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Abundance tomography
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Type lax SNe
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Deflagration models

Fink et al., 2014

N10def N40def

N3 R
Ignition region inside WD N100def N150def N200def N300Cdef N1600def N1600Cdef

« Wide range of physical properties Model M,; M, Msep; M\Gg MvE
« 'Failed” SNe

_ _ Nldef 0.0843 1.32  0.0345 0.0468  0.00893
. Strongly mixed ejecta N3def 0.195 121 0.0730 0.106  0.0257
. Uniform abundances _ N5def 0.372 1.03 0.158 0222  0.0416

more energetic N10def 0478 0926  0.183 0267  0.0581

« Strong carbon abundance explosions

N20def 0.859 0.545 0.264 0.394 0.125



lax abundance tomography

Foley et al., 2013

« Spectral series: 3+ epochs
. Early epochs: before 5 weeks after explosion
. Distance & reddening

 lax sample: | Barna et al., 2018 \'.:O:o, :
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lax abundance tomography

. Testing the predictions of deflagration models

« Precise line identification
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Best-fit abundance profile

« Not constant profiles in the outer region
Lack of carbon in the inn : Contradicting the Deflagartion model: - - - lines
’ carbon in the inner region predictions... TARDIS model: lines

27N ’ 107 _ I_I_

S 5
= — 7,
= -~ = s\
(W] _E ---.-"\.—-...-ﬁ'-" \'-—-...‘ ~ | \-“'h*\"- - ,\ 4 LW}
0 . -=""" - AN ® ~TEL e B i e IV b 1V
4= S I TN RPN = '
ﬂ - I S A ‘_\\ \\ a 10_2
am } - - i —] -
© =~ NN AN - Nl A 1) 17N =T =T N B et A
S 101 - LTS kN - (" = M Vo4
J - 1
I Yy Yy i
\ LA
I »
\’ \ ’\
| | 1073 '

8000 9000 10000 11000 12000 13000 14000

8000 9000 10000 11000 12000 13000 14000
Velocity [km s71]



—=C — Fe — Mg — 5

------ 0 — Ni — 5 —cCr
10°
SN 2011ay SN 201lay [ 10!
[ [ [ 5 TTETETE =S ooen #\ﬁi_i‘_"ﬁ“"-**"—\_ tom
2 P TN
Stratlfled abu lI Ce rOfIIe : = - e ARA
(= -.T.T.w-n'r-4\"'—""“‘-"-—‘,::\";\\_~ S i X '-"rj E1072
0 - -~ !
9 10-1 - R i E ]
£ 10 \r\_“ «]\ A 11'34;-
N 1 v
i i
—_ 1
T T T T ! 10—3
8000 10000 12000 14000 8000 10000 12000 14000

10°

SN 2012Z I ql: SN 2012Z 107!

. Extending the analysis for the sample of 5 SNe N
. Similar abundance features at different velocities

° ChOOS'ﬂg a reference Ve|OC|ty 8000 9000 1060011600125001360014000 8000 9000 10500 12000 1250013000 14000

10°
SN 2005hk I S L 101
c
2
=l
% [~ N== ’ (Y
© e P A
= 7 Al —
2 it NS oo - "'\I"""‘-_a-u. o \" p 1077
g 10_1'_ ______ P _’f\_—‘_’L—-—“."‘ N "\" ‘V"]
l—‘ Y i
1
1
r= ]
T —— - - 1 103
7000 8000 9000 10000 11000 12000 13000 70 0
10°
SN 2002cx . - t107!
5 - Y
B \ —
E SRR ¥, VNPT e =
2 AN R L 102
© 1071 4 PR ISR ¥ AR
s I ] i
T 10~2

6000 7000 8000 9000 10000 11000 12000 6000 7000 8000 9000 10000 11000 12000
10°

SN 2015H

Mass fraction

1073

6000 7000 8000 9000 6000 7000 8000 9000
Velocity [km s71] Velocity [km 5]



Stratified abundance profile

. Extending the analysis for the sample of 5 SNe

1 parameter for any lax abundance structures!

« Similar abundance features at different velocities

« Choosing a reference velocity
“Averaged” abundance template >>> almost same goodness of fit for each SN
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Luminosity - velocity relation?

o Outliers: SN 2014ck, SN 2009ku Tomasella et al., 2016
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Luminosity - velocity relation?

Velocity [km s71]

« Outliers: SN 2014ck, SN 2009ku
. Tighter correlation
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Luminosity - velocity relation?

Tighter correlation
Outliers: SN 2014ck, SN 2009ku
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Luminosity - velocity relation?

. Tighter correlation! Distance indicators? Tomasella et al., 2016
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Late-time evolution

Forbidden emission lines & permitted P Cygni profiles
Extra continuum source?

Scaled f, + Constant

McCully et al., 2014
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251 SN 2011ay

Late-time evolution

« Forbidden emission lines & permitted P Cygni profiles
« Extra continuum source?

« How about that bound remnant?

« TARDIS modeling for SN 2011ay

. Perfect match before texp = 100 days >>> Something happens
. Characterizing the transition?

« Missing epochs from 100 days < texp < 200 days

« VLT & Gemini proposals
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Supernova Remnants |I:
An Odyssey in Space after Stellar Death

Any guestions?



Take away notes

Type lax SNe: faint and very diverse subclass of thermonuclear explosion

Abundance tomography: powerful technique, but too many parameters

Results:

Stratified abundance profiles / lack of carbon
Possible contradiction with deflagration models
Same abundance features for all objects
Luminosity — velocity relation

Strange late-time evolution, but possible modeling

Missing epochs and objects



SN 20127

b HST ACS 2005/2006

McCully et al., 2014

d HST WFC3 2013




lax abundance tomography

. Testing density-profiles

Deflagartion model: - - - lines
TARDIS model: lines
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lax abundance tomogra

. Test: applying photospheric abundances for the

whole model ejecta from a late epoch
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lax abundance tomography

. Result: fine for the same epoch...

. Adopting the constant abundances for the early epochs
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= SN 2011ay, -2 days
—— TARDIS, strat. model
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—— SN2014dt 2014-10-31 +6day
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Late-time evolution

« Forbidden emission lines & permitted P Cygni profiles
« Extra continuum source: bound remnant?

« TARDIS modelling for SN 2011ay and SN 2014dt

. Perfect match before toxp = 100 days >>> Something happens E—

o CharaCterIZIng the tranSItlon Forbidden Nebular Emission (TARDIS can not model)
toyp = 143 days
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« Missing epochs from 100 days < Lexp < 200 days
« VLT & Gemini proposals

Camacho-Neves et al. in prep.
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