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Solar active region magnetogram 1mage dataset for studies of space weatherBoucheron

(Laura E. Boucheron)

KRR E:SDO/HMI ., 201005-201812, LoS Magnetogram

1) Fits: 1,372,004 HMI 5 &

, 1655 {E3 X
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T GOES/events.txt
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3) PNG: Y%y, 224 x 224, 15GB.
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1) EfH: [-200,200] 2) FHBANF-7 [ AL

Boucheron Z{#E4E:
950,047 #54, Train:Val: Test=15:2:2

Pl <
(=C class*2) : (None*1/2) =1:1

4 g (2MS5.0 class*14) : (None*1/10) = 1:1
(a) (b) (=X class*30) : (None*1/10) = 1:1

I = [Manax(O 400,71 +200)* 42“5)5
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JSONL

{"query": "Given a set of 15 magnetograms of the solar active region, Please follow the steps below to
conduct a step-by-step analysis of the sequence of 15 solar images and predict whether a flare is likely
to erupt in the next 24 hours: Step 1: Analyze key features of each solar active region magnetogram. St
ep 2: Compare the sequence of images to identify dynamic changes (e.g., magnetic neutral line length,
total unsigned magnetic flux) and their potential impact on flare likelihood. Step 3: Relate these chang
es to historical data or physical laws to infer if they align with typical flare eruption characteristics. Ste
p 4: Summarize your conclusions and assess the likelihood of a flare eruption.<image>The physical pa
rameters: Magnetic Neutral Line(NL) length: 14 6 2. 0 0 0 pixel, Total unsigned flux: 1 687511.0
0 0 Wb<image>...<image>...<image>...<image>...<image>...<image>...<image>...<image>...<image
>...<image>...<image>...<image>...<image>...<image>... . Return the answer as one of the following o
ptions: 'A: Flare', 'B: None'. Only return the Option Letters, not the Description.",

"response': "A",

"history": [],

"images": [""/*** png", "/*** png", "/*** png", "/F** png", "/F** png", "/*¥** png", "/*¥F* png", "/*H*,
png", "/*¥*¥* png", "/*** png", "/*E* png", "/F*F* png", "/F*¥* png", "/F** png", "/*** png"]}

Vil A A \5:
waoe' JW-FlareffUE 214
Model
Dataset for JW-Flare:
Model Level Train Test Val
JW-Flare
— >C 603328 94757 95933 (series)
Flare >MS5.0 153976 94757 95933
(single) < 143301 94757 95933
— >C 121128 18582 18822
Flare >MS5.0 28726 18582 18822
(series) < 30219 18949 19184
JW-Flare
(single)
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3 4| istory": [],

{"query": "<image>Given a magnetogram of the solar active region and The corresponding physical p
arameters: Magnetic Neutral Line(NL) length: 7 3. 0 0 0 pixel, Total unsigned flux:91755.000
Whb. Please follow the steps below to conduct a step-by-step analysis of the solar images and predict w
hether a flare is likely to erupt in the next 24 hours: Step 1: Analyze key features of solar active region
magnetogram(e.g., magnetic neutral line length, total unsigned magnetic flux) and their potential impa
ct on flare likelihood. Step 2: Relate the features to physical laws to infer if it align with typical flare er
uption characteristics. Step 3: Summarize your conclusions and assess the likelihood of a flare eruptio
n. Return the answer as one of the following options: 'A: Flare', 'B: None'. Only return the Option Lette
rs, not the Description.",
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(a) Supervised Fine-Tuning Dataset
m - sk chancamalt Data Balarcs Supervised Fine-Tuning(SFT) "
J A J : g . Dataset
Sk '

k/ Physic Text Task Description
Public Dataset @) “
—

Textual

Parameters selection
Consfruction

Qutput Constraints.
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(b) JW-Flare Model Structurg

