Monday, 16 April
THE ERA OFlPRECISION BTELLAR PHYSICS

9h00 Aldo Serenelli Open questions n solar models and lessons for other stars
9h30 Yvonne Ellsworth Solar and Stellar Variability
10h00 Matteo Cantiello The Era of High Precision Stellar Physics

10h30 Saskia Hekker Stellar Oscillations

Tuesday, 17 April
CHEMISTRY, DUST, GAS DYNAMICS, ATMOSPHERES OF PLANETS AND STARS

9h00 Edwin Bergin Thinking Broadly about Molecules in Astrophysics

9h3(}|J0hn Lultanziul Stars and their composition and evolution

| am free to talk rubbish!




STARS AND THEIR
COMPC SiTION AND EVGCLUTION

JOHN LATTANZIO
MONASH CENTRE FOR ASTROPHYSICS

With input from, and thanks to:
Simon Campbell
George Angelou
Matteo Cantiello

M o CA Amanda Karakas w MONASH

Monash Centre for Astrophysics s U . |Ve s lty




Sttt o aret e coose et

FOR THOSE WHO WANT TO SLEEP

Stellar models are tools we can use to understand many things
There is feedback from the applications which aids in improving the models
Be very careful when using codes that you did not write yourself!

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

YOU MAY NOW TAKE A NAP...
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Perhaps properties of the foresi?



ON STARS AND HAMMERS

JOHN LATTANZIO
MONASH CENTRE FOR ASTROPHYSICS

With input from, and thanks to:
Simon Campbell
George Angelou
Matteo Cantiello

M o CA Amanda Karakas MONAS H
. & University
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IF | HAD A HAMMER

*,;W?@_B%@;

®

* I'd build a bridge

Seter. Saul and Mary

BLOWIN' IN THE WIND « IF | HAD A HAMMER *» WHERE HAVE ALL THE FLOWERS GONE?
LEMON TREE

(©) 1963, Wamer Bros. Records Inc.




IF 1 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

| get paid for making bridges, not for making hammers

voth simultaneous

Need to do

Y






THE MOST FUNDAMENTAL ASTRONOMICAL OBJECTS

Light
» Almost all observations use starlight
SPECID=G09_Y1_AN1_197

CATAID=300405  GAMANAME=GAMAJ083729.86+010318.7 z=0.15548
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THE MOST FUNDAMENTAL ASTRONOMICAL OBJECTS

Composition

« Essentially every element was made in stars

I:I big bang I:\ type la supernovae [ET

|:| cosmic ray spallation low- and |_ntermediate mass
stars (during AGB phase)

bomn
) 5
massive stars |:| neutron star collisions or v-driven

(before explosion) wind in type Il supemovae

type Il supernovae
(during explosion)

fitanium vanadium chromium | manganese
22 23 24
-
Ti [V r
705 Y047 100 q
echnetim

iridium platinum

77 78

holmium erbium thulium

*Lanthanide series v

**Actinide series

© Christian lliadis




THE MOST FUNDAMENTAL ASTRONOMICAL OBJECTS

» Large-scale structure

e Drive much galactic structure
o Stir ISM




THE MOST FUNDAMENTAL ASTRONOMICAL OBJECTS

: L Tt e R s T R
« Small-scale astrophysics el e s AR e m R
i T e .."-_:.-: . <ot . _' g Pt}
* Make dust AL 3 N e

« Return recycled gas e e, P R e

T e L




STELLAR MODELS ARE HAMMERS

e Basic hammers get the job done

« Basic stellar models get the job done

 How basic?
* Follow the Light?

 Need structure and evolution



STELLAR MODELS ARE HAMMERS

 Need structure and evolution

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




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...




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...

e Sophisticated?
 Add CNO...




STELLAR MODELS ARE HAMMERS

e Need structure and evolution

« Composition? H and not-H will do pretty well!
 Add C and O to get through He burning...

e Sophisticated?

* Add CNO...

« Afew other things? .
4

14
« Six to ten species is fine!




WHY DO SUCH SIMPLE MODELS WORK SO WELL?

* The composition occurs in three places

PRT
« Equation of State P =——
U
S k=k(p,T,{X;})
 Nuclear Reactions Tt RXinpaTb

* Hence very few species are needed!

e Only the most abundant!
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AN AVALANCHE OF QUESTIONS...

“How much '°C do your models make?”
There is a carbon-13?

“Can your stars make Pb?”
Lead? Are you serious?

“How much stronfium can you make?”
What is strontium?



| nheed a new hammer!




NEW HAMMER FOR NUCLEOSYNTHESIS

» Hundreds of isotopes
 Specialized meshing

¢ Custom time-stepping

Specialized Hammer



IMPROVEMENTS IN MODELS

« Stellar model = background
 Nuclear reactions are the focus

* QObservations tell us of problems

e Reaction rates
e Stellar Structure
« Mixing

o« olc




Galactic Chemical evolution

e

Nucleosynthesis

.

