


Motivations

* Toy model of a star + toy model of a shock
= toy supernova.
* We can then follow the nucleosynthesis.

* Acts as a good way to combine the tools from
last week.
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Key Challenges

Working out units
Recasting VH1 in Lagrangian coordinates

Writing a wrapper script to take output from
VH1 to XNet

Displaying the results in a meaningful way



Polytropic Stars: Lane-Emden
Solutions

Plot of a solution to Lane-Emden n = 3/2

1 d d'iIJ
Poisson Equation: Vi = el Kl B drGp

dr dr

Hydrostatic Equilibrium: ﬁ _ _lﬁ

dr 2 dr
Polytropic EOS: P=K pH‘

Lane-Emden: 1d (,59 ) =0
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Energy of the Blast = 10*° Ergs



Sedov Blasts

The Sedov blast - a

large amount of

energy in a small
region.

Very high pressure in
the first zone, smaller

pressures in all of the

other zones (from star
model)



Lagrangian Coordinates

Eulerian coordinates — zones transfer matter

Lagrangian coordinates — zones follow matter

— Follow nucleosynthesis without advecting
species



VH1 Lagrangian
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Density

Lagrangian vs Eulerian
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Connecting VH1 to Xnet

VH1 output looks familiar to a lot of you by now:

13375@ubunktu: ~ftalentfprojectifsedov-solution/VH1 foutput

13375@ubuntu: ~/Downloadss xpdf chap_©5_ cloudceores.pdf &
[2] 6291

13375@ubuntu: ~/Downloadss cd ..

13375@ubuntu:~-% cd talent)

13375@ubuntu talentS cd projectil/

13375@ubuntu ftalent/projectils 1s

sedov-solution
13375@ubuntu:
13375@ubuntu:

| ftalent/projectls cd sedov-solution/
i -Sftalent/projectl/sedov-solution$ 1s
branches LaneEmden.nb presentation.odp VH1
| I |LaneEm en.da nuclearchart - m
T L Embd dat 1 hart README.mnd
a 13375@ubuntu: —/talentfprojectlfsedov-solutions cd WH1/
13375@ubuntu: talent/projectl/sedov-solution/VH1S 1s
|indat output SIrc vhiorbitty.sh vhi-starter
|133?5@ubuntu‘ ftalentfprojectlfsedov-solution/VH1S cd output)
1L3375@ubuntu: ~/talent/projectl/sedov-solution/VH1 foutputsS 1s

19sm

b
|antmate_hydro-py

animate_hydro.py—

" = = 3

EUL1000sedov10OO.dat
EUL1000sedovl1i@el.dat
EUL1000sedov1@e2.dat
EUL1000sedov10O3.dat
EUL1000sedovioe4.dat
EUL1000sedov1i0Os5.dat
EUL1000sedovl1i@Os.dat
EUL1000sedov1@O7 .dat
llEUL1P00sedovieEes.dat
|EUL10005&60V1009.dat
EUL1000sedovi0l0.dat

| [EuL1eeesedoviell.dat

EuL180esedovi@z2s5.dat
EULl1000sedowvl@ze.dat
EULl1e00sedovl1@27.dat
EuvuL1888sedovi@z28.dat
EUL1000sedov1zZ2o.dat
EuL1000sedovi@3e.dat
EULl18000sedowvl1@3l.dat
EUL1e0esedovla3l2.dat
EuL1888sedowvl1@33.dat
EULl1@g00sedowvi@34.dat
EuL18008sedovi@3s.dat
EUL18000sedovl1@3s.dat
EUL1000sedovld37.dat
EuvuL1888sedovi@38.dat
EULl1800sedovl1@39.dat
EvuL1e00sedovio4e.dat
EUL18000sedovig4al.dat
EULl1@e00sedovl1@42.dat
EuLl18808sedovi1@4a3.dat

EUL108sedovi1@as.dat
EULl108sedovioas.dat
EUL1@00sedov1@O7.dat
EUL108sedowv1@es.dat
EULl108sedov1@O9.dat
EuvuL108sedovieile.dat
EUL108sedovl1fill.dat
EUL1@00sedowvl1@l2.dat
EUL188sedovl1@il3.dat
EULl108sedovl1@ild.dat
EUL108sedovl1@ils.dat
EUL100sedowv10l6.dat
EUL1@00sedov1©@l17 .dat
EUL188sedovi@ils.dat
EUL108sedovl1@il9.dat
EUuL108sedovieze.dat
EULl108sedovlifzl.dat
EUL1@0sedov1©22.dat
EuvuL108sedoviB@23.dat

