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Abstract

Aims: To characterise the exceptionally dense sequence of X-class solar flares produced by NOAA Active
Region 4366 and to examine why this energetic eruption sequence produced only a minor geomagnetic
response at Earth.

Study Design: A bulletin-based observational case study synthesising publicly issued space-weather reports.
Place and Duration of Study: Data were compiled from bulletins issued by NOAA's Space Weather
Prediction Center (SWPC), the Solar Influences Data Analysis Center (SIDC, Belgium), and NASA for the
period 1-6 February 2026.

Methodology: Flare timing, magnitude, and active-region attribution were drawn from operational SWPC
and SIDC bulletins and NASA Solar Dynamics Observatory imagery. Geomagnetic storm classification was
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based on the SIDC’s real-time planetary Kp index and the Belgian local K-index (K _BEL). A reproducible
data-source table and an X-class event chronology table are provided. Causal language has been aligned with
the bulletin-based nature of the dataset.

Results: AR 4366 produced six X-class flares, including an X8.1 event at 23:57 UT on 1 February 2026,
which was among the strongest of Solar Cycle 25, together with 21 C-class and 38 M-class flares between 1
and 5 February 2026. Despite this activity, the associated magnetic cloud produced only a minor geomagnetic
storm (planetary Kp = 5) on 4-5 February 2026, with no visible aurora reported from Belgium under the cited
SIDC conditions.

Conclusion: The observed mismatch between eruptive intensity and geoeffectiveness is consistent with the
established understanding that CME propagation geometry and solar-wind/IMF coupling strongly influence
the geomagnetic response rather than flare X-ray class alone. This finding underscores the continued need for
coronagraphic CME tracking and upstream L1 solar-wind monitoring in operational space-weather
forecasting.

Keywords: Solar flares; Active Region 4366; coronal mass ejection; geomagnetic storm; Kp index; space
weather forecasting.

1. Introduction

Solar flares and their associated coronal mass ejections (CMEs) constitute the principal drivers of geomagnetic
disturbance at Earth, and periods of concentrated high-class flare activity from a single active region provide
valuable natural experiments for solar-terrestrial coupling research (Gonzalez et al., 1994; Gopalswamy et al.,
2001). Related case-based analyses have similarly examined coronal mass ejection and solar flare characteristics
(Meena et al., 2022) and geomagnetic storms occurring in association with solar activity (Vaswani et al., 2022).
In late January 2026, NOAA Active Region 4366 emerged and rapidly developed into a magnetically complex
beta-gamma-delta sunspot group, becoming the dominant source of solar eruptive activity on the Earth-facing
solar disk through the first week of February 2026.

Recent studies using physics-based forecasting and contemporary event analyses further support the evaluation
of CME geoeffectiveness through propagation, interplanetary magnetic-field conditions, and compound ICME
structure rather than flare class alone (Maharana ef al., 2024; Hayakawa et al., 2025). Complementary studies of
CME propagation and Solar Cycle 25 storm drivers likewise emphasise that heliospheric evolution and
interplanetary driver structure are central to interpreting geomagnetic outcomes (Tyagi & Mishra, 2026;
Onyemaechi et al., 2026).

This paper compiles and synthesises the publicly issued space-weather bulletins describing AR 4366's flare
output and its geomagnetic consequence, with the specific aim of examining why an exceptionally energetic
flare sequence, including an X8.1 event that was one of the strongest flares of Solar Cycle 25 to date, produced
only a minor geomagnetic response at Earth. This deliberately narrow, well-documented case is used to illustrate
the physical decoupling that can occur between solar flare class and geomagnetic storm intensity, a decoupling
with direct relevance to operational space-weather forecasting. Although the manuscript establishes the general
physical decoupling between flare class and geomagnetic response, the evidence assembled here leaves an
event-specific research gap: a consolidated account is needed to relate AR 4366's dense X-class flare sequence
to its reported minor geomagnetic response while preserving the limitations of bulletin-based observations. The
present case study addresses this gap without assigning quantitative contributions to solar-wind or IMF
parameters that were not included in the dataset.

