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Physical Characterization of Supernova events

Electromagnetic Observation:

»Light Curves — :
Bolometric Luminosity; Explosion parameters:
> Spectra — »Explosion energy (E);
Photospheric Velocity. >Ejected mass (M,) ;
- »Radius at explosion (Ry) ;
_V | »Source mechanism —>°Ni mass,
Theoretical Models: magnetar, CSM interaction, etc.—
»Hydrodynamic numerical models; parameters (e. g. My, By, Pys Mesus
> Scaling Equations; Resws S, €tc.).

» Semi-/Analytical models.
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> Transients = 10*yr~1
> SN Classifications =~ 103yr~1

> Type Il SNe =2 - 10%yr~1

> Characterized SNe Il = 20yr~1

LSST survey will increase
the discovery rates of
X 1000 — 2000 v

— ZTF
Variable

e e

Ivezi¢, Z et al., ApJ, Vol. 873, 2, id. 111, 44 pp. (2019). Perley D.A., Fremling C., Sollerman et al., 2020, ApJ, 904:35
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Open Issues:

> Hydrodynamical models capable of characterizing SN events are very computationally
expensive, limiting their application to fewer SNe than those observed by the surveys (e.qg.
ZTF, LSST);

» Coherent statistical studies of SNe properties using large data samples require fast,
general, and accurate post-explosion models applicable to many SN types;

\ 4

«Fast» modeling procedures for CC-SNe
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«Fast>»> modeling procedures for CC-SNe:

» Post-explosive (semi-)analytical models;

» Modeling procedures for physical characterization of H-rich SNe.
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—99% My; in HAR

I-\nal\[tic nght Curve Model —99% My; in BOX
—99% MNi in EXP =1
. . HAR+SOE
Common hypothesis for SN ejecta: ~ WOR (a, M) '
PH (z; Zp
> spherical symmetry: » strictly adiabatic solution ME (bm:;daryh) A BOX
. . T + Az, +SOE/IE
» homologous expansion; (like Arnett 1980-1982); — OTS boundary
> uniform density profile; > two-zone opacity model
» dominant rad. pressure; (like Popov 1993). B
= @ soE EXP+SOE/IE
New analytical model: N = EXP L P

Pumo & Cosentino, MNRAS, Vol. 538, 1, pp.223-242 (2025)

»Heating effects of *6Ni

decay during the » Presence of an Outer Transparent XD B PHAOTS
recombination phase: Thin Shell (OTS) above k=0
_, Ni distribution and the homologous ejecta:
emission hypothesis — further shell parameters My EXPLIE+OTS
(at least two more) My + Mors = M,

(BOX, EXP, SOE, IE)

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Padova, April 03, 2025


https://ui.adsabs.harvard.edu/abs/2025MNRAS.538..223P/abstract

Finanziato
dall'Unione europea
NextGenerationEU

Ministero

dell'Universita
» e della Ricerca

i [taliadomani

PIANO NAZIONALE
Of RIPRESA £ RESILIENZA

104

Lsy lerg/s]

10

vgy [10* Km/s]

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

Pumo & Cosentino, MNRAS, Vol. 538, 1, pp.223-242 (2025)

A - .
WO N 58 (T
b

$® Obs. SN1987A
Popow "93
- =  HAR+S50E
—_— BOX+50E
———=BOX+IE
—_— EXP+S0OE
wemmnanns EXP - TE 1

EXP+IE+OTS| |

SO 100 120 140 160 1850 200 220 240

t [days]
» ® Obs. SNI195TA EXP+SOE
i { FPopov 93 v EXP+IE ]

T — — .HAR+SOE —g--EXP+IE+PH
- BOX+SOE EXP+IE+OTS

8 % ———e. BOX L IE EXP4+IE+OTS+PH|
I—'

6F % i

—99% Mny; in HAR
—99% Mxy; in BOX
— 99% MNi in EXP

-~ WCR (z;, M;)
PH (l‘z + Ail?ph)
~—— ME boundary

T+ /_\a:ph
— QTS boundary

BOX+SOE/IE

SOE EXP-+SOE/IE

N
-m-IE

EXP+IE+PH

Transparent

. EXP+IE+PH+OTS

EXP+IE+OTS

Mg + Mots = M,;

Padova, April 03, 2025


https://ui.adsabs.harvard.edu/abs/2025MNRAS.538..223P/abstract

Finanziato %% Ministero
dall'Unione europea &% dell'Universita
NextGenerationEU “*$&> e della Ricerca

B —_RSGlike (6= 1, n—12)
. . -6 & pd e Uniform'(é :0,7; z 1) |
»CSM configuration I |G+~
o : Accclr{ratcd wind (s = 2.9) |
MCSM' RCSM' S f.Q 9 Ejecta CSM

»Energy source & Diffusion time:

°l fa<1
S, = 2;-[ € | U3 (f) RZ (t) R -I Cmrrlpa.c:t ;'.hell ]
sh — 2 f OCrad P CSM R.;h(t) sh sh : 01 | iteady 'W(iind
E; = 1 foe
kT Rpn —-me By = 0.25 foe ||
tg =— X pcsm(r) d [(7’ - Rsh)z]
¢ Rsh
»Shock luminosity: RSG — like
I I I S I I S S S s .. I ejecta

