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Summary
We conducted a classification task using Wide Learning™, an explainable AI developed by Fujitsu, to explore the conditions of Solar flares with/without SEP Events. 

We created 57 features from GOES and SDO satellites data and the physics-based three-dimensional extrapolated magnetic fields developed by Kusano et al. (2020). 
We classified Solar flares that meet > 10 MeV, > 10 pfu in the NOAA SWPC database during Solar Cycle 24 as positive samples, and all other ≧C1.2 Solar flares as negative samples. 

We conducted 100 trials with random replacements and our model demonstrates a True Skill Statistic (TSS) approximately about 0.4. 
For positive flares, we identified multiple useful conditions with numerical ranges which consist of the longitude, duration time, and history of SFs. 

These results indicate the potential for real-time step by step SEP Event alerts and the ability to reference past cases that align with identified conditions.

TP FP FN TN ACC F1 Prec. Rec. AUC PC TSS HSS POD FAR

LR 211 117 189 993 0.80 0.54 0.60 0.53 0.80 79.80 0.42 0.43 0.53 0.40 

RF 197 117 203 993 0.79 0.53 0.62 0.49 0.81 78.80 0.39 0.41 0.49 0.38

XGB 227 178 173 932 0.77 0.55 0.57 0.57 0.77 76.79 0.41 0.40 0.57 0.43 

LGBM 240 199 160 911 0.76 0.56 0.55 0.60 0.77 76.31 0.42 0.40 0.60 0.45 

WL 224 135 176 975 0.79 0.56 0.62 0.56 0.80 79.44 0.44 0.44 0.56 0.38
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SEP Positive flare conditions (b-№3. TSS=0.55 ) weight POS samples NEG samples

LON≥-43 ∧ Flare duration≥2910 ∧ Chis<38 1.03 13/17 0/39

LON≥-43 ∧Flare Stand≥390 ∧ Xhis<1 ∧ Chis1d<9 0.86 17/17 11/39

Flare Stand≥390∧ Xhis<1 ∧ Mhis<18 ∧ Chis1d<9 0.55 17/17 12/39

LON≥-18 ∧ Flare Stand≥390∧ Xhis<1 ∧ Chis1d<9 0.52 16/17 7/39

SEP Negative flare conditions (b-№3. TSS=0.55 ) weight NEG samples POS samples

Mhis<15 ∧ meangam≥48.8 ∧ meanpot<17000 ∧ Lmax_500≥77 -1.86 33/39 0/17

Chis<58 ∧ meangam<59.2 ∧ meangbz≥98.0 ∧ N_1000≥2 -1.08 36/39 1/17

Flare duration<2910 ∧ N_500<180 ∧ N_1000≥2 -1.06 34/39 0/17

SXR<4.6e-05 ∧ meangbh≥48.8 ∧ Shrgt45<54.6 ∧ L_1000≥2 -0.68 30/39 0/17

Based on the training data, we identified 1148 important combinations out of approximately 6 billion 
that represent positive cases and weighted 6 conditions as useful for prediction (displaying the top 4).

Based on the training data, we identified 1005 important combinations out of approximately 6 billion 
that represent negative cases and weighted 23 conditions as useful for prediction (displaying the top 4).

While existing SEP event forecasting models, including AI models, are discussed in Whitman et al. 
(2022), there are few studies utilizing explainable AI. We employed Wide Learning™, an explainable AI 
developed by Fujitsu, to perform classification tasks on SEP productive flares.
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Data: Solar Cycle 24 (2010/1～2017/6）
+SEP POS flare: >10 MeV, >10 pfu NOAA/SWPC list 42 samples
+SEP NEG flare: GOES flare catalogue (≧C1.2) 6780 sample

Catalogue Creation:
- we set the ratio of positive to negative cases at 1:3, keeping the positive cases constant and creating 
10 catalogs with (a) randomly sampled for each flare class, (b) 1:3 ratio for each C, M, and X flare class
- Each catalog was divided into a 4:1 ratio for training and testing, and testing was conducted 10 times. 
- Evaluation method: We carried out evaluations using the True Skill Statistic (TSS).
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Our model demonstrates a TSS of 
approximately 0.8 for case (a), and about 
0.4 for case (b). In case (a), the X-ray peak 
intensity emerged as a significant weighted 
hypothesis for positive examples, while in 
case (b), the flare longitude, duration and 
flare history emerged as significant weighted 
hypotheses. 
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We can predict SEP event occurrences with each POS/NEG fitted condition and refer past similar cases,
which indicate the potential for materials to consider real-time step by step SEP event alerts.
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