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The changing skies: a historic supernova ∼ 2 kpc away

According to Chinese records: visible at daytime for 23 days

and at night for 653 days.



∼1000 year later, the Crab



SNe discovery frequencies



SNe discovery frequencies



Neutrinos from the Large Magellanic Cloud
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SNe status of discoveries nowadays



In the survey era and the potential discoveries

After succesful discovery

Time for ambitious programmes dedicated to transient follow-up.
Carnegie Supernovae Project: 2004 – 2009



Ordering: two main techniques

Classi�cation: Filippenko (1997).
Light curves

Sometimes classification can be nontrivial: some objects can be time
dependent (e.g., Milisavljevic et al. 2013)



Just before the destruction of massive stars



In more detail

The zones are traslated to mass coordinate.
Composition mostly rules over the opacities.

Radioactive elements are added manually.



Neutrino-driven scenario, advances in the topic

Explosion phases in the ν-driven
scenario.
Neutrinos revive stalled shock by
energy deposition.

Convective processes &
hydrodynamic instabilities play an
important role
→ multi-dimensional treatment.

Computationally
expensive.

See Janka (2008) in Handbook of Supernovae

Alternative context of magnetorotationally powered SNe, see Obergaulinger &

Reichert (2023)



Problem splitted: inner mass

Heger +2003

Hereafter, the inner mass only affects through its gravity.



Problem splitted: outer mass

Our SN has initial energy
injection Eexp ∼ 1051 erg above
the core of mass MCO that
forms a compact object.

This energy is fully deposited
and thermalized in the innermost
layers of the envelope.



Hydrodynamics with radiative transfer 1 D

Time and m are the independent variables.
Assumptions:
I Simplifications: spherical symmetry, diffusion approximation with a flux limiter.
I Nucleosynthesis of radioactive elements ALREADY DONE.
I Gray approx. for the gamma-rays from 56Ni
I Complete Opal tables at ∼ visible λ.
I Problem splitted: initial energy injection ∼ 1051 erg above the mass MCO

Lagrangian specification of the flow field (the observer follows an
individual fluid parcel as it moves through space and time).

More lessons from 1987A: earlier than expected hard X-rays

Mixing of 56Ni required.



Finite di�erences to track of the SN shock
Bersten, M.C. PhD thesis, 2010

The code uses a space-centering discretization with the extensive
quantities evaluated at the interfaces and the intensive quantities in the
midpoints of the grid zones.

http://arxiv.org/abs/1303.0639v1


Basic of our methods

The 1D Lagrangian hydrody-
namical code by Bersten et
al. (2011) is used to track the
supernova shock through the
ejected envelope by solving the
differential equations.

With different progenitor stars.

→ We can estimate Black Body
emission at photospheric depth.

Total Lbol(t)

Mag(t) = −2,5 log
∫
dλF (λ,t)S(λ)∫

dλS(λ)



A type IIb SNe: shocking external matter

↓
The optical LC evolution during
the first hours and days after
the explosion is crucial to
understand the SN progenitor
star.

SN2016gkg, was detected
briefly after the explosion

Modeled by our group: R∗ ∼ 320R�
Eexp ∼ 1,2× 1051 erg, MNi = 0,09M�,

ejected mass ∼ 3,5M�

Bersten, Folatelli, Garcia, van Dyk, Benvenuto, Orellana, et al. Nature (2018)



External material comes from
late stellar dM/dt

An overdense thin shell is
impulsed.
SN2016gkg, was radio loud!
- Nayana et al. (2022)

Model non-thermal emission is

work in progress



Physical constraints: an important data set

Results on the sample of SNe IIL
and IIP by the CPS project

I Paper I: Bolometric light
curves Martinez et al. 2022,
A&A Vol. 660, A40

I Paper II: Derive physical
parameters Martinez et al.
2022, A&A Vol. 660, A41

Eexp, Mej,
56Nimass, 56Nimix

I Paper III: Correlations and
further analysis Martinez et al.
2022, A&A Vol. 660, A42



2-peaked published data

The observed morphology in
both peaks is quite diverse
which may indicate di�erent
physical origins.

These events are nowadays
discovered more frequently.



Model dependences
Results for He4, Nomoto & Hashimoto (1988) progenitor

Orellana & Bersten, BAAA (2020)



Fitting parameters, Orellana & Bersten (2022)



Detected brie�y after the explosion, on 19 May 2023
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SN2023ixf a new largely studied supernova. D = 6,7 Mpc

> 30 papers on arxiv

American Association of Variable Star Observers (AAVSO)
An organization of amateur and professional astronomers.



Preliminary results, submitted by S.O.S

Circumstellar interaction models for the early bolometric light curve of
SN 2023ixf
L. Martinez, M. C. Bersten, G. Folatelli, M. Orellana, K. Ertini, A&A, [astro-ph/2310.08733]

The progenitor of SN 2023ixf from hydrodynamical modelling
M. C. Bersten, M. Orellana, G. Folatelli, L. Martinez, M. P. Piccirilli, T. Regna, L.M. Román Aguilar, K. Ertini,

A&A, [astro-ph/2310.14407]
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