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Classification
Absorption line and light curve

https://en.wikipedia.org/wiki/Supernova

Cosmology with Type Ia Supernovae
“Standard candle”
always the same peak luminosity
Allows reconstruction of
luminosity distance
vs. host galaxy redshift
à Rate of expansion of the universe

Observations

Zwicky Transient Facility (ZTF)
Regular scans of the sky, rapid ToO response

Large Synoptic Survey Telescope (LSST, 2022)
Regular scans of the sky, very high sensitivity (9m)

Observations

Multiple, very small telescopes that scan the whole sky every night.

Gravitational waves
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Duration: 10s of ms

Waveform will depend on:
• Mass
• Nuclear equation of state (EoS)
• Rotation
• …
Ott 2008
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Figure 2. GW signals (h+ D in units of cm, where D is the distance of the source)
for a few examples from the 2D GR model set of Dimmelmeier et al. [108]. The
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of PNS convection and neutrino-driven convection/SASI are based on the results
of [23, 97, 98] and the VULCAN/2D simulations presented in this article. We
provide estimates for the typical GW strain at 10 kpc, the typical emission
frequency f , the duration of the emission ∆t, and the emitted energy EGW in
GWs. In addition, we list processes and factors that may limit the duration of
the GW emission. All numbers, including various upper and lower limits, should
be regarded as estimates that require confirmation by future studies and that, at
best, may guide expectations.
Typical |h|
Typical f
Duration ∆t
EGW
Limiting Factors
(at 10 kpc)
(Hz)
(ms)
(10−10 M⊙ c2 )
or Processes
10−23 − 10−21
50 − 1000
0− ∼ 30
! 0.01 − 10
Seed perturbations,
(Emission characteristics depend on seed perturbations.)
entropy/lepton gradient,
rotation
2 − 5 × 10−23
300 − 1500
500 − several 1000
! 1.3( ∆t
)
rotation,
1s
BH formation,
strong PNS g-modes
∆t
10−23 − 10−22
100 − 800
100− " 1000
" 0.01( 100ms
) rotation,
∆t
)
explosion,
(peaks up
! 15( 100ms
to 10−21 )
BH formation

Gravitational wave production

Process
Prompt
Convection
PNS
Convection
Neutrinodriven
Convection
and SASI

spectra and increased neutrino
luminosities
in turn,from
result
increased
Unclear,
but likelywhich,
only detectable
thein
Milky
Way neutrino
heating and more vigorous convection/SASI. This quantitative result is of particular
importance, since it demonstrates that – despite the stochastic, untemplateable nature
Ott 2008

Rapidly rotating core
GWs from rapidly rotating cores?
Relevant distance scale:
Low-luminosity GRB / CCSN with jets: 102-103 Gpc-3 yr-1
(Guetta & della Valle 2006; Soderberg+ Nature 2010)

(Beaming factor ~ 10)
à 50-100 Mpc
Differential rotation (e.g. Corvino+ 2010)

• Dynamical instabilities (shorter time scale)
• Secular instabilities (longer time scale)
• Magnetic distortion
r
Protoneutron sta

Bartos, Brady, Marka 2013
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Fallback accretion? (Piro, Thrane, 2012)

