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Are Classical Novae Fofshtial SNI Pragenitors? - -

A Roadmap for Today’s Talk:

What are classical novae
What do/don’t we know about novae?

What Is the connection (if any) between novae
and (type la) supernovae?



l. Introduction — Classical Novae in a Nutshell

A nova is a thermonuclear explosion driven by mass transfer onto a
WD in a close binary system (P, ~ 1 — 10 hr). They have been
observed in all A’s (but detected in y-rays only at E > 100 MeV)

Moderate rise times (<1 — 2 days),
LPeak ~ 104 - 105 L@
Eoutput ~ 10%° ergs = 1 nFOE

WD + MS (often, K-M dwarfs), WD + RG
Mass ejected: 10" — 10* Mg
(~103 km s1)
Recurrence: ~ 1 - 100 yr (RNe) —
10° yr (CNe)
Frequency: 30 + 10 yrt
[Obs. ~ 10 yr]
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GRAINS OF ANOMALOUS ISOTOPIC COMPOSITION FROM NOVAE
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Novae may have contributed to the invetory of presolar grains

* identification of 18 presolar nova candidates

THE ASTROPHYSICAL JOURNAL, 855:76 (14pp). 2018 March 10 https://doi.org /10.3847 /1538-4357 /aaabb6

© 2018. The American Astronomical Society. All rights reserved.
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Laboratory evidence for co-condensed
oxygen- and carbon-rich meteoritic stardust

from nova outbursts

Pierre Haenecour®™, Jane Y. Howe?®, Thomas J. Zega'?, Sachiko Amari*>, Katharina Lodders>5,
Jordi José®7, Kazutoshi Kaji®, Takeshi Sunaoshi? and Atsushi Muto?

2019

NanoSIMS Cs beam damage
Inclusion

100 nm | (b)




Are CIaSS|caI Novae Potentlal SNIa Progenltors’? ;
Introduction ||

The Recurrent Nova ID Card

- long period binaries: very homogeneous class (WD + RG)
ex: RS Oph
- short period binaries: heterogeneous class (WD + MS)

—> Subclasses: U Sco, Cl Agl, T Pyx [Anupama 2007]
Recurrence time: 1 — 100 yr

M...~ 107 =108 Mg yrt
M, close to Chandrasekhar limit (RS Oph, U Sco)
NOT all the accreted material is ejected = SN la progenitors
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MWD Tpeak Macc Mej tacc trec AMWd A‘:Chandra
Lini=102L.; M=2 x 107"M., /year

1.35 2.8 47E-6 3.0E-6 23.3 24 1.7E-6 6.9E5
1.38 3.1 2.0E-6 1.3E-6 10.0 10.4 0.7E—6 2.9E5
Lini=10"2L.; M =10"3M. /year

1.38 3.0 1.6E—6 1.1E-6 156 157 41E-7 7.6E6
Lni=1L.; M =10"3M. /year

1.38 2.5 4.8E-7 4.0E-7 47.8 57.6 7.7E-8 1.2E7

Hernanz & JJ (2008), New Astr. Rev.
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I1. Current Challenges in Nova Modeling

1D (Spherically Symmetric) Models have been successful in
reproducing the gross observational features that characterize
Classical Nova outbursts (e.g., light curves, nucleosynthesis...)

* Have nova explosions been similar during the overall Galaxy’s
history?
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The assumption of spherical symmetry (1D) has excluded an entire
sequence of events:

* The way the explosion/TNR initiates (point-like ignition) and
propagates
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* Composition of the ejecta: Zo = Z ~ 0.2 - 0.5 (up to 0.86, for
V1370 Agl 1982)? Limited T, CNO-breakout unlikely! = Mixing
at the core-envelope interface

l Some 1D attempts

Diffusion Induced Convection [Prialnik & Kovetz 1984,

Kovetz & Prialnik 1985; Iben, Fujimoto & MacDonald 1991, 1992;
Fujimoto & Iben 1992]

Shear mixing [Durisen 1977; Kippenhahn & Thomas 1978;
MacDonald 1983; Livio & Truran 1987; Kutter & Sparks 1987; Sparks
& Kutter 1987]

Convective Overshoot Induced Flame Propagation [Woosley 1986]
Convection Induced Shear Mixing [Kutter & Sparks 1989]
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* The amount of mass ejected predicted by 1D models is smaller
than values *inferred* observationally [not unanimously agreed!]

* The long-term evolution of a classical nova requires to address
the Iinteraction between the nova ejecta, the disk and the stellar
companion

A&A 613, A8 (2018)
https://doi.org/10.1051/0004-6361/201731545 tronomy
O ESO 2018 Astrophysics

Three-dimensional simulations of the interaction between the
nova ejecta, accretion disk, and companion star*

Joana Figueira'-?, Jordi José'-?, Enrique Garcia-Berro®, Simon W. Campbell*->°, Domingo Garcfa-Senz!-2,
and Shazrene Mohamed’-%-*
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[11. Multidimensional Models

Glasner & Livne (1995), ApJ; Glasner, Livne & Truran (1997), ApJ

A 1.0 M, CO WD accreting solar composition material (1D)
ey Mapped into a 2D domain at|{T,,..=10% K.| 2D simulations

performed with VULCAN (ALE code). Slice of 0.1z, resolution
5x5 km?, 12 isotope network

Differences with 1-D simulations:
* TNR initiates as a myriad of irregular, localized eruptions
* Core/envelope interface is now convectively unstable s
mechanism for mixing? (~ convective overshoot, \WWoosley 1986)
* Large convective eddies (h ~ 2/3 Az

env)
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But, overall, good agreement with 1-D simulations!

