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The interaction of solar activity with Earth's upper atmosphere occurs through 
a complex series of events - Space Weather

A major impact on life and modern technology-based society in Space or on Earth.  
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Solar storm shuts down air 
space (4 Nov 2015) 
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Present method: 
 

Tracking the dynamics of sunspots  
 
Input data of the photosphere study: Korsos et al. ApJ, 802, L21, 2015  

 
SDD-(SOHO/MDI - Debrecen Data) 

HMIDD-(SDO/HMI - Debrecen Data)  
 
Input data of the 3D study:  
 

SOHO/MDI 
SDO/HMI  

Magnetic field extrapolation 
Artificial data by Pencil MHD Code 

 
 

Inversion line of high magnetic gradient  
(Schrijver, ApJ, 655, L117, 2007) 



We define a proxy quantity for the weighted horizontal magnetic gradient: 

  

We follow the variation of  WGM  in the area of highest magnetic gradient. 
{   

Negative  
Magnetic flux 

WGM =

Bp,i
i
∑ ⋅Ap,i − Bn, j

j
∑ ⋅An, j

Dpn

Korsos et al. ApJ, 802, L21, 2015  

WGM method

AR11158 

Positive  
Magnetic flux {   
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Large flare 
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No Flare!  



Statistics of 130 ARs (within ±70º CMD) 

Estimation of the expected  
flare intensity and flare onset time: 
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We propose: extend our investigations into the chromosphere and low corona in 3D. 

We develop a complex 3D tool that allows us to predict flare onsets based on magnetic 
field topology in the lower solar atmosphere. 
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Potential field extrapolation  



Nonlinear force-free extrapolation  

500 km level  
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Potential field extrapolation  



AR 11158  

Nonlinear force-free extrapolation  
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Potential field extrapolation  



The actual starting times of approaching,  
minimum point and flare onset as function of height 

y=0 is the photosphere  

Tpredicted = 0.85*TC +12.8
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0 km level  

Nonlinear force-free extrapolation  

AR 11283  

Potential field extrapolation  
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Nonlinear force-free extrapolation  

500 km level  

AR 11283  

Potential field extrapolation  
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Nonlinear force-free extrapolation  

1000 km level  

AR 11283  

Potential field extrapolation  
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AR 11283  

Nonlinear force-free extrapolation  

1500 km level  

Potential field extrapolation  
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The actual starting times of approaching,  
minimum point and flare onset as function of height 

y=0 is the photosphere  Tpredicted = 0.85*TC +12.8
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AR 11429  
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Starting times of approaching,  minimum point 
and flare onset as function of height 

y=0 is the photosphere  
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Snapshots of simulation 
Chatterjee et al. Physical Rev. L, 116, 10, 1011012016. 

Test of the WGM method on the artificial AR by 
the Pencil MHD Code 

Local temperature map 
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The artificial AR by the Pencil MHD Code 
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Tpredicted = 0.85*TC +12.8
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The actual starting times of approaching,  
minimum point and flare onset as function of height 

Time estimation: 



Science conclusions 
 

Tracking of the following quantities may be promising for flare 
forecast. 

 
-  Weighted horizontal gradient of magnetic field (WGM), 
 
-  Steep increase of  WGM     →   for warning, 
 
-  High maximum of  WGM    →  for the assessment of flare intensity, 
 
-  Decrease of  WGM   after maximum   →  for warning, 
 
-   Time of approaching and receding phases → onset time of flare 
 
- The 3D method is capable of increasing the forecast time. 
 



From the same photospheric field distributions, one can extrapolate the coronal 
magnetic field (by solving ∇.B=0 and ∇×B=αB, with appropriate upper boundary 
conditions) 
 

MDI/SXT potential nonlinear FF 

Potential field , Linear force-free and Nonlinear force-free extrapolation  



What’s next?  
 

Science conclusions 
-  ... 
-  ... 
-  The 3D method is capable of increasing the forecast time. 
 
 

 

Facility development! 
 
SAMM - Solar Activity MOF Monitor (single mount, dual axis 2xMOF) 
SAMM+ - Upgrade of SAMM to 4xMOFs  
SAMNet – Network of SAMM+ stations 



Dopplergrams	
Magnetograms	

Synop1c	solar	telescope	based	on	Magneto	
Op1cal	Filter	(MOF)	technology:	SAMM	

MOF	technology	

2	observa1on	lines	at	2	al1tudes	in	
the	solar	atmosphere:		
Na	D2	(600-700	km)	
K	I	(300-400	km)	

Future:	Ca	I	(1000	km),	He	1083	
Synop1c	

Fixed	wavelength	but	high	
stability	and	sensi1vity	

Full-disk	or	near-full-disk	
monitoring	of	solar	ac1vity	

      



Synop1c	solar	telescope	based	on	Magneto	
Op1cal	Filter	(MOF)	technologies:	SAMM	

𝑩𝑳𝑶𝑺 ∝ (𝑹+−𝑩+)/(𝑹++𝑩+)−(𝑹− − 𝑩−)/(𝑹−+𝑩−) 

bbb

v𝑳𝑶𝑺 ∝ (𝑹+−𝑩+)/(𝑹++𝑩+)+(𝑹− − 𝑩−)/(𝑹−+𝑩−) 
Cacciani et al. 1990 

Heritage: Jeffries et al, MOTH I, MOTH II 



2-5	G	sensi1vity	

Magnetograms	

Dopplegrams	

SAMM:	PuUng	the	numbers	into	
perspec1ve...		

8-15	G	official	
sensi1vity	

Worst	case:	1	m/s	
sensi1vity	

10	m/s	sensi1vity	

MOF	ground-based	
telescope	

HMI	on	SDO	
satellite	

MOF	ground-based	
telescope	

Scien1fic	
requirements	



Collabora1on	with	INAF	
and	Andor	Zyla	cameras	

Op1cal	design	provides	for	
future	implementa1on	of	
Ac1ve/Adap1ve	Op1cs	

Atmospheric	seeing	

Image		and	data	quality	/	
atmospheric	seeing	

High	frame-rate,	extremely	
low	electron	noise,	1	ms	
exposures,	possibility	of	

“freezing”	atmospheric	seeing	

High	quality	cameras.	

Protected,	simple,	remotely	
operated,	compact		setup	

Development	of	an	extra-large	
version	of	the	Merlino	

Portable	Remote	Observatory	



SAMM: Realisation 

Hungarian Solar Physics Foundation 
www.hspf.eu 





SAMM: Realisation – Gyula SO 

Hungarian Solar Physics Foundation 
www.hspf.eu 



SAMM: Realisation – Gyula SO 

Hungarian Solar Physics Foundation 
www.hspf.eu 



q   SAMM+:   
4x	observa1on	lines	at	4	al1tudes	in	the	solar	atmosphere:		
Na	D2	(589	nm,	600-700	km)	
K	I	(770	nm,	300-400	km)	
Ca	I	(422	nm,	1000	km)		
He	1083	nm	(1900	km)	

Near Future 



Future 
q   SAMNet:   



 
 

Thank you for your attention! 


