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About 1053 erg s−1 is released as neutrinos from a ‘core-collapse’ supernova, which is as 
much instantaneous power as all the rest of the luminous, visible Universe combined. 

Two kinds of supernovae: !
!
 Type Ia:  the thermonuclear explosions of accreting white dwarf stars 
      - white dwarf reaches Chandrasekhar mass 1.38Msun through accretion from binary companion 
               - SN energy ~1e51Msun, v~10,000 km/s 
      - pressure is provided by degenerate electrons — almost constant 
               - carbon burning and convection, which eventually covers most of the star 
      - runaway effect as nuclear reaction produces more energy and convection lagging behind to spread it. 
      - temperature reaches 9e9K in a fraction of sec  
      - the flame does not stop until the whole star is disrupted 
!
 Type II which happen when the iron core of a massive star collapses to a neutron star or black hole.  
                 - SN_energy ~ 1e51 ergs in the form of kinetic energy if debris. 
                 - M_main_sequence > 9Msun 
                 - Life-time on main sequence > 10Myrs 
                 - Explosion is driven by neutrinos 
                 - No explosion for M=30-80Msun — not enough energy to blow off the whole star. 
!
!
Observationally, Type Ia is defined by a lack of hydrogen lines in its spectrum, lines that Type II has.  
!
Type Ia supernovae happen in all types of galaxies with no preference for star-forming regions, consistent with their origin 
from an old or intermediate age stellar population.  
!
The rest happen only in star-forming regions where young massive stars are found. Here we will discuss just the latter 
variety, so- called core-collapse supernovae — the most frequent kind of supernovae in nature.





Progenitor structure of the Woosley et al. (2002) pre-supernovae stellar models. The upper panels show the 
density profiles as a function of enclosed mass, while the lower panels display the absolute value of the binding 
energy above a particular mass coordinate. The binding energy is calculated by correcting the gravitational 
binding energy for the thermal energy of the progenitors. Each column displays progenitors with different 
metallicity and the color encodes the initial progenitor mass.
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Neutrinos

Neutrinos drive the 
explosion

If the actual proto neutron star (PNS) neutrino luminosity evolves above this critical neutrino luminosity (Lcrit), a 
supernova explosion results. The critical luminosity Lcrit is a function of PNS mass, radius, and mass accretion 
rate through the shock forming a critical curve or manifold in these parameters.



Looking into the heart of a supernova. Four snapshots show the vigorous boiling of the neutrino-
heated, convective region around the nascent neutron star