Accordingly, the objective of this study is to synthesise the reported 1-6 February 2026 activity of NOAA AR

4366 and examine, within the limits of the available operational bulletins, the observed mismatch between the
region's intense X-class flare activity and the reported minor geomagnetic response at Earth.

2. Methodology

This study is deliberately scoped as an event-report synthesis rather than a full statistical time-series analysis.
Because a continuous, quality-controlled archived instrumental record (finalised GFZ Potsdam Kp/ap series,
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definitive WDC Kyoto Dst series, and high-resolution L1 solar-wind plasma/IMF data from DSCOVR or ACE)
was not incorporated into the present manuscript at the time of preparation, the analysis relies on operational
bulletins. Future work should incorporate these finalised datasets once fully quality-controlled versions become
available.

Flare timing, magnitude, and active-region attribution were drawn from NOAA’s Space Weather Prediction
Center (SWPC) operational bulletins published through spaceweather.gov, the SIDC (Royal Observatory of
Belgium) solar bulletin, and NASA Solar Dynamics Observatory imagery releases (NASA Solar Dynamics
Observatory, 2026; NOAA Space Weather Prediction Center, 2026; Solar Influences Data Analysis Center
[SIDC/STCE], 2026). Geomagnetic storm classification was taken from the SIDC’s real-time reporting of the
planetary Kp index and the Belgian local K-index (K BEL). All flare times are reported in Universal Time
(UT), and flare magnitudes follow the standard GOES 1-8 A classification (A, B, C, M, X), in which each letter
class denotes a tenfold increase in peak X-ray flux over the preceding class. Because this study relies on
operational bulletins rather than a finalised post-event archive, cumulative flare-class tallies should be read as
bulletin-time snapshots rather than a final definitive count.

Table 1. Data sources used in this study (reproducibility table)

Variable Source / Agency  Product / Bulletin Time Res. Access Date  Status
X-ray flares NOAA/SWPC GOES XRS event Event-based Feb 2026 Real-time /
lists; SWPC Daily Preliminary
Discussion & PRF
Active-region NOAA/SWPC; SWPC Region Daily Feb 2026 Operational
attribution NASA/SDO Summaries; SDO/HMI
magnetograms
CME trajectory / NOAA/SWPC; SWPC Forecast Event-based Feb 2026 Modelled /
geometry SOHO/LASCO Discussion; LASCO Preliminary
C2/C3 imagery
Planetary Kp SIDC / GFZ SIDC real-time Kp; 3-hourly Feb 2026 Real-time /
preliminary Kp Preliminary
Local K-index SIDC / STCE K BEL 3-hourly Feb 2026 Real-time
(Belgium)
SDO imagery NASA/SDO AIA / HMI continuum  Image Feb 2026 Public
& magnetograms cadence release

Note: Exact bulletin product names, permanent URLs, and access dates should be verified and expanded in the final version.
No L1 solar-wind or definitive Dst data were incorporated, this is an explicit limitation (see Section 3.4)

3. Results and Discussion
3.1 Chronology of X-class Flare Activity

Six X-class flares were recorded from AR 4366 between 1 and 4 February 2026 (Fig. 1 and Table 2): an X1.0
flare at 12:33 UT and an X8.1 flare at 23:57 UT on 1 February; an X2.8 flare at 00:36 UT and an X1.6 flare at
08:14 UT on 2 February; an X1.5 flare on 3 February; and an X4.2 flare at 12:13 UT on 4 February. The X8.1
event was the largest of the sequence and one of the strongest flares of Solar Cycle 25 to date, associated with
rapid magnetic expansion of the active region into a beta-gamma-delta configuration exceeding 500
microhemispheres in area.

