
Study on Solar Flare Trigger Process 
based on Satellite Observations

Yumi BAMBA (ISAS/JAXA)

2016/10/24  
ISSI Team Meeting  
on Solar Flare Prediction



1. Introduction 
 

- Solar Flare Trigger Problem (Motivation)  
- KB12 Model 
- Objective


2. Comparison of the KB12 Model and Observations 
 

- Identification of Flare Trigger Region  
- Flare Trigger Process in a Complicated AR


3. Discussion 
 

- Possibility of an Additional Parameter 
- Classification


4. Summary  
 

- Conclusion and Importance of the Study  
- Future Direction

2

Outline



Shiota et al. 2005

1. Introduction
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Hinode/SOT Ca II H (3968Å)

Solar Flare Trigger Problem

- Standard Flare Model (CSHKP Model)  
 

Solar flares release magnetic energy 
stored in the corona. Flares are driven  
by magnetic reconnection.

- Remaining Problems 
 

energy storage process 
particle acceleration process 

trigger mechanism 
flare trigger condition

Motivation 
- To scientifically understand 
  the physical process of flares. 
- To propose specific and quantitative  
  condition(s) for flare triggering.



KB12 Model (Kusano and Bamba et al. 2012)
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no flare no flare

OP RS

Interaction between large-scale sheared magnetic field 
Binit and small-scale bipole field Be (“flare-trigger field”) 
trigger flare.

Combinations of the simple two parameters 
indicates the flare trigger conditions.

The shear angle θ0 
of the large-scale  magnetic field 
- It represents magnetic energy  
  stored in the AR. Large-scale  
  eruption can occur when θ0 > 75°.

The azimuthal angle φe 
of the small-scale bipole field 
- It is crucial for flare occurrence.

Flares can occur when φe satisfy  
the condition of either two-type.  
Opposite Polarity (OP) Type  
Reversed Shear (RS) Type

(-) (+)
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Objective

We compared the KB12 model and actual flares observed by satellites 
in order to elucidate the flare-trigger condition and the physical process.

OP- or RS-type  
flare trigger

sheared (energy stored) 
magnetic field flux rope flare

magnetic reconnection

instability

feedback process

The object of  
the study.

1. Are the flare-trigger conditions proposed by the KB12 model correct?
2. Are the physical processes of the OP- and RS-types  

consistent with the observations?

internal reconnection

flare reconnection



2. Comparison of the KB12 Model and Observations

What is a marker of "flare trigger region"?
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initial flare ribbons 
Initial flare ribbons appear as sheared two-ribbon 
structure, at the foot point of the large-scale 
sheared field. The trigger region is supposed to 
locates at the center of the two-ribbon.

pre-flare brightening  
Pre-flare brightening, that is caused by magnetic 
reconnection between the large-scale sheared 
field and the trigger field, is supposed to be seen 
over the trigger region.

photospheric magnetic field structures 
The shear angle θ0 and the azimuthal angle φe 
should satisfy either the OP- or RS-type.

PIL
(-) (+)

flare ribbons

trigger region pre-flare 
brightening



1. The GOES soft X-ray class is larger than M5.0.
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No. Date Start Time (UT) GOES Class NOAA AR Location
1 2006/12/13 02:14 X3.4 10930 S07W22
2 2006/12/14 22:07 X1.5 10930 S06W46
3 2011/02/13 17:28 M6.6 11158 S20E05
4 2011/02/15 01:44 X2.2 11158 S20W10

Event Criteria

2. The event observed in the period of 
   2006 October 1 - 2011 July 31 by Hinode.

3. Both the main and pre-flare phases are observed.  
   (at least ±6 hours to the flare onset time)

4. The event occurred within 750” 
   from the solar disk center.
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Broadband Filter Imager  
(BFI)

Narrowband Filter Imager 
(NFI)

Spectro-Polarimeter 
(SP)

wavelength 3968Å (Ca II H) 6303Å (Fe I), 5896Å (Na I D1) 6301.5Å, 6302.5Å (Fe I)

