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WHY STUDY CORE-COLLAPSE SUPERNOVAE?

e Element factories
- Alpha elements ( O, Ne, Mg, Si, S, Ar, Ca)
- Fe-group elements (Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn)
- Some heavier elements (Sr, Y, Zr, Mo, Ru, r-process?)

e Give birth to neutron stars and black holes
* Shape dynamical and chemical evolution ot galaxies
* Probe matter at high densities and neutrino physics

 Multi-messenger sources: light, neutrinos, gravitational waves




WHAT CAN WE LEARN FROM CCSN LIGHT CURVES?

Light-curves of Type II plateau (IIP) SNe and SN 1987A

e Diverse light curves 10 Y
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e Measure cosmological distances
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WHAT CAN WE LEARN FROM CCSN SPECTRA?
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OUR GOAL

Multi-messenger database using the same set of models

Previous work ranges from analytic scalings to detailed numerical work

(Arnett 1980, Chugai 1991, Popov 1991, Chieffi+2003, Young 2004, Kasen & Woosley 2009,
Bersten+2011, Dessart+2011, Dessart+2013, Jerkstrand+2014, Jerkstrand+2015)

Self-consistent calculation from explosion models to light curves and spectra
Comparison with observations and validation of the PUSH method

Low computational cost to explore broad range of masses and metallicities

Curtis+2021 (Apd 221 143, arXiv:2008.05498)
http:// go.ncsu.edu/astrodata
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FROM EXPLOSIONS TO LIGHT CURVES

progenitor
models

- 62 stars, M =11-75 My,
2z € {solar, sub-solar, 0}

1D explosion \_> Explosion properties,
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SNEC —»@metrio light C@
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photon transport ) curves and spectra
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PROGENITOR MODELS
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models
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TD EXPLOSION SIMULATIONS WITH PUSH

e Parametrized neutrino heating in Agile-IDSA
(Perego+2015, Ebinger+2019)

progenitor
models

e |nspired by multi-d simulations, calibrated against SN1987A
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TD EXPLOSION SIMULATIONS WITH PUSH

Explosion properties and nucleosynthesis
Ebinger+2019, Curtis+2019, Ebinger & Curtis+2020
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RADIATION HYDRODYNAMICS WITH SNEC

progenitor
models

62 stars, M =11-75 Mg,
z € {Solar sub-solar, 0}
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1D explosion
simulations with PUSH
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(Morozova+2015)

1D Lagrangian hydrodynamics with tlux-limited diffusion

Map at the end of PUSH simulations before shock leaves the grid

Hydrodynamic and composition profiles from Agile-|

DSA and CEN

Include radioactive heating by Ni-56, recombination up to Oxygen

Boxcar smoothing to imitate mixing
Thermal bomb effectively zero

Bolometric and broadband light curves
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MC RADIATION TRANSPORT WITH SUPERNU

e Time-dependent IMC radiation transport with DDMC
(Wollaeger+2013, Wollaeger+2014)

progenitor
models

 Assumes homologous expansion and LTE

62 stars, M =11-75 M,
z € {solar, sub solar, 0}

e Multi-group absorption opacities from H to Co

1D explosmn
simulations with PUSH

{ SNlEC } e Decay chains of Ni-56, Fe-52 and Cr-48
|
( i } e Map from SNEC when outflow is homologous

photon transport

e Bolometric light curves and synthetic spectra
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SNEC: LIGHT CURVES

ight curves are mostly 1987A-like

The andad
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SNEC: QUALITATIVE BEHAVIOR
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SNEC: QUANTITATIVE BEHAVIOR NoahWwolfe

ncoming grad
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SUPERNU: BOLOMETRIC LIGHT CURVES

Quantitatively different but qualitatively same
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SUPERNU: BROADBAND LIGHT CURVES

U and B bands magnitudes fall quickly

Bump at the end of the plateau is a known issue with 1D models
(Chieffi+2003, Young 2004, Utrobin+2007, Utrobin+2017)

10% -

s13.0

s18.0, SNEC
— 518.0, SuperNu

\\

0

o5 50 75 100 125 150 175

Time [days]

200

24

Absolute Magnitude

s13.0

— 518.0, U

s18.0. B
— 5180V
— 180 R
— 5180 |

o5 50 75 100 125 150 175 200

Time [days]



SUPERNU: SPECTRA

s18.0
Note line-blanketing 010
— 20.64 days
at short wavelengths 0.05 -
j
T'_' 0.00
T 41.27 days
~0.05-
&
O
- s13.0 > 0.00
S o — 63.65 days
' - @ 0.05-
a0
§ 12 - é
— = 0.00 ‘
5T mes — 8255 days
8 | T s18.0, V 0.05 -
O A s18.0, R
< ,|— sI18.O,I - /'\'\N\/\\N\/M\/\—W\’\J\—W’\/
0 25 50 .75 100 125 150 175 200 OOO | - : : : : | |
Time [dayS] 2000 3000 4000 5000 6000 7000 8000 9000 10000

25 Wavelength [A]



SUPERNU: SPECTRA

)

Flux [erg s™t cm™2 A

s13.0

0.10

— 20.64 days
0.05 -

U
0.00
41.27 days

0.05 -
0.00

— 63.65 days
0057 AAJLJPMVHK/\\ApVV“““«mrur«f\p\wnwwvvx~r»\_,A\///\kw\.va\\g/
0.00

— 82.55 days
o M\\M\/M
OOO I - I I J I I 1

2000 3000 4000 5000 6000 7000 8000 9000 10000

Wavelength [A]

26

—  0.03
™
| l
T 0.02
o\ 0.01 A
I
S 0.00
@)
_ 0.02 A
Iu) 0.01
ED 0.00
DV,
0.02 1
X
= 0.01-
LL
0.00
0.005
™
| 0.003
o~
CT] 0.000
£ 0.0034
@)
. 0.000
|
U 0.003
o
| -
© 0.000
X i
3 0.003
LL

0.000

s36.0

42 .65 days

— 60.32 days

— 85.30 days

ALV

"W —

— 21.23 days

42 .46 days

— 60.04 days

— 84.91 days

LV\J\/V\J'W

2000 3000 4000 5000 6000 7000 8000 9000 10000

Wavelength [A]



SUMMARY AND OUTLOOK

e Light curves and spectra ot 62 core-collapse supernovae across metallicities,

connecting selt-consistent PUSH explosion simulations to observations

Curtis+2021, ApJ 921 143, arXiv:2008.05498 <] sanjanacurtis@uchicago.edu

http://go.ncsu.edu/astrodata @sanjanacurtis

e Different qualitative classes depending on radius and H-envelope mass
e Active sub-space analysis of progenitor, explosion and light curve properties
e Part of multi-messenger database using the same set of models

e Potential for adding more models and extending to multi-dimensional simulations!
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SNEC: QUALITATIVE BEHAVIOR
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Time-evolution of temperature
orofiles and light curves
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s18.0, SNEC
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RADIATION HYDRODYNAMICS WITH SNEC
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