3.2 Flare-class Distribution

As of the 5 February 2026 SWPC bulletin, AR 4366 had produced 21 C-class and 38 M-class flares since its
emergence on 30 January, alongside the six X-class events described above (Fig. 2). This distribution illustrates
a high level of productivity of mid- and high-energy events relative to the lower C-class category, a signature
consistent with a magnetically complex, highly sheared active-region configuration (Schrijver, 2007; Toriumi &
Wang, 2019). No formal statistical comparison with a baseline population of similarly complex regions is
presented; the description remains qualitative and bulletin-time based.
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Table 2. Chronology of X-class flares from NOAA AR 4366 (1-4 February 2026)

Date (UT) Peak Time GOES NOAA AR Location Notes / CME association
Class (approx.)

1 Feb 2026 12:33 X1.0 4366 N14E40 Part of intense sequence

1 Feb 2026 23:57 X8.1 4366 ~N14 Strongest of sequence;
CME modelled as glancing

2 Feb 2026 00:36 X2.8 4366 NI14E30 Type Il radio sweep
reported

2 Feb 2026 08:14 X1.6 4366 N14E30 Optical 2B reported

3 Feb 2026 14:08 X1.5 4366 N14E14 No clear CME signature
reported

4 Feb 2026 12:13 X4.2 4366 Near central No clear CME signature at
press time

Sources: NOAA/SWPC Daily Discussion and Preliminary Reports of Solar Geophysical Activity (PRF); NASA/SDO imagery
releases. Times are peak times in UT. Locations are approximate from SWPC region reports
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Fig. 1. Temporal sequence of the six X-class flares produced by NOAA AR 4366 between 1 and 4
February 2026, plotted by GOES peak magnitude. Source data: NOAA/SWPC GOES XRS event lists and
Daily Discussion bulletins (operational, real-time products); figure is author-constructed from tabulated
peak magnitudes and times

3.3 CME Transit and Geomagnetic Response

Despite the severity of the X8.1 flare, initial coronagraphic modelling indicated that the bulk of the associated
CME material would pass Earth to the north and east, suggesting a glancing rather than direct impact. The
associated magnetic cloud arrived at Earth’s magnetosphere on 4 February 2026. According to SIDC reporting,
the cloud only brushed the magnetosphere as expected, producing a minor geomagnetic storm with a planetary
Kp index of 5, confirmed independently by the Belgian local K-index (K BEL = 5). This was too weak to
produce visible aurora at Belgian latitude under the cited SIDC conditions; the disturbance was reported as still
ongoing but not expected to intensify substantially (Fig. 3). No systematic survey of high-latitude European or
global auroral reports was performed; the statement is therefore restricted to the geographic scope supported by
the operational evidence.

The central observational finding of this case study is the marked mismatch between flare energetics and

geomagnetic consequence. An X8.1 flare represents one of the most energetic eruptions of the current solar
cycle, yet its terrestrial geomagnetic signature was classified only as minor (Kp = 5). Several physical factors,
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drawn from established solar-terrestrial physics, plausibly account for this: (i) the modelled CME trajectory
placed the bulk of ejected material to the north and east of the Sun—Earth line, indicating a glancing rather than
head-on encounter; (ii) SIDC radio observations found no clear signature of a magnetic cloud accompanying at
least one of the X-class eruptions, suggesting that not every X-class flare in the sequence was CME-productive;
and (iii) the active region’s location and evolving magnetic connectivity through the observation window
affected which eruptions were geoeffectively directed at Earth.
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Fig. 2. Cumulative GOES flare-class tally attributed to AR 4366, as reported by NOAA/SWPC on 5
February 2026 (bulletin-time snapshot; not a finalized post-event count). Source: NOAA/SWPC region
summary / Daily Discussion of 5 February 2026; figure is author-constructed from the reported
cumulative counts
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Fig. 3. Schematic event chain linking the X-class flare sequence, CME/magnetic-cloud transit, and the
observed minor (Kp = 5) geomagnetic response. This is a qualitative event-timing diagram, not a
continuous index time series, reflecting the bulletin-based nature of the source data. Source:
NOAA/SWPC, SIDC
Source: Author-constructed schematic based on NOAA/SWPC Forecast Discussions and SIDC real-time Kp / K_BEL
reports; not derived from a continuous instrumental time series

