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Volume-limited Census of the Local Universe (CLU) experiment

A powerful complement to the flux-limited Bright Transient Survey

Transients announced
immediately on the
Transient Name Server

- [138.73049,46.90253]

Aim completeness of all
transients brighter than
M =-16.5 (< 200 Mpc)

and M =-15 (< 100 Mpc)

De+ 2020b

Spectroscopic classification of all transients brighter than 20
mag, within 100” of host galaxy within 200 Mpc (Cook+ 2019)
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The faintest thermonuclear supernovae

Credit: ESO
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The faintest thermonuclear supernovae

: : Credit: ESO
The canonical picture i

*Problematic for most observed Type la supernovae (SNe)

Single degenerate or double degenerate? Near-Chandrasekhar
or sub-Chandrasekhar mass? What is the explosion trigger?
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Pathways to sub-Chandrasekhar mass explosions

Credit; CfA




Pathways to sub-Chandrasekhar mass explosions

Credit; CfA

Next? Gravitational waves vs. Stellar physics
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As Type la supernova progenitors:

“Double detonation”
Fe
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He shell
Nomoto 1982; Woosley+ 1986; Nugent+ 1997;
Helium nova? Type la Bildsten+ 2007; Shen+ 2010; Waldman+ 2011;
o o Fink+ 2010; Sim+ 2012; Shen & Moore 2014;
supernova? .la supernova? Polin+ 2019a,b and many others..

Ca-rich transients?

Motivation: Fate of old low mass stars, accretion + explosion
physics, gravitational wave sources, chemical nucleosynthesis
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Absolute magnitude

“Footprints” of the shell detonation

Shallow radioactive material Outer Fe group ashes =
= Early light curve excess Line blanketing/red color
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“Footprints” of the shell detonation

Shallow radioactive material Outer Fe group ashes =
= Early light curve excess Line blanketing/red color
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Shallow radioactive material

“Footprints” of the shell detonation

= Early light curve excess
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First unambiguous evidence of a He shell detonation

Fast rise + strong line blanketing = Smoking gun signature
of a 0.15 M, shell detonation on a 0.75 M white dwarf

De+ 2019; Models from Polin+ 2019a
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First unambiguous evidence of a He shell detonation

Fast rise + strong line blanketing = Smoking gun signature
of a 0.15 M shell detonation on a 0.75 M, white dwarf

De+ 2019; Models from Polin+ 2019a
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See also SN 2016hnk (Galbany+ 2019, Jacobson-Galan+ 2019), SN
2019yvqg (Miller+ 2020, Siebert+ 2020, Tucker+ 2020)
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SN 2018byg was bright at peak (M = -18)
suggesting massive white dwarf with thick shell

Shell detonations on massive white dwarfs
exist but rare in the universe (~1% of SNe la)

What about lower mass white dwarfs with He
shells? Do they explode as fainter transients?






The elusive Ca-rich transients

~ “Type Ib/c SNe in far
. Sutskirts of glliptical/
S0 host galaxies \

SN200SE:

Perets+ 2010




Absolute magnitude

Faint, fast evolving explosions

Fast timescales = low ejecta
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—18
PTF 09dav
r band PTF 10iuv
174 PTF 11bij
PTF 11kmb
PTF 12bho
—16 @® PTF 16hgs
Qe ®
—15 e \
@)
|

~13{ De+ 2018b

20 —10 0 10 20 30 0 50
Time from r band maximum (rest frame days)

Only 10 confirmed
events published till date



Absolute magnitude

Faint, fast evolving explosions

Fast timescales = low ejecta Strong [Ca ] (+ weak [O 1])
mass (~ 0.5 M) emission in the nebular phase
[Ca 1] Call
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Search with ZTF: The largest homogeneous sample
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High cadence light curves
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High cadence light curves
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Absolute magnitude

Evidence for the shell detonation?

—17.0

—16.5

—16.0

20)

DTCNAOdA. | | DTCNOdA.. | |

SN 2010et

—4— SN 2016hgs
—&— SN 2018Iq0
—&— SN 2018kjy

V

) —20

\

— 15
L

—10
\

DTENdav
)10et
)16hgs
12bho
)18Iqu

)dav
)10et
)16hgs
12bho
)19hty

0 2) 40 —20 0

20)

40

gt

Rest frame time since r-band peak (days)

20

19/30



Evidence for the shell detonation?
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A photometric + spectroscopic continuum
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A photometric + spectroscopic continuum
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A photometric + spectroscopic continuum
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A photometric + spectroscopic continuum
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A photometric + spectroscopic continuum
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A photometric + spectroscopic continuum
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A photometric + spectroscopic continuum
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A continuum of He shell explosions from WDs?
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A continuum of He shell explosions from WDs?
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A continuum of He shell explosions from WDs?
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A continuum of He shell explosions from WDs?

Ca-rich “SN |a” Ca-rich “SN Ic”
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False positives: Ca-rich SN 2019ehk from a core-
collapse explosion of a hydrogen-rich progenitor
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False positives: Ca-rich SN 2019ehk from a core-
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False positives: Ca-rich SN 2019ehk from a core-
collapse explosion of a hydrogen-rich progenitor
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False positives: Ca-rich SN 2019ehk from a core-
collapse explosion of a hydrogen-rich progenitor

Early ‘flash’ features
indicate H-rich CSM with

My ~ 107°M

Jacobsoh—GaIan+
2020, Nakaoka+ 2020

De+ 2020d
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SN 2019ehk is not alone: A systematic exploration of
the faintest “ultra-stripped” core-collapse supernovae



SN 2019ehk is not alone: A systematic exploration of
the faintest “ultra-stripped” core-collapse supernovae
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SN 2019ehk is not alone: A systematic exploration of
the faintest “ultra-stripped” core-collapse supernovae
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Stripped He star + NS
Intense mass loss leads
to expanding envelope.

He star (stable/unstable)
RLO. Most He is ejected
from the system

iPTF 14gqr: Ultra-stripped ~ Double NS system

SN inside He-rich envelope

De+ 2018a, De+ 2020d



Absolute magnitude

SN 2019ehk is not alone: A systematic exploration of
the faintest “ultra-stripped” core-collapse supernovae
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He star (stable/unstable) Stripped He star + NS
RLO. Most He is ejected Intense mass loss leads
from the system to expanding envelope.

iPTF 14gqr: Ultra-stripped ~ Double NS system
SN inside He-rich envelope
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Probing the faintest core-collapse supernovae
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Probing the faintest core-collapse supernovae
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Summary of the ZTF CLU sample
* The largest volume-limited sample of extragalactic

transients till date (De+ 20b)
New insights into the explosive fates of helium accreting

white dwarfs and progenitors of Type la supernovae
(De+ 19, De+20b, De+ 18b)

Ultra-stripped core-collapse supernovae and the

formation of neutron stars in compact binaries (Yao, De+
20; De+ 18a; De+ 20d)

Evidence for a faint population of Type |l supernovae in
the local universe (Tzanidakis, De+ 20)

kde @astro.caltech.edu
www.astro.caltech.edu/~kde
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