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X-ray flare and proton event database

S ~ 63 000 flares R
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. 2015 1274 proton events, .
S ) “
2 o net.
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All X-ray flares and proton associated flares (red dots).
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Two requests to everybody

v'Hear me
v'Don't believe me

v'Please
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SEE and databases
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Databases and SEE

= ——
X-ray flares

Our databases are concise history of extreme events
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Heliolatitude,®

1 980 1 985 1 990 1 995 ZDDD 2005
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Flares, associated with
>5 pfu flux for >100 MeV protons

no events

E

2005-2006

W

1975-2004

Extremal east longitude moved from E43 to E77 (34°)
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Maximum >10 MeV proton flux
from far east (<60E) sources

2500

2005-2006

1
lole e e o

L A —

1975-2004

500+

>10 MeV proton flux maximum, pfu

Maximum flux increased from ~480 up to ~2000 pfu (4+ fold)
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Maximum >100 MeV proton flux
from far east (<60E) sources

= 2005-2006

-
L o

>100 MeV proton flux

om R LS N Lo

Maximum flux increased from 3.5 up to 17 pfu (=5 fold)
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Maximum of GLE

GLE maximum, %
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1 1975-2004 |

| W

=100 MeV proton flux maximum, pfu

=10 MeV proton flux maximum, pfu

['2005-2006 |

1975-2004 |

Sunspot numbers
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The Ground Level Enhancements

1985

Sunspot numbers

The most powerful flares

1975 1980 1985 1990 1995
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Very short period —
very small sample

~30 years

~300 years

= 250
200
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S50
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What we know about SEE?

———————— —————————
e —

—————————

Nothing
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Fraction of associated events

0.1 1 10 100 1000 10000
Proton flux (> 10 MeV), pfu
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SPE probability

Flare importance and

| ———— > 10 MeV, all

|—=—— > 10 MeV, >10 pfu
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X-ray flux, Wt/m2

SPE probability versus X-ray flare peak fluxes
of western flares (W15-W75).
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Distribution of X-ray flares
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GLE probability
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X-ray flare power and longitude
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Characteristics of proton enhancements
and assoclated solar flares.

Ep, e, N N, Y ?.° | Y Iy P c(p,o P> P,< P,
MeV pfu 0.5 0.01 X1
450\
>10 0.05 1274 | 678 X1.5 36 0.91+0.10 2.4+0.7 | 35%12 82+12 72.3 0.24 45,93
>10 1 595 430 X2.1 37 0.93+0.10 5.3+1.0 | 3012 97+13 72.4 0.11 21.19

>10 10 275 215 X33 | 42 1.06+0.12 | 8.0+1.3 | 34+12 | 101+13 | 75.6 0.05 11.03

>10 100 100 94 X4.7 | 46 1.41+0.18 | 7.8+0.9 | 42+8 87+8 71.9 0.04 5.52

>100 0.01 637 399 X2.2 | 43 0.88+0.10 | 6.4+1.3 | 35+14 | 103+14 | 72.2 0.15 19.52

>100 1 120 107 X4.8 | 52 1.30+0.16 | 9.3+1.3 | 43+x14 | 99+12 78.6 0.03 5.51
>100 10 46 45 X5.6 |51 2.00+0.33 | 8.8+0.7 | 54+5 63+5 72.2 0.02 1.29
GLE = 44 44 X54 | 55 2.02+0.30 | 8.8+0.6 | 545 635 72.2 0.02 1.24

Ep -kinetic proton energy; |, - minimum threshold of the proton flux;

N and N, — number of all and flare associated proton events;

|\, — mean importance of the X-ray flares, estimated for the events within
E85-W85 longitude range;

¢, — mean longitude of the flares, associated with GLE and large SPEs,

and it is median longitude for all other cases.
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PS(IXD(P) =1

(Ix <1,)

(IX >= Io)

lo: ¥, @9, G, WETe derived using all the flares with importance >B5
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probability from model

o,

Correlation between simulated and observed GLE probabilities. Points mark
flares associated and not associated with GLE. Diamonds are averaged

Athens, September : experimental probabilities corresponded to different ranges of Pg.



of GLE probability
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SXR flare distribution (light points) by importance and heliolongitude. Dark points of
larger size represent the flares, associated with GLEs. Contour curves are depicted for

Athens, Septemt equal Pg; inside contour corresponds to probability of 50%, outside one — to 1%.



Model parameters
for different SPE types

N N, Y ?.° | Y Iy N2 G,’

1 1 1
PC, b 9
Ep, | pfd X1 W45
MeV n -
>10 005 | 1274 | 679 | Xx15 |36 | 0914010 | 24+07 | 35+12 | 82+12 | 72.3 46 (y
>10 1 505 |430 |Xx21 |37 |093+010 |53+1.0 | 30+12 | 97+13 | 72.4 0

>10 10 275 215 X33 | 42 1.06+0.12 | 8.0+1.3 | 34+12 | 101+13 | 75.6 0.05 11.03

>10 100 100 94 X477 | 46 1.41+0.18 | 7.8+0.9 | 42+8 87+8 71.9 0.04 5.52

>100 0.01 637 399 X2.2 |43 0.88+0.10 | 6.4+1.3 | 35+14 | 103+14 | 72.2 0.15 19.52

>100 1 120 107 X4.8 52 1.30+£0.16 9.3+x1.3 | 43+t14 99+12 78.6 0.03 551
>100 10 46 45 X5.6 51 2.00+0.33 8.8+£0.7 | 5445 6315 12.2 0.02 1.29
GLE - 44 44 X5.4 | 55 2.02+0.30 8.8+0.6 | 54+5 6315 712.2 0.0
1 %
y 4
Iy (0— )
exp| —
I, G,
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Conclusion

» The proposed model is suitable both
for a short time forecasting
from X-ray observations,
and for a more long time forecasting
In combination with flare forecast.

» We see a lot of possibilities to improve
the model
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The show continues
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