . STIX
Z | | - GOBS With multi-vantage point observations we can monitor all the
U o ' | evolutionary stages of complex, super-active regions.
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Fig.3. The daily flare index (Abramenko 2005, ApJ, 629, 1141) and individual

flares produced by the region, from 16 April to 18 July 2024.

July 5 10 15 window of solar eruptions.

Two vantage point observations still suffer from gaps; future cluster
missions can resolve that.
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