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What is a nova?

Nova: modern definition

nova eruption = thermonuclear runaway on the surface of the
white-dwarf primary in a cataclysmic variable
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What is a nova?

CVs - the Legoland version

Porb ∼ 80 min− 10 h

Claus Tappert (UdV) Novae Santiago, April 8 5 / 39



What is a nova?

Novae are recurrent

CV is not destroyed by the nova eruption
⇒ accretion continues

⇒ next eruption is just a matter of time
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What is a nova?

Ejected masses

Schwarz, 2013, “Stella Novae”, Cape Town
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What is a nova?

Accretion rates

Townsley & Gänsicke, 2009, ApJ, 693, 1007
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What is a nova?

Recurrence times

ejected mass ∼ 10−4 M�
highest average mass-transfer rates ∼ 10−8 M�/yr
⇒ trec ≥ 104 yr

Shara et al., 2012, ApJ, 756, 107: expansion rate of Z Cam shell
⇒ trec ≥ 103 yr
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What is a nova?

Recurrent Novae

Darnley, 2013, “Stella Novae”, Cape Town
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What is a nova?

T Pyx

Ederoclite, 2013, “Stella Novae”, Cape Town
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Novae and CVs

Novae are CVs

Nova Her 1934 = DQ Her = prototype Intermediate Polar
Nova Pic 1925 = RR Pic = SW Sex type star
Nova Cyg 1975 = V1500 Cyg = Polar
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Novae and CVs

CVs are Novae

Shara et al., 2007, Nature, 446, 159; 2012, ApJ, 758, 121

ancient nova shells around dwarf novae Z Cam and AT Cnc
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Novae and CVs

Novae vs CVs

Which parameters influence the recurrence time?
Mass-transfer rate!
Magnetic field?
WD mass
WD chemical composition (CO vs ONe)
Chemical composition of the secondary? (Iben & Tutukov, 1984,
ApJ, 284, 719)

How does the nova eruption affect CV evolution?
WD mass?
Mass-transfer rate (Hibernation)?
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Novae and CVs

Periods
data from Ritter & Kolb, 2003, A&A, 404, 301 (update 7.19, 2013)

Problem: 200 pre-1980 novae reported, 2/3 still without identification
of the post-nova⇒ Tappert et al., 2012, MNRAS, 423, 2476
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Novae and CVs

Recovering old novae

⇒ work in progress
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Novae and the ISM

Ejecta

Jodrell Bank website
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Novae and the ISM

TNR

for Ṁ ≤ 10−8 − 10−7 M�/yr, part of the accreted material is
compressed into a degenerate state

Pauli⇒ new e− have to occupy higher energy levels⇒ Egas and Tgas ↑

(non-relativistic) degenerate gas: P ∝ V−5/3 ⇒ independent of T
⇒ when Tgas > Tignition, degeneracy prevents envelope expansion

⇒ Thermonuclear Runaway (mainly CNO @ T ∼ 3× 107 K)

during TNR T increases further, so in principle at one point T > TF
⇒ degeneracy is lifted, envelope can expand (slowly) and cool down

but: τnuc � τdyn ⇒ T increases much faster than (controlled) expansion
+ convection depositing β+ unstable nuclei in envelope
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Novae and the ISM

cno

Hernanz, 2005, Asp Conf.Ser. 330, p.265

Tpeak ≥ 108 K

cycle operates out of equilibrium
(τβ+ ≥ τ(p,γ))

β+ unstable nuclei release energy in
the envelope
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Novae and the ISM

Observed Abundances

Livio & Truran, 1994, ApJ, 425, 797
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Novae and the ISM

Some Mixing Required

theory of the eruption + observation of the shell
⇒ processed material hast to be mixed into the accreted envelope

but how?

José, 2013, “Stella Novae”, Cape Town

Claus Tappert (UdV) Novae Santiago, April 8 21 / 39



Novae and the ISM

Kelvin-Helmholtz

Casanova et al., 2011, Nature, 478, 490; A&A, 527, 5

2D simulations

mostly independent of specifics of the initial perturbation, grid
resolution, size of computational domain

3D simulation in progress
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Novae and the ISM

