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(Lehnen et al 2016, Strait et al. 2019)
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Solar Particle Events (SPE)
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Space Radiation Health Risk
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ABTLT ERRA (Fh39) TSI DEME (3)
TR RO EEM

(Lehnen et al 2016, Strait et al. 2019)
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(Bobra & Couvidat, 2015)

Support Vector Machine
(Cortes & Vapnik 1995)I2& 5
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Table 1

SHARP Active Region Parameter Formulae

Bopra & CouviDaT

SDO HMI Magnetogram 23—Mar—2021 18:58:36.300

SolarMonitor.org

Kevword Description Formula F-Score Selection
TOTUSIH Total unsigned current helicity Hy o 3 |B; - T 3560 Included
TOTBSQ Total magnitude of Lorentz force Fo¥ B 3051 Included
TOTPOT Total photospheric magnetic free enercy density Dot O Y (Bm’“ - BP”‘}Z dA 2096 Included
TOTUSIZ Total unsigned vertical current Jow =2 114 A 2733 Included
ABSNIZH Absolute value of the net current helicity H., o |¥YB.-I] 2618 Included
i B
SAVNCPP Sum of the modulus of the net current per polarity Jr Z J.dAl+ Z J :d.‘i‘ 2448 Included
USFLUX Total unsigned Aux D=3 |B|dA 2437 Included
AREA_ACR Area of strong field pixels in the active region Area =% Pixels 2047 Included
TOTFZ Sum of z-component of Lorentz force F. o Y.(B; + B — B )dA 1371 Included
MEANPOT Mean photospheric magnetic free energy po 4 Y (BU — BP‘“}E 1064 Included
R_VALUE Sum of flux near polarity inversion line @ =3 |Bp.s|dA within R mask 1057 Included
EPSZ Sum of z-component of normalized Lorentz force aF; @ L H';}:&_E“ ' 861 Included
SHRGT4S Fraction of Area with shear = 45° Area with shear = 45° [ total area T40.8 Included
MEANSHR Mean shear angle T= —.:, 3 arccos (Eﬂgml'fr;;—l) 727.9 Discarded
MEANGAM Mean angle of field from radial ¥= 1';. %" arctan (—g‘—') 5733 Discarded
———
MEANGET Mean gradient of total field VB =+ % 1I'I."(%}' + (%) 192.3 Discarded
MEANGEZ. Mean gradient of vertical field [VE.| = .1, 3 1“,"( F;;' )_ + (%)_ B840 Discarded
II 2 2 .
MEANGEH Mean gradient of horizontal field |V By | J{. 3 '\"I (%) + (&—?) 79.40 Discarded
MEANIZH Mean current helicity ( B, contribution) H. —.!‘, 3BT 46.73 Discarded
TOTFY Sum of y-component of Lorentz force Fyood ByB.dA 28.92 Discarded
MEANIZD Mean vertical current density Joox % (%-— - &Tfl) 17.44 Discarded
MEAMALP Mean characteristic twist parameter, o Cfgotal OC Ej;f‘ 10.41 Discarded
TOTFX Sum of x-component of Lorentz force Frx—3 B, E;dﬁ 6.147 Discarded
EPSY Sum of y-component of normalized Lorentz force 3F, x ;%.gﬁ 0.647 Discarded
EPSX Sum of r-component of normalized Lorentz force dF; %f—: (0.366 Discarded
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Figure 8. (a) Disruptivity signal (blue curve) from a Random
Forest machine-learning algorithm rises as an EAST discharge
approaches a vertical displacement event (VDE) instability.
(b) Relative importance of the 13 input signals. Rising traces

indicate high importance for discharge elongation, vertical position, (G ranetz et al 20 19)

and vertical control error. Reproduced with permission from [59].
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Ao 7 OMET A (FREERER)

onset of flare

Pre-flare state <>
Stable . Unstable
critical

"/ /N

What kind of instability is responsible for the onset of flare?




Kink and Torus Instabilities

kink mode instability

] . overlying field
torus instability

ey O
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toroidal
solar surface

(conductor) ™= ]
BpoIoidaI
Twist number - e
- _ Decay index n=-——> 0(1
TW _ dq)poloz,dal > 0(1) ﬁ;\}‘ y BO dR ()
d®P;oroiqal Shafranov 1966 \//§Z
Kliem & Torok 2006 R 1 A
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Stability Analysis

Tl Parameter: n

@) Duan+2019
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There is no clear correlation between

the critical condition of kink and torus

instabilities and the onset of large flares.

Something was missed. @ "0s

for torus mode instability
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New Scenario for Solar Flare Onset

= Triggered Instability Model (Ishiguro and Kusano 2017 ApJ)  eruption

overlying flux overlying flux

g <o Critical radius

flare ribbons

Trigger-reconnection ~ Double-Arc Instability Onset of Flare
(tether-cutting reconnection) (triggered by the small reconnection)
Moore+(2001) _~ magnetic twist
7': C‘i/\twst flux
The critical condition fr L w (/5

of D-A instability K =

Cl)kover
— overlying magnetic flux
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Inoue et al. 2016

Magnetic Twist on
Magnetic field Line
at Any Foot-points
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The critical size of trigger-

High Free Energy Region (HIiFER) reconnection f T, d¢
(|B,-B,[>1000G) N re W
TC KT' —_ — 0.1

Cl)OUBT

MHD relaxation method (Inoue et al. 2016)

can be released by the DAL
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Flare is most likely to
occur.

mostly sheard field
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xk-schemeD i 5T BIAREE

Group 1: Non-flaring regions

198 largest sunspot regions in solar cycle 24
*No large flare > X2 occurred for 20 h after the observation
-Data when the region was on the central meridian.

Group 2: Flaring regions
-The seven active regions that produced all
flares of class X2 or larger within solar latitudes
+50° during solar cycIe 24,

re (Mm)

Critical Radius

. (Mm)

flare predictivé

T — 107 0%
E, (erg)

Releasable Energy

Criticall RadiUs

flare predictivé

T N
E, (erg)

AR 11158 X2.2 x AR 11890 X3.3 AR 12297 X21 ¢
AR 11283 X2.1 o | AR 12192 X3.1 AR 12673 X22 m
AR 11429 X5.4 + | AR 12192 X2.0 AR 12673 X9.3 O

L

exceptional —

China's bat coronavirus Avoiding a global food crisis during The fetal microglial
hunter speaks out p. 487 a global health crisis p.500 | transcriptome p. 530

Kusano et al. 2020, Science
DOI: 10.1126/science.aaz2511

Six out of the seven flaring
regions (the only
exception being AR 12192)
satisfied the condition

. <1 Mm and
E >4 x 103 erg
before their flares.
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Sub-critical Bifurcation

1 f
unstable
stable v nsIabIe
_v_u ........... px State parameter
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