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Wyoming is here



  

What is MESA?



  

MESA, after astropy, is the most 
widely used, open-source software 
project in astronomy and astrophysics



  

MESA, after astropy, is the most 
widely used, open-source software 
project in astronomy and astrophysics

MESA and astropy were named in the
Astro 2020 Decadal Survey as critical instruments 
for the future of astronomy in the next decade 
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MESA is an incredibly versatile 
software instrument

MESA is a team of developers 
and thousands of users worldwide

MESA is a model for open-source 
and community-driven science
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A Brief History of Time(steps)

Our story 
begins 
with two 
characters...



  

A Brief History of Time(steps)
Bill Paxton Lars Bildsten

Our story 
begins 
with two 
characters...



  



  

A Brief History of Time(steps)
2011 – Instrument paper I

2013 – Instrument paper II

2015 – Instrument paper III

2018 – Instrument paper IV

2019 – Instrument paper V

2023 – Instrument paper VI
https://ui.adsabs.harvard.edu/
user/libraries/
vT_uYj92TP6KMn4QWYBcVQ

ADS library containing 
these papers (+errata):

Paxton et al.

Paxton et al.

Paxton et al.

Paxton et al.

Paxton et al.

Jermyn et al.

Bill Paxton Lars Bildsten



  



  

We have 6 instrument papers, and they should 
each be cited separately if you use MESA in a paper

https://docs.mesastar.org/en/release-r24.03.1/using_mesa/best_practices.html
A bibtex file containing these references is available here:



  

Also!! cite the works corresponding to significant 
infrastructure that has been shared with the project

https://docs.mesastar.org/en/release-r24.03.1/using_mesa/best_practices.html
A bibtex file containing these references is available here:



  



  

Emeritus

Emeritus
Emeritus

Emeritus

Emeritus

Emeritus
Emeritus

Emeritus



  
  

Philip Mocz

Radek Smolec
Matteo Cantiello

Bill Wolf

Earl Bellinger

Anne Thoul

Meridith Joyce Warrick Ball Rich Townsend

Jared Goldberg Mattieu Renzo 2025!

Remix!!



  

You can check out the past 
and current developers at:

https://docs.mesastar.org/en/stable/about.html



  

MESA 
ecosystem



  

MESA’s new development home: the 
Center for Computational Astrophysics 
(CCA) at the Flatiron Institute, NYC

Fig 1: Philip Mocz, dedicated 
software engineer

Fig 2: two MESA devs + 
bonus Hungarian, CCA



  

Summer Schools
Historically hosted at the University of California, 
Santa Barbara (11 years)...



  

MESA@Konkoly, 2023 

mailto:MESA@Konkoly


  

MESA@Konkoly 2023 MESA Down Under, 2024 

mailto:MESA@Konkoly


  

MESA Summer School, 2015

10-year MESA-versary!!!



  

Open knowledge philosophy



  

Open knowledge philosophy

Open Source 

The code is freely available, but that’s only one piece of the picture. 
In order for a product to be truly open source, it also has to be 
usable 



  

Open knowledge philosophy

Open Source 

The code is freely available, but that’s only one piece of the picture. 
In order for a product to be truly open source, it also has to be 
usable 

MESA’s documentation is thorough, and extensive tutorials and 
pedagogical materials are freely available along with the software 
itself. The team is highly responsive to user questions 
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Open knowledge philosophy

Open Knowledge

MESA “best practices” encourage the sharing of your parameter 
control files (inlists) as well as analysis scripts, numerical data, code 
for making figures, etc. The aspiration is complete reproducibility of 
science that uses MESA.



  

Open knowledge philosophy

Open Knowledge

MESA “best practices” encourage the sharing of your parameter 
control files (inlists) as well as analysis scripts, numerical data, code 
for making figures, etc. The aspiration is complete reproducibility of 
science that uses MESA.

We can’t personally enforce this, but we hope the value of this level of 
scientific accountability is obvious. This is the way the world is 
heading, and grant agencies are adapting their funding priorities 
accordingly (e.g., open source/data sharing requirements in the EU)



  

Core Resources Zenodo repository:
https://zenodo.org/records/13353788



  

Core Resources Zenodo repository:
https://zenodo.org/records/13353788

This is where you should 
download the code from!



  

Core Resources Zenodo repository:
https://zenodo.org/records/13353788

Stop here!! 

TAs: Does everyone at your table have 
version 24.08.1 and the appropriate SDK 
installed?



  

Core Resources 



  

Zenodo repository:
https://zenodo.org/records/13353788

Github repository:
https://github.com/MESAHub/mesa

Software Development Kit (SDK):
http://user.astro.wisc.edu/~townsend/static.php?ref=mesasdk

The code itself: 
Mesa-r24.08.1/star/test_suite   
Mesa-r24.08.1/star/defaults/*.list  ; *.defaults

The web-hosted documentation:
https://docs.mesastar.org/en/latest/

Core Resources 

https://github.com/MESAHub/mesa
http://user.astro.wisc.edu/~townsend/static.php?ref=mesasdk
https://docs.mesastar.org/en/latest/


  

Core Resources mesastar.org



  

What can MESA do?



