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About a third (or a half) of the stars of our
Galaxy form double or multiple systems, a
fraction of which evolve into a close binary
system containing a white dwarf.

Gaia-calibrated models suggest that about 2–
3% of binaries within 100 pc contain a WD,
implying that between 108−109 such systems
exist across the Milky Way. A subset of these
binaries evolves into interacting systems
where mass transfer onto the white dwarf
occurs. These accreting systems (including
cataclysmic variables, symbiotic stars, and
supersoft X-ray sources) likely represent 1–
5% of WD binaries
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Type Ia (or thermonuclear) Supernovae [SN Ia]

Classical Nova Outbursts [CN]
WD

EXPLOSIONS
… but not only! 



Guerrero, García-Berro & Isern, A&A (2004) frequency ~ f(type Ia SNe)

Aznar-Siguán, 
García-Berro, Lorén-
Aguilar, JJ & Isern, 

MNRAS (2013) 
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WD + WD 
MERGERS  
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CLASSICAL & RECURRENT NOVAE
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Timescales
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tacc ~ 104 – 105 yr (Tbase: Tini to 3×107 K)
accretion stage (onset of convection and TNR;
degeneracy lifting), τacc < τnuc

Accretion matters! 

(Shara 1981, Fujimoto 1982, 
MacDonald 1983)

Since the single, most important nuclear reaction that
drives the TNR in novae is 12C(p, γ) (JJ, Halabi & El Eid 
2016), accretion of 12C-deficient material will require
the accumulation of more massive envelopes, leading to 
larger Pce and resulting in more violent explosions   

larger Pce more violent outbursts (Tmax, K, ΔMeje…)

Temperature at the base of the accreted envelope
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trise ~ 10 – 1000 d (Tbase: 3×107 to 108 K)
nuclear stage (fully convective envelope), τacc > τnuc

tpeak ~ 100 – 1000 s (Tbase: 108 K to Tpeak)

Such timescales suggest a deflagration (subsonic) flame
powering the explosion interplay between convective
transport, mild degeneracy, and nuclear reactions
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WHAT (WE THINK) WE KNOW
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The main nuclear path runs close to the valley of stability, being driven by (p,γ), (p,α) and β+ interactions

Negligible contribution from (n,γ) and (α,γ) reactions

Nucleosynthesis endpoint ~ Ca No heavy metals produced!

Fuel (H) is not fully consumed  explosion halted by
expansion

Explosive Nucleosynthesis in Novae & X-Ray Bursts
Classical & Recurrent Novae || X-Ray Bursts



H

He

Li

B

C

N
O

F
Ne

Na

Mg

Al
Si

P

S
Cl

Ar

K

Ca1.35 MONe1.15 MONe

H

He

Li

B

C

N
O

F

Ne
Na

Mg

Al
Si

P

S

Cl

Ar
K
Ca

1.15 MCO 

H He

Li

B

C
N

O

F

Ne
Na

Mg Al

Si
P

S

Cl

Ar
K

Ca

Novae are important sources of CNO-nuclei (13C, 15N, 17O) and contribute to the Galactic 7Li [mixing].        
No indication of CNO-breakout!  Ejecta characterized by low 12C/13C and (often) low 14N/15N ratios; ONe
nova models show close-to- or lower-than-solar δ(29Si/28Si) values, δ(30Si/28Si) excesses, and high 26Al/27Al 
and 22Ne/20Ne ratios  signatures of a nova origin in the presolar grain inventory

Novae are important nuclear physics (stellar) laboratories ~100 relevant isotopes (A<40) & a (few)
hundred nuclear reactions (Tpeak ~ 100 – 400 MK)
 unique stellar explosions for which the nuclear physics input is primarily based on experimental
information (JJ, Hernanz & Iliadis, Nucl. Phys. A 2006)
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Low- to intermediate-mass CO novae (0.6–1.0 M) are the 
most plausible stellar sources of 13C-rich SiC dust lacking 
s-process signatures (AB grains; 1–2% of all presolar SiC)

34 Hydrodynamic Nova Models analyzed
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GK Persei (1901)

Nuclear Uncertainties  

Main nuclear path: p-capture reactions and β+ decays, close to the valley of stability, up to Ca
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Main nuclear uncertainties (remaining)
18F(p,α)15O, 25Al(p,γ)26Si, 30P(p,γ)31S

TALK by
Nathan Giha



WHAT WE DON’T KNOW

* How early the accreted envelope becomes chemically enriched/mixed with WD substrate material? Is
mixing the result of multiple physical phenomena (probably yes: shear, difussion, multidimensional effects…)

