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A SN Polarization Primer/I

Acquiring polarization by scattering



A SN Polarization Primer/II

Incomplete cancellation by overall asymmetry



A SN Polarization Primer/III

Incomplete cancellation by chemical asymmetry



Things to remember

• continuum polarization: overall 
explosion asymmetry (Thomson 
scattering on e-, ʎ-independent)

• line polarization:  chemical 
asymmetries (selective photosphere 
line-blocking)



Introducing Sub-luminous Type Ia

• Although sub-luminous events contribute to “only” 
15% of all Type Ia (Li+ 2011), understanding their 
progenitors and the explosion mechanism is important 
to fully grasp the Ia phenomenon (weirdos tell us more than...)

•They are ~2 mag fainter, display rapidly declining LCs 
with narrower peaks, lack a sec. maximum, have 
redder colors at max, and obey a different luminosity-
LCS relation (Garnavich+ 2004).

•They show cool spectra, characterized by IME (strong 
OI and TiII absorptions), lower exp velocities.



• Iron-group elements and silicon are spread over 
velocities spanning a large fraction of the ejecta 
(Taubenberger+ 2008)

• The estimated M(56Ni) is as low as 0.1 Msun (Stritzinger
+ 2006).

• Distinct class (Hillebrandt+10; Sim+10; Roepke+11) 
Transitions objects do exist (Maguire11).

• They are a puzzle (Hillebrandt & Niemeyer 2000).

MAY SPECPOL HELP?

91bg-like are rare. Let alone 91bg-like with specpol...
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Measuring the ISP the hard way



Intrinsic polarization



Howell+01

Patat+09
No continuum
polarization, 
strong line 
polarization

Continuum
polarization, 
weak line 
polarization



P(SiII)=0.39+/-0.08%

Pd

Po

θ=θd



15% asphericity!



•The large extension in velocity space of the zones of C-
burning and incomplete O-burning causes line blocking 
of the entire photosphere. So, no strong polarization for 
strong lines (Mg, SII, SiII) is seen.

•The overall polarization can be understood as a 
continuum depolarized by lines in an oblate geometry. 
The wavelength dependency is explained in terms of the 
variation of the photospheric optical depth (this happens in 
a Si-rich chemistry, i.e. in sub-lum, as opposed to Fe-rich chemistry 
in normal Ia).

•Polarization is lower in the blue because at shorter 
wavelengths lines form a pseudo-continuum and 
dominate the opacity (i.e. more depolarization).



Also, outliers from the relation between 
SiII velocity gradient and the associated 

polarization (Maund+ 10)

The Δm15(B) vs.P(SiII) relation (Wang, Baade & Patat 07)



What causes the overall asphericity?

•It is tempting to attribute it to fast initial WD 
rotation (Howell+ 01 for 99by).

•Based on Eriguchi & Mueller (and viceversa) 85, 83, a 
rotation velocity close to break-up can produce 15% 
asphericity.

•If true, we can speculate that the low continuum pol 
observed in normal Ia implies no (or slow) rotation.

•Rotation and sub-luminosity may be connected.

•A relatively massive WD (1.28 +/- 0.05 Msun) with a rapid 
rotation (P=13.2s) has been found in a binary system 
(Mereghetti+ 11). The companion is a mass-loosing, hot sub-
giant, from which the WD accretes.
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WD-Merger is also a promising 
candidate (Iben & Tutukov 84; Webbink 
84, Benz+90, Pakmor+10,11). They may 
form a subclass among Ia (Hoeflich & 
Khokhlov 96; Quimby+07; Pakmor+ 
10,11). See also Mazzali & Hachinger 2012

We may expect that mergers 
induce strong differential 
rotation (H&M85) and, thus, 
larger asymmetries well after 
max. One would also expect 
large asphericity in the central 
regions of mergers, but almost 
spherical cores for rotating WDs.

Need for NIR 
and time series

of sublum events



Connecting Recurrent Novae
to [some/very few/none?] 

Type Ia SNe 
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UV line-blocking by Fe/Co/Ti/Cr UV in Type Ia 
(Pauldrach et al. 1996; Mazzali 2000). Luckily so...

If there is gas, we might see it in absorption in some 
strong optical transition (CaIIH&K, NaID, KI. Sensitive!)

If this gas is close to the SN, it might feel the 
radiation field (ionization/recombination. rNa<1018 cm, 
ne>106 cm-3).