  

What can MESA do? 

MESA is BROAD, not 
necessarily DEEP



  

What can MESA do? 

MESA is BROAD, not 
necessarily DEEP

    Depth comes from contributors 
improving small components of 
MESA relevant to their expertise



  

What can MESA do? 

A tour of the test_suite

After installation, navigate to:
   mesa-r24.08.1/star/test_suite/



  

A tour of the test_suite



  

Using MESA



  

Environment Variables
Environment variables
To run MESA, you must set environment variables that point your system to the 
correct paths for dependent packages

The variables are:
MESA_DIR – the location of your top-level MESA directory

MESASDK_ROOT – the location of the SDK

OMP_NUM_THREADS – the number of threads (= 2x number of cores) you choose to 
devote to MESA calculations. RECOMMEND: subtract 2 threads for other tasks
 
Note that most laptops have between 2 and 8 threads available, or 1 to 4 cores. Setting 
OMP_NUM_THREADS above this will result in overextending the capabilities of your 
system, causing the calculations to run very slowly or crash



  

Environment Variables
The syntax for setting these variables differs between MacOS 
and Linux and depends on your shell environment (ex. I use 
Linux and bash shell)

Visit 
https://www.youtube.com/watch?v=NmaLHFxpALg&ab_channel
=FrankTimmes
for video guides on how to set up these variables for other 
systems 
 

Other video installation guides also available at my website:
https://www.meridithjoyce.com/talks.html

https://www.youtube.com/watch?v=NmaLHFxpALg&ab_channel=FrankTimmes
https://www.youtube.com/watch?v=NmaLHFxpALg&ab_channel=FrankTimmes
https://www.meridithjoyce.com/talks.html


  

Setting environment variables: 
the bad way



  

Setting environment variables 
the good way: .bashrc file

Since .bashrc (or equivalent) is read automatically 
each time you open a new terminal window, assigning 
environment variables in .bashrc (or the equivalent 
profile of your local system) means you do not need 
to assign them manually 



  

Setting environment variables 
the good way: .bashrc file



  

Best way: functions in .bashrc



  

Because then you can toggle between MESA 
versions, if you ever have reason to do that...



  

Now it is straightforward to set 
up your MESA environment:



  

(~3 minutes)

Microlab 0: 
Check and set 
environment variables



  

(~3 minutes)

Microlab 0: 
Check and set 
environment variables

Show of thumbs when complete!



  

Inlists – Fortran namelists that contain value definitions for all of the parameters of 
your run           ex)  history_filename = ‘history_my_run.data’

Parameter libraries- all of the possible values for your parameters can be found in 
the module defaults files

Mesa-r24.08.1/star/defaults/ contains
controls.defaults
star_job.defaults
pgstar.defaults
history_columns.list

 profile_columns.list

Setup and output

Opacity defaults can be found in
mesa-r24.08.1/kap/defaults/kap.defaults

EOS defaults in
mesa-r24.08.1/eos/defaults/eos.defaults



  

Executable
star or binary; this is the program that is built by the compiler 
and runs your simulation

Scripts
clean, mk, rn, re – these are shell scripts that build and 
manipulate your program

Setup and outputSetup and output



  

Setup and output
By default, MESA keeps track of the full stellar structure of your model 
across evolutionary time

Output is stored in the LOGS/ directory

history.data traces evolutionary quantities

profileX.data gives you the structural model at some time step dt. 
you can adjust the frequency of these outputs in the inlists

profiles.index provides a mapping between the integer in the profile 
output names and the model number from the evolutionary run (in cases where 
a profile is not generated at every time step)

You can also store binary snapshots of the models: photos



  

Setup and output
History output should look something like this:



  

Setup and output
History output should look something like this:



  (~10 minutes)

Microlab 1: 

1) Explore your inlists
2) Run MESA out-of-the-box



  

Microlab 1: Exploring MESA & inlists (10 min)

(1) What is the initial mass of the model that runs when you launch a 
simulation in mesa-r24.08.1/star/work/   ?

(2) What causes this model to stop?

(3) Does MESA create a starting model for this simulation, or does it load an 
existing model?

(4) Try to run this model using ./clean; ./mk; ./rn 
Ask a TA for help if you cannot! What do these scripts do?

(5) How hot is the star at step number 35 of this run? 



  

Using run_star_extras.f90

Using run_star_extras.f90, we can introduce our own 

-project-specific physics, or

-additional functionality 

without compromising the entire MESA source code base



  

run_star_extras.f90: default



  

$MESA_DIR/include/standard_run_star_extras.inc

Locate:

And replace the line 

in run_star_extras.f90 with the 
contents of this file  



  

run_star_extras.f90: include



  

Using run_star_extras.f90
Every time you modify run_star_extras, you must 

recompile the executable!! 
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https://courtcraw.github.io/
mesadu_wdbinaries/lab3.html

Go to Sunny Wong’s Lab 3 
from last year for a high-
resolution version of this 
chart!