Chemical enrichment

∼35 nova eruptions per year in the Galaxy
(Shafter, 1997, ApJ, 487, 226)

observed shell mass ∼ 2× 10−4 M�/yr

⇒ contributed mass rate ∼ 7× 10−3 M�/yr

in comparison, SNe: ∼ 6× 10−2 M�/yr

⇒ much less important than SNe
(if not ∼10 times more elements are produced)

but: Mejected could actually be higher (Gehrz et al., 1998, PASP, 110, 3;
Gehrz, 2013, “Stella Novae”, Cape Town)

important contributers of particular isotopes,
mainly 13C, 15N, 17O; also 7Li(!) and 26Al
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Novae and the ISM

(Some) Novae are dusty

Strope et al., 2010, AJ, 140, 34
Gehrz, 1988, Ann. Rev. A&A, 26, 377

∼20% of classical novae produce dust
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Novae and the ISM

Dust from novae

Gehrz et al., 1998, PASP, 110, 3

⇒ C, SiC, SiO2, hydrocarbons
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Novae and the ISM

Pre-solar grains?

José & Hernanz, 2007, M&P Science, 42, 1135

image from S.Armani

⇒ mixed with solar metallicity material

Nittler & Hoppe, 2005, ApJL, 631, L89: SN origin?
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Novae and other galaxies

Extragalactic Novae

Shafter et al., 2000, ApJ, 530, 193
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Novae and other galaxies

Nova populations

disc bulge

fast slow
bright faint
young old
high M1 low M1
hot WD cool WD
He/N FeII

short trec long trec

Duerbeck, 1990, Lec.Notes Phys., 369, 34
Williams, 1992, AJ, 104, 725
della Valle et al., 1992, A&A, 266, 232
della Valle & Livio, 1998, ApJ, 506, 818
Nelson et al., 2004, ApJ, 602, 938

⇒ luminosity-specific nova rate is expected to vary with Hubble type
(Yungelson et al., 1997, ApJ, 481, 127)
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Novae and other galaxies

Nova rate vs Hubble type

Shafter, 2013, “Stella Novae”, Cape Town

⇒ LSNR roughly constant, but large uncertainties
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Novae and other galaxies

Standard candles? Theory

Livio, 1992, ApJ, 393, 516

Mmax
B ≈ −8.3 − 10.0 log(M1/M�) t3 = 51.3(M1/MCh)

−1[((M1/MCh)
−2/3 − (M1/MCh)

2/3)]3/2

⇒ maximum magnitude vs rate of decline (MMRD): t3 = t3(Mmax
B )
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Novae and other galaxies

Standard candles? Observations

della Valle & Livio, 1995, ApJ, 452, 704:
M31 and LMC + V1974 Cyg and V838 Her

scatter theoretically expected:
Mmax also depends on Ṁ, TWD, B
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Novae and other galaxies

Standard candles??? The Fast and not so Furious

Kasliwal et al., 2011, ApJ, 735, 94

inconsistent with the MMRD!

also: most Faint and Fast Novae are FeII class⇒ supposed to be slow!
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Novae and SNe Ia

SN Ia progenitors?

Schaefer & Pagnotta, 2012, Nature, 481, 164

no remnant < MV = 8.4!

⇒ double-degenerate (or CV?)
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Novae and SNe Ia

CV Masses

data from Ritter & Kolb, 2003, A&A, 404, 301 (update 7.19, 2013)

Claus Tappert (UdV) Novae Santiago, April 8 34 / 39



Novae and SNe Ia

Mass growth in CV WDs?

Zorotovic et al., 2011, A&A, 536, 42

⇒ Mejected < Maccreted

but
mixing
observed Mshell thought to be a lower
limit
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Novae and SNe Ia

Mass evolution

Nova eruptions are the primary mechanism for mass loss in CVs

⇒ they prevent SNe Ia

and they’re doing a pretty good job, too:
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Novae and SNe Ia

The one and (still) only He nova: V445 Pup

Woudt et al., 2009, ApJ, 706, 738

luminosities & velocities⇒ massive WD + He star

SN Ia progenitor?
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Novae and SNe Ia

The ultimate answer

The Big South African
SNe Ia Progenitors Vote

Yes No

CNe 5 25
RNe 25 5

many thanks to Helena Uthas who kept the record!
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Summary

Summary

CNe = TNR @ CV-WDs
All novae are recurrent but less so than Recurrent Novae
Don’t ignore old novae: CV parameters←→ Nova eruptions
Nova WDs like to mix before they erupt
Novae might shine even less standardly than previously assumed
Novae prevent CVs from becoming SNe, though they might fail to
do so in isolated cases
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