If it is too close, at some point it might be swept 
away by the ejecta (r∼100 AU @ max)

L.O.S only... [almost]

See Ryan’s talk...
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ESO-VLT+UVES, R=50,000
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CSM is expanding at velocities spanning a range 
of about 100 km s-1  (NNaI∼1012 cm-2)

For r=1017 cm and vw=50 km s-1

the material would have been ejected 
some 500 yrs before the explosion.

The observed velocities are more consistent
with the longer-period end of the symbiotic 

formation channel (WD+RG) (Munari & Renzini 1992)

Tutukov?  Room for DDs?



The NAVAR project

Multi-epoch, high-resolution (50,000) 
spectroscopy of any bright (V<14) Type Ia.

∼1/semester
Similar programme run by J. Simon



The sample as of [today]*
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2000cx VLT 2008ec VLT
2006X VLT ✔ 2008df Keck
2007af Keck 2008fp VLT
2007le Keck ✔ 2008hv VLT
2007on Keck 2009ds Keck
2007sr Keck 2009ig VLT

Viewing angle effects? 
Other SD channels (!) DD??

(*) 1999cl, Blondin et al. 2009, but low-res
(**) 2006dd, Stritzinger+ 2010, but low-res
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The structure of the CSM IS complex

variability in the RG wind? (Willson 
2000)

remnant shells of successive novae? 
(Judge & Stencel 1991; Hachisu & Kato 
2001; Wood-Vasey & Sokoloski 2006)

complex CSM environment?  RS Oph 
docet (Sokoloski+ 2006, 2008) (Bode et al. 2007)

absorption systems in Novae (Williams+ 2008)

circumstellar shells in Ia (Borkowski+ 2009)
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Is this a common feature in Ia?
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RS Oph (yes, I know, but...)

✴last outburst, Feb 18, 2006 (SN2006X on Feb 4...)
✴Prompt radio observation: bipolar ej (O’Brien+ 2006)
✴X-rays (Bode+ 06/08, Sokoloski+ 06/08): deviation from 

sph symmetry and low ej mass (implying high WD mass)

✴Clear signs of early ej-CSM interaction (Bode+2006, 
Sokoloski+ 2006)

✴Iijima (2008, 2009) reports the presence of a 
narrow NaI D absorption at -33 km/s. Iijima 
proposes this is the signature of the RG wind

It	  is	  clear	  that	  while	  RS	  Oph	  does	  show	  some	  [Ne	  III]	  emission,	  it	  is	  weaker	  than	  [O	  III],	  
so	  I	  would	  not	  classify	  it	  as	  a	  neon	  nova	  (Bob	  Williams,	  2013).



31

2.2m + ESO-FEROS

R=48,000 (x5 that of Iijima 08, 09)

4 pre-outburst epochs (Zamanov+ 2005)

5 outburst epochs (0-1.5 months Mason+ in prep)

1 post-outburst (2 yrs). Accretion resumed (Worters+ 2007)

(-672, -616, -615, -530,+1.5,+12.5,+22.6+35.6,+46.6,+742.5)

Multi-epoch, high-resolution spectroscopy of RS OPh

Patat+ 2011
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Pronounced CaII, NaI and KI absorptions

vsys=-40.2 km/s
(Fekel+ 2000)telluric absorption model

-672

#1,#2,#3 where
no IS components

are expected
(Kerr&Westerhout 1965; 

Cassatella+1985; 
Hjellming+ 1986) 

Text

blueshifted!



But the most striking thing 
is seen during outburst
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1.Features #1, #2 and #3 must rise outside of the 
stellar atmosphere, and outside of the ejecta;

2.The largest variations are seen for KI (i.p. 4.2 
eV); minimum variations occur for CaII (11.2 eV), 
while NaI (5.1 eV) shows an intermediate behavior.

change in the ionization balance, 
induced by the nova radiation 
field and/or by the ejecta-CSM



Mohamed+ 2012



Bipolar
structure

non-sphericity and fragmention



Coming full circle. Sternberg+2011



Homework
tell me whether the WD is a He-Ne-Mg.

observe the next outburst in high-res and come 
back to me

resolve the system with VLTI and determine 
dynamical masses
observe the next outburst in high-res and come 
back to me

run hydro over many RN outbursts 
(everybody’ and her gran’ma has an hydro-code; Livio 2010, 2011)

keep an eye on other RNe with H-R, m-E spec


