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Stars are great.



We need good models of them.



MESA is a software instrument 
that models the evolution of stars.

MESA =  Modules for Experiments in Stellar Astrophysics



Single and Binary stars.

Explosions.

Planets too.

Pulsations.

And much more!



The MESA source code is a set of modules that can be used by 
others, or combined to solve the coupled equations of 1D stellar 
evolution with an implicit finite volume scheme.
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Innovation!



Citations: 7,401 

Larger Science Community 

MESA 

   Citation
Multiplier ≈20

170,700 citations 
to the 2,902 articles

that cite MESA 
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MESA : Community of ~1100, Jan 2022
~2100 cumulative since Jan 2011

MESA has a dominant share of the available market.



MESA

A thriving open-knowledge software project takes a village.
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Mother of All Demos 
December 8, 1968

“The 90-minute presentation demonstrated almost all the 
fundamental elements of modern personal computing: 
windows, hypertext, graphics, efficient navigation and 
command input, video conferencing, the computer mouse, 
word processing, dynamic file linking, revision control, and a 
collaborative real-time editor.”

Doug Engelbart Bill Paxton



After a PhD in computer science at Stanford  
and a stint at Xerox Palo Alto Research Center,  
Bill became one of Adobe’s creators in 1983.

Bill helped invent scalable font technology.

The public facing part of this invention was 
Postscript, which evolved into today’s PDF.

Bill retired from Adobe in 1990.



“Hello, my name is Bill Paxton. May I please use the 
tools posted on your website?” 

January 8, 2005

Bill was MESA’s First Author and a  
Senior Fellow in Computational Astrophysics  

at the KITP, UC Santa Barbara.



In 2010 MESA as an instrument was ready for release,  
but we pulled back to plan for the possibility of MESA being a 
success via democratizing stellar evolution.

In 2010 stellar evolution software instruments were usually 
closed source, closed knowledge, secret handshake, and 
concentrated in ~10 locations around the world.

Yet stellar astronomy was (and still is!) booming with  
new telescopes, missions, puzzles, and science.  
There was a large pent-up demand for new stellar models.

Recognizing Opportunity



APPENDIX A

MANIFESTO

MESA was developed through the concerted efforts of the
lead author over a six year period with the engagement and
deep involvement of many theoretical and computational astro-
physicists. The public availability of MESA will serve education,
scientific research, and outreach. This appendix describes the
scientific motivation for MESA, the philosophy and rules of use
for MESA, and the path forward on stewardship of MESA, and
advanced development of future research and education tools.
We make MESA openly available with the hope that it will grow
into a community resource. We therefore consider it important
to explain the guiding principles for using and contributing to
MESA. Our goal is to assure the greatest usefulness for the
largest number of research and educational projects.

Paxton et al, ApJS, 193, 3, 2011 



Building Our Next Generation

The annual MESA Summer School offered a week of hands-
on labs to gain familiarity with MESA and learn how to 
make better use of MESA in their own research.



The cadre of instructors, TAs and participants (now 500+) 
are creating their own MESA infrastructures at 80+ 
institutions around the world.
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Bill was awarded the 2021 
Beatrice M. Tinsley Prize  
"for his inspired work ... that 
has seeped into the foundation 
of research and education ..."



MESA appears in the movie "Don't Look Up"! 

Randall: I’m as concerned and enraged as you, but they’ve got  
Gary Talcamont out of Stanford and Lisa Inez from Princeton on their 
team. I mean, this is next-generation cutting-edge technology.



We thank Amy Mainzer for Figure 4 of MESA III making an appearance 
in the movie, first noted by Jared Goldberg on his Twitter feed. 

I mean, this is next-generation cutting-edge technology.





MESA

A thriving open-knowledge software project takes a village.
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Test Often
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We provide a Software Development Kit to build 
MESA across a variety of Unix-based platforms.

Make MESA Easy To Use

MESAsdk

We provide OS-level virtualizations to able to run on any 
architecture, and run older versions of MESA with  
age-appropriate compilers, libraries, and operating system.



MESA-Web is a cloud resource for education and research that 
has served ~10,000 stellar and planetary models to ~1,000 
learners at ~40 institutions in 5 years of operation.

Get MESA in the classroom

Started at ASU!



Over 25,000 archived and searchable posts on 
community discussions of MESA.

A Zenodo-backed portal for the community to share and 
build provenance with over 500 tools,  MESA files , and 
lectures.

Active support of, and by, the Community

Direct support of graduate students and postdocs.



SESE graduate student Morgan Chidester is using 
MESA to explore white dwarf seismology.



SESE graduate student Eb Farag is using MESA to 
explore neutrino emission and black holes from stars.





MESA is not a 

start-up anymore. 

ESO 1.52-meter @ La Silla, a 
~40 year run.



Departure of talent.



1Lesson: Market community rather than source code.

Funding cycle re-inventions

2011 $0 - Failure1

2013 $500K for 3 years from NSF2

2017 $3M for 4 years from NSF3

2019 $35K from Ford/Sloan

2022 TBD

2Lesson: Quantify and brand all aspects of the project.
3Lesson: Build an ecosystem.



New directions will be motivated by features useful to the 
MESA user community, advances in the physics modules, 
algorithmic developments, and architectural evolution. 

MESA
STRAIGHT AHEAD



Stars are great.


