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How to Start a Project with MESA?
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❖ Consider using work files from previous related papers as your starting point.

❖ If not applicable, start from the most relevant test case in 
$MESA_DIR/star/test_suite. 

Note: test_suites are not science-ready (see Jared’s lab)! 
If you start from a test case, make sure to include all the relevant physics (can be 
found in: $MESA_DIR/star/defaults)

https://mesa-leuven.4d-star.org/tutorials/friday/morning-session/
https://mesa-leuven.4d-star.org/tutorials/friday/morning-session/
https://mesa-leuven.4d-star.org/tutorials/friday/morning-session/
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Monitoring your MESA Run
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❖ PGPLOT: allows you to follow your mesa run live. You could customize your 
PGPLOT through your_work_dir/inlist_pgstar. To save snapshots you can use: 
Grid2_file_flag = .true.

❖ Terminal Output: you can view it live, or save common items to a file by 
adding extra_terminal_output_file = ' terminal output.log'  to the &controls 
namelist. To save the errors as well run: ./rn 2>&1 | tee terminal_output.log. 

❖ Post Processing Tools: TULIPS (Eva Laplace), mesaplot (Rob Farmer), … 
 See also MESA Marketplace.

https://evalaplace.github.io/tools/tulips/
https://github.com/rjfarmer/mesaplot
https://mesastar.org/marketplace/add-ons/


Debugging – Massive Stars Microlab 
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link

❖ Open the Microlab using this link and follow the instructions within.

❖ We will run a 15𝑀⊙ star from the pre-computed photo x261 until the 
following error message appears

Developed by Mathieu Renzo

https://mathren.github.io/mesa-school-labs/thursday/morning-session/


Debugging – Massive Stars Microlab 
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❖ Residual: difference between the RHS and LHS of the differential equations. 

❖  Retry: re-solving the differential equations with a smaller timestep. 

Developed by Mathieu Renzo



Debugging – Massive Stars Microlab 
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Looking at the PGPLOT 
snapshot right before the 
crash, we can’t easily see 
what went wrong 

Developed by Mathieu Renzo



Debugging – Massive Stars Microlab 
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❖ To obtain debugging output, let’s set report_solver_progress = .true.

❖ The largest residual that is making our model crash is equL.

Developed by Mathieu Renzo



❖ To obtain debugging output, let’s set report_solver_progress = .true.

❖ The problematic value is lnd, i.e., the density. 

Debugging – Massive Stars Microlab 
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Developed by Mathieu Renzo



Debugging – Massive Stars Microlab 
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❖ What is the equation for which the residual is equL? 
It is defined in $MESA_DIR/star/private/hydro_temperature.f90

❖ You can use grep -IR --include="*.f90" "equL" $MESA_DIR to search for this.

Developed by Mathieu Renzo

Temperature gradient equation!

𝑇𝑘−1 − 𝑇𝑘 = 𝑑𝑚𝑘 ∇𝑇,𝑘
𝑑𝑃

𝑑𝑚
ℎ

ത𝑇𝑘
ത𝑃𝑘



Debugging – Massive Stars Microlab 
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❖ Solution: you can set convergence_ignore_equL_residuals = .true. in your 
&controls namelist to ignore the residual.

Why is this ok? There is an inconsistency between the actual temperature 
gradient and the temperature gradient predicted from MLT. 

❖ Now re-run the model and bypass the problem, and use the methods your 
learned to solve the next crash after the summer school… 

Developed by Mathieu Renzo



Debugging – MESA Mailing List
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❖ You can subscribe to the mailing list using this link.

❖ You can search through the Mailing List Archive using keywords. 

Not Optimal Much better!

https://lists.mesastar.org/mailman/listinfo/mesa-users
https://lists.mesastar.org/pipermail/mesa-users/


Debugging – MESA Mailing List
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❖ You can subscribe to the mailing list using this link.

❖ You can search through the Mailing List Archive using keywords. 

Not Optimal Much better!

https://lists.mesastar.org/mailman/listinfo/mesa-users
https://lists.mesastar.org/pipermail/mesa-users/
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Relevant Citations 
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❖ Cite all the published mesa method papers: Paxton et al. (2011, 2013, 2015, 
2018, 2019); Jermyn et al. (2023)

  

❖ Make sure to include citations to relevant microphysics (e.g., nuclear 
reaction rates, opacities, equations of state, …) and  relevant included tools 
(e.g., GYRE, STELLA, … ). 

❖ If you have any doubts/want to know more, check out the MESA manifesto.

https://ui.adsabs.harvard.edu/abs/2011ApJS..192....3P/abstract
https://ui.adsabs.harvard.edu/abs/2013ApJS..208....4P/abstract
https://ui.adsabs.harvard.edu/abs/2015ApJS..220...15P/abstract
https://ui.adsabs.harvard.edu/abs/2018ApJS..234...34P/abstract
https://ui.adsabs.harvard.edu/abs/2019ApJS..243...10P/abstract
https://ui.adsabs.harvard.edu/abs/2023ApJS..265...15J/abstract
https://docs.mesastar.org/en/latest/about.html


Reproducibility and Beyond
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❖ Upload all the work files (e.g., inlists, run_star_extra.f90) needed to 
reproduce your results to Zenodo. Adding the relevant history.data and 
profile.data is strongly encouraged. 

❖ Consider uploading the files you used to analyze your data, and preparing a 
README.txt/guide that walks the reader through the paper. 

https://zenodo.org/uploads/new
https://www.tomwagg.com/html/interact/mass-gainer-asteroseismology.html


Reproducibility and Beyond
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Grichener+2025; used data from Renzo+2020; Gottlieb+2024; Wang+2024.  

https://ui.adsabs.harvard.edu/abs/2025arXiv250300115G/abstract
https://ui.adsabs.harvard.edu/abs/2025arXiv250300115G/abstract
https://ui.adsabs.harvard.edu/abs/2020A%26A...640A..56R/abstract
https://ui.adsabs.harvard.edu/abs/2020A%26A...640A..56R/abstract
https://ui.adsabs.harvard.edu/abs/2024ApJ...976L..13G/abstract
https://ui.adsabs.harvard.edu/abs/2024ApJ...976L..13G/abstract
https://ui.adsabs.harvard.edu/abs/2024ApJ...969..163W/abstract
https://ui.adsabs.harvard.edu/abs/2024ApJ...969..163W/abstract


Contributing to MESA
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❖ Reporting bugs/issues, or making PRs in the mesa GitHub page. 

❖ Answering questions in the mailing list – you don’t have to be a mesa 
developer!

❖ Adding your own routines to MESA Contrib. 

https://github.com/MESAHub/mesa
https://github.com/MESAHub/mesa-contrib
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