FOV 217” x 108”, 183” x 108” 327” x 163”, 225” x 112” 195” x 162”, 151” x 162”

spatial resolution 0.2”  0.3” 0.3”

cadence 2 min., 5 min. 2 min., 5 min. -

wavelength resolution - - 21.6 mÅ

Data: Hinode/Solar Optical Telescope (SOT)

spatial distribution and 
strength of the photospheric 

magnetic field (Bx, By, Bz)
spatial distribution of the 

photospheric LOS magnetic field

positive

negative

pre-flare brightening and flare ribbons  
in the chromosphere

flare ribbons



Result 1: Identification of flare trigger field
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markers of flare trigger region  
1. initial flare ribbons (sheared two-ribbon)  
2. pre-flare brightening  
3. the angles θ0 and φe

small bipole field at the 
center of the two-ribbons

pre-flare brightening  
on the PIL

background : photospheric LOS magnetic field  
                (white/black = positive/negative)  
green : polarity-inversion-line (PIL) 
red : strong brightening in the chromosphere  
       (pre-flare brightening, flare ribbons)
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Result 2: Measurement of the angles θ0 and φe

markers of flare trigger region  
1. initial flare ribbons (sheared two-ribbon)  
2. pre-flare brightening  
3. the angles θ0 and φe
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Summary of the comparison between KB12 model and Hinode observations

We identified the flare trigger region for four major flares, and confirmed 
that the trigger regions satisfy the conditions of either the OP- or RS-type.

no flare no flare

OP RS RSOP
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Flare Trigger Process in a Complicated AR

initial condition of 
the numerical simulation  
of the KB12 model

・simple bipole magnetic field structure

・clear sheared two-ribbon

consistent

???

three flare ribbons 
      more complicated 
      magnetic field? 
      difficult to infer 
      the trigger region



Events
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Date Start Time (UT) GOES Class NOAA AR Location
2014/10/25 15:44 C9.7 12192 S13W23
2014/10/25
 16:31 X1.0 12192 S10W22

X1.0C9.7
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SDO Hinode

Atmospheric Imaging Assembly 
(AIA)

Helioseismic and Magnetic 
Imager（HMI) SOT SP

wavelength 1600Å (Cont.+C IV), 304Å (He I),  
171Å (Fe IX), 131Å( Fe VIII, Fe 

XXI)

6173Å (Fe I) 6301.5Å, 6302.5Å  
(Fe I)

FOV 2000” x 2000” 2000” x 2000” 164” x 164”

spatial resolution 1.5” 1” 0.3”

cadence 12 sec. (24 sec. for 1600Å) 45 sec. -

wavelength resolution - - 21.6 mÅ

Data: SDO (Solar Dynamics Observatory)/HMI, AIA, and Hinode/SOT

spatial distribution and 
strength of the photospheric 

magnetic field (Bx, By, Bz)

positive

negative

spatial distribution of the 
photospheric LOS magnetic field

flare ribbons

pre-flare brightening and flare ribbons  
in the chromosphere and upper photosphere
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Result 1: pre-flare brightening and initial flare ribbons

pre-flare brightening on the PIL C9.7 three-ribbon flare

X1.0 three-ribbon flare
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Result 2: distribution of relative shear angle χ

potential field 
Bp

transverse field Bt

relative shear angle χ

χ = 0°

χ = 90°

corresponding to the shear angle θ0 
of large-scale magnetic field

positive  
sunspot

negative 
sunspot

intruding 
positive polarity

corresponding to the azimuthal angle φe 
of small-scale bipole field

The magnetic shear at the west side  
of the IPP is reversed to that along  
the flaring PIL.

consistent with the RS-type



17

Comparison with the 
NLFFF extrapolation

background: LOS magnetic field (15:00 UT) 
red: C9.7 flare ribbons (15:50 UT)

blue: X1.0 flare ribbons (17:03 UT)

1. internal reconnection 
(shear cancellation) 
between the trigger field 
(RS-type) and the large-
scale sheared field

2. reconnection between the 
large-scale sheared arcades  
      C9.7 flare ribbons  
      twisted flux rope

3. rising flux rope 
     reconnection between  
     the overlying field 
     X1.0 flare ribbons
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Our result suggest that the RS-type 
flare trigger can work even if it 
away from the PIL.

1. The flare trigger region locates at the center of the sheared two-ribbon.  
2. Pre-flare brightening is observe on the flare trigger region.  
3. The angular conditions of θ0 and φe in the flare trigger region  
   are satisfy the conditions of the OP- or RS-types.

　
　
　

features of the flare trigger region of the KB12 model

The KB12 model can explain the physical process of the flare trigger 
even if it occurred in a complicated magnetic field structures and in multi step.



　　　：magnetic flux 
　　　：pre-flare brightening
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・The magnetic flux contained in  
  the trigger region continuously  
  increased, and the pre-flare  
  brightening followed a rapid 
  magnetic flux increase.  
 
・The flare occurred when the  
   magnetic flux reached a critical 
   value.

The flare trigger field must 
satisfy both geometrical and 
quantitative magnetic flux 
conditions.

