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Type la Supernovae (SNe la)

Accretors Vs

Mergers

“Explosions of CO white dwarfs in
binary systems, which get destabilized
through mass accretion from the
companion star”

Accretors:

e Cataclysmic Variables
* Symbiotic stars

* Recurrent Novae

Mergers:
* Double degenerate

* Core degenerate
* Violent mergers
etc...




The importance of CSM in the quest of SNe la origin

Different paths of Different (or no) mass Different properties
binary evolution outflows from the of SNe la/SNRs
which lead to Type la progenitors

Homogeneous ISM >

Accretion wmds




The importance of CSM in the quest of the SNe la origin

Different paths of Different (or no) mass Different properties
binary evolution outflows from the of SNe la/SNRs
which lead to Type la progenitors

Homogeneous ISM
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The (controversial) observational evidence
for SNRs la + CSM interaction

Kepler’s SNR: Interaction with a dense AGB wind bubble
(Chiotellis+ 2012; Patnaude +2012; Burkey+2013, Toledo-Roy+ 2014)

Accretion winds
(Hachisu+ 1996)

~

RCW 86 : Interaction with Tycho’s SNR : The SNR is

an extended.c.avity (Vink  surrounded by an expanding .
etal. 1997, Williams et al. molecular bubble (zhou+ 2016;

2011; Broersen et al. 2014) Chen+ 2017)
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The (controversial) observational evidence
for SNRs la + CSM interaction

Kepler’s SNR: Interaction with a dense AGB wind bubble
(Chiotellis+ 2012; Patnaude +2012; Burkey+2013, Toledo-Roy+ 2014)

Observations: there is no such an AGB star
in the center of Kef'ierf's SN (Kerzendorf et al.
2014; Ruiz-Lapuente (2017)

Accretion winds
(Hachisu+ 1996)

RCW 86 : Interaction with Tycho’s SNR : The SNR is

\T y
an extended cavity (Vink surrounded by an expanding . lT

et al. 1997, Williams et al. molecular bubble (zhou+ 2016;
2011; Broersen et al. 2014)

Chen+ 2017)

Tjﬁho: - donor star? Debatable (Ruiz-Lapuente talk)
- Not a sl'eaditj accreting WD (Woods+2017)




now the question is...

> Is a circumstellar medium where:

a) Its formation can naturally be explained by the binary evolution
towards a SN 1a?

b) it can explain (at least some of) the properties observed in SNRs 1a”?

We suggest that such a CSM
could potentially be
represented by

Planetary Nebulae (PNe)




Planetary Nebulae (PNe)

Interactive Stellar Wind theory (kwok et al. 1978)

AGB: slow, dense stellar

wind
Denser region—>
AGB wind

Contraction of AGB core:
Fast, tenuous wind

(1lel8 cm)

R

Shell formed by the
interaction of the
two winds
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R (l1lel8 cm)




Planetary Nebulae (PNe)

Interactive Stellar Wind theory (kwok et al. 1978)

AGB: slow dense stellar
wind

Contraction of AGB core:
Fast tenuous wind
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Photoionization from the
hot central star
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Planetary Nebulae (PNe)

Interactive Stellar Wind theory (kwok et al. 1978)

AGB: slow dense stellar
wind

Contraction of AGB core:
Fast tenuous wind
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Photoionization from the
hot central star

.0 1.5 2.0 2.5 3.0
R (lel8 cm)

More ingredients are needed |




Why Planetary Nebula?




Motivation

PNe nature

1) PNe central stars: low-mass binary

systems involving one or two WDs.
De Marco et al. 2013)

- As the expected progenitors of SNe la

=» The SN la + PNe scenario host
oth the SD and DD paths

2) Binary population synthesis models:
Several SNe la progenitors pass through
the AGB/PNe phase.

Wind mass transfer and the progenitors
of Type la Supernovae

C. Abate’ & A. Chiotellis?
firr Astronomie, Germany; 2IAASARS, National Observatory of Athens, Greece

1. Introduction
The nalure of the progentor system of Type Ia Supernovae (SNe o) is
st unknown. T
The single-
material from a nor
* The double-degenerate scenarlo (D) in which two WDS In a binary
system merge.

redict
giant branch (AGB) stars is marginal,
s exhibited by several SNe la and
et rermant (6. N 2002

These dscrepancies coud potentaly be explained by the simified
‘assumptions adopled in BPS studies about the angular momentum (AM)
loss and wind aceretion in binary systems.

In this work, v pute BPS simulations using & modal for mass
T e e A A i
hydrodynamical simulations. We study how these processes impact the
totalrate of SNe la and the contribution of AGB progenitor stars.

3. Binary population synthesis simulations

- The BPS code binary_c s sed to simulate the evolution of binary
systems for a wide range of masses and orbital separafions.

