SUPERNOVAE

Part D (complement
to Thomas Janka’s slides)
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Supernovae have
been seen and
documented by
humans for over 2000
years.
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Drawing of when Tycho Brahe observed

Supernova 1572 from Herrevad’s Kloster
in Skane.




Kepler's supernova of 1604 :
the last supernova seen as it explodead.

NASA/ESA/JHU/R.Sankrit & W.Blair



e ARG B A (exploded around 1670) A ] A%
| . the youngest SN we see in o,ot/ca/ I/ght today |
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G1.9+0.3 (exploded around 1900) :
the youngest SN we see at any waveband (radio, X-rays,..) today.
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NASA/CXC/NCSU/S.Reynolds et al.



SNe are so bright we can see them in other galaxies

Under a few months/weeks they are as bright as a whole galaxy.

SN 1998bu

Credit: O.Trondal/N Suntzeff.



The distances to SNe

25,

l .  Most detected SNe within redshift z

B IC ] ~ 0.05 (~200 Mpc). (Andromeda is
20 B c-BL || | 0.8 MPc away).
BN GRB-SN
B b i * Discoveries beyond z ~ 0.15 (~600
N b Mpc) usually following a Gamma Ray
15 0 Ibe 1 | Burst (GRB) trigger.
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https://ui.adsabs.harvard.edu/abs/2016MNRAS.458.2973P/abstract

Number of SNe discovered per year

Supernova discoveries
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- The recent history of supernova dlscovery

|

» Today several 1000 discovered
per year : automated survey
telescopes have revolutionised.

Accelerating
universe

1934: Baade and discovered

Zwicky coins the
term “supernova”

1000 & More than 20,000 events discovered over 130 years
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* About 1 SN occurs per second In

100 and explain them First CCD _ the universe : vi discover about 1
- . searches - :
: by the formation of | £ <t robotic : in 30,000 of these.
: ﬂeUtrOn StaI’S, Searches :
i inspired by )
Chadwick’s ]1
10 detection of the

neutron in 1932. Jf
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1925 : Knut Lundmark is the first person to realize SNe are something
different to novae.
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https://arxiv.org/pdf/1801.06643.pdf
https://ui.adsabs.harvard.edu/abs/1934PhRv...46...76B/abstract
https://ui.adsabs.harvard.edu/abs/1934PhRv...46...76B/abstract
https://ui.adsabs.harvard.edu/abs/1934PhRv...46...76B/abstract
https://royalsocietypublishing.org/doi/epdf/10.1098/rspa.1932.0112
https://royalsocietypublishing.org/doi/epdf/10.1098/rspa.1932.0112
https://royalsocietypublishing.org/doi/epdf/10.1098/rspa.1932.0112
https://royalsocietypublishing.org/doi/epdf/10.1098/rspa.1932.0112

Classification

~10 types to keep track of!

Massive
star .
Dwarf

Mass accretion
heats up the white dwarf
until C is ignited.

Strong degeneracy
—> runaway explosion.
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Type la supernovae

+ 1931 : Chandrasekhar derives upper mass limit
for WDs (~1.4 Msun). What happens if such a star

accretes more mass?

1) Nuclear potential energy available (if you burn 1
solar mass of C och O to Fe) : 21051 erg
2) Gravitational binding energy : 3*10%0 erg

White dwarf oy
3) Degenerate conditions

WD 2359-434

1+2+3 —> explosive disruption, no remnant.

* Produce mostly iron-group elements: about half
the cosmic production from here (other half from

core-collapse SNe).
* Most events probably due to 2 WDs merging.

» Can be used as standard candle to measure
distances —> Discovery of cosmic acceleration
and dark energy in 1998.



https://www.youtube.com/watch?v=5YZkAoR3WLE

Supernovae from massive stars

Fuel Duration T (K) Cooling Tsurf (K) HR

H 107 yr 107 photons | 20,000-40,0 O,B The core collapses

He 106 yr 108 “ 3,000-4,000 K,M to a neutron star.

C 103 yr 8*108 neutrinos | 3,000-60,00 O-M

Ne 1yr 1.8*109 “ " " Binding energy released:
O 1yr 2.1*109 " " " E ~ GMA2/R ~ 1093 erg
Si 1day 3.7%10° g “ g

Accretion

No more nuclear energy available from an
iron core.

These 10°3 erg emitted as neutrinos under
~1 s. About 1% interacts with infalling
core/mantle and reverses them.

‘wave g

Proto-neutron star o



Last stellar stage

Last hydrostatic
burning

Fate

Stellar fates versus M ,, MS
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Two types of collapse initiation

ONeMg core

Expected only for M;,,,s 9 — 10M range, and this range may be
even smaller or even non-existent.

Iron core

Expected for M5 4,,5 ~ 10 — 100 M




Explosive nucleosynthesis

Burn stage:
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(note scale breaks)

* Fuel for explosive burning is O, Ne, Mg, Si —>
no explosive C burning.

* Main explosive burning stages are Si burning and O burning.

* Because the fuel layers have small neutron excess (1 ~ 1073),
the explosive Si burning makes 56Ni, and roughly solar proportions
of iron-group elements.

* Explosive O burning makes Si, S, Ca, also in good agreement with
solar abundances.

* Elements up to Mg are typically made in the pre-SN star,
Si and up by explosive burning.

S. Woosley
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Supernovae from massive stars 1 3D

Melson 2015
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https://ui.adsabs.harvard.edu/abs/2015ApJ...808L..42M/abstract
https://ui.adsabs.harvard.edu/abs/2015A&A...577A..48W/abstract
https://ui.adsabs.harvard.edu/abs/2020MNRAS.496.2039S/abstract

