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Optical transients: SLSNe
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Bright optical transients with peak 
 or brighterMAB ∼ − 21

But rare, fiducial rate 
∼ 10−8 − 10−7 Mpc−3yr−1

Class of supernovae (SNe) that are more luminous 
(hence superluminous) than ordinary SNe

H-
poor

H-rich
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Gomez et al. 2407.07946
Moriya 2407.12302

A large number of them have been 
discovered

Rubin LSST can see  
SLSNe/yr

𝒪(104)

Excellent detection prospects + unclear power source: 
multimessenger signatures  complementary probes→

What powers them is 
unclear

 Shock interaction between SN ejecta 
and dense (optically thick) CSM


 Pair instability SNe and large Ni-56 
yields 

 Magnetar-powered 
Particularly relevant for Type - I SLSNe 
(lacking obvious evidence of CSM 
interactions)



Magnetar-powered SLSNe: Model
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6

Magnetar: Loses rotational energy through spindown
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Magnetar-powered SLSNe: Model

6

Wind: carries pairs, magnetic energy, and accelerated ions outwards

Pair multiplicity and wind Lorentz 
factor evaluated consistently

Γw ≈
Lsd

4πmec2nw
e±R2

s c
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Magnetar-powered SLSNe: Model
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Termination shock/nebula: wind dissipates; relativistic pairs 
produce synchrotron + inverse Compton radiation. 
CR protons interact predominantly with the intense photon field 
through , producing neutrinos.pγ

Pair multiplicity and wind Lorentz 
factor evaluated consistently

Y =
·Nc

e±mec2

Lsd

Pair creation rate computed from primary 
and secondary photons
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Ejecta: absorbs/reprocesses much of the nebular radiation into the 
optical SLSN.  
Escaping CRs interact through , giving a second neutrino 
component.  
Photons escaping the system are strongly energy- and time-
dependent because the ejecta becomes progressively transparent.

pp

Ejecta composition determines the 
wavelength-dependent opacity

Composition: Mostly 
He-dominated with 
some O and Ni-56



Energetics
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Observational Motivation: Nearest SLSN - SN 2017egm 
( )dL ≈ 135 Mpc
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Evidence for a magnetar-powered SLSN

Detection of GeV gamma-ray 
emission 

Resulting optical light-curve 
matches with the observed 

bolometric evolution

Pi = 4 ms Bd = 5 × 1013 G Mej = 2.23 M⊙
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Multi-wavelength EM Spectra
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Light curves: when should we look?
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Radio: much later
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d ·Np,inj

dε′￼p
= ·Nnorm

p Qinj
p (ε′￼p) = ·Nnorm

p δ(ε′￼p − ε′￼cutoff,pc
p )

ε′￼cutoff
p = max [ε′￼cutoff,pc

p , ε′￼cutoff,TS
p ]



Neutrino signatures
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IceCube-Gen2 PS 

limit
GRAND-200k

p + p → π± → νp + γ → π± → νIn the nebula In the ejecta

Neutrino energy: ∼ 107 GeV − 108 GeV Time of peak fluence  post-collapse 
(a few weeks to a month)

∼ 106 s − 106.5 s

Dominates near 
the peak

Becomes 
important at late 

times

Peak fluence:  ( )∼ few × 10−3 GeV cm−2 dL ≈ 100 Mpc

A single SLSN at  Mpc, unlikely to be detected in neutrinos∼ 100



Neutrino signatures: prospects from EM follow-ups
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z ∼ 1

With Rubin LSST: position and time for candidate SLSNe 

Instead of searching the entire sky at all times, we search around known 
SLSN positions and within the  30-day window∼

Important since 
arbitrary 

choices add 
more 

background 
than signal



Summary and the road ahead
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Multimessenger observations can test what powers superluminous 
supernovae.

 Growing population of SLSNe and more to come in the era of Rubin LSST: 
what powers them is unclear


 Magnetar-powered SLSNe: millisecond magnetar born from a SN can 
power SLSNe - thermal optical emission and non-thermal EM/neutrino emission 

 Observational test: For SN 2017egm (nearest SLSNe), the model calibrated to 
the optical emission also gives GeV emission consistent with Fermi. 

 Rubin LSST’s SLSN catalog + next-generation neutrino telescopes makes 
population-level neutrino searches realistic.

Thank You!
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Timescales for neutrinos
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Ejecta composition
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Nebular photon spectra
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Non-thermal

Thermal
Synch.

IC



Evolution of nebular radius and optical depth
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