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Based on observations made with ESO Telescopes at the Paranal Observatory under programs 
068.D0571(A), 069.D-0438(A), 070.D-0111(A), 076.D-0178(A), 079.D-0090(A), 080.D-0108(A), 
081.D-0558(A), 085.D-0731(A) and 086.D-0262(A), and data collected at the German-Spanish 

Astronomical Center, Calar Alto (Spain). 



Plan of the talk 

• Intrinsic polarization of light in SNe 

– Cartoon model 

– Examples of Type Ia SNe 

– Foreground polarization 

• Polarization & foreground matter in SNe Ia 

– Foreground absorption lines 

– Foreground polarization and extinction 

– Foreground polarization and absorption lines 

– Does it make sense at all? 



Spectrum formation: lines & continuum 

Obscuration zone: 

Formation of the 

absorption minimum 

(blueshifted)  

Resonant scattering zone: Formation of the emission 

maximum (both blueshifted & redshifted) 

Continuum source 
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     Continuum  & Line Polarization in SNe 

Continuum polarization 
 

SN photospheres have a continuum formed mostly by 
scattering. Scattered photons get linearly polarized in a  

direction orthogonal to the scattering plane. 
 

Continuum polarization traces the photospheric shape. 

        Net polarization reveals a global asymmetry 

                               --------------------- 

Line polarization 

There could be, above the photosphere, clumps of matter 
with peculiar chemical composition, or uneven 

excitation of absorbing ions. This will partially obscure 
the photosphere at particular wavelengths setting off the 

polarization balance of even a spherical photosphere. 

 
Reveal local inhomogeneities in density, chemical 

composition and/or excitation  
Leonard et al., 2009 

Now you are the observer  
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     Continuum  & Line Polarization in SNe 

 

 
 

Continuum polarization: Why do we care? 
 

Many Type Ia SN scenarios involve progenitors that 
appear severely distorted at explosion time. 

 

Continuum net polarization is a unique diagnostics 

                               --------------------- 

Line polarization: Why do we care? 

 

Different geometries of the progenitor and different 

modes of combustion leave different trace in the 
distribution of nucleosynthesis products.  

 
Presence of local inhomogeneities is also a unique 

diagnostic of spectro polarimetry  
Leonard et al., 2009 



SN 2004dt 

SN 2007fb 

SN 2007af 

SN 2007hj 



SN 2004dt 

SN 2007fb 

SN 2007af 

SN 2007hj 

Is it an intrinsic signal  of the SNe? 

If not: Is there an intrinsic signal? 



The problem to solve: Interstellar Polarization 

𝑃 λ

𝑃𝑚𝑎𝑥
= exp −𝐾 𝑙𝑜𝑔2 λ

λ𝑚𝑎𝑥
;        𝐾 = 1.15 

Paramagnetic relaxation of non 
isotropic interstellar dust grains 

(Davis & Greenstein 1951; 
Lazarian & Draine 2000) 

𝐾 = 0.01 + 1.66𝜆𝑚𝑎𝑥 

(Serkowski et al, 1975) 

Even a spherical photosphere can 
get a continuum polarization (ISP)  

𝜆𝑚𝑎𝑥 ≈ 550 nm;  𝑅𝑉 ≅ 5.5 𝜆𝑚𝑎𝑥 in the Galaxy 

𝜆 in 𝜇 (Whittet et al., 1992) 



Example good (everything works): SN 2007if 

• The continuum polarization is well fitted by a normal Serkowski law. 
• 𝑃𝑚𝑎𝑥  and 𝜆𝑚𝑎𝑥  are similar to those of the MW.  
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Example bad: SN 2006X 

Blue curve is a Serkowski law with K = 1.30 and 𝜆𝑚𝑎𝑥 = 3500Å 

(Patat et al. 2009) 
(Whittet  correlation gives 

𝐾 ≈ 1.66𝜆𝑚𝑎𝑥 ≈ 0.58) 



Four highly polarized  SNe: 2006X, 2008fp, 2014J & 
1986G 

(Patat et al. 2015) 



Polarized SN Ia and the Whittet et al. (1992) relation 

𝐾 = 0.01 + 1.66𝜆𝑚𝑎𝑥 

(Whittet et al., 1992) 

Dust in highly polarized 
Type Ia SNe does look 

different!      



12 show host NaI D narrow lines in absorption 7 do not show host NaI D narrow lines 

VLT Polarization Type Ia SN sample (19 events) 



Focus on range : 420 nm ≤ 𝜆 ≤ 580 nm 

12 SNe with foreground Na I D in the hosts 

400 600 800 400 600 800 400 600 800 

400 600 800 400 600 800 400 600 800 

𝑃𝑚𝑎𝑥 ≈ 6.8 

𝑃𝑚𝑎𝑥 ≈ 0.4 



𝑃𝑐𝑜𝑛𝑡 𝜆 = 𝑎 + 𝑏𝜆 ; 420 nm ≤ 𝜆 ≤ 580 nm 

12 SNe with foreground Na I D in the hosts 

400 600 800 400 600 800 400 600 800 

400 600 800 400 600 800 400 600 800 

𝑃𝑚𝑎𝑥 ≈ 0.2 

𝑃𝑚𝑎𝑥 ≈ 0.3 



Focus on range : 420 nm ≤ 𝜆 ≤ 580 nm 

7 SNe with no foreground Na I D in the hosts 

400 600 800 

400 600 800 400 600 800 

400 600 800 400 600 800 400 600 800 

𝑃𝑚𝑎𝑥 ≈ 0.5 

𝑃𝑚𝑎𝑥 ≈ 0.1 
The SNe with largest 𝑃𝑚𝑎𝑥 and more 
extreme values of 𝜆𝑚𝑎𝑥 are those that 
have the strongest Na I D lines at the 
host redshift. (Paula’s conclusion) 



Na-Sample: Color vs mean value of polarization 



Na-Sample: Color excess vs mean value of polarization 

(Thanks Chris Burns & M Phillips!) 



Na-Sample: EW of lines vs mean value of polarization 

Similar to Phillips et al. 2013, but noisier (not enough data to fix a std.) 



Na-Sample: 𝑅𝑉  vs mean value of polarization 

• Foreground dust for SN with 
host Na I D lines is abnormal. 

• 𝜆𝑚𝑎𝑥  is very low. 
• 𝑅𝑉  is very low. 
• 𝑃𝑚𝑎𝑥  is high. 
 
and 
 
• Excess Na I associates with 

Sternberg redshifted systems. 

A prior for 𝑅𝑉?   



Final questions 

• Why is it that what is abnormal in the Galaxy 
                appears to be normal in SNe Ia? 

• Is it, somehow, connected with the SNe? 
• YES! (Thiem Hoang) 



Final questions 

• Why is it that what is abnormal in the Galaxy 
                appears to be normal in SNe Ia? 

• Is it possible, at all, to study continuum 
                 polarization in Type Ia SNe (that       
        show rest frame Na D lines)? 

• Is it, somehow, connected with the SNe? 
• (note that CC SNe do not show this) 



Life if what happens to you when 
you are doing something else. 

Thanks Nick & Mark for being two 
of the strongest links of the chain! 