1. Possibility of an Additional Parameter
The flares did not immediately occur even the geometrical condition of  
the OP- or RS-type was satisfied.

3. Discussion
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32 events 
(11 X-class and  
 21 M-class)

We classified the events in 
the six independent types 
contains the OP-  and RS-
types.

2. Classification
We considered whether the KB12 model can explain the trigger process of 
various are events.

1. The GOES class was larger than M5.0.

3. The flaring site was located within  750” from the solar disk center.

2. The event was observed by SDO/HMI and AIA 1600Å from  
   2010 February 11 to 2014 February 28, and both pre-are and main  
   flare phases were covered by SDO observation.
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Result

Q1:  
Are the Type-C and D events triggered 
by a different physical process from the 
OP- or RS-types?

Q2: 
Why the incidence is different 
between the OP- and RS-types?

1. No flare event occurred under the  
 condition of the combinations of the  
 angles θ0 and φe which indicates  
  “no-flare" in the KB12 model.

2. 72% of the events were classified  
 into Types-C or D.
Type-C: No pre-flare brightening

Type-D: No clearly-sheared two-ribbons  
          (more complicated or more simple)

3. The OP-type flare trigger is rare  
 compare to the RS-type flare trigger.
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(1) Type-D case (No clearly-sheared two-ribbons)

2012/07/02 M5.6

too complicated flare ribbons!

pre-flare brightening near the 
foot point of the filament

We can identify the flare trigger 
region using the pre-flare brightening.

73% of the Type-D events showed 
pre-flare brightening.  
(8 events out of the 11 events)

Q1: Are the Type-C and D events triggered by a different physical process  
     from the OP- or RS-types?

We can interpret the trigger process 
by the KB12 model by investigating the 
relationship between filament eruption 
or small flare events in the region.
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(2) Type-C case (No pre-flare brightening)

A possibility is that the Type-C 
events were triggered by a 
different physical process from the 
OP- or RS-types.  

A long twisted flux rope is trapped 
by the overlying magnetic field and 
the overlying field is weakened by 
any cause, such as an emerging flux 
(Chen & Shibata 2000).


A gradual magnetic flux cancellation 
at a foot point of the overlying field 
also may weaken it.

However, we did not find out the 
observed features, which contradict 
the OP- and the RS-type trigger 
of the KB12 model.
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OP-type: eruption-induced reconnection 
(flux rope eruption → flare)

RS-type: reconnection-induced eruption 
(flare → flux rope eruption)

The difference in the incidence between 
the OP- and RS-types is likely derived 
from the flexibility of the altitude of 
internal magnetic reconnection leading 
to flare reconnection.

Q2: Why the incidence is different between the OP- and RS-types?

The RS-type flare trigger can work 
even if it away from the PIL.



d=0

d=0.25
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OP-type:  
The large-scale magnetic arcades should be 
directly reconnected with the trigger field to 
form long twisted ropes.

RS-type:  
Magnetic shear cancellation between the large-
scale field and the trigger field can occur as long 
as the trigger exists under the sheared arcades.

The RS-type case is definitely 
more flexible for displacement of 
the trigger field from the 
flaring PIL.
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Conclusion and Importance of the Study

The KB12 model can explain the  
fundamental physical process 
in a multitude of solar flares.

The flare trigger condition,  
that is indicated by the combinations  
of the angles θ0 and φe, is consistent  
with the observational evidence.

4. Summary

Our result can contribute to practicable flare prediction. 
- Demonstration of the validity of the quantitative evaluation of the parameters (θ0, φe)  
- Development of the measuring method of the parameters (θ0, φe)  
- Suggestion of a possibility of a new parameter
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Future Direction

There are some remaining problems;  
- What determines the critical flux of a flare trigger field? 
- How distant flare trigger field away from the PIL is able to trigger on the actual solar surface?  
- Under what conditions do flare trigger fields develop? 
- Can flare trigger fields be incidentally or inevitably invoked? 
- Which method(s) will enable reliable detection of the flare-trigger field before a flare event? 
- What can be a crucial parameter for CME occurrence?

sheared 
magnetic field flux rope

flaremagnetic reconnection

instability

(feedback process)

CME

flare & CME

OP/RS-type  
flare trigger other condition ?? condition ??

There were some events which did not show the important features to identify the flare 
trigger region. Not only the KB12 model but also other models  can explain these events. 
We need to consider the possibility of other are trigger process, although we did not 
find out the observed features which contradict the OP- and RS-type trigger of the 
KB12 model.