* Role of B*-unstable nuclei ** 0, ’F (*3N) in the ejection process
* Significant presence of 14 1N, 17O (13C) expected in the ejecta

==md [ xpansion and progress of the TNR is almost spherically
symmetric (although the initial burning process is not!)

=) K e|vin-Helmholtz instabilites identified as responsible
for mixing



mholtz instabilities



http://en.wikipedia.org/wiki/Shear_velocity
http://en.wikipedia.org/wiki/Continuum_mechanics
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\7ery limited dredge-up and mixing episodes === fainter events!
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Kercek, Hillebrandt & Truran (1999), High-resolution 2D
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Multidimensional Models @ UPC Barcelona
2D Simulations

A&A 513, L5 (2010) Astronomy
DOI: 10.1051/0004-6361/201014178
©ES0 2010 Astrophysms

LETTER TO THE EDITOR

On mixing at the core-envelope interface
during classical nova outbursts

- - 9 2
J. Casanova', J. José!, E. Garcia-Berro?, A. Calder®, and S. N. Shore*

A&A 527, A5 (2011) Astronomy
DOI: 10.1051/0004-6361/201015895 g
©ESO 2011 Astrophysics

Mixing in classical novae: a 2-D sensitivity study*

J. Casanoval2, J. José!2, E. Garcia-Berro®2, A. Calder?, and S. N. Shore?
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Z (x 108 cm)

LETTER 3D Models of Mixing

d0i:10.1038/nature10520

Kelvin-Helmholtz instabilities as the source of
inhomogeneous mixing in nova explosions

Jordi Casanova'?, Jordi José"?, Enrique Garcia-Berro™?, Steven N. Shore* & Alan C. Calder®
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Three-dimensional simulations of turbulent convective mixing
in ONe and CO classical nova explosions™
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A&A 619, A121 (2018)
https://doi.org/10.1051/0004-6361/201833422 %t rono my
©ESO 2018 Astrophysics

Two-dimensional simulations of mixing in classical novae:
The effect of white dwarf composition and mass*™

Jordi Casanova', Jordi José*-, and Steven N. Shore*

I Physics Division, Oak Ridge National Laboratory, PO Box 2008, Qak Ridge, TN 37831-6354, USA

e-mail: novaj@ornl.gov
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Institut d’Estudis Espacials de Catalunya, ¢/Gran Capita 2-4, Ed. Nexus-201, 08034 Barcelona, Spain

Dipartimento di Fisica “Enrico Fermi”, Universita di Pisa and INFN, Sezione di Pisa, Largo B. Pontecorvo 3, 56127 Pisa, Italy
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I11. Does the White Dwarf Mass Grows or Decreases ?

Summner Starrfield, Arizona State University

Classical nova explosions: SN Ia progenitors and lithium factories

We report on studies of Classical Nova (CN) explosions where we follow the evolution of

thermonuclear runaways (TNRs) on Carbon Oxygen (CO) white dwarfs (WDs). We vary

both the mass of the WD (from 0.6M to 1.35M) and the composition of the accreted
material. Our simulations rely on the results of multi-dimensional studies of TNRs in WDs
that find sufficient mixing with WD material occurs after the TNR is well underway, reaching
levels of enrichment that agree with observations of CN ejecta abundances. We use NOVA
(our 1-dimensional hydrodynamic code) to accrete solar matter until the TNR is ongoing and
then switch from the solar composition to a mixed composition (either 25% WD material and
75% solar or 50% WD material and 50% solar). Because the amount of accreted material
is inversely proportional to the initial *C abundance, by first accreting solar matter the
amount of material taking part in the outburst is larger than in those simulation where we
assume a mixed composition from the beginning. We find large enrichments of "Be in the
ejected gases implying that CO CNe may be responsible for a significant fraction (~ 300
M) of the ~1000 My we determined for the total amount "Li in the galaxy. Finally, these
simulations eject less material than accreted. We predict, therefore, that the WD is growing
in mass as a consequence of the accretion/ CN outburst/ accretion cycle. This result implies
that CO CNe may be a channel of Supernova Ia progenitors and not the Super-soft X-ray
sources as has been assumed previously.



Are CIaSS|caI Novae Potentlal SNIa Progenltors’? f :
Intraductipn [ Challehges || i\/lultldlmensmnal Models [ The White Dwarf Mass "

Starrfield et al.

* Classical Novae make most of the 7L.i in the Galaxy

* The WD in both CO and ONe is growing in mass to the Chandrasekhar
limit > Novae are SNIla Progenitors
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JJ et al.

* Classical Novae DO NOT make most of the 7L.i in the Galaxy

* The WD in both CO and ONe is NOT growing in mass to the Chandrasekhar
limit > Novae are NOT SNIa progenitors
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Thank you for your attention!

Classical (and Recurrent) Novae

and the Mass of the Underlying White Dwarf
FOE19, NCSU, Raleigh (NC), May 20-25, 2019
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