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The near infrared spectral region is a powerful 
diagnostic window:  

It contains information coming simultaneously from  
the chromospheric   

(the He I 10830 Å triplet)  
&  

from  
the photospheric structures  

(the Si I 10827 Å). 

Science objectives: 

Here we discuss the Si I 10827 Å line 



The subject of my talk: 
  

Inter-network small-scale  
magnetic fields                          

in the quiet solar photosphere 



Key point: 

Zeeman polarization signals 
(especially Stokes Q and U) in quiet 
regions are weak compared to those 

observed in the active regions. 



Key point: 

The ground-based observations are affected 
by the Earth’s atmospheric turbulence (seeing)  
& 
 instrumental effects: 
• light diffraction on the telescope aperture (the 
finite spatial resolution of the telescope),  
• the finite instrumental width of the filters,  
• stray light, etc.  



Key point: 

Now different Zeeman diagnostics 
methods are developed 



 Inversion techniques (SPINOR, SIR, NICOLE, 

Milne-Eddington codes) 

 MHD modelling & comparison with observations   

 Line ratio techniques  

Techniques exploiting the hyperfine structure of 
some atoms  

The bisector and the center-to-gravity  
techniques 

 Weak field approximation 
 



Key point: 

 Current Zeeman diagnostics of  the 
Si I 10827 Å is aimed to measure the 

solar magnetic fields in active 
regions employing mainly inversion 

codes of different degree of 
sofistication.  



Key point: 

 For the Si I 10827 Å Stokes profiles 
formed in the quiet solar atmosphere 
the NLTE effects are important  
(Shchukina et al. 2017, AA, A98). 

 

For today, there are no attempts to apply 
any NLTE inversion code to this line to 

infer the magnetic properties of  

the quiet solar atmosphere. 



1. We focus on the weak field approximation to 
evaluate to what extent the magnetic fields of 
the quiet Sun retrieved from the Si I 10 827 Å 
line are close to the real solar values. 

Aims 

2. We apply the weak field approximation to the 
Stokes I, Q, U, V profiles calculated for different 
seeing conditions and for apertures of the VTT, 
GREGOR, EST, and DKIST telescopes. 



1. We solved the self-consistent statistical and radiative transfer 
equations applying our multilevel transfer code (Shchukina & Trujillo 

Bueno, 2001; Shchukina et al. 2017). 

2. We calculated NLTE Stokes profiles in the  model atmosphere 
with surface and height variations of the 

 velocity field; 

 magnetic field; 

 thermodynamic parameters (density, temperature). 

3. We applid the weak field approximation to the  calculated Stokes 
I, Q, U, V supposing that they represent “REAL Sun”  
observations. 

4. We compared recovered longitudinal and transverse components 
of the magnetic field with the “REAL field” of the model 
atmosphere. 

Method 



We use  

magneto-convection simulation with small-
scale dynamo action.  

 

A vertical unsigned flux density < |Bz| > = 80 G in the visible 

surface layers & zero net magnetic flux.  
(M.Rempel, 2014, ApJ, 789, p.132)  



Region of  
“formation”  

of the 
 Si I 10827 ZEEMAN 

 signal:  
core, -0.1Å, cont 

Height variation 
of the vertical 
magnetic field 
strength and the 
vertical velocity 
along the vertical 
slice of the 3D 
snapshot model 



Weak field approximation 

deduces some properties of the 
solutions to the transfer equations 

for polarization radiation          
(Stokes Q, U, V)                            

without actually solving them 
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2. The longitudinal BL=B·cosθ and transverse BT=B·sinθ components 
of the field, the azimuthχ, the line of sight velocityωA are independent 
of optical depth 

1. Zeeman splitting is smaller than the line Doppler  width of the  
intensity  profile: 
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Two assumptions: 



Results 



Synthesized NLTE Stokes profiles  
 noise-free unsmeared case 

solar disk center 



The wavelength variation of the                         
intensity I, circular polarization V    &                    

linear polarization P                                   
along the spectrograph’s slit                                                          
(in units of mean continuum intensity) 

The ubiquitous presence of Zeeman-like signatures in 
the Stokes  Si I 10827 Å profiles 

 



