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Dark Universe
Science Breakthrough 
of the year 2003;
Supernova Cosmology GRBs = SNe.     2003

SN 1987A in 2003

Before:



2008   DARK cosmology, GRB host galaxies.     Josefin.         OKC 70 MSek Bergström 
2009  GRB090423 lies at a redshift of z = 8.2
2010   Luminous Type IIn SN 2010jl: The First 1100 Days
2011.  SN 2011dh ; supernova cosmology Nobelprize   @ Junibacken
2012   Supernova – the movie
2013   iPTF           13dqy = SN 2013fs     Flash spectroscopy         KAW Sollerman 33 Msek
2014   iPTF14hls. Zombie supernova
2015   LIGO    GW150914
2016   iPTF16geu: A multiply imaged, gravitationally lensed Type Ia supernova
2017   ZTF!       GW170817!                                       VR GREAT Goobar 21 MSek
2018   AT2018cow   first   FBOTs                               KAW Peiris 38 MSek
2019   GW190425 second NSNS merger;               KAW Rosswog 33 MSek
2020   SN 2020eyj.  First radio Type Ia, Kool et al.
2021   SN 2021csp. Type Icn
2022   SN 2022jli     The periodic SN
2023   SN 2023ixf ;  OKC@15



Fritz Zwicky
120 SNe in 52 years

Amateurastronomer Boles broke 
the record in year 2009, got to 149 



Palomar:
iPTF 2013
     $OKC





2008       2023

> 10000

Few 100

Number of Supernovae per year over 15 years… from wikipedia

KAW $.                   Zwicky Transient Facility 2017+



ZTF:
2017-2023

A discovery machine !



Weird:  Fastest, strongest, tallest

SN 2006gy, iPTF14hls Well studied
SN 1987A, SN 1993J, 
SN 2010jl ...

Samples
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astronomy



MMA



SN 2011dh

Before 
and 
After

From the 
Nordic 
Optical 
Telescope

By 
Mattias Ergon



2011



Yaron et al. 2017, Nature Physics

2013



Arcavi I., Howell D.A., Kasen D., et al., 2017, Nature, 551, 210
Sollerman J., Taddia F., Arcavi I., et al., 2019, A&A, 621, A30. 

2014

iPTF14hls. (SN II)

Powering mechanism



iPTF16geu

Lensed Type Ia supernova

See Talks by Nikki and Suhail



2017 : Golden year

GW170817

As mentioned by
Stephan, Igor 
and Nikhil



2020

First radio Type Ia 
supernova

Kool et al. 2023



Periodic Supernova?
Yang et al. 2023

Flaring transient   Ho et al. 2023

Zimmerman et al. 2023
Nearby SN in UV with HST
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The Future:



3.2 * 109    pixels read in 2 seconds;  1.5 TB per night ;    X 10 years. -> 
10 million supernovae






