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² Magnetic Field Modeling (flux rope insertion method) 
² Data-driven MHD simulations  



Sketch of Standard Model	
Sheared 

     Twisted 

Ø   Solar flares, filament eruptions, and CMEs are different 
manifestations of a single physical process, due to the 
release of magnetic free energy stored in the sheared or 
twisted coronal magnetic field. --CSHKP Model 



NLFFF Modeling	

Ø Existing methods for constructing NLFFFs (non-linear 
force-free fields)  

 
• Most methods: extrapolating photospheric vector fields 

to the corona (Schrijver et al. 2006).   
• The method we adopted: “flux rope insertion method”, 
line-of-sight magnetogram (van Ballegooijen 2004). 

Ø Routine observations of photospheric magnetic field. 
 
Ø Coronal magnetic field measurements is a long-standing 
observational problem (much weaker emission and field strength).	
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Flux Rope Insertion Method 
Insert Flux Rope 

Friction 
Van Ballegooijen 2004; Bobra et al. 2008; Savcheva et al. 2009; Su et al. 2009a,b; 2011, 2012 

  PF model NLFFF Model 
Magneto 

Ø  Construct potential field model 
using an observed line-of-sight 
magnetogram. 

Ø  Create a cavity, then insert a 
magnetic flux bundle along the 
selected filament path. 

Ø  Allow the fields to relax using 
magneto-frictional relaxation, 
which leads to two possibilities: 

      1) The configuration reaches an 
equilibrium --NLFFF model. 

      2) The configuration erupts as a 
flare/CME – Unstable model.  Su et al. 2011, ApJ 
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Active Region I: Observations	

Su et al. 2011, ApJ 



Pre-flare NLFFF Model 

•  The two free parameter, i.e., poloidal flux (twist) and 
axial flux (shear), are constrained by the observed non-
potential loops. 
•  The best-fit pre-flare model contains a highly sheared 
and weakly twisted flux rope. 
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Stability of the Model 

Panels b-c: Stable; Panel d: Marginally 
Stable; Panels e-f: Unstable           
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Active Region I: Modeling	

Su et al. 2011, ApJ 

•  The unstable model (axi=6e20Mx, pol=1e10 Mx/cm) due to 
increase of axial flux closely matches the observations at 
the event onset. 
•  The axial flux (4e20 Mx) in the best-fit pre-flare model is 
close to the threshold of instability (5e20 Mx). 
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Active Region II: Observations	

Su et al. 
2009b, ApJ 



Modeling: Active Region II	

Su et al. 2009b, ApJ 

NLFFF modeling at two times 
before the eruption:  

 

Ø  An increase of the axial 
flux, suggesting the build 
up of free energy before 
eruption. 

Ø  A successful eruption will 
occur when the axial flux in 
the flux rope is close to the 
threshold of instability, and 
vice versa. 

 

 



Active Region III: Observations	

Su et al. 2009a, ApJ Confined Eruption 



Active Region III: Modeling	

Su et al. 2009a, ApJ 

Ø  The flare starts near the outer edge of the flux rope, Not at the 
inner side or at the bottom as suggested in the standard flare model. 
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Reconnection Site? 

Ø  The axial flux in 
the flux rope is 
far away from the 
upper limit for 
eruption, 
therefore, 
confined 
eruption. 



Observational Evidence of  Flux Imbalance 

Ø  The prominence was perturbed three times by chromospheric fibrils underneath 
Zhang et al. 2014 

Liu et al. 2012, Zhu & Alexander 2014 

Ø Mass transfer between two branches implies magnetic flux 
transfer of double-decker filaments 



Quiescent Prom. I: Observations	

Su et al. 2012, ApJ 



Pros:  

Ø The height and location of the 
dips in the model matches that 
in the observed prominence.  

Ø Model field lines turn into the 
flux rope consistent with 
observations 

Cons:  

Ø Vertical threads are not 
reproduced by the model. 

Ø The observed prominence is 
tilted to the south, while the 
modeled dips lie directly above 
the PIL. 

 

Su et al. 2012, ApJ 
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Quiescent Prom. I: Modeling	



Ø Orientation of 
the field lines is in 
agreement with 
the bright threads 
around the 
channel. 
 
Ø The model 
reproduces the 
bright threads on 
the north, some of 
which are located 
on field lines that 
turn into the flux 
rope (Su et al. 2010, ApJ) 

Su et al. 2012, ApJ 
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Quiescent Prom. I: Modeling	



Quiescent Prom. II: Observations	

Su et al. 2015, ApJ 



Sheared Arcade Model with HFT 
Twisted Flux Rope  Twisted Flux Rope 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Better 
Su et al. 2015, ApJ 

Quiescent Prom. II: Modeling	



Observations vs. MHD Simulations  

Kliem et al. 2013, ApJ 

Eruptions 



Observations vs. MHD Simulations  

Kliem et al. 2013, ApJ 



Summary 
²  Solar flares, filament eruptions, and CMEs are different manifestations of 

a single physical process, which is the primary driver of our space 
weather. 

²  Active region modeling: AR contains highly sheared and weakly twisted flux 
rope before eruption. If the axial flux is close to the threshold of 
instability then successful eruption occurs, otherwise the eruption fails. 

 
²  Our work supports one trigger mechanism: loss-of-equilibrium, which is 

caused by an increase of axial flux in the flux rope driven by flux 
cancellations. 

 
²  Using the aforementioned static models as initial conditions, the full  
    3D-MHD simulations confirm that the best-fit pre-flare model is stable,              
    and the unstable model due to increase of axial flux leads to a CME. 
 
²  Eruptive Prominence on the quiet Sun modeling: The models match some 

of the observation features (location and height of prominence, emission 
asymmetry), but not all (vertical threads, size and shape of the cavity). 
The observed quiescent prominence appears to be supported by a twisted 
flux rope. 

 


