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In this talk
Why are these two supernovae (SNe) interesting? 

SN 2023vbw  SN 2023nly
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We present data from the Zwicky Transient Facility (ZTF; Bellm et al. 2019) of both SNe. 
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Type II SNe powering mechanism: Core-collapse

2

Progenitor: Massive star! 8-20 M⊙

Chandrasekhar-
mass collapse

Compressed to 
neutron star

Infalling material 
bounce, causing 
outward shock

Shock stalls but is re-
ignited via neutrino 
heating

—> Surrounding 
material is blasted 
away, leaving only a 
degenerate remnant

Star has onion-shell 
structure due to 
multiple phases of 
nuclear burning

Image credit: Wikimedia commons,  https://en.wikipedia.org/wiki/Supernova
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Spectra
SN 2023nly and SN 2023vbw

• Normal P-cygni profiles 
across all epochs


• Similar to normal Type II/II-P 
spectra


• No narrow lines as seen in 
interacting (IIn) spectra

H⍺ at 42.1 d from Hu et. al. 2025H⍺ at 19.78 d of SN 2023vbw
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Light curves 
SN 2023nly SN 2023vbw  

3

Rise time  days  
Peak absolute magnitude 

> 120
Mr = − 18.94 ± 0.02

Rise time  days  
Peak absolute magnitude 

> 160
Mr = − 19.28 ± 0.01
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Comparison to other long-rising Type II SNe
R/r-band light curves

The light curves in the figure to the right have been interpolated using 
Automated Loess Regression (ALR; Rodríguez et al. 2019). 

• Type II-L SNe 
Rise-time  days 
Peak magnitude  

• Type II-P SNe 
Rise-time  days 
Peak magnitude  

• 1987a-like SNe 
Rise-time  days 
Peak magnitude  

• SN 2023nly & SN 2023vbw 
Rise-time  days  
Peak magnitude 

∼ 13
∼ − 18

∼ 7
∼ − 16

> 40
∼ − 16

> 100
≲ − 19
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Bolometric light curves
Total radiated energies  erg> 1050

• Normal Type II SNe have 
radiated energies  
erg


• 2023nly and 2023vbw are 
approaching energies of 
interacting and 
superluminous 
supernovae

∼ 1049

Bolometric light curves constructed using SuperBol (Nicholl, 2018).
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 mass56Ni
A probe of the explosion mechanism

• The supernova explosion produces 
significant amounts of radioactive 
material that later powers the light curve


• Typical Type II: 


• 2023nly & 2023vbw: 

M56Ni ∼ 0.01 − 0.1M⊙

M56Ni ∼ 1 − 1.5M⊙
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Image credits: Churazov et al. (2014), via  https://wwwmpa.mpa-garching.mpg.de/
mpa/institute/news_archives/news1408_ddd/news1408_ddd-en.html
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The traditional core-collapse mechanism is 
not enough to explain the behaviour of SN 
2023nly and SN 2023vbw….

…What other powering mechanisms could 
be in action? 
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Alternative powering mechanisms 
Beyond the traditional core-collapse mechanism

Magnetar spin-down CSM Interaction Pair instability Fallback accretion

Murase et al. (2014)
By NASA/CXC/M. Weiss  
 http://chandra.harvard.edu/photo/2007/sn2006gy/
more.html, Public Domain, https://
commons.wikimedia.org/w/index.php?curid=2082949

Ishizaki et al. (2021)
Image credit: Ryuunosuke Takeshige 
 (https://www.space.com/magnetars-rotation-
powered-pulsars-missing-link.html)

SN luminosity powered by 
shocks formed when ejecta 
collides with a dense CSM 
surrounding the progenitor 
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A rapidly rotating and highly 
magnetised neutron star 
injects rotational energy 
into the expanding ejecta as 
it spins down

Material that fails to escape 
the explosion falls back onto 
the compact remnant. This 
accretion releases energy 
that powers the emission. 

Extremely massive stars 
that release large amounts 
of energy as they become 
unstable due to electron-
positron pair production, 
triggering explosive O-burning 
that can completely disrupt 
the star.
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See also an article by another group on SN 2023vbw 
Hiramatsu et al. (2026) 

10

mailto:claudia.skoglund@astro.su.se


claudia.skoglund@astro.su.seNordic-Baltic Astronomy Days, 2026-05-28

Outlook
Future directions of the project

• Light curve modelling with existing powering mechanisms, such as pair 
instability and magnetar spin-down 

• Spectral analysis of pseudo-equivalent widths and line velocities  

• Spectral comparison to other long-rising Type II SNe


• Modelling of nebular spectra to further constrain powering mechanisms

11

mailto:claudia.skoglund@astro.su.se


claudia.skoglund@astro.su.seNordic-Baltic Astronomy Days, 2026-05-28

Conclusions: SN 2023nly & SN 2023vbw
Total radiated energies  
Approaching that of interacting and 
superluminous SNe

≳ 1050 erg

Brighter than many long-rising SNe II  
Rise-times  days 

Peak magnitudes 

> 100
≲ − 19

Normal P-Cygni profiles in spectra 
No narrow lines (typical for interacting SNe).

SN 2023vbw and SN 2023nly require 
powering beyond the typical core-
collapse mechanism.

Magnetar-spin down? Pair 
instability? CSM interaction?
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Nickel-56 masses:  
Typical Type II:

∼ 1 − 1.5M⊙
∼ 0.01 − 0.1M⊙
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