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Massive stars will collapse and explode as CCSNe

He O/Ne O/Mg Fe

‘i

. SN becomes visible to the observers |

- = =

'

Star explodes leaving

behind aNS or a BL Ejecta

| Fe core collapses |
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Stars lose significant mass during their life

He O/Ne O/Mg Fe

Circumstellar material around SN |

/ behind aNS or a BH CSM
& Ijecta

He O/Ne O/Mg Fe

Star explodes leaving

O/Ne O/Mg Fe

. O —

03/04/2025 Email: anamaria.gkini@astro.su.se An Extraordinary Journey Into the Transient Sky



mailto:anamaria.gkini@astro.su.se

Stars can lose mass through various mechanisms

Stellar winds Binary interaction Eruptive mass-loss
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CCSNe come in different flavours

Oll &
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CCSNe come in different flavours

YES o N\, NO

/ A Interaction He, no Si
disappears
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What are superluminous supernovae?

Taddia template (scaled)

'+ Transient events 10 — 100 times more
luminous than normal CCSNe

Rare events

- 0.001% of CCSNe g
S
SLSNe-l are brighter than ~ - 20 mag -igNormat ibe/ &
* Their rise times range between 10 — 125 days -17t ~~,~I .".2'.01 1bm
-16} |
.
_15 | N | Normal lbc |
-40 -20 0 20 40 60

Rest-frame days from maximum light
Credits: Nicholl + 2015

05/03/2025 Email: anamaria.gkini@astro.su.se An Extraordinary Journey Into the Transient Sky



mailto:anamaria.gkini@astro.su.se

Spectra can give insight into the SLSNe

OIl dominated at
3500 — 5000 A

Weak C and O lines

Scaled F, (erg s cm—2 A1)

21 Mgl at

2800 A

3000 4000 5000 6000 7000 8000
Rest-frame wavelength (A)
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Typical UV spectrum of SLSN-I

Mg Il from the SN
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Typical UV spectrum of SLSN-I

Mg Il from the host
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Motivation

Observed Wavelength (A) Observed Wavelength (A)
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Credits: Lunnan +2018 Credits: Schulze +2024
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Fast-moving CSM shell around SLSNe-I
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We collected X-shooter spectra of SLSNe |

We observed 19 SLLSNe with z>0.1

Dedicated analysis of one objects in
Gkini+2024

Analysis of the sample in Gkini+ (in prep)
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Two more SLSNe-I with Mg Il signature

SN 2020xga

Credits: Gkini+2025
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LT g/r/i
17 November 2020
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SN 2022xgc
1.0

0.5

Scaled F,

1.5

LT g/r/i
27 November 2022 1 . O
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Velocity with respect to Mg Il A2796 (103 km s~ 1)

Mg Il from CSM
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We can extract CSM properties from the absorption lines
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CSM shells expelled less than a year before CC

— -1 — — — —
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Expelled ~ 11 months before CC Expelled ~ 5 months before CC
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SN2018ibb the ejecta interacted with the CSM

0.057000 =3000

Velocity with respect to Mg Il A 2796 (km s™1)
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Expelled ~ 9 months before CC
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The Mg Il system differs

05/04/2025

—— SN2018ibb

SN2020xga — SN2022Xxgc

iIPTF16eh

i Different line profiles;

Scaled F,

i Various CSM properties|

Credits: Gkini+2025 —6 —4 —2

Velocity with respect to Mg Il A2796 (103 km s™1)
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Eruptive mass loss is required to form CSM at this distances

—— SN2018ibb SN2020xga — SN2022xgc iIPTF16eh

Pulsational Pair Instability?

'+ The estimated ejection time put a limit on the He-core
progenitor mass of >46-50 Mg

Scaled F,

- Geometry could perhaps give a hint of the expelling

Credits: Gkini+2025
Velocity with respect to Mg Il A2796 (103 km s™1)
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Not all SLSNe show this signature

Velocity (103 km s~ 1)

Velocity (103 km s™1)
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Not all SLSNe show this signature

Velocity (103 km s~ 1)

Velocity (103 km s™1)
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Searching for eruptive mass loss...
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Our sample
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ROUZ‘ (Rph)
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Two more objects !!!

DES15S2nr V= 4700.0 km s™ Rj; =2.0 Ryyt =2.25 Ry, = 1.0 T=3.0 DES16C3ggu V= 4700.0 km s™' Rj, =2.2 R,y;t =2.35 R, =1.0 T=3.0
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Takeaways %@
T - NSRS to.ckho,lm
* # University

| \
© SN2020xga and SN2022xgc are SLLSNe-I with Mg Il absorption
lines which indicate CSM shell around the SNe *

- 'The shells were expelled < 1year before the explosion

© Pulsational Pair Instability of >50 Me of He-core progenitors?

O Six objects have shown this feature. Rare events?

Ongoing analysis could give insight into the mass loss before the |

explosnon...
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Correlation Matrix
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