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Sca0ering polariza&on and Hanle effect 
observed above the solar limb  at Themis 

In Memorium

This volume is dedicated to the memory of Jean Arnaud – our friend and a solar polarization

pioneer, who left us unexpectedly September 11, 2010

vi

The primary miror of Themis is super 
polished (thanks to Jean Arnaud). In 
good seeing condi&ons off‐limb 
observa&ons are possible together 
with polariza&on measurements. 



Observa(ons at the solar limb 

Molecular lines observed at Themis: 
Faurobert M. & Arnaud J., A&A 2002, 2003 

(10 mn exposure (me, photometric 
sensi(vity: 10 ‐5) 



Linear polariza(on spectrum 50’’ inside  the limbe 
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Measurement of the con&nuum 
polariza&on 

X: measurements at Themis at various limb distances 
____: 1D radia&ve transfer calcula&ons with VALC quiet sun model 



Molecular lines seen in emission 
above the limb 



Linear polariza,on Q/I measured in the molecular lines  
in emission 1’’ above the limb  



Eclipse observa,on. Flash spectrum 
Qu et al., 2009 



Modeling 



NLTE line forma&on 
 

Milic & Faurobert, 2012 



Quiet sun 1D semi‐empirical models 



Line sca0ering/collisions 

Lines seen in emission 

collisional depolariza&on 
decreases with height 

Probability of 
collisional 
deexcita&on 
decreases with 
height   
line sca0ering 
probability increases 
with height 

Visible solar limb 

Number density of 
the MgH line lower 
level popula&on 



Line center intensity 
FALC/FALX 

FALX model is cooler than FALC in the low chromosphere: more molecular emission 



Polariza,on at line center 
FALC Model/FALX model 

Significantly higher polariza&on rates are expected in the « cool »  
chromosphere model 

The observa&ons by Faurobert& Arnaud (2002) are in be0er agreement 
with the cool model 

Same for the eclipse observa&on by Qu et al. (2009) 

Con&nuum 
polariza&on 



Hanle effect in the presence of magnetic fields  
with mixed polarities at small scales 

No net rotation but depolarization 
       Depolarization factor WH  
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Isotropic magne&c field  Horizontal field with random azimuth 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PDF of magne&c strength 



Hanle effect of unresolved weak magne&c fields  
C2 lines 

Sensi&vity domain of C2 lines to the Hanle effect:   B ! "r

0.88gL
! 25G

MgH lines are sensi&ve to  stronger fields on the order of 60 G  
(differen&al Hanle effect )  



Conclusion? 

‐  It seems that many lines show sca0ering linear polariza&on at the solar limb. 
‐  Forward modeling may be used to test MHD models of the chromosphere (we 

need 3D models).  
‐  Differen&al Hanle effect for  different lines  
‐  But the observa&onal task is probably very difficult : we want to go very close 

to the limb (good seeing and good coronal sky)  
‐  Are there instruments able to make a survey of the linear polariza&on of the 

flash spectrum from the UV to the IR?  


