
  

Stellar Structure and Evolution - Lab 

Lecturer:
Abel Schootemeijer
aschoot@astro.uni-bonn.de
https://astro.uni-bonn.de/~aschoot/ 

Teaching assistant:
Harim Jin
hjin@astro.uni-bonn.de

Info & Lab instructions

https://astro.uni-bonn.de/~aschoot/


  

Logistics
● Running MESA (detailed instructions in lab lecture notes)

● Troubleshooting sessions
● Report

● MESA in theory
● MESA in practice

1-D stellar evolution codes



  

Running MESA (Modules for Experiments in Stellar Astrophysics)

MESA installed on 
/vol/software/<...>

Modules 
accessible
via CIP-pool 
machines



  

Running MESA (Modules for Experiments in Stellar Astrophysics)

MESA installed on 
/vol/software/<...>

Modules 
accessible
via CIP-pool 
machines

Web interface:
www.guacamole-students.astro.uni-bonn.de

Enter the CIP-pool room
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www.guacamole-students.astro.uni-bonn.de



  

Running MESA (Modules for Experiments in Stellar Astrophysics)

MESA installed on 
/vol/software/<...>

Modules 
accessible
via CIP-pool 
machines

Web interface:
www.guacamole-students.astro.uni-bonn.de

Important:

Limited number of machines

→ Please ← log out when you’re done



  

Running MESA (Modules for Experiments in Stellar Astrophysics)

MESA installed on 
/vol/software/<...>

Modules 
accessible
via CIP-pool 
machines

Web interface:
www.guacamole-students.astro.uni-bonn.de

Own laptop?
Sure, but keep in mind:
● MESA needs linux or mac
● We cannot help with installation issues● The lab is designed for MESA v10000



  

Classes
● Friday 8:45 to 9:45
● 1 introduction lecture in R0.012
● 4 sessions on the 4 exercises in R0.007 (CIP-pool)
● These are non-obligatory troubleshooting sessions 

(i.e., you work on the exercises before)
– 10.11.2023: introduction lecture

– 17.11.2023: exercise 1 troubleshooting session

– 24.11.2023: exercise 2 troubleshooting session

– 01.12.2023: exercise 3 troubleshooting session

– 08.12.2023: exercise 4 troubleshooting session



  

Classes
● Friday 8:45 to 9:45
● 1 introduction lecture in R0.012
● 4 sessions on the 4 exercises in R0.007 (CIP-pool)
● These are non-obligatory troubleshooting sessions 

(i.e., you work on the exercises before)
– 10.11.2023: introduction lecture

– 17.11.2023: exercise 1 troubleshooting session

– 24.11.2023: exercise 2 troubleshooting session

– 01.12.2023: exercise 3 troubleshooting session

– 08.12.2023: exercise 4 troubleshooting session

Scheduling extra official sessions is 

not possible, but a meeting in the 

CIP-pool room at another time on 

Friday could be arranged

Questions:
- who has no laptop/desktop with internet?

- who is going to the math tutorial at 10am?



  

Classes
● Friday 8:45 to 9:45
● 1 introduction lecture in R0.012
● 4 sessions on the 4 exercises in R0.007 (CIP-pool)
● These are non-obligatory troubleshooting sessions 

(i.e., you work on the exercises before)
– 10.11.2023: introduction lecture

– 17.11.2023: exercise 1 troubleshooting session

– 24.11.2023: exercise 2 troubleshooting session

– 01.12.2023: exercise 3 troubleshooting session

– 08.12.2023: exercise 4 troubleshooting session

Scheduling extra official sessions is 

not possible, but a meeting in the 

CIP-pool room at another time on 

Friday could be arranged

Please don’t use remote access 

when CIP-pool room is in use:

Wednesday 16:00-18:00

Friday morning



  

Writing your report
● Answer Q1.1 etc. point for 

point
● Be to the point
● Consult SSE lecture notes
● Plotting:

– basic python script in lab lecture 
notes

– other software also ok

– feel free to ask for help 



  

Writing your report
● 3 options to access data:



  

Writing your report

↑ Google sheets  
● Everyone simulates random masses
● Group effort: combine results
● You will not be judged by amount of                         

data points in the google sheets file that you use
(but please feel encouraged to follow the exercise schedule)



