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How can we distinguish explosion mechanisms?

Single degenerate! Double detonation? Merger!? Triple
P el system!?

Primary

T

Single degenerate!? Violent merger?
e Predict similar spectra

Subtle signatures:
Circumstellar material?

Material stripped from a

SN companion star?
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1. Circumstellar material
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Extreme SNe la with CSM

o ‘Diluted’” SN Ia spectrum with
narrow H lines - ‘Ia-CSM’

e PTF11kx - interaction between
SN ejecta and CSM

Recurrent nova system!?
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Signatures of circumstellar material

Examples CSM signatures

Ia-CSM Bl
emission lines
Strength
of CSM
signatures

Dilday+ (2012)
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SN 2006X: Time-varying Na [ D

* Induced by variable
SN radiation -
varying features
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Signatures of circumstellar material

Examples CSM signatures

Narrow
Ia-CSM o :
emission lines

~ o) e la a z
of CSM 2 5
signatures
0 Restfra(r)ne Helioce:t(:ic Velocity1\(/): (km s“)150
SN 2006X, Patat+ (2007)
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Excess of blueshifted Nal D features
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~20% of SNe la show signs of circumstellar material
(Sternberg+ 2011, Maguire+ 2013)
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Signatures of circumstellar material

Strength
of CSM

signatures
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Examples CSM signatures
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Nal D + explosion mechanisms

Recurrent novae? Double-detonations? WD mergers!?
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x [AU]

Mohamed+ (2010), Guillochon+ (201 3), Shen+ (201 3) Raskin & Kasen (2013)
Patat+ (201 |)

Many progenitor scenarios can produced blueshifted Na I D

Time-varying Na I D more difficult to explain

Connection to host galaxy and SN properties?
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No. of SNe la
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e More common in luminous SNe Ia

galaxies

e Abundance tomography -
connection between Ni mass and Na
1 2
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* More common in SNe Ia in late-type
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High-velocity Ca ll features

High-velocity Photospheric
component component

o Call HV features in >80-90%

SNe Ia (Childress+ 2014, 1_0: N e e comedon
Maguire+ 2014, Silverman-+ 2z | SN
2015) § 0.8: |
g |
» High-velocity features due to ER LI _
CSM or intrinsic to the SN? - Call HVF
| --Call PVF
o4 . . .
o Different polarisation for high- T e aveloa0s &y 240
velocity feature (Wang+ 2003) Maguire+ (2014)
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High-velocity Ca ll features

Maguire+ (2014)

o SNe Ia with stronger Ca II N N
high-velocity features have 20/ > i- ;
broader light curves (Childress | :

+ 2013, Maguire+ 2014)
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CSM + observables

* CSM features are more common in more luminous SNe Ia

* (CSM features - more common in SNe Ia in late-type galaxies
* Younger population?
* Need ISM for interaction?

e Connection to high-velocity Ca II features

e What explosion models can explain high-velocity features?

Are there other spectral features that

can distinguish progenitor scenarios?
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2. Searching for swept-up
material in late-time spectra
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Searching for companion material

SN
o Stripping of material from
O \'\/'/ companion (first: Wheeler+ 1975)
2
S e Low velocity emission features
(<1000 km/s)
u : o Stripped masses of 0.05-0.3 Mo

(Pan+ 2010,2012; Liu+ 2013)

e WD+He < WD+MS < WD+RG

/ \

Nearly all envelope
mass lost

Little mass lost

Marietta+ (2000)
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Previous searches for Hydrogen

e Intermediate resolution -
features are ~1000 km /s wide tep R SNOScr +267.14 —

SN1lfe +274.7d — 7
SNOSam +298.0d — ]

o No detections for 7 normal SNe

[a (Mattila+ 2005, Leonard 2007,

Shappee+ 2012, Lundqvist+
2013) -
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» Using Mattila+ (2005) models EEEEE———
rule out MS and RG via RLOF s
and stellar wind accretion
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New late-time spectral sample

e 11 5N Ia spectra at >200 d

e XSH: R ~ 9000, FORS2: R ~ 800
e No detection of H in 10 SNe Ia

e Mass limits < 0.001-0.06 Mg
material

Flux (1077 erg s~ cm= A™") + constant

» SD systems in RLOF are ruled out

o Tentative detection in one SN Ia!
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Maguire+ (in prep.)
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No He I emission detected
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Summary and (Questions

 Variations in CSM strength - continuum?
e 20% of SNe Ia show signs of CSM

* Associated with more luminous SNe Ia

* Detection of H in one SN Ia at late times

* IF there are two (or more) progenitor channels, what
are the relative rates?

e Can someone make new late-time H emission
predictions?
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