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Slides with a [Zllv background: computing
challenge SR -
Y F1xed w1dth text with this - . e &
.. backgroundindicates” . \sbatch cubmit . sh
- commands you should run in I . X
the terminal. |

This logo will also remind you
- that you have workto do.

[
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| Slides W|th a Gold background hmts
solutions, or explanations.

: .*

- They'll also have this Io'go asa
. reminder that we're working
b Ona challenge.

..
. .
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- Part 1: Stars in a-Nuts
4 "fYou’d look pretty simple from 10'pérsecs awéy, too¥
| — Fred Hoyle *
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There 'are'many'- rea's'on.s. to study stars. '

- Spectacular Explosions! Space Weather" planets
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We can’t v.isi.t sta rs (yet), so we .c'a._n only
~study the light they emit or models of them.

Modules for Experiments in Stellar
Astrophysics

2024-06-28 HPC Academy: The Lives of Stars [8]




. Howdo dbserVérs tell s.ta.rs apart? .
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How do obserVérs tell stars apart? .

o

Brightness

4

“Luminosity”  “Effective Temperature”
(and distance)

J 2024-06-28 HPC Academy: The Lives of Stars [10]




Luminosity is how much energy it-emits per

Brightness is how bright a star appears to be. O
unit time in all wavelengths. =

This bulb has a luminosity of 5 Watts,

but its brightness depends on how
close you are to it.

JSG Accessories®

LED Light

For the sun,

\\\\jlr'!///"" \\\“”W Lo = 3.88 ><,O26 Watts

o

e

We'll call this unit a solar luminosity
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The effective temperature ofa hot 7 e
_object determlnes its color.” . »

Bluer

Bl o 000 4000 5000 GIGD. 7400 40D -aAnDetaand

image credit: primedomotics.com
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Stars in dumrs have the same age and
dlstance but dlfferent Iummosmes and colors.

The Pleiades star cIuster

Image credit: Raul Villaverde Fraile
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5]

We show the luminosity/color of a stars on a
Hertzsprung-Russell (HR) diagram.

The Pleiades Cluster

Brighter —

e Related to SRy
. ; £ s T ! i .
. . v % . . ”». , : : f -r .oo
' [ 4

O Luminosity

@
:
g
A
d

< Bluer/Hotter
Luminosity increases along y-axis
Effective Temperature

long x-axi :
VOl Related to Effective Temperature
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5]

We show the luminosity/color of a stars on a
Hertzsprung-Russell (HR) diagram.

The Pleiades Cluster

@
:
g
A
d

Luminosity increases along y-axis
Effective Temperature
along x-axis
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Stars formwhen a cloud of mostly hydrogen gas
and dust is compressed by its own graV|ty 3

100 au

j Radio: ALMA (ESO/NAQJ/NRAO), S. Andrews et al. & A. ISella et al.
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Stars form'when a cloud of mostly hydrogen gas
and dust is compressed by its own grawty 1

Pressure increases” - 4f

Tempgrature increases. Y1
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Stars formwhen a cloud of mostly hydrogen gas
and dust is compressed by its own gravity.

—
. .

f protbstar is massive and gets hot eh_ough;. o

It begins fusing o helium
~inits core and |

A' star I

'J'j |
2024-06-28 HPC Academy: The Lives of Stars [18]




~ While stars fuse hydrogen to hellum we say
“they are main uqu.na stars.

. He-rich core . . g R
' ' ZAMS: Zero Age Main Sequence -

Newborn stars at the begmnmg ef
thelr main se lifetime

' 'I'_AMS:. LG
Stars that
hydrogen

n Sequence

The sun is roughly halfway between
ZAMS and TAMS

HPC Academy: The Lives of Stars [19]

"Unburned” Hydrogen envelope

‘J'j
2024-06-28




The main dlfference between stars |n a
cluster is their |n|t|aI mass.

‘J'j
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Them-aih‘differente. between st..a_rs ina
~cluster is their initial mass. =
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- Part 2: Finding-the M ence’
"fToerrishuman,buttoreallyfoutthingsupréqui_rega - |
— 0O
a1’




| Goal: Use I\/IESA to create stars. of a varlety

~of masses to reproduce the main sequenice.

MESA =

-~ Modules for

2]

- Astrophysics

Experiments in
Stellar
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Task1-:'Gét setup

' A. Launch/Login to Open OnDemand ’(ondemand .hpc.uwec.edu)

B. Launch "Home'Direct'ory"App' | /ﬁ“{
T L

Home Directory

System Installed App

C. Navigate to dire‘ctbry: |
Day 2 — Session_6 — to ZAMS

(-]
(-]
(-]

g 2024-06-28 HPC Academy: The Lives of Stars [24]



Task 2: Set the mass of your star
" A. Select your mass |
» Visitthispage:bit.ly/hpc-stars- 2024 —
| e Follow-instructions to pick a “random” mass .
.. B. Set mass for simulation
 Editinlist pr‘Oj ectin OnDemand
* Fill in the mass on the right side of the
equal sign of the’line that sets initial JSSEHERBRENICK on the
" (@ Save" button in upper left. You can tRERICIOSERNat tab.
. I starting specifications Replace “CHANGE ME” with your mass

. initial mass = CHANGE ME|! in Msun units
pCN initial z = 0.02 ! 2% of star by mass is elements

g 2024-06-28 HPC Academy: The Lives of Stars [25]


https://bit.ly/hpc-stars-2024

Tésk3:'RUn ~th'e'-Sim’u-Iétion .
"~ A. '-S'Ub'mit the job .