Spectroscopic surveys

Spectral Atlases

o

Population synthesis

Pre-solar grains

Cluster ages

T

Mass-loss

.

Dust production

Planets & Life

i

Star formation

N\

Galactic structure

Asteroseismology
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Femmmers eren'i for @ll jelos.
Seomelimes we heed difierent tools...



Develop @
compleie



SPECIAL HAMMERS

- Main sequence stars Codes are nOi

« Massive stars .
+ AGE stars inferchangeable
e Supernovae

* Rotating stars

 Different physical regimes
 Different numerical demands
e 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

SPH in pre-Cambrian days...

| will use MESA as an example
Nothing special about MESA!
Its just the example | most meet

Principles apply to all open source codes



MESA

Modules for Experiments
In Stellar Astrophysics

Versatile evolution code

Well written

Well documented

Enables many to make stellar models

Schools train people in its use

But...

MESA

You may also want to visit the MESA marketplace, where users share the inlists
from their published results, tools & utilities, and teaching materials.

Why a new 1D stellar evolution code?

The MESA Manifesto discusses the motivation for the MESA project, outlines a MESA
code of conduct, and describes the establishment of a MESA Council. Before using

should read the manifesto document. Here's a brief extract of some of
the key points

Stellar evolution calculations remain a basic tool of broad impact for astrophysics.
New observations constantly test the models, even in 1D. The continued demand
requires the construction of a general, modern stellar evolution code that combines
the following advantages:

Openness: anyone can download sources from the website.

Modularity: independent modules for physics and for numerical algorithms; the
parts can be used stand-alone.

Wide Applicability: capable of calculating the evolution of stars in a wide range
of environments.

Modern Techniques: advanced AMR, fully coupled solution for composition and
abundances, mass loss and gain, etc.

Comprehensive Microphysics: up-to-date, wide-ranging, flexible, and

independently useable microphysics modules.




WARNINGS

David Arnelt:;

“To the extent that it is possible,
it is the isotopes that keep
the theorists honest.”



WARNINGS

| would add:
Consistency between different
modellers and different codes

Relying on any single code is dangerous.



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
e ...an apprenticeship

e ...s0 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

e “l used the most advanced stellar evolution code, MESA.”

* A seminar speaker

A\l

 There are many well tested codes...they are different... 2 Q‘.

)

« “Whatever MESA produces is correct.” 05
* “It was written by stellar and software experts!” Q‘O
e A user g

o®

e NO code is correct! d
e But most are useful © Qz



WARNING SIGNS

« “‘MESA Is great — it does everything!”

* Auser
 If you know how, it is indeed very versatile

* “We used initial_condition = 3”
* A paper
o What will history make of this in 10 years? 50 years?

Please do include the input parameters
and MESA version number so the work

e This should not be accepted!

can be reproduced. But please give
physics descriptions in the paper.
REFEREES PLEASE NOTE!




WARNING SIGNS

* “Why does your code crash? MESA doesn’t!”

 Areferee

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

* Crashes are places where we learn...
e The skill is in examining why It crashed...
e Physics?

e Numerical?






DESIGN PHILOSOPHY: ALWAYS RUNS

« Many things are done to make it “foolproof”

« Smoothing of variables is very common

|### smooth_convective_bdy

I This is an option to smooth composition gradients

I in newly non-convective regions trailing behind a retreating convection zone.

I This effectively erases (most) of the stair-casing that happens without 1it.

I But you should be aware that the smoothing process does not conserve species mass --
| e.g., 1f have retreating He burning core below H shell,
|
|
|

then the smoothing will convert some H into He in the newly non-convective region
(this can be hand waved away as modeling partial burning of those regions
during the substep period before the convection had retreated past the location).

| set this true to have the stair-casing removed at the price of some changes in abundances.

smooth_convective_bdy = .true.

The warning is there...if you know what you are doing!



A VERY SPECIAL HAMMER

Works fine for the first 6 times it hits the nalil

On the next strike it just passes straight through the nail




DESIGN PHILOSOPHY: ALWAYS RUNS

After 6 iterations we no longer
ensure solution satisfies the equations.

Uses a fechnique designed fo
gel closer to the solution but
does not check it is an acfual solution...

The warning is there...if you know what you are doing!



RECENT DEVELOPMENT:

“Gold Tolerances”

* There are now “gold tolerances” in MESA
 These should be used as defaults

e 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...
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APPENDIX B

From a naive use of MESA toward physically sound
Results

We have a habit in writing articles published in scientific journals to make the work as finished as
possible, to cover up all the tracks, to not worry about the blind alleys or describe how you had the
wrong idea first, and so on. So there really isn't any place to publish, in a dignified manner, what

wou actually did in order to get to do the work.

[R. Feynman, MNobel Lecture, December 11, 1965]

B.1 Warning to the Naive MESA User

MESA is a very well designed code that rarely crashes, forcing the new user to look for the
problemi(s) to fix. Most of the time, MESA does not crash, but instead it is able to find a
solution, which - too often — may not be physically sound. The burden of understanding
the solutions MESA finds, and more importantly, of determining how realistic these are, is
left to the user. “MESA is a tool, not a theory™.