* How important is rotation (pressure lifting, rotational mixing) in nova nucleosynthesis? Work in progress…
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* How the Galactic nova rate has evolved along the 10 Gyr of Galactic history? Are nova explosions in low-Z
(and primordial) systems different from those produced in binaries with solar composition components? 
Need of hi-res spectra of novae in low-Z systems

* Nuclear uncertainties (mainly ) affect nova nucleosynthesis predictions
(lack of precise spectroscopic information: spins and parities, interference between low-lying resonances…)
accurate determinations of maximum detectability distances for gamma-rays emitted from novae, the
contribution of novae to the Galactic 26Al, and synthesis of Si – Ca in novae

18F(p,α)15O, 25Al(p,γ)26Si, 30P(p,γ)31S



Classical Novae
Low-Z Novae [Fe/H] = -5.4

JJ, García-Berro, Hernanz, 
& Gil-Pons, ApJL (2007) 
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1D have been successful in reproducing the gross observational features that
characterize CNe (e.g., light curves, nucleosynthesis...), but the assumption of 
spherical symmetry excludes an entire sequence of events

* The long-term evolution of a nova involves the interaction between the
ejecta, the disk, and the stellar companion

J. Figueira

* Ignition and front propagation

* Mixing between the accreted matter and the WD substrate
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106 SPH particles (2D axisym.)  109 particles (3D)

A. S. Lechuga
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X-RAY BURSTS
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Classical Novae

WD + MS (RG) star
Moderate rise times (<1 – 2 days) 

LPeak ~ 104 – 105 L
Eoutput ~ 1045 ergs

Mass ejected: 10-7 – 10-4 M

(~103 km s-1)
Recurrence: ~ 104 – 105 yr
Frequency:  ~ 50 yr-1

[Obs. ~ 10 yr-1]

Novae are XRBs in slow motion…
…XRBs are novae in fast forward

X-Ray Bursts (Type I) 

NS + MS (RG) star
Fast rise times (<1 – 10 s) 

LPeak ~ 104 – 105 L
Eoutput ~ 1039 – 40 ergs [in 10- 100 s]
α = Lpersistent/Lburst ~ 100

Mass ejected: by radiation-driven
winds

Recurrence: ~ hrs – days
Sources detected: ~ 100             
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Kormpakis, JJ & Linares (2026), MNRAS
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~ 50,000 post-processing calculations 
606 isotopes (1H to 113Xe) and 3551 nuclear processes
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WARNING!

TALK by
Nicolas de Séréville
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The potential impact of XRB nucleosynthesis on Galactic abundances is still a matter of debate:

Ejection from a NS unlikely because of its large gravitational potential (ejection from the surface a NS of
mass M and radius R requires GMmp/R ~ 200 MeV/nucleon, whereas only a few MeV/nucleon are released
from thermonuclear fusion)

Mass Ejection

__________
NSMNS ∼ 1.4 M⊙, RNS ∼ 10 km  vesc = √2G MNS/RNS ∼ 190 000 km s−1

WDMWD ∼ 1 M⊙, RWD ∼ 6000 km  vesc ~ 7000 km s−1

XRBs halted by fuel consumption (due to efficient CNO–breakout)  rather than by expansion  
nearly constant pressure at ignition depth
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XRB Model with 1.4 Msun, 13.1 km NS;  Zacc = 0.02, and Macc = 1.75×10-9 Msun yr-1Mejec = 3.1×10-14 Msun!

.

XRBs do contribute (to some extent!) to the Galactic abundances

0.1% of the envelope is ejected per burst (mostly as 60Ni, 64Zn, [68Ge], and 58Ni). The ejecta also contains 
some tiny amounts of light p-nuclei, but not enough to account for their Galactic abundances

Y. Herrera
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• Pressure-lifting effect caused by rotation: maximum density and pressure at the base of the envelope 
decrease as the angular velocity of the envelope increases

• The size of the envelope shows a significant growth with the increase of the angular velocity (up to 66% 
for the fastest rotation model considered)

• Rotation influences the extent of the nuclear activity during XRBs, limiting the nucleosynthesis 
endpoint: differences of up to five mass units are found between the fastest-rotating and non-rotating 
models. 

• Bursts with higher angular velocities have smaller recurrence times

Type I XRB Models with Rotation

D. Martin 

First models with rotation!

Study of the effect of (shellular) rotation on type I X-ray burst properties
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Brighter bursts for small angular velocities Ω0 (bursts with high rotation rates have long decays [increase 
up to 125%] and broad light curves)
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Thank you for your attention! 
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Nuclear Physics in Astrophysics XII, Cluj-Napoca (Romania), September 7 – 11, 2026   
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