1041

0 El'b 1IITJ 1]5 EID EIS SID 3l5 -Il:ﬂ 45
t — ty, [day]
S.P. Cosentino, M.L. Pumo & S. Cherubini, MNRAS (2025, revised).

[}
: L) = | fﬂh{_ﬁ;}“f“"”“ﬂ“'*drtl
lhe ‘d

___________J

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Padova, April 03, 2025


https://ui.adsabs.harvard.edu/abs/2025arXiv250303699C/abstract

e Uarsi lt 111 idomam X C I D S C

Finanziato P

() . -
dall'Unione europea % dell'Universita
NextGenerationEU ¥ e della Ricerca

«Fast>»> modeling procedures for CC-SNe

S.P. Cosentino, C. Inserra, M.L. Pumo (A&A, to be submltted)

Data reduction and analysis: : IS;LiZtset
»Sample choice and spectrophotometric reduction; Eg;“st
> Time series reconstruction (Gaussian Process). ' N
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Theoretical models and Modelling procedures:

» Development and validation of analytical models;
» Modeling parameter inference (SuperBAM).
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Supernova Bayesian Analytic Modeling - SuperBAM

S.P. Cosentino, C. Inserra, M.L. Pumo (A&A, to be submitted)
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Pumo & Cosentino, MNRAS. Vol. 538. 1, pp.223-242 (2025).
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Preliminary results for 28 long-rising SNe

S.P. Cosentino, C. Inserra, M.L. Pumo (A&A, to be submitted)

42.5 - -
asl 1 | - REAP D B g i
41.5Mz - 42 o 5 4251
. o L TR i
P 415 P 4z
41 a1 ]
) 405/ SIN1998A SN2000ch . ) a1.5F SN2004ek —
o] 50 100 150 (o] 100 200 300 0 20 40 60 80 100 120 (o] 50 100 150 200 250
42.5
42.5 1 a2 a2.2r
42 e, 1 Ly .. L
- 41,510 asb 5\ 42
4.5 e a1 24 B o
41 SIN2004em U S, 415 SN2006V 41.6-SIN2006au g
o 50 100 150 200 250 o o 50 100 8] 20 40 60 80 100
43 42,50
42.5 o
42 42 D &l
L . 41.57 415t PTFEF12kso TS <P
~en o 100 200 300 400 o 20 40 60 80 100 120 [¢) 80 o 50 100 150
o> asl e A 43
= 42.5f-—2 L . - 42
_II:D e - i
i E A ‘ 41
= “?[OGLE-14 DES16C3c¢je =+ — L : 4
g’ (o] 50 100 150 200 0 100 200 300 400 (o] 50 100 150
—
a2
q - = 41.54
a1t 1 41k a
40.5 r,-/éN2018ego 1 4050 SN2018imj SN2018hna P
o] 20 40 60 80 100 120 (o] 50 100 150 o] 50 100 150 200 250
43
42.5
a2
41.5 e
o 100 200 300 o) 50 100 150 200 250 o 50 100 150 o 50 100 150
azf i
T 42 iy a2
ERRNG
T 41 - 41.5 - |
40[SN2021mju _ | a0L/SN2021skm ‘ ‘ o b 8N2021aatd a2
o] 50 100 (o] 50 100 150 200 250 0 50 100 150 200 (o] 50 100 150 200 250

Rest-frame epoch [d]

ICSC Italian Re h Center on High-Performance Computing, Big Data and Quantum Computing Padova, April 03,



Ly (ergs™)

Finanziato
dall'Unione europea
NextGenerationEU

o Ministero
. > r' dell’'Universita
&> e della Ricerca

ltdlmdomam

el

87A-like SNe parameter distribution

S.P. Cosentino, C. Inserra, M.L. Pumo (A&A, to be submitted) in agreement with Pumo, Cosentino, Pastorello et al., MNRAS 521, 48014818 (2023);
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New >®Ni dependent scaling relations

Pumo & Cosentino, MNRAS, Vol. 538, 1, pp.223-242 (2025)
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Modeling parameters of OGLE-14-073 (OGLE-14) and SN 2009E are taken from Terreran et al. 2017, Pastorello et al. 2012, respectively, and inferred
thanks to the same numerical Hydrodynamical model of SN 1987A (Pumo & Zampieri 2011).

where:
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Application to other H-rich SNe: The case of SN 2023ixf

S.P. Cosentino, M.L. Pumo & S. Cherubini, MNRAS (2025, revised)
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Ongoing and future activities

» Development of new modeling procedures based on Machine Learning inference
(e.g. M. Grassia, S.P. Cosentino, M.L. Pumo, G. Mangioni, in press on IEEE PDP2025 Conf. Proc.);

» Development of new model for different types of sourcing functions and ejecta composition, to
describe other class of optical transients (e.g. ILRT, SLSNe, Ib\c);

» Simulations of High-Energy neutrinos and gamma-ray emission in ejecta-CSM interaction
(e.g. S.P. Cosentino, M.L. Pumo & S. Cherubini, MNRAS, 2025, revised);

» Modeling other real SN events to perform the observation strategies for Large Volume Neutrino
Observatories (e.g. KM3Net, IceCube);

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing Missione 4 ¢ Istruzione e Ricerca


https://ui.adsabs.harvard.edu/abs/2025arXiv250303699C/abstract

Thanks for
your attention!

For further information contact:
stefano.cosentino@dfa.unict.it
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