  

Writing your report
Download data from Google sheets via  

→ file → download → .csv 

Enter decimal points, not commas



  

Writing your report
– 10.11.2023: introduction lecture

– 17.11.2023: exercise 1 troubleshooting session

– 24.11.2023: exercise 2 troubleshooting session

– 01.12.2023: exercise 3 troubleshooting session

– 08.12.2023: exercise 4 troubleshooting session

→ Deadline: Sunday 07.01.2024
● Mail your report to BOTH aschoot@astro.uni-bonn.de and 

hjin@astro.uni-bonn.de (write ‘SSE lab report’ in email title)



  

Writing your report
 

 

 

Please don’t plagiarize:
- we have to take this very seriously
- we are able to find out

↓Source: Oxford languages



  

Writing your report
 

 

 

Ergo, it is not allowed to:
- use someone else’s simulation 
- copy text
- include a figure you didn’t make

But it is allowed to:
- discuss exercises together
- work on problems together

Please don’t plagiarize:
- we have to take this very seriously
- we are able to find out

↓Source: Oxford languages



  

Main takeaways from ‘logistics’
● Next 4 Friday 08:45-09:45 sessions are 

troubleshooting sessions in R0.007 (CIP-pool room)
● Lab report deadline 07.01.2024
● Most of this info is discussed in lab lecture notes
● Log out when not using remote access               

AND when CIP-pool room is used: Wednesday 16:00-18:00
Friday morning



  

MESA in theory
● Very frequently used in astrophysical research 

to test our understanding of stellar physics    
(see https://ui.adsabs.harvard.edu/ ↓) 



  

MESA in theory
● Assuming spherical symmetry saves a lot of 

computation time (compared to 3-D)
● Stars are modeled in Lagrangian coordinates, 

i.e., in the co-moving frame



  

MESA in theory
MESA solves differential equations (Lecture notes, Chapter 6) 
throughout the star, at one point in time →stellar model



  

MESA in theory

4+N equations, ~11+N variables

variables:
P, s, ∇

ad
 , ∆ , ∇ κ, ε

nuc
,ε

ν
, r

 i j,k
,

ρ,T,r,l



  

MESA in theory

4+N equations, ~11+N variables

→ We need to get closed system of eqs
Fortunately:
P, s, ∇

ad
 , ∆ , ∇ κ, ε

nuc
,ε

ν
, r

 i j,k
 

Can be obtained with ρ,T,r,l



  

MESA in theory

4+N equations, ~11+N variables

→ We need to get closed system of eqs

This is the task of some of the MESA Fortran 
modules (eos, kap, rates, …)

… Then MESA can start to solve iteratively 

Fortunately:
P, s, ∇

ad
 , ∆ , ∇ κ, ε

nuc
,ε

ν
, r

 i j,k
 

Can be obtained with ρ,T,r,l



  

MESA in theory

Cool story, but does that work in practice?

Data from GAIA observations → 

Downloaded from 
https://gea.esac.esa.int/archive/ 

GAIA sources within 100 pc

https://gea.esac.esa.int/archive/


  

MESA in practice

MESA installed on 
/vol/software/<...>

(Or MESA installed on 
laptop/desktop)

With MESA directory set…

… you can copy the MESA work folder 
anywhere and start working



  

MESA in practice
Copied work folder:

● Mk, rn, re (& clean) are executables for running MESA
● LOGS: stores history.data & profile<nr>.data
● photos: saves models that can be restarted with ./re
● inlist_*: overwrites MESA default settings



  

MESA in practice
https://docs.mesastar.org/en/latest/reference/controls.html 

Also stop conditions, physics assumptions 
(wind, convection criterion, …… ), numerics, …



  

MESA in practice
Text editors:

● e.g. gedit



  

MESA in practice
Text editors:

● e.g. gedit



  

MESA in practice
Text editors:

● e.g. gedit
● You can 

turn off   
text 
wrapping:



  

MESA in practice

inlist_pgstar: changes MESA default settings 
for on-the-fly plotting. Add, remove, adapt plots



  

MESA in practice

inlist_pgstar: 
changes MESA 
default settings 
for on-the-fly 
plotting. Add, 
remove, adapt 
plots
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