In File viewer, click on ">_ Open in Terminal" button.
Execute $ sbatch job.sh

B Wait for job to complete (typlcally around 2 | tes)
* You can checkhow it is doing by Iqokmg&fhe'

[

1
2024-06-28

mesa.out file § tail -n 20 mesa.out

Simulation is done when you see somet

******************************* ******

* Fipal Luminosity . B L sun *
* Final Effective Temperature: 39977.8 K -

>k 3k 5k 3k 3k 3k >k >k 5k 3k 3k 3k >k >k 5k 3k 3k >k >k >k 5k 3k 3k >k >k >k >k 3k 3k >k >k >k >k 3k 3k >k >k >k >k %k %k )k >k >k >k k %k
HPC Academy: The Lives of Stars [26]



Task 4: Report Fmal Lummosrty and
Effectlve Temperature S .

A, After ru'n is over, locate final luminosity and effective .
temperature frommesa.out '$ tail -n 20 mesa.out

" B. Report data to google form (same as earlier)
| - bit. lMpC'-star'_s'-ze '
« Note:6.02E23 is'shortha'nd'for6f()2 X 1
Google forms understands this notation,

tation).
it
. C. Check out the neat video of your simulatio |

. Refresh OnDemand file browser tab and download

¢ to_ZAMS.mp4 (three dot menu — select" ¥, Download") .
1 '
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https://bit.ly/hpc-stars-2024

age 1.656054€6 yrs
TRho_Profile

> 107 erg g1 57!
> 1000 em g"‘ 5!
no mixing
convacticn
ovarshoot
semiconyection
thermohaline

(<]

mass

H rich

He care

G tare

Ilg mdot

Taff

gL

g LH

/ Ig LHa
IgR

&p/ kT e lg T
Iy dt yr

age yr

-5

log Density (g cm"")

45 4 35
log Teff

1.0000000
0.0000000
0.0000000
—9%.0000000
4408.574
0.1252450
—5.2181927
—85.2722306
0.2966795
6.5951750
44236400
1.6S6E+08




Yes! The varlety of masses helps explam _,
Where on the main sequence a star falls. °

. b 4
'Q Effective Temperature [K]
g 2024-06-28 HPC Academy: The Lives of Stars [29]



Part 3: SteIIar Llfetlm '

The bigger they are, the harder they fall.”

I las




Different clusters look slightly different on
the HR diagram,

Different colors =
different clusters

Low-luminosity
cutoffs due to
telescope sensitivity

High-luminosity
differences... less
clear
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Perhaps massive stars leave maln sequence
~more rapidly than low-mass stars7 -

.As star runs out of hydroggn
- ¢ S@EReontracts .
e Envelope expands

‘J'j
2024-06-28 HPC Academy: The Lives of Stars [32]




- Perhaps massive stars leave m
~more rapidly than low-masg

.As star runs out of hydrogen
- ¢ S@EReontracts .
e Envelope expands

' Star appears '

If massive stars leave main
sequence first, should finda

- turnoff on HR diagram that
varies with age

J 2024-06-28 HPC Academy: The Lives of St




" Task 5: Set up for frndrng Termrnal Age
Main Sequence (TAMS)

A, Nawgate to Day 2/Se551on _6/to_TAMS
e Close the browser tab with the termrnal from task 4-
Switch to OnDemand file browser tab '

* Use "breadcrumbs" near top'to get back , then

open to TAMS .

B. Editinlist project agam to set the m .ue | |

e Openinlist _project in file viewer in e

.+ Fillin the mass on the right side of the equal sign of the line
e thatsets initial mass, and then save and close it

g 2024-06-28 HPC Academy: The Lives of Stars [34]



Task 6: Run the Slmulatlon

A. Openatermmal and submltthejob $ sbatch job.sh

' B. Wait forjob to complete (typically around 2 minutes)

* You can check how-it’is doing by looking at the end ofthe -
mesa.out file: $ tail -n 20 mesa.out

» This shows the'last 20 lines of the file me

* Simulation is done when you see sormet

bottom (but not at the very bottom) of
*****************************

* Final Age: 6.04E+06 years *

PS %k 3k 5k >k 5k >k 3k 5k >k 5k >k 3k 5k >k 5k >k >k 5k >k >k >k >k 5k >k %k >k >k >k %k
1 ~
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Task 7: Repert Final Age at TAI\/\S

A After run.is over, Iocate final age from mesa.out

- Final results shouldbe =~ '$ tail -n 2@ mesa.out
surrounded by a box of asterisks near the bottom of the file

. »  Note: this will again be in SC|ent1fpc notationd
B. Report mass and final age (at TAMS) on theform
https: [/blt 1y/hpc -star-ages-2024

» Scientific notation is still valid. For examplée
' . ®
1 ~
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https://bit.ly/hpc-star-ages-2024

—

og Temperature (K}

CQut To - LAMS.. mp4 to see

age 1.0600G00e5 yrs

"

>’IOOOelvg's’

> 1ergq”
no mixing

107 erg g

convacticn
ovarshoot
semiconvection
thermohaline

45 4
log Teff

TRho_Profile

LT4

Towar

log Denﬁm - )

_ Abundance

3.5

cls

model 1

02000300
0.2000000
0.0000C00
0.0000000
—99.6000000
3800.248
—2.1725636
—2.1721538
~F1o111144
—0.6762935
54557840
5.000E+C0
1.000E+0E

stirface

log mass fraction




Yes' Masswe stars I1ve fast and die hard

| Masswe stans @M@ blg Bk @m)@] normilole

[

1
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Astronomers use thls “Main Sequence _,
Turnof to estlmate the age of clusters '

e oo
g 2024-06-28 HPC Academy: The Lives of Stars [39]



