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Real Tlme Characterlzatlon of Evolvmg Core collapse Supernbvae
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. Motlvatlng prlorltlzatlon and foIIow-up with

underlylng physms of transuents ?

f ‘-,‘_"Can we make predlctlve fosecasts on tranS|ent]
- evolution by fitting hydrodynamlcal models to

tlme -series data in real tlme? o



Real-Time Characterization and Parameter Evolution
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Prlorltlzatlon of events with deSIred parameter spaces (gems) and
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Fell'o'w-up at Informatlon Rlch Epochs with ReaI-Tlme Tran3|ent Characterlzatlon

Progenitor properties and Explosion
estimates to:
 develop prioritizations of
parameter ranges of CCSNe
that are least explored.
* detect anomalies (rare gems)
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While extremely useful for
discovering rare transients,
data driven modeling doesn't
tell us if we understand the
underlying physics

Feature 2

Data driven modeling tells us
how similar new events are to

— / previous events
- Anomalous? N § -

Braden Garretson s 0.0 0.5 1.0
Feature 1
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. Optrcal Spectroscopy

Narrow hydrogen cores with broad wings, promrnent semr-forbrdden Irnes
Mrssrng [OIII] 4959 5007 L
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A possmle extreme tldal dlsruptlon candldate?

Subrayan oo 2023b,Wiseman etal, 2023

Extreme parameters for mass of the star and black
hole from TDE modelling:

M, = 14.2873¢I M
Mg, =1.7 £ 0.1x108 M

« Swift-XRT observations of AT 2021lwx in 2023,
yielded X-ray emission with 3o significance, indicating
a luminosity of 104 erg s~' in the 0.3-10 keV.

No detection in radio. VLASS non-detection F, < 0.35
mJy at = 3 GHz. No jets detected yet!

But NO host galaxy
detected yet?
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Supernova
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Modern machine learning tools can allow
observations to be compared against all
theoretical models in real time

Garretson et al 2024 (in prep)
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5 "'AT 2021wa aka “Scary Barbre” isan uItra Iumlnous Lpeak = 10457 erg s1 &
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- Parameter bounds

@& ZTF Events in this paper

34 events with confident fits, remaining
11 events are flagged

3 Flaggmg due to: |
-a) poorly constralnlng rise time data along
i3 | | | | | ~ with no upper limits -

50.00 0.10 0.20 0.30 0 2 1 6 8 - g b) parameter mferences approa Chln 9
*Ni (Mo) logioM (Mg yr=!) k (10° erg) = model bOUﬂ darles

"+ Non-negligibl® fraétion (8 out of 45)
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. How do different parameters change as data come in?

ReIatlve change in parameter vaIues with
respect to complete data

Anp=n — ncemplete data

“+ The explosion energy, host extinction and

mass-loss rate are slightly overestimated

dunng initial phases of evolution, while the 56N|__

mass is heaV|Iy underestlmated

) The ZAMS mass, explosmn date and
,Best|mates o ge significant! at .~

dn‘ferent phases



The Future of Theoretically Driven Inference

Modern machine learning tools
can allow observations to be
compared against all theoretical
models in real time

Magnitude

Truly never-before-seen
transients will be fit poorly by
all models
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Spectroscopic
observations allow for

the correct model to be
chosen with certainty

‘Garretson et al 2024 (inprep)




Rapld Inference Wlth I\/Iachlne Learnlng

Parsnlp (Boone 2021)
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Generative Model d,,

(z, B, 1)

Explicit Latent
Variables s,
(tp 4, €)

/ Input: Light Curve \ Intrinsic Spectra
L]
A
“ Intrinsic Latent
Simulator ° vA Encoder || \Variables s,
e 4 (5,55, 5,)
..‘ \
* v
N
Comparison
Latent Variables
Normalizing
—l- AT SR e T LR PO
Flow

Physics
Layer

Model Posterior

Output: Light Curve

"Data Driven" model
(e.g. Variational
Autoencoder) is trained
on realistic simulated

data

Neural network learns
transformation from
learned parameters to
model posteriors, allowing
inference in milliseconds
instead of hours

Garretson etal 2024 (inprep)




Comparlson W|th other optlcal tranSIents

Mlssmg [OIII] 4959 5007

Subrayan et al. 2023b
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Extreme parameters for mass of the star
and black hole from TDE modelling:

IVlstar =14. 28-Hl) gg M@
Mg, =1.7 £ 0.1x108 M

Swift-XRT observations of AT 2021Iwx in
2023, yielded X-ray emission with 30
significance, indicating a luminosity of

104 erg s~1 in the 0.3-10 keV.

No detection in radio. VLASS non-
detection F, < 0.35 mJy at = 3 GHz.
No jets detected yet!

Subrayan et al. 2023b, Wiseman et al. 2023

27



it ButNOhostgalaxy detectedyet?

PanSTARRS r-i-z composite MBH E et = 107-62 M@
. ! ington
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The story is incomplete yet! Confirming a host for AT 2021Iwx is a fundamental test to the current physical interpretations.

More observations will yield exciting science! Stay tuned!
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A "common" transient may still
be poorly fit by theoretical
models

— X:RAY OBSERVATORYA

Feature 2

Data driven modeling tells us
; ] how similar new events are to
While extremely useful for —4} / orevious events
discovering rare transients, . Anomalous? :

data driven modeling doesn't =51 *ﬁ

tell us if we understand the e O T
underlying physics

Feature 1
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