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Superluminous Supernovae
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* Central engine or CSM interaction?

* Strong oxygen lines

Luminosity (L)

/

~
L
.

SLSN

P SN Ic
(‘?ft Fe 11/111

g

[&]

o0

b SII

L Sill

4

3

[

Fe Il
Ol
Call HI HI
2000 4000 6000 8000

Wavelength (A)

Credits: M. Nicholl, arXiv:2109.08697, 2021
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Magnetar scenario CSM scenario
* W-shaped Oxygen features * Narrow lines

* Specific light curve tail * Radioactive decay

* More luminous * Less luminous

* X-rays by IC  X-rays by Bremsstrahlung
* Optical-to-gamma-ray * Optical-to-gamma-ray

luminosity ratio of 1 luminosity ratio of <<'1
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SN 2024 .1 https://astro-colibri.com
J C SN 2024jlc: Magnitude vs. Redshift A

SN Ic
SLSN

* Discovered on May 28, 2024 [ s
+ 2=0.039 s
* DL=179.38 Mpc

* Classified as SLSN-I

* Reported peak at -19.2 mag
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Archival data from TNS: https://www.wis-tns.org
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SN 2024jlc page on Astro-COLIBRI


https://astro-colibri.com/event:TNS2024jlc?science_mode=true
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SN 2024jlc

* Engine problem: what powers the luminosity?

* Classification problem: is this really a SLSN event?



1.
Comprehensive optical
and X-ray analysis
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Optical dataset
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Powering mechanism

* We used MOGSEIT to fit the magnetar and the
CSM models.

* Both models well fit the light curves:
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* Magnetar model: x? =1.00 L ‘

* CSM model: x% =1.03 - “"&q‘“ﬁ ““““““ @ﬁﬂ ﬁl {H}‘fﬁh

* High contribution from nickel decay in both ) iﬂﬂﬁiﬁ ___________ é;ﬂw ﬁ H
cases. ’ : i
~ o : U S L
* No clear preference towards one or the other | #%ﬁﬁ *“ | ]
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https://iopscience.iop.org/article/10.3847/1538-4365/aab761/meta
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Date Counts Flux Luminosity  Exposure
103 1013 104
— rays MID | (ctss™') (ergem™2s7!)  (ergs™h) (s)
60502 14.7 5.076 20.33 770
60517 4.53 1.564 6.27 1910
60522 5.10 1.761 7.05 2200
« X-rays are produced by Inverse Compton scatterin — | <223 <083 <336 4880

at early times, and L;c o Ly,,.

* We use our X-rays upper-limits to constran the IC luminosity and thus the mass-
loss history of the progenitor.

: M _a Mg s : _ .
» We obtained — < 2.2 x 1073 =2 — assuming k = 0.1 cm?g~}, constraining a
Uy yr km

region that is Rg¢ < 6 X 10*>cm from the explosion, i.e. material expelled < 10
years before the explosion.



2.
Statistical comparison of
parameters
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Classification problem: is this really a SLSN event?

* We performed a random-forest
classification comparing SN 2024jlc

parameters with those of larger SLSNIc SLSNAb IoBLC IoBL I
Samples of SLL.SNe and SE-SNe. Model independent (%)  36.81 2366 1498 1379 10.77
csmi (%) 3957 2171 2634 336  9.02

T slsnni (%) 34.25 1970 3420 309 877
* Our results are indicative of a clear Model independent (%) = 3560 3097 2168 11.67
preference for SLSNe and Ic with ot () IS A

broad light curves (although SN
2024;jlc is far too bright to belong to
this sub-class).

We conclude that SN 2024jlc is a SLSN event based on its parameters and not
based on general assumptions on the group



3.
The key role of
gamma-rays
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Engine problem: what powers the luminosity?

Days after tg = 60455.2 M|D
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Although we cannot claim a detection, this hint is suggestive of a gamma-ray
component comparable to the optical one, consistent with a magnetar scenario



Conclusions

* The puzzling picturé of SN 2024jlc is only
pattially solved. : )

* Statistical analysis confirmed the SLSN
classification, while the hint of gamma-rays is
indicative of a magnetar scenario.

* Next step: simulate the broadband signal using the
model by

Andrea Simongini

andrea.simongini@inaf.it
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   𝜒 2 = 1 . 00


   𝜒 2 = 1 . 03


   L  I C ∝  L  b o l


     M .   u w ≤ 2 . 2 ×  10  − 3    M ⊙  y r  s  k m  


  κ = 0 . 1   c  m 2  g  − 1


   R s < 6 ×  10 15 cm


  𝜎


    2 . 7  − 1 . 0  + 1 . 2 ×  10  − 13 erg    s  − 1 c  m  − 1


     L γ   L optical = 0 . 38

