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FOR THOSE WHO WANT TO SLEEP

1. Stellar models are tools we can use to understand many things

2. There is feedback from the applications which aids in improving the models

3. Be very careful when using codes that you did not write yourself!

4. Be very careful in trusting papers written by people who used codes they 
did not write…

YOU MAY NOW TAKE A NAP…



WHAT DOES THIS AUDIENCE WANT?
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IF I HAD A HAMMER

• I’d build a bridge



IF I HAD A HAMMER

• Different requirements need different tools

• Need to develop a range of hammers
• Special hammers for different jobs

• Better hammers make better bridges

• I get paid for making bridges, not for making hammers





STARS: THE MOST FUNDAMENTAL ASTRONOMICAL OBJECTS

• Light
• Almost all observations use starlight



STARS: THE MOST FUNDAMENTAL ASTRONOMICAL OBJECTS

• Composition
• Essentially every element was made in stars



STARS: THE MOST FUNDAMENTAL ASTRONOMICAL OBJECTS

• Large-scale structure
• Drive much galactic structure

• Stir ISM



STARS: THE MOST FUNDAMENTAL ASTRONOMICAL OBJECTS

• Small-scale astrophysics
• Make dust

• Return recycled gas



STELLAR MODELS ARE HAMMERS

• Basic hammers get the job done

• Basic stellar models get the job done

• How basic?

• Follow the Light?

• Need structure and evolution
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STELLAR MODELS ARE HAMMERS

• Need structure and evolution

• Composition?  H and not-H will do pretty well!

• Add C and O to get through He burning…

• Sophisticated? 
• Add CNO…

• A few other things?

• Six to ten species is fine!



WHY DO SUCH SIMPLE MODELS WORK SO WELL?
• The composition occurs in three places

• Equation of State

• Opacity

• Nuclear Reactions

• Hence very few species are needed!

• Only the most abundant!

𝑃𝑃 =
𝜌𝜌𝜌𝜌𝜌𝜌
𝜇𝜇

𝜅𝜅 = 𝜅𝜅 𝜌𝜌, 𝑇𝑇, 𝑋𝑋𝑖𝑖

𝑟𝑟𝑖𝑖𝑖𝑖 = 𝑅𝑅𝑋𝑋𝑖𝑖𝑋𝑋𝑗𝑗𝜌𝜌𝑎𝑎𝑇𝑇𝑏𝑏





Error bars smaller than the symbols…







AN AVALANCHE OF QUESTIONS…





NEW HAMMER FOR NUCLEOSYNTHESIS

• Hundreds of isotopes

• Specialized meshing

• Custom time-stepping



IMPROVEMENTS IN MODELS

• Stellar model = background

• Nuclear reactions are the focus

• Observations tell us of problems

• Reaction rates

• Stellar Structure

• Mixing

• etc



Nucleosynthesis

Galactic Chemical evolution

Spectroscopic surveys

Population synthesis

Spectral Atlases

Cluster ages

Mass-loss

Dust production

Pre-solar grains

Asteroseismology

Star formation

Galactic structure

Planets & Life

ISM



I can make 
many things with 

my hammer



…and they help 
me to improve 

my hammer









SPECIAL HAMMERS

• Main sequence stars

• Massive stars

• AGB stars

• Supernovae

• Rotating stars

• Different physical regimes

• Different numerical demands

• Specialized codes

• People specialize also…



NOT EVERYONE CAN USE A HAMMER PROPERLY



GENERAL PURPOSE HAMMER FOR ALL?

• Let’s make a good hammer

• Make it versatile!

• Use hammer experts to help design it

• Try to make it foolproof



THE AGE OF PUBLIC CODES – BLACK BOXES??

• We are at the interface between disciplines
• We are in a computational age
• Open codes are common
• Expert usage is not so common

• Code may be OPEN SOURCE 
but used as if were a black box!

