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HISTORICAL OBSERVATIONS OF MASSIVE STAR EXPLOSIONS
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MASSIVE STAR TRANSIENTS DRIVE DISCOVERY IN TIME-DOMAIN ASTRONOMY
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New observational capabilities, theory, and messengers are accelerating to
make the next 10 years revolutionary for studying massive stars and their
terminal explosions
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https://github.com/charliekilpatrick/hst123
https://github.com/charliekilpatrick/progenitors
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Comparison to Betelgeuse shows variability several times more extreme in the IR

What exactly is causing such extreme variations in a photosphere that should be
extended several thousand Solar radii from the star?
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CAN WE FIND STARS THAT ARE ABOUT TO EXPLODE EARLY
ENOUGH TO OBTAIN FOLLOW UP IN THEIR "FINAL MOMENTS"?

EXPLOSION IMMINENT!
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Rubin pipeline
Wozniak+

Rubin/LSST will provide the largest, most precise catalog of ugrizy stellar light curves
Combined with HST, JWST, Euclid, and Roman, we will have precise ultraviolet to mid-
infrared SEDs and light curves for tens of thousands of massive stars at <20 Mpc
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STEP 1: FIND A LARGE NUMBER OF RED SUPERGIANTS
L~ l d d | gy ) R i

# ~60 days

before
explosion

Knowing where to look for exploding stars simplifies querying in data streams from
future surveys such as the Vera C. Rubin Legacy Survey of Space and Time
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STEP 1: FIND A LARGE NUMBER OF RED SUPERGIANTS

® Hubble 40000

X Stardet ‘ 3000 3 | .....| Precise catalogs are needed for these
DAOPHOT L
000 1 crowded star fields

- 25000

20000

=00 | Confusion will often be a limiting factor in
1 analyzing Rubin imaging

5000

JWST+Rubin can be used to analyze
massive star populations in greater detail

Cycle 3 JWST-AR-5441 (PI Kilpatrick) will construct the largest catalog
to date of photometrically-identified red supergiants at <20 Mpc
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STEP 2: IDENTIFY PROMISING CANDIDATES FOR FOLLOW UP
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STEP 2: IDENTIFY PROMISING CANDIDATES FOR FOLLOW UP
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STEP 3: OBTAIN SPECTROSCOPY OF PRE-SUPERNOVA STARS

Spectroscopy of promising pre-supernova
stars can be used to identify:

o Precise luminosity and spectral type CO HON+GH, G

¢ Composition (TiO, Si, C bands)

C star, 2600 K

¢ Mass-loss rate (from mid-IR modeling)

¢ Mass from (surface gravity) .

¢ Binaries/multiplicity (optical modeling) M star, 2600 K

¢ Combined with supernova data, constrain
the compact object that forms = : ol mo
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Why haven't existing surveys performed this science?

Mid-infrared surveys (SPIRITS; ~190 galaxies Kasliwal+2017, Jencson+2019)

Optical surveys with LSST-like sensitivity (Search for Failed Supernovae; ~27
galaxies, Adams+2017; Neustadt+2021)

Unprecedented sensitivity (JWST is ~1000x more sensitive than Spitzer) and
coverage (Rubin will cover 200x more RSGs than Search for Failed Supernovae)
means the grasp of both surveys will enable unprecedented statistics of massive stars

We require tens of thousands of red supergiants with optical/IR light curves -
only possible with a combination of JWST and Rubin
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CONCLUSIONS

¢ A large fraction of red supergiants exhibit unusually strong variability, optical-
infared colors, and sometimes eruptions indicative of strong mass loss in the final

years before explosion. This shows up in both pre-explosion data and supernova
observations themselves.

o LSST will reveal variability and eruptions, but to identity and trigger on red
supergiant stars before they explode we need a large enough population of red

supergiants to find them in the final years and decades prior to explosion. This is
now possible with JWST.

o With careful selection and triggering based on these criteria, we can measure the
precise type, luminosity, mass, and multiplicity of star that exploded, even
constraining the type of compact object when combined with supernova data
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