Image modality:
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‘, Prompt Template(single) ’4 Prompt Template(series) *,‘ ‘«\ ik g
! [Task ipti imag i\ [Task i asetof 15 |
AY / » ! n & magnetogram of the solar acti | | magnetograms of the Solar active regi | e -1
i ve region and The corresponding | 1 ON-. | , s =]
{ Or 1 physical parameters: Magnetic : | [Physical Parameters Text]<image> | ! [ = fiietis Detocket 3
! Neutral Line(NL) length:7 3. 0 0 | ! The physical parameters: Magnetic N | i . I L
} 0 pixel, Total unsigned flux:9 17 | | eutral Line(NL) length:1462.000p | i g . :
N . . 155.000Wh ; { el Ttal ursigned flux 16 875 11 | . ‘::“‘;:i & : N
| [Output Constraints] Retum the | | <image> ... ! mbedding ' . 1 g —
l S 1 5 1[ I l a eS/3 [ l 1 l l l a e/ 1 2 | answer as one of the following op | | [Output Constraints] Relum the ans ————* H g
~ ) } tions: *A: Flare', 'B: None'. Only re | | wer as one of the following options: 'A: | i 12 LoRA
1 turn the Option Letters, not the D | ! Flare’, 'B: None'. Only return the Optio 1 i . § Trans Decoder
\ eseription. n Letters, not the Description. / [
. ) r 3
min | R
(c) Result
JW-Flare Response: 2 C level = M5 level 2 X level
Options = A (Flare) Options = B (None) . . mm 7SS
gl i mm TNR
JW-Flare ° H
: — (Single ) ) mm ACC
ption= are 3 ': ' -

Option=B(None) )
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HGPUs: NVIDIA RTX 6000 Ada GPU(48GB)

Pytorch and Modelscope Swift(Scalable lightWeight
Infrastructure for Fine-Tuning)

Sl

RIS YIZEEa] (B2~ GPU): = C,52 hours; = M5/X ,15 hours

Model Model_type  Sft_type Lora_target Deepspeed  Batch_size Epochs Lora_rank Lora_alpha Lora_dropo
~modules ut
IW-Flare ~ 2Ven2-vk lora ALL default- 1 1 32 64 0.1

7b-instruct zero2
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Model Level TP TN FP FN TPR TNR HSS Accuarcy  Percision Fl TSS
.T(\:;lljgllzr)e =C 16345 61772 11443 5197 0.7588 0.8437 0.5465 0.8244 0.5882 0.6627 0.6025
J&E?S;e =C 3767 10950 3132 733 0.8371 0.7776 0.5203 0.7920 0.5460 0.6609 0.6147
J(":; ;ngler)e = M5 826 79879 14045 7 0.9916 0.8505 0.0900 0.8517 0.0555 0.1052 0.8421
Igeige > M5 170 16753 1653 6 0.9659  0.9102 0.1555 0.9107 0.0933 0.1701 0.8761
I(‘:';Fgllaege > X 342 86700 7706 9 0.9744 0.9184 0.0749 0.9186 0.0425 0.0814 0.8927
J;:ZEZSE > X 79 17933 937 0 1.0000 0.9503 0.1376 0.9506 0.0778 0.1443 0.9503
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AR CiE SN RIS

Model [evel TP TN FP FN TPR TNR HSS Accuracy Precision F1 | TSS
SVM > (' 16123 57042 16173 5419 0.7484 0.7791 04485 0.7721 0.4992 0.5989(0.5275
VGG > (' 14977 59611 13604 6565 0.6952 0.8142 04567 0.7872 0.5240 0.5976(0.5094

Swin_transformer > ' 16186 58927 14288 5356 0.7514 0.8048 0.4852 0.7927 0.5311 0.6223)|0.5562
JW-Flare (single) = C 16345 61772 11443 5197 0.7588 0.8437 05465 0.8244 0.5882 (.6627)|0.6025

JW-Flare (series) = C 3767 10950 3132 733 0.8371 0.7776 05203 0.7920 0.5460 0.6609)|0.6147
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Method Model Type Input Level Time Table TPR TNR ACC HSS TSS
H“é“()gl;t)al' CNN AE'C Single c/M/X 24h T4 0.73/0.85/0.87 0.76/0.81/0.85 0.76*/0.81%*/0.85* 0.34/0.14/0.03 0.49/0.66/0.71
N;ihggll‘g)et DNN Afi'F Single CH+M+ 24h T3 0.81/0.95 0.82*/0.85* 0.82/0.86 0.53/0.26 0.63/0.80