• SPH in pre-Cambrian days…

• I will use MESA as an example
• Nothing special about MESA!
• Its just the example I most meet
• Principles apply to all open source codes



• Versatile evolution code

• Well written

• Well documented

• Enables many to make stellar models

• Schools train people in its use

• But…



WARNINGS



WARNINGS



RELIABLE AND TRANSPARENT

• We need to use more codes…

• Open-source codes include MESA and the Cambridge STARS code

• MESA is easier to use and hence is more commonly used by people

• It becomes the default – which is not wise

• Other codes are freely available, even if not “open”
• Usually they are shared after a training period

• …an apprenticeship

• …so the user knows more about the code and potential problems



RELIABLE AND TRANSPARENT

• We need to use more codes…

• Maybe we need more well-supported codes
• Diversity of numerical methods etc

• More reliable results

• But supporting codes at this level is expensive

• Who will pay?

• Will funding agencies support more than one such code?



WARNING SIGNS

• “I used the most advanced stellar evolution code, MESA.”
• A seminar speaker

• “Whatever MESA produces is correct.”
• “It was written by stellar and software experts!”

• A user

• There are many well tested codes…they are different…

• No code is correct!

• But most are useful 



WARNING SIGNS

• “MESA is great – it does everything!”
• A user

• “We used initial_condition = 3”
• A paper 

Please do include the input parameters 
and MESA version number so the work 
can be reproduced. But please give 

physics descriptions in the paper. 
REFEREES PLEASE NOTE!

• If you know how, it is indeed very versatile

• What will history make of this in 10 years? 50 years?

• This should not be accepted!



WARNING SIGNS

• “Why does your code crash? MESA doesn’t!”
• A referee

• It was due to over-smoothing opacity….so it would continue to run…

• Crashes are places where we learn…

• The skill is in examining why it crashed…
• Physics?

• Numerical?



A SINGLE CODE FOR EVERYTHING



DESIGN PHILOSOPHY: ALWAYS RUNS

• Many things are done to make it “foolproof”

• Smoothing of variables is very common



A VERY SPECIAL HAMMER

• Works fine for the first 6 times it hits the nail

• On the next strike it just passes straight through the nail



DESIGN PHILOSOPHY: ALWAYS RUNS



RECENT DEVELOPMENT:

• There are now “gold tolerances” in MESA

• These should be used as defaults

• These should be changed only when you know the consequences



CONVERGENCE IS MESSY

• All codes use some sorts of tricks or massaging during difficult phases!

• You need to know what you are doing…









A LARGER PROBLEM

• This contributes to the view that “stellar modelling is easy.”
• It’s not.
• Main sequence? Yes

• But other phases 
are NOT TRIVIAL!!!



MESA PEOPLE/PROJECT ARE NOT TO BLAME!

• The info is all there!

• They run Schools in how to use MESA

• They have good physics in it

• They are good programmers





• Various parts are patched together

• Solutions are found for specific problems that arise

• Different patches are included for various cases

• MESA is open and these are clearly documented

• That is not true in many other codes…

• Knowledge is required – in both cases!













SUGGESTION FOR MESA

• Set all default parameters to their MOST ACCURATE

• Code will not just run – it will crash often 

• Provide documentation on most common causes of crashes….

• Suggest parameters for fixing it

• INCLUDING the effect this has on the models and the accuracy

• This forces the user to choose when and how to compromise

• More reliable models and better use of the tool?



ONE EXAMPLE WILL REALLY TIE THE TALK TOGETHER…

• Core He burning is very difficult

• Convection

• Semi-convection

• Induced overshoot

• Core breathing pulses

• It’s very messy



• Use highly accurate seismology

• Determine composition of interior
• He, C and O



Core He burning

Radiative He shell burning

Convection during 
thermal pulse

H shell



CONSTANTINO ET AL

Asteroseismology



CONSTANTINO ET AL

Asteroseismology

HST photometry



CONSTANTINO ET AL

Asteroseismology

HST photometry

Implementing Henk Spruit theory



Core He burning

Radiative shell burning



CORE HELIUM BURNING

• Progress being made

• Attacked from multiple directions
• 3D hydro

• Seismology

• Space photometry

• Good old grey matter

Calculation by
Simon Campbell 
Calculation by

Simon Campbell 

Henk Spruit



A PLEA TO REFEREES

• Do not accept poorly documented/written papers.
• Do not accept “it’s MESA so its reliable.”
• Do not accept “parameter_something = 4”
• Is this suitable for a journal of scientific record?



STARS AND HAMMERS

• Stars are tools for most people

• Stellar modellers will calculate stuff for you with their tools

• But please help us to use the new data to improve the models
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