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Mg, peak (rest-frame)

Optical transients: SLSNe
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What powers them is
unclear

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

2¢ Pair instability SNe and large Ni-56
yields

3¢ Magnetar-powered
Particularly relevant for Type - | SLSNe
(lacking obvious evidence of CSM
interactions)

Excellent detection prospects + unclear power source: |
. multimessenger signatures — complementary probes
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HE and VHE y-rays

HE and VHE y-rays

Multi-wavelength EM Spectra
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CR protons extracted from the magnetar surface: Goldreich-Julian (GJ)
number density of charges

Q-B . 47* R? B,

- N, = ngRA e = —— 20
2nZec p = MGrepec Ze ¢ P2

ngy =
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CR protons extracted from the magnetar surface: Goldreich-Julian (GJ)
number density of charges

Q-B . 47* R? B,

- N, = ngRA e = —— 20
2nZec p = MGrepec Ze ¢ P2

ngy =

Polar cap

+ Acceleration sites

— Termination
shock (TS)
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CR protons extracted from the magnetar surface: Goldreich-Julian (GJ)
number density of charges
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Neutrino signatures
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Neutrino enerav: ~ 107 GeV — 108 GeV Time of peak fluence ~ 10° s — 10 s post-collapse
9y (a few weeks to a month)
Peak fluence: ~ few x 1073 GeV cm™2 (d; =~ 100 Mpc)

A single SLSN at ~ 100 Mpc, unlikely to be detected in neutrinos
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Neutrino signatures: prospects from EM follow-ups

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
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Summary and the road ahead

Al

o~ @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

2¢ Observational test: For SN 2017egm (nearest SLSNe), the model calibrated to

the optical emission also gives GeV emission consistent with Fermi.
2¢ Rubin LSST’s SLSN catalog + next-generation neutrino telescopes makes
population-level neutrino searches realistic.

PRI A py

BRI NN ac o

- Multimessenger observations can test what powers superluminous
supernovae.

S i —— S— S _ - T— o — P T— .

Thank You!
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Element Comp. (Mg x 1072) Num. Frac. (Np)

H 0.464 0.0109
He 155 0.9184
C 9.33 0.0184
N 1.07 0.0018
O 25.1 0.0372
Si 7.64 0.0064
S 2.86 0.0021
Ca 0.548 0.0003
Fe 0.360 0.0002
Co 0 0.0

S\ 10.5 0.0042
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Nebular photon spectra

104 { — Non-thermal /\ — t;=9.4x%x10%s
---- Thermal /] \ c
_ Synch_ I ‘ F— t2 = 3.8 X 10°s
102 ....... IC I,‘ | E— t3=1.6X107S
— |
S
0 |
§ 10
9
- -2
3 10
a
1074
107°

29



Radius [cm]
=
o,

=

o
[}
w

101_

100_

10—1_

102

103