It is important to emphasise that storm magnitude is controlled by a combination of factors, including
ICME/sheath field magnitude, southward Bz magnitude and duration, solar-wind speed, density/dynamic
pressure, magnetic structure, possible CME-CME interaction, and magnetopause coupling efficiency (Burton et
al., 1975; O’Brien & McPherron, 2000; Gonzalez et al., 1994). The present bulletin-based dataset does not
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include upstream L1 solar-wind plasma or IMF measurements; therefore, the relative contribution of trajectory
versus magnetic orientation cannot be quantitatively partitioned. The observed mismatch is consistent with the
well-established principle that flare X-ray class alone is a poor predictor of geomagnetic storm intensity; the
dominant controls lie with CME kinematics, magnetic-field orientation (particularly the southward Bz
component), and solar-wind coupling efficiency at the magnetopause (Maharana et al., 2024).

The February 2026 AR 4366 sequence, considered against historically extreme analogues such as the October—
November 2003 “Halloween storms” from AR 10486, which produced comparable or greater X-class flare
output alongside severe geomagnetic storms reaching Dst minima below —350 nT (Gopalswamy et al., 2005),
illustrates that flare magnitude and storm severity can diverge sharply depending on eruption geometry and
interplanetary conditions. Complementary perspectives from ionospheric response studies (Meena & Gour,
2024; Meena, Gour, ef al., 2024; Meena, Sharma, et al., 2024a, 2024b) and correlation analyses of solar activity
indices with geomagnetic disturbance (Gour et al., 2024) provide additional context, although the core literature
on CME/ICME geoeffectiveness remains the primary interpretive framework.

4. Limitations

This study is explicitly scoped as a bulletin-based case-study synthesis rather than a statistical analysis of
archived instrumental time series. Specific limitations include: (i) flare-class tallies are drawn from an
operational bulletin issued mid-sequence (5 February) and are not a finalised post-event count; (ii) no finalised
Dst index value is reported here, as WDC Kyoto’s definitive (as opposed to quicklook/real-time) Dst record for
this interval was not incorporated; (iii) no upstream L1 solar-wind plasma or interplanetary magnetic field data
(e.g., from DSCOVR or ACE) were incorporated, which would be required to quantitatively attribute the muted
geomagnetic response to specific solar-wind driver parameters rather than to CME trajectory alone. Future work
extending this case study should incorporate the finalised GFZ Potsdam Kp/ap series, the definitive WDC Kyoto
Dst record, and L1 in situ solar-wind measurements once these become available in their post-event, quality-
controlled form. Complementary perspectives from energy-resolved cosmic-ray particle-detector networks
(Meena, 2026) and comparative planetary ionospheric studies (Harada et al., 2018) may further help
contextualise the geoeffectiveness of dense X-class flare sequences such as this one.

5. Conclusion

NOAA Active Region 4366 produced six X-class flares between 1 and 4 February 2026, including an X8.1
event that was among the strongest flares of Solar Cycle 25, while bulletin-time reporting also documented
substantial C- and M-class activity. Nevertheless, the magnetic-cloud arrival on 4-5 February produced only a
minor geomagnetic storm, with planetary Kp = 5 and K BEL = 5, and no visible aurora was reported from
Belgium under the cited conditions. The case demonstrates a clear observational mismatch between flare
intensity and the reported geomagnetic response. Within the limits of the bulletin-based dataset, the glancing
CME geometry provides a plausible explanation for the weak terrestrial effect, but the relative influence of
CME trajectory and magnetic-field orientation cannot be quantified because upstream L1 solar-wind plasma and
IMF measurements were not incorporated. The event therefore reinforces the need to interpret flare class
together with CME propagation geometry and solar-wind coupling. Finalised geomagnetic indices and in situ
solar-wind observations would be required for a more complete post-event characterisation.
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