* We simito the evalton of 3 bnry populatons usig 3 dferet

el st (s Tl bk

ot sosumpns 84 1], . sow el of A loss and BHL

model of wi i

2:as S1, with WRLOF model of wind aceretion

S5 26 52, with Balistic mode! of angular momentum foss

+ Figure 3a- shows the delay.-time distribution of SNe Ia pre
these 3 model sefs,

Wind  Angular
accration  momentum
BHL
RLOF
Bailsi

e Simulatons

Fig. 3 Delay-ime distrinutions
ih models sets S1, 52 and

b and o, respectet

riangl e eratre evsersed
data,

Wind accretion and angular-momentum loss models

Wind accretion Angular-momentum o

Canonical_models: spherically - Canonical models: In spherically
Go the angular
away by the
retetn (ML maral kot iy she by
On+a) (1)
the mass ratio,

Ballistic_model; the angular
mentum loss is computed by E. (1)
hy defined as:

vax 4, Py

© hypy s determined by balistic
i

(oue)
Ve 2 model m.u on bal
WRLOF ey modet, tospeciely simulations (ora

+ Considering a less idealised model of mass transfer, the total
contribution of ABG donor stars (model S2) to the SD channel is aimost
10 times higher.

cartttuton, of AGS donor stam 6 S
i nd 300 Myr after star format

* The sirong snquscmomenten osses cause el sat 83 o form
more double WDs i orbits increasing the DD channel

5. Conclusions
+ Less eaized roament of wind mass vransfer (WRLOF) i binary
0 e contrbuon of AGB stars i SNe I progetor
s and ploces thom e the dominant SD channel Wi th tme
00500 Myr

+ Gonsklting n aclon more effint anguar momentum osses
described by balistic simulations the contribution of AGB
DD channel inceases by factor o hre,

+ Qur resuls sugges that AGE tars my play a sioni
. both in the SD and DD channels
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See Poster: S10.1




Motivation (Il): Observational evidence

1) Henize 2-428:

DD super-Chandra central binary
- will merge triggering a SNe la.
(Santander- Garcia et al. 2015)

2) Polarization measured of pre-PNe
—> very similar to polarization curves
of several SNe la (Cikota et al. 2017)

IRAS 18095+2704
IRAS 07134+1005
IRAS 05341+0852
IRAS 2227245435
[ + -+ SN 2006x
[+ SN2014)
0.2+ 4 HD 141318
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Simulating the SNR la — PN interaction model

* The result depends on: o
1) the properties of the PN @ 9 © ‘ ‘

2) the time delay between

the PN formation and the ™ o ‘ /6) 0

SN la explosion

First attempt: |
. Ha + [NII]
* PN structure: bipolar

* Timedelay: -tg,,, =0 Myr
- tdelay — 1.0 Myr

S

- tdelay = 8.0 I\/Iyr | Aristarchos

telescope




Formation of a bipolar PN

e 2D hydrosimulations

 Code AMRVAC (Keppens +’04)

Wind Formalism

Asymmetric wind is imposed as
an inflow at the inner boundary

Asymmetry described by
trigonometrical function

pO) = (1-asin(6))"' x(M,, /4 u() r’)

(@) = (1-b sin(6) ) xu,

a,b,k = constants

- Determine the density/velocity

contrast from poles to equator and
their angular gradient

1t step AGB wind

Pseudocolor
Var: log (n) cm*-3
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Formation of a bipolar PN

2"d step fast wind

DB: Bib_FASTwind _ModelB0040. viu

Cvycle: 40

M, =10"M_ yr"
u,=1200 km/s

. -
. &
1 L. §
-
- 1.0
)




The resulting CSM...

Stop the wind

—

& let the CSM to ... and for
evolve for 1 Myr other 7 Myr

Dense CSM + small cavity Extended Cavity

0 Myr 1 Myr
d‘r -

X

Kepler’s SNR Tycho’s SNR RCW 86

Cavity collapses




The resulting CSM...

{top the wind

—

& let the CSM to ... and for
e\ olve for 1 Myr other 7 Myr

Dense CSM + small cayity Extended Cavity

— |
0 Myr 1 Myr
>

&

Kepler’s SNR Tycho’s SNR RCW 86

Cavity collapses




Kepler’s SN: A SNe la Interacting with a bipolar PN

* Dynamics: rxt%® =>m=0.6 (overall)
r < t%3%> =>m=0.35 (northern)
(Vink 2008; Katsuda et al. 2008)

=> Mg, .1 > 1 Mg ; Nitrogen rich ( Blair et al. 2007)

Ha narrow component: Blueshifted 2> u.= 250 km s-1
(Bandiera & van der Berg 1991; Sollerman et al. 2004)

Model main Ingredients:

CSM= Bipolar PNe




Kepler’s SN: A SNe la Interacting with a bipolar PN
L
I

AGB wind: Fast wind: SNR:

Eej. =1.2x 1051 erg
Peq = 3.7 . . M. =1.38 M®
Pp
ejecta profile: power law n=7

At=0.02 Myr = thina = 0.12 Myr At=1000 yr = tfina = 5000 yr At=30yr > tfinar = 420 yr




Kepler’s SN: A SNe la Interacting with a bipolar PN

The SNR + bipolar PN interaction model can explain:

\/Asymmetry and the chemical abundances of the shell

v The formation of two antisymmetric lobes (ears) in Kepler’s morphology
v The Expansion rates of the remnant and its northern part

mmm) Condition: The SNe la occurred right after the PN formation




Conclusions
e Model of SNe la + PNe:

PNe seem promising candidates for the CSM observed around SNRs la as:

<> Can naturally be explained by the SN la binary evolution theory
< Explain SNe/SNRs la diversity: f(tyq,,)

Tychos’s SNR , RCW86 SNR of SN1006
Kepler’s SNR

SNe la—- Na ID lines: “Clean” SNe la

SNe la - Ha lines:
e.g. SN 2006X, PTF 2011kx
e.g. SN 2002ic, SN 2005gj 8 e.g SN 2011fe

PN I

formation .

>

SN/SN No evi Tdelay, PN-SN
with i

A Henize 2-428 — like PN the progenitor of Kepler’s SNR?
<> Overall morphology and dynamics of SNR + CSM composition and distribution

<>The formation of two antisymmetric lobes (ears)

e Ears formation in SNR’s morphology: Interaction history
with a bipolar CSM