Stokes signals in the Si I 10827 line 
with original and reduced spatial 

resolution 
at wavelength where the unsigned intensity derivative is 

maximum 

4 m telescope 



Maps of the intensity derivative  

for three cases of spatial resolution 

No smearing 4 m telescope  
resolution 0.07 arcsec 

Seeing + 4 m telescope 
resolution 0.54 arcsec 

Max peak decreases: 1.2% → 0.9% → 0.5% 
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Maps of the total linear polarization P 

for three cases of spatial resolution 

No smearing 4 m telescope  
resolution 0.07 arcsec 

Seeing + 4 m telescope 
resolution 0.54 arcsec 

Max peak decreases: 2.22% →1.66% → 0.28% 



Maps of the circular polarization V 

for three cases of spatial resolution 

No smearing 4 m telescope  
resolution 0.07 arcsec 

Seeing + 4 m telescope 
resolution 0.54 arcsec 

Max peak decreases: 25.2% → 16.6% → 2.4% 



Sensitivity of  the polarization signals 
in the Si I 10827 line to the magnetic 

field  

4 m telescope 



Scatter plots of the Stokes V signal against the 
longitudinal component BL of the magnetic field         

for three cases of spatial resolution 

No smearing 4 m telescope  
resolution 0.07 arcsec 

Seeing + 4 m telescope 
resolution 0.54 arcsec 

Linear dependence                                  

Mean <|BL|> reduces: 15.9 G  → 13.7 G  → 6.8 G  



No smearing 4 m telescope  
resolution 0.07 arcsec 

Seeing + 4 m telescope 
resolution 0.54 arcsec 

Quadratic dependence                                    
Mean <BT> reduces: 52.7 G  → 50.2 G  → 40.8 G  

Scatter plots of the Stokes P signal against the 
transverse component BT of the magnetic field         

for three cases of spatial resolution 



Magnetic field inferred using the weak 
field approximation  

4 m telescope 



Maps of the longitudinal component of the field 

for three cases of spatial resolution 

No smearing 4 m telescope  
resolution 0.07 arcsec 

Seeing + 4 m telescope 
resolution 0.54 arcsec 

Max peak decreases: 860 G  → 580 G  → 72 G  



Maps of the transverse component of the field 

for three cases of spatial resolution 

No smearing 4 m telescope  
resolution 0.07 arcsec 

Seeing + 4 m telescope 
resolution 0.54 arcsec 

Max peak decreases: 548 G  → 487 G  → 122 G  



Magnetic field inferred using 
the weak field approximation 

versus “real” field 



Key point: 

 The weak field approximation does not allow 
to identify the atmospheric layers from where 
the magnetic field originate.  

1

 We use the  “Eddington-Barbier height” 
concept, i.e. we assume that for a given 
wavelength  within the SiI 10827 Å line the 
information on the field comes from a single 
optical depth  



            is the wavelength where 
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  is maximum the intensity derivative 



Mean height of the surface <H>=317 km 

The snapshot model vertical BZ & horizontal BXY 
fields are determined  at the surface with a 

single optical depth 



Maps of the longitudinal component  VS. vertical 
component of the field 

Unsmeared data Vs. Real vertical field 

<BL>=15.9 G                               <BZ>=25.7 G 



Maps of the transverse component  VS. horizontal 
component of the field 

Unsmeared data Vs. Real horizontal  field  

<BT>=52.7 G                               <BXY>=49.5 G 



Probability density function 
(PDF)  for the inferred  & 
the real magnetic field   

The longitudinal BL & vertical BZ 
distributions follow closely each 
other with exception for the 
strongest signals.  

Difference between PDF's  for the 
transverse BT and horizontal BXY 
components are  most pronounced 
for the weak signal. 
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Mean magnitudes of the retrieved 
magnetic field  

for different seing  

&  

for apertures  

of the VTT, GREGOR, & EST 
telescopes 



The mean unsigned longitudinal component is reduced by more than 
half as compared with the “real” mean vertical field. 

 The mean transverse component is  close to the “real” mean 
horizontal field. 

The mean unsigned longitudinal  (left) & mean transverse (right)  

components as a function of the finite spatial resolution of the telescope. 
Observations outside the Earth’s atmosphere 

Real 

Real 

Unsmeared 

Unsmeared    



The mean unsigned longitudinal  (left) & mean transverse (right)  

components of the field as a function of spatial resolution.         
Ground-based observations 

It is crucial to observe the polarization in the SrI 10827 line 
under the best possible spatial resolution, clearly better 

that 0.5 arc sec. 



Conclusions 



 The mean longitudinal  & transversal components  are 
systematically smaller than the vertical & horizontal components 

taken at the surface  1 

 We can apply the weak field approximation to analyze the Zeeman 
polarization signal in the Si I 10 827 Å line 

 It is crucial to observe the polarization in the Si I 10 827 Å line under 
the  spatial resolution clearly better than 0.5’’.  

The Zeeman polarization signal in this line is sensitive to the same 
photospheric layers as the scattering polarization in the Sr I 4607 Å  
line modified by the Hanle effect.   
So, we can clarify further our understanding of   the small-scale 
magnetic fields in the middle photosphere obtained by means of the 
Hanle diagnostics (Trujillo Bueno, Shchukina, Asensio Ramos et al. 
2004, 2007, 2011, 2013, 2018). 



Thank you  
for 

your attention 


