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and the Mass of the Underlying White Dwarf 



J. José Are Classical Novae Potential SNIa Progenitors?  
 

What are classical novae  
 
What do/don’t we know about novae? 
 
What is the connection (if any) between novae 
and (type Ia) supernovae? 

A Roadmap for Today’s Talk: 



A nova is a thermonuclear explosion driven by mass transfer onto a 
WD in a close binary system (Porb ~ 1 – 10 hr). They have been 
observed in all λ’s (but detected in γ-rays only at E > 100 MeV)   
 
                        Moderate rise times (<1 – 2 days),  
       LPeak ~ 104 – 105 L  

         Eoutput ~ 1045 ergs = 1 μFOE  
 
  WD + MS (often, K-M dwarfs), WD + RG 
  Mass ejected: 10-7 – 10-4 M   

                                                                       (~103 km s-1) 
  Recurrence: ~ 1 - 100 yr (RNe) –  
                                                105 yr (CNe) 
  Frequency: 30 ± 10 yr-1    
                                           [Obs. ~ 10 yr-1] 

I. Introduction – Classical Novae in a Nutshell 
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Presolar Grains and Dust 

Evidence for dust formation (IR) 
accompanying nova outbursts 

Isotopic peculiarities: 13C, 14C, 18O, 22Na, 26Al, 30Si  

Gehrz et al. (1998) 
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Presolar Grains  
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J. José 

Novae may have contributed to the invetory of presolar grains  
 
* identification of 18 presolar nova candidates  
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2019 



- long period binaries:  very homogeneous class (WD + RG) 
  ex: RS Oph 
- short period binaries: heterogeneous class (WD + MS) 
    Subclasses: U Sco, CI Aql, T Pyx [Anupama 2007] 
Recurrence time: 1 – 100 yr 
Macc ~ 10-7 – 10-8 M yr-1 

MWD close to Chandrasekhar limit (RS Oph, U Sco)  
NOT all the accreted material is ejected  SN Ia progenitors 

The Recurrent Nova ID Card 
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Hernanz & JJ (2008), New Astr. Rev. 

     

J. José 

10-8 M yr-1 

2×10-7 M yr-1 

0.01 L 

10-8 M yr-1 

2×10-7 M yr-1 

0.01 L 

Are Classical Novae Potential SNIa Progenitors?  
Introduction || Challenges || Multidimensional Models || The White Dwarf Mass 



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

J. José 

II. Current Challenges in Nova Modeling  

* Have nova explosions been similar during the overall Galaxy’s 
history?  
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Solar [Fe/H] = -5.4 

JJ, García-Berro, Hernanz, & Gil-Pons, ApJL (2007)  
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J. José 

* The way the explosion/TNR initiates (point-like ignition) and 
propagates  

The assumption of spherical symmetry (1D) has excluded an entire 
sequence of events: 

Are Classical Novae Potential SNIa Progenitors?  
Introduction || Challenges || Multidimensional Models || The White Dwarf Mass 



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] 

* Composition of the ejecta: Z  Z ~ 0.2 - 0.5 (up to 0.86, for 
V1370 Aql 1982)? Limited Tpeak CNO-breakout unlikely!  Mixing 
at the core-envelope interface 

J. José 

Some 1D attempts 
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* The long-term evolution of a classical nova requires to address 
the interaction between the nova ejecta, the disk and the stellar 
companion 
 

J. José 

* The amount of mass ejected predicted by 1D models is smaller 
than values *inferred* observationally [not unanimously agreed!] 
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A 1.0 Mo CO WD accreting solar composition material (1D)  
                   mapped into a 2D domain at Tbase=108 K.  2D simulations 
performed with VULCAN (ALE code). Slice of 0.1πrad, resolution 
5×5 km2, 12 isotope network 

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

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

J. José 

III. Multidimensional Models 
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 But, overall, good agreement with 1-D simulations! 
 
 * Role of β+-unstable nuclei 14, 15O, 17F (13N) in the ejection process  
 * Significant presence of  14, 15N, 17O (13C) expected in the ejecta 

Expansion and progress of the TNR is almost spherically 
symmetric (although the initial burning process is not!) 

Kelvin-Helmholtz instabilites identified as responsible 
for mixing 



     
     

    
    
     

   
   

    
     

     
 
  

    
    

       
   

Kelvin-Helmholtz instabilities 

http://en.wikipedia.org/wiki/Shear_velocity
http://en.wikipedia.org/wiki/Continuum_mechanics


Very limited dredge-up and mixing episodes             fainter events! 

Kercek, Hillebrandt & Truran (1998), 2D 
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Kercek, Hillebrandt  & Truran (1999), High-resolution 2D 
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Kercek, Hillebrandt  & Truran (1999), 3D 

CO mixing must take place prior to the TNR! (in constrast 
with Glasner et al. 1997) 
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2D Simulations 

J. José 

Multidimensional Models @ UPC Barcelona 
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Results are independent of the specific choice of the initial 
perturbation (duration, strength, location, and size), the resolution 
adopted, or the size of the computational domain  
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3D Models of Mixing 

Zmean ~ 0.2 – 0.3 
            + 
Intermittency 
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  MareNostrum II (BSC, 2006), 94.21 Tflops/s, 10,240 cores 
 
  MareNostrum III  (BSC, Jan. 2013), >1 Petaflop/s, 48,000 cores 
 
  MareNostrum IV  (BSC, Jun. 2017), >11 Petaflop/s, 165,888 cores 
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III. Does the White Dwarf Mass Grows or Decreases ? 



J. José 

*  Classical Novae make most of the 7Li in the Galaxy 
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Starrfield et al.  

*  The WD in both CO and ONe is growing in mass to the Chandrasekhar 
     limit  Novae are SNIa Progenitors 



J. José 

*  Classical Novae DO NOT make most of the 7Li in the Galaxy 
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JJ et al.  

*  The WD in both CO and ONe is NOT growing in mass to the Chandrasekhar 
     limit  Novae are NOT SNIa progenitors 



A Partial List of Collaborators 

S. Amari (WUST St. Louis) 
J. Casanova (IEEC Barcelona) 
P. Haenecour (U Arizona, Tucson)  
M. Hernanz (ICE Bellaterra) 
C. Iliadis (UNC Chapel Hill) 
S. Shore (U Pisa) 
 



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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