  

There are some actions you will want to compute once 
per evolutionary time step (evolve loop)

there are others you may want to compute once per 
Newton solver iteration (step loop)

where one evolve step contains several solver iterations 

Code Organization



  

There are some actions you will want to compute once 
per evolutionary time step (evolve loop)

there are others you may want to compute once per 
Newton solver iteration (step loop)

where one evolve step contains several solver iterations 

Code Organization

Checking whether your model has satisfied some 
global physical property (i.e., reaching a certain 
radius) can take place once per evolutionary step  

Example: 



  



  

Suppose we want MESA to stop when 
the star reaches a certain luminosity

-When during the step should this condition be 
checked?

-How often should this condition be checked?

-In which subroutine should we check this 
condition?



  

How to start, and restart, a run

- .mod (model) files – human-readable 

- profiles and profile indexing

- photos (binary snapshots)



  

Best practice: always run your 
project outside of the main MESA 
tree!



  

Best practice: always run your 
project outside of the main MESA 
tree!

Best practice: move your control 
files into your local working 
directory so you have a parameter 
reference



  

Microlab 2: 
1. cp -r $MESA/star/work/ to a location outside of your main 
MESA directory tree. Rename the project (e.g. 
work_intro_day1)

2. Locate your controls.defaults, star_job.defaults, 
profile_columns.list, history_columns.list files. Copy these 
files into your renamed work directory

3. Within these files, locate the controls that dictate how many 
profiles and photos are generated per run 

(show of thumbs when complete)



  

Open Session tonight!



  

Custom Colors

You can now compute synthetic 
photometry directly from 
MESA for any filter system in the 
Spanish Virtual Observatory 
(SVO) database  

New Feature Highlight

Niall Miller
Postdoc, U Wyo



  

Custom Colors:

Niall Miller
Postdoc, U Wyo



  

To participate in tonight’s open session, you must 
download & build a second version of MESA! 

https://zenodo.org/records/16092864



  

To participate in tonight’s open session, you must 
download & build a second version of MESA! 

https://zenodo.org/records/16092864
- one of the most common feature requests is now available

- example of the type of contribution that will get you noticed by the team

- this version is NOT a long-term stable release – oooh spooky

- downloading a new MESA version can take up to an hour – please 
download this BEFORE the session – you can do this safely while you 
are doing the regular MESA labs

- Try to build this on your own (we will help if you encounter problems!!)



  

Detailed setup instructions at:
https://nialljmiller.github.io/custom-colors_mesa-school-labs/

To participate in tonight’s open session, you must 
download & build a second version of MESA! 

https://zenodo.org/records/16092864

HINT: Make a new bash function 



  

Getting involved in 
the MESA project



  

Future of MESA Summer Schools
Funding for the 2027 through 2029 summer 
schools has been applied for within the team, but 
results are not known yet

There is currently no confirmed host for 2026

The MESA team will be using a proposal and bid 
system (as is used for, e.g., TASC) for 2026 – 
formal rules for proposing will be published to the 
MESA users list in roughly three weeks



  

Getting involved in 
the MESA project



  

users-list engagement: asking and answering questions

Feature requests

Feature development and sharing your code

Large contributions

Becoming a MESA developer

Getting involved in the MESA project



  

“MESA doesn’t work!”

“MESA sucks at X!”

“I want MESA to do something it 
does not currently do!”

Raise an issue on github!



  

Raise an issue on github!

https://github.com/MESAHub/mesa/issues

[ Website ]



  

Becoming a MESA developer

Membership to the MESA developers team is done by 
nomination

Any MESA developer can nominate a new member. The 
existing members of the team have two weeks to approve 
the nomination or not

Typically, nomination is discussed with a candidate before 
the formal nomination process



  

Becoming a MESA developer



  

Becoming a MESA developer
Supporting the MESA project is voluntary 
service work, but it is a prestigious project that 
opens a lot of opportunities 

Writing code—whether developing MESA 
directly, its support tools, or programs that 
integrate with it—is a core component of MESA 
development

But it is not the only way to contribute! 



  

Becoming a MESA developer
As developers inevitably move on (or advance to professor, 
at which point they no longer have time to do anything), it is 
important to bring outstanding young astrophysicists into the 
team to keep MESA relevant and ensure that it continues to 
serve the needs of the research community  



  

Becoming a MESA developer
As developers inevitably move on (or advance to professor, 
at which point they no longer have time to do anything), it is 
important to bring outstanding young astrophysicists into the 
team to keep MESA relevant and ensure that it continues to 
serve the needs of the research community  

We are especially interested in 
recruiting women and people from other 

underrepresented groups. If you would like to 
know more about what it means to be a MESA 
developer, please talk to me at this workshop!



  

Talk to me about 
PhD openings at 
Wyo or how to apply 
to postdocs and 
fellowships in the 
United States and 
Europe!

We are hiring a tenure-track astronomer



  

The most important part of this 
program is networking with the next 
generation of stellar astrophysicists

Tuesday’s open session: 
introductions & networking games
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