Pa(‘g;‘fg‘l' CNN Ff Single C+* 24h* T4 0.80* 0.89* 0.84 0.69 0.69

Iag;g; CNN Alz'c Single C+/M+ 24h T2 0.889/0.817 0.79%/0.932* 0.861/0.891 0.671/0.759 0.679/0.749
N;i‘.h(igggi‘)et DNN,t=0.5 Af;'F 0.64/0.06 0.70/0.24
thz“(;gz‘?)al' CNN Al;‘c Single C+HM+ 24h T3 0.895/0.818 0.808*/0.921%* 0.869/0.887 0.692/0.746 0.703/0.739
D‘zg(g);lt)al' GAN+CNN Afz{'c Single C/M/X 24h TS 0.734/0.746/0.830  0.912%/0.907%/0.932*  0.865/0.864/0.909 0.644/0.655/0.770 0.646/0.65

S(gl(l);;:)l 3D CNN Alg'c Series C+/M+ 24h Ts 0.862/0.925 0.893*/0.901* 0.879/0.904 0.756/0.667 0.756/0.826
Aﬁ‘.i"(‘gg;g)et Transformer AFI{'C Series  C I;’f/ M 24h Tl 0.891/0.842/0.853  0.944%/0.997/0.965*  0.915/0.928/0.964 0.835/0.83 -
Flar:(":;gle) MLLM AI;C Single ~ C+M5+X 24h T3 0.759/0.992/0.974 0.844/0.850/0.918 0.824/0.852/0.918 0.547/0.090/0.075  0.603/0.842/0.893
Flari;‘f; ries) MLLM AI;\ Series  C+/MS+HX 24h T3 0.837/0.966/1.000 0.778/0.910/0.950 0.792/0.911/0.950 0.520/0.156/0.137  0.615/0.876/0.950
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M50 X93 Ms0 /\ X16 X1 M7 © None
AR13078 AR12673 AR13296 AR13663 ARI13697 ARI13691 AR13613
JW-Flare(single): =M5.0 J JW-Flare(series): = X J
Data  Input TP TN FP FN TPR TNR  HSS acg;lar pegfliSi Fl TSS
HSOS Single 400 0 0 83 —  0.8282 -
FMG  Single 289 0 0 2 — 09931 -

MI  Series _({@3%7 21852 Al732 95 97130 0.9266 0.1860 09236 0.1199 02053 | 0.6396
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| @D@,@ JW-Flare i] 52 5: CoT LLM
(a) The reasoning and decision-making process in CoT LLM

COT LL ) File Edit Selecion View Go Run Terminal Help & =2 2 JinWu [SSH: 949uwse53261 vicp.fun] ODQmone - - X

& infer_JWflare_A.py @ infer JWflare B.py X >~ @ - T& 2285 hmi.M_7205.20150218_063600_TAl.1.magnetogram.png T 379 .
| Evaluation
infer » ® infer_lWflare_B.py 7 .. infer » Y& 2285_hmi.M_720s.20150218_063600_TALT.magnetogram.png
93 "o -
91 # GNEIEN : ,
95 it response.statusicode == 2003 Uncertalnty
36 # print("Query:", query) factors
2)%}E a7 # print() # BH—T=T
98 .
39 ¢ EEEREUERTR Json BIE -
108 try: 5 _ wel of
101 result = response.json{) # EEffr Json MWL -r_;; _ ions
é h— B2 # print('Result:’, result) T — —
3)’)3_; I:l ia3 content = result[ choices' J[6][ 'message’ ][ content'] & HEIAE o
184 priot( ' m-FlareEEFRIEER: ', content) ¢ WHTE
| i 3 BN "o ke W80 “oomeert EEE
PEULC ECE  TERANNAL T gean m=+ I @
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@M@g JW-Flare 7] R E 5L 6. Monitor 1. H

(b) Monitor Project Interface
Model Chat (Llama-3.1 8B Instruct) Transluce Model Investigator

BRI I § A I LA TR T A J A I . | L R LI A BT I I M A

= sun, solar energy, Al refusal for harmful

Top probabilities: (¢ starts at ~7.9e6 Wb and steadily increases to ~8.09e6 Wb. -
celestial systems requests

Solar 1.000 [rease. More flux means more magnetic energy stored in the
d be released in a flare. \n

