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Executive Summary

The progenitors and explosion physics of core-collapse and Type Ia supernovae, as well as a number of other
recently discovered fast transients are uncertain. To progress the field, early detections of these explosions
and high-cadence observations are needed to catch shock breakouts from core-collapse supernovae, the
interaction of supernova ejecta with their companion stars, and the fast rise of events such as the Fast Blue
Optical Transients. These outbursts are short-lived, rare, and highly energetic. As a result, deep, wide-field,
blue imaging is needed to probe sufficient cosmological volumes to enable detections and to understand
these fast, hot bursts and the physics and nature of a variety of transient phenomena.

Background

One of the most uncertain aspects of stellar evolution is the link between the nature of supernovae (SNe) and
their progenitor stars. The type of SN explosion is thought to depend strongly on the mass, metallicity and
rotation of the progenitor, as well the history of interactions in a binary (or higher-order multiple) system.
As a consequence, it can be difficult to confidently predict which stars undergo core collapse and produce
a SN of a given type, and which of those produce neutron star or black hole remnants. Depending upon
the wavelength observed and the phase of the explosion, multi-wavelength and time-domain observations
of these events, including very early detections, allow us to understand the properties of both the progenitor
and the explosive engine, and the late stages of mass loss by the progenitor star.

Type Ia SNe play a central role as standard candles in the cosmological distance ladder, yet the nature of their
explosion mechanism and the role of a binary companion remain unclear. Do white dwarfs explode due to
mergers with other white dwarfs, accretion from a non-degenerate companion, or both? Without a better
understanding of these events, our ability to use them as standard candles across cosmic history (I ∼ 2) is
limited. However, to probe the progenitor system(s) of these events one can probe their very early evolution
by using rapid photometry (and spectroscopy). Rapid observations will allow us to study the systems through
absorption, reflection, and ionisation signatures that can illuminate key features. Obtaining a full set of
multi-wavelength and time domain observations of Type Ia SNe will allow us to fully capture the amount of
56Ni and the presence of different elements to constrain the details of the explosion dynamics.

The big questions

Big Question 1
What are the progenitors of core-collapse and Type Ia supernovae?
The very early phases of core-collapse supernova explosions contain rich information about the details
of the progenitor. The initial shock breakout phase can directly inform us the progenitor size and/or the
circumstellar matter distribution [e.g. 1, 5]. Monitoring the supernova throughout the rise and fall of the
light curve is critical for accurately estimating the ejecta mass and explosion energy. Many core-collapse
stripped-envelope and type Ia supernova progenitors are expected to have close binary companions, and the
interaction between the ejecta and the companion can exhibit some noticeable signatures in the early parts
of the light curve [e.g. 3, 4]. Most of these early signatures are expected to be very short and hot, and
therefore require high cadence surveys in the ultraviolet wavelengths. The wide field and u-band sensitivity
of KWFI will be ideal for such searches. Combined with the supernova light curve and late-time follow-up of
further circumstellar matter interactions or detection of surviving companions [e.g. 2], these early signatures
will provide unprecedented insight into the last stages of massive star evolution, explosion mechanisms,
formation of compact objects and binary evolution.
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What KWFI can do for this science case

To reach sufficient depths to probe large cosmological volumes necessary to detect the rare events described
above, large aperture telescopes equipped with sensitive wide-field imagers are required. In addition, as
these events are short-lived energetic bursts, they are predicted, and some have been observed, to emit in
the UV/X-ray and blue optical wavelengths. KWFI on Keck offers the highest sensitivity of any wide-field
imager in the world as a result of its high throughput and 10m aperture. In addition, a focus for KWFI for
sensitivity in very blue wavelengths is needed for this science.

As some of these events are short-lived (minutes to hours duration), having the capability of a deployable
secondary mirror and fast data reduction will make it possible to detect an event, such as a supernova shock
breakout, and coordinate with other resources for spectrosopcic followup too, that will provide enormous
insight into the process.
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