EuL188sedovia3ise.dat
EULl1880sedovl1@3i7.dat
EULl1@0sedov1©38.dat
EUL188sedowv1@®39.dat
EULl188sedovie4e.dat
EvuL18@sedovia4l.dat
EULl188sedovlia4z.dat
EUL100sedovl1©43.dat
EuLl188sedovia4g4.dat
EULl1@@sedovia4ds.dat
EUL188sedovie4s.dat
EUL100sedov10ay.dat
EULl1@0sedov1o48.dat
EuL188sedov1a49.dat
EUL1080sedov.hst
EULWVSLAG.pS

il Plott

LAG1O00sedov1Oll
LAG1O00sedovl1Ol2
LAG1lO00sedovl1@l3
LAG1O00sedov1Bls
LAG1O00sedowvl1d15
LAG1O0Osedov1®ls6
LAG1O00sedovl1Oly
LAG1lO0O0sedovl@ls8
LAG1O00sedov1Bl9
LAG1OO0Osedovl1B2O
LAGl1O0esedovl1O2l
LAG1O00sedowvl1Bz22
LAG1lO0O0sedovl@23
LAG1O00sedoviB24g
LAG1O00sedowvl1B25
LAG1OOesedov1B26
LAG1O00sedovl1B27
LAG1lO00O0sedovl@2s8
LAG1O0sedov1B29

EuL1988sedovi1i®l2.dat
EUL1000sedovi®il3.dat
EUuL1000sedovieild4.dat
EUL1000sedovi@ls5.dat
EUL1@00sedovli@ls.dat
EUuL1088sedov1B®l1l7.dat
EUL1000sedovi®il8.dat
EUL1000sedoviela.dat

frames.py

frames.py~

LAGl1O00sedovi@ee .dat
LAG1000sedovl1@ol.dat
LAGl1O00sedovl1@@2.dat
LAGlO88sedowvl1@e3.dat
LAGl1000sedovl10o4d.dat
LAGl1lO00sedovl1@es.dat
LAG1000sedowvl1@os.dat
LAGl1le0Osedovl1@@7.dat
LAGl1O88sedovi@es.dat
LAGl1O00sedovl1@O9.dat
LAGl1O00sedovl1@le.dat

EUL100sedowvl1@Z4.dat
EUL108sedov1@z2s.dat
EULl108sedovi@zZze.dat
EUL1@0sedov1@27 .dat
EUL108sedowvi1@2Z28.dat
EULl10@sedov1@29.dat
EUuL108sedovi@3e.dat
EUL108sedovl1f3l.dat
EUL100sedovl1@©32.dat
EUL188sedov1@33.dat
EULl108sedov1@34.dat
EUL108sedovl1@3s.dat

EvUL1000sedovitodd. dat
EuL1800sedov1@4a5.dat
EULl1000sedowvl104as.dat
EUL1e00sedovl1®47.dat
EuvuL1888sedovi@as.dat
EUL1000sedov1d4o . . dat
EuL1e0esedowv.hst

EULl1880sedovl1aoo.dat
EUL1@0sedovi1el.dat
EuLl188sedoviaez.dat
EULl1@@sedovl1@e3.dat
EuL188sedoviao4d.dat

LAG1O00sedovl1B30
LAG1O00sedov1®3l
LAG1O00sedovl1B32
LAG1lO00sedovl1@33
LAG1O00sedov1B34
LAG1O00sedowvl1B35
LAG1O0Osedov1®36
LAG1O00sedovl1O37
LAG1lO00O0sedovl1@38
LAG1O00sedov1B39
LAG1OO0Osedovl1d4
LAG1O0esedov1O4l

-
- EUL1000sedovl10z0.dat
~ 3 (EUL10@0sedovi@21l.dat

Y |EuL108Psedov1@22.dat

" EUL1000sedovl1®23.dat
_- EUL1080sedoviez4.dat
13375@ubuntu:~y/talent/projectl/sedov-solution/VH1 foutputsS




Hydro Results — 1 M_ + 10* ergs




10 M_

-+ 10" ergs




1 MSol Blast at different radii
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Nucleosynthesis 1 M_ + 10*° ergs
0.03R_ —Peak T=33GK
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Nucleosynthesis 1 M_ + 10*° ergs
0.10 Rgg— Peak T = 0.04 GK
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Nucleosynthesis 1 M_

+ 10* ergs
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50/50 n/p progenitor




*He progenitor




*Fe progenitor
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With a few more days?

Add in gravity
Realistic EOS
Realistic initial conditions for hydro

Further variation of initial abundances

Larger Network

Vary blast energy

Nucleosynthesis on all zones

Feed the Nucleosynthesis energy into the hydro
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