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Goals of the 1D approach:

● Predictive models

● Include the full star; whole lifetime

● Initial—final (WD) mass relation

● Connect IMF to NS and BH mass 

function

● Progenitor models for SN simulations

● Yields for GCE

● Isochrones for age determinations

● Photometric characteristics for mass 

determinations

● Input for population synthesis
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1D MODELS

Jones, Hirschi+ (2015)
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Jones, Hirschi+ (2015)
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ASTEROSEISMOLOGY
MIXING CONSTRAINTS

Credit: Diego Bossini; see Bossini+ (2015)Constantino+ (2015)

Detection of mixed modes in core He-burning stars makes it 
possible to measure l=1 mode period spacing, giving tighter 
constraints for stellar models



  

WEAK S PROCESS
CODE DEPENDENCIES

Jones, Hirschi+ 2015

Spread in s-process overabundances in the He-depleted core from 
3 different codes (GENEC, KEPLER and MESA) is smaller than the 
impact of the nuclear physics uncertainties (e.g. Pignatari+ 2010).
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WEAK S PROCESS
Rotation at low Z

Frischknecht & Hirschi+ 2016

Z=10-5

s process production boosted at low Z due to creation of primary 
22Ne by rotational mixing between the H shell and He core



  

MAIN S PROCESS
HOW DOES IT HAPPEN?

Herwig 2005

We think in the 13C pocket; we even think we know how big the 
pocket should be, but we do not know what mixing process is 
responsible for its formation

Rotation alone is 
not enough, but 
mechanism of CBM 
not clear. Gravity 
waves? Magnetic 
fields? (Piersani+ 
2013, Battino 2016, 
subm.)

Still some way to 
go ...



15
Nucleosynthesis in massive stars, 

disentangling between nuclear 
uncertainties and stellar uncertainties

● The production of the bulk of these elements
In CCSNe does not depend much on the 
SN explosion. 

●  What is the error of the main nuclear rates 
affecting their production in He-burning (C,O) 
and C-burning conditions (Mg,Na) ?
Provide a table with errors, and we can get
back to you soon.

 M. Pignatari

Element production from the 
nucleosynthesis in the pre-explosive 
evolution:

C, O, Mg, Na



  

1D MODELS
It is encouraging that 1D models can agree reasonably well.
It is encouraging that 1D models can reproduce observations.

However, all of these 1D models are based on the same/similar 
approximate underlying physics models, which limits their 
predictive power

e.g.:

If the 13C pocket size in a 2 M☉, solar Z stellar evolution model is a 
parameter that is calibrated to reproduce an observation, it is 
tenuous to use the same parameterization to make predictions for 
a 2 M☉, Z=10-4 star without implying something about the physical 
mechanism creating the 13C pocket
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These are mature codes but 
have intrinsic limitations:
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Image credit: André Maeder rotation
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Approach of 3D modelling of stars:

● Simulate inherently multi-dimensional 

phenomena

● Simulate dynamic phases and 

hydrodynamic instabilities in stars

● Improve predictive power of 1D 

models:

● Testing prescriptions

● Fixing free parameters

Long-term goal:
Develop improved models for 
convection, rotation, binary 
interactions, magnetic fields and winds 
in 1D models

Herwig & Woodward+



ROTATION
HOW GOOD IS “1D ROTATION”?

Edelmann, Röpke, Hirschi & Georgy 2016, in prep

New numerical 
methods developed 
to follow such low 
Mach number flows, 
with which 
prescriptions for 
rotation in 1D codes 
can be tested

Ri



CONVECTION SIMULATIONS
O SHELL BURNING

Jones+ (2016, in prep)



CONVECTION SIMULATIONS
MLT UPGRADES?

Jones+ (2016, in prep)

MLT

derived



DYNAMICAL
EVENTS
H INGESTION: I-PROCESS NUCLEOSYNTHESIS?

Herwig 2014

Dardelet, Jones+ (2014)

The i process is very interesting 
for nuclear physics experiments, 
but more work is needed on the 
site

GCE significance unclear



Herwig 2014

Jones+ (2016)

The i process is very interesting 
for nuclear physics experiments, 
but more work is needed on the 
site
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$5 semiconvection 
experiment by 
Austin Davis (UVic) SE
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N● De-stabilizing T 
gradient

● Stabilizing μ 
gradient

● Realised during 
He-core burning

● Secular instability 
(low Mach No. 
methods?)



“8-10 SOLAR-MASS” STARS
ELECTRON-CAPTURE SUPERNOVAE?

Jones, Röpke+ (2016, A&A subm.)

First 3D O deflagration simulations in ECSN progenitor stars



BINARY STARS
At least 70% of massive stars will interact with 
a binary companion during their lifetime

Sana+ (2012)



Population synthesis 
predictions (e.g. BH-BH 
merger rates; see 
Belczynski+ 2015) 
inherit uncertainties 
from underlying models:

● Stellar radii

● Binary interactions

● NS/BH masses

● BH natal kicks

Image credit: Wojciech Gladsyz (Warsaw)







Ohlmann, Röpke+ (2016 ApJL)

COMMON ENVELOPE
AREPO SIMULATIONS



Nuclear Uncertainties

Main nuclear uncertainties remaining: 
                                                          18F(p,α)15O, 25Al(p,γ)26Si, 30P(p,γ)31S

J. JoséStellar Explosions: Classical Novae



Spectroscopy (abundances)
Photometry (lightcurves)
Hydrodynamics

} Thermonuclear runaway model 
   of classical nova explosions

                          Composition of the ejecta
● Depends on the nature of the WD (cf., CO vs. ONe): MWD & Xi 

       The mixing mechanism: the Holy Grail of nova modeling
● Diffusion Induced Convection 
● Shear mixing 
● Convective Oveshoot Induced 
● Flame Propagation
● Convection Induced Shear Mixing
● Multidimensional processes [Glasner, Livne 1995;  Glasner, Livne & Truran 

1997, 2005, 2007; Rosner et al. 2002; Alexakis et al. 2004, Casanova et al. 
2010, 2011a,b]

● Detailed 3-D simulations needed!
J. José



J. JoséStellar Explosions: Classical Novae



A. Bolaños (Würzburg)

NOVA EXPLOSIONS
HYDRODYNAMIC MIXING PROCESSES

Convective boundary mixing 
(CBM) can reproduce 
observed enrichment of C 
and O (Denissenkov+ 2013) 
in novae and post-AGB stars 
(Werner & Herwig 2006)

The provides a handy 
constraint, but how good is 
the parametrized diffusive 
CBM model for this?
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