The aim of this appendix is to summarize part of the work I did to improve my results.
| focus on issues found in the evolution of non-rotating, solar metallicity, massive stars of
Mzans < 40M;,, however the careful analysis of the results is needed for any problem the
code can handle. The take-home point is to not believe any result the MESA code can and will
produce, but analyze it very carefully each time. In my experience, MESA often converges to
unphysical solutions rather than crashing when something is wrong. Because of the non-
linearity of the equations for a stellar structure, a small inaccuracy in an aspect believed
to be secondary, might have rather significant effects. The aspect causing unexpected and
undesired behaviors may be very hard to individuate. Most of the work is left to do once a
numetical model has been found for the problem considered.

In §B.2 1 describe the issue of unphysical oscillations of the stellar surface (see also §2.3),
which can be solved by using a more realistic determination of the outer boundary con-
dition. This provides an example of the effects that an inaccurate treatment of an aspect
initially thought to be secondary can have on the results. In §B.3, I describe the ongoing
work to improve the resolution of the stellar cores during late burning stages, emphasizing
the need for large nuclear reaction networks.
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True of any numerical codelll

[lost of the work is left to do once a
numerical model has been found for the problem considered.



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!

e The info is all there!
* They run Schools in how to use MESA
* They have good physics in it

* They are good programmers

But the tool is being misused...



An evolution code is a Frankenstein’'s monster!
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An evolution code is a Frankenstein’'s monster!

« Various parts are patched together
« Solutions are found for specific problems that arise

« Different patches are included for various cases

« MESA s open and these are clearly documented

« That is not true in many other codes...

 Knowledge is required — in both cases!




To control the monster
you may need to be
Dr Frankenstein...







“...not a bunch
of amateurs...”




| The code may start off
peing nice o you...
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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

e Convection

B A non-expert can easily
- i make rubbish models.

e Core breathing pulses

e [t's very messy

Ne use feedback from
friends fo help make
better models




LETTER

doi:10.1038/nature25136

A large oxygen-dominated core from the seismic
cartography of a pulsating white dwarf

N. Giammichele!-<, S. Charpinet’, G. Fontaine®, P. Brassard®, E. M. Green’, V. Van Grootel®, P. Bergeron®, W. Zong'~ &
M. -A. Dupret?

* Use highly accurate seismology

* Determine composition of interior
e He,Cand O



Core He burning
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CORE HELIUM BURNING

* Progress being made

« Attacked from multiple directions
* 3D hydro
« Seismology
« Space photometry

* Good old grey matter

Henk Spruit

Pseudocolor
o Var. VelMag
[ - a.mﬁem&‘.
.. 1'_ ]
| | 2.939e+05—
= f r._-' : -l .QQDEmE i

Calculation by
Simon Campbell

2.605e+04 —



A PLEA TO REFEREES

* Do not accept poorly documented/written papers.
e Do not accept “it's MESA so Its reliable.”

* Do not accept “parameter_something = 4”

e |s this suitable for a journal of scientific record?

What about all the other
codes being used
by non-experts???




STARS AND HAMMERS

« Stars are tools for most people

 Stellar modellers will calculate stuff for you with their tools

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






	Slide Number 1
	STARS AND THEIR �COMPOSITION AND EVOLUTION
	For those who want to sleep
	What does this audience want?
	Slide Number 5
	Slide Number 6
	On Stars and Hammers
	If I had a hammer
	If I had a hammer
	Slide Number 10
	stars: the most fundamental astronomical objects
	stars: the most fundamental astronomical objects
	stars: the most fundamental astronomical objects
	stars: the most fundamental astronomical objects
	Stellar models are hammers
	Stellar models are hammers
	Stellar models are hammers
	Stellar models are hammers
	Stellar models are hammers
	Why do such simple models work so well?
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	An avalanche of questions…
	Slide Number 26
	New hammer for nucleosynthesis
	Improvements in models
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Understanding and using Stars:�With a Little Help From My Friends
	Slide Number 33
	Slide Number 34
	Special Hammers
	Not everyone can use a hammer properly
	General purpose hammer for all?
	The age of public codes – black boxes??
	Slide Number 39
	Warnings
	Warnings
	Reliable and Transparent
	Reliable and Transparent
	Warning signs
	Warning signs
	Warning signs
	Slide Number 47
	Design philosophy: always runs
	A very special hammer
	Design philosophy: always runs
	Recent development:
	Convergence is messy
	Slide Number 53
	Slide Number 54
	Slide Number 55
	A larger problem
	Mesa people/project are not to blame!
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Suggestion for mesa
	One example will really tie the talk together…
	Slide Number 67
	Slide Number 68
	Constantino et al
	Constantino et al
	Constantino et al
	Slide Number 72
	Core Helium Burning
	A plea to referees
	Stars and hammers
	With a Little Help From My Friends