Solar 0.000
< >

Okay i hese parameters. The Gradient mean and Total flux both

Sol 0.000 [creases. This synergistic reinforcement suggests energy Find neurons activating highly on the prompt.
So 0.000 [ngth and fragments also increase, which aligns with the idea
ororrorecommErk Magnetic topology. However, after the peak, the NL length | found some neurons that fired highest on the input. | grouped their behaviors into these clusters:
fluctuates a bit, but the fragments surge towards the end. This might indicate a magnetic fields solar phenomena dates. months mathematical
critical point where the structure is bECDITIII'Ig unstable. \n plas'na physics" ste“ar properﬁes’, historical yearél ﬁl'ne calculaﬁonsl

n _ ) astrophysics, fluid... cosmic rays,... periods expressions, scient
From the physical mechanisms: The energy perspective shows the fiux is 64 neurons matching 63 neurons matching 42 neurons matching 41 neurons matching
accumulating linearly, which aligns with threshold theories where a critical
value is needed for a flare. The structural complexity (high fragments and NL 4 - »
length) matches historical precursors. Temporally, the parameters show a
quasi-periodic increase, nearing a possible eruption window. 'n

n — ¥ High-Activation Neurons

Positive indicators include the sustained increases in gradient and flux, along Activation Mode | Attribution Mode @ Showing neurons that fire highly on your prompt
with high fragment counts. Negative factors might be the slight dip in NL length

after the peak, but it's still relatively high. Overall, the confidence is high for a Quickly search neuron descriptions by keyword
flare due to multiple strong signals. The answer should be 'Solar'. \n

<|im_start|>answer \n ID ¢ Act/ Top %ile ~ Explanation

Solar<|eot_id}> v

L5/ N1289  10.3636 references to solar phenomena (e.g. solar, coronal, weather, storm, cor, coronal, sun, & particles)
Continue chatting with the model.. :’ﬁz 109 89686 the term "oscillation” and its variants (e.g., "oscillations,” “oscillatory”) in various scientific and technical contexts.
the token "the” in technical contexts related to solar phen flares. Also, activati include that both, and, as, and of i ion with
llama-3.1-8b-instruct € Clearchat (y Regenerate 3 L22/N909  8.4908 sa‘mﬁco mda;ilpnme ‘nlca SR E RS ORISR A e ” e LS,
L3/N4138  7.6620 scientific terms related to solar phenomena, including core, dynamo, dynam, line, continuum, maps, limb, images, and specific names like Hale.
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ﬁ/n;' JHRNSELS . Scaling law -5 i AR R 24 -

HHEMLLM:

Model TP N FP FN TPR TNR HSS accuarcy percision Fl TSS
> (C Flare

E?ﬁ;‘: 13697 65024 8191 7845  0.6358  0.8881 05210  0.8308  0.6258  0.6308 | 0.5240
[Deepseek—vl—7b—chat i Ilze;f:: 3231 12087 2553 1078  0.7498  0.8256 05134 08084 0558 06402 | 0.5754

Qwen2-

cingle 18146 56429 16786 3396 0.8424 07707  0.5028 07870  0.5195  0.6426 | 0.6131
[QwenZ-Vl-7b-instruct i Qwen2-

. 3460 11865 2217 1040  0.7889  0.8426  0.5763 0.8296  0.6156  0.6915 | 0.6315
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Solar Flare Real-time Prediction Agent Architecture

4

N
1. Data Acquisition Module

2. Feature Extraction Module

w

e )
3. Model Prediction Module

file retrieval
\_ #,

> B

NOAA SRS JSOC HTTP
LFITS file download)

v

~

Full-disk PNG

N

f73

Physics parameter
extractor block

e 29-dimensional
features

"

JSONL generator

15-image sequence with
sliding window (step=5)

T )
AL

generation _ csv ~N
o 7 gradient generator JSONL Physical parameter
features component embedding
o 13 neutral line visualization
features yearly \ )
o 5 wavelet organization %
ener ( )
featugr‘és append mode Local Iarge model interface
o 4 magnetic = 4
flux features d “’#x-o ¢ .
i 20
4 ; deployment-
visualization (150150 pixels) LT L
\. e \ 7, S J
\ y 4 X J
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https://arxiv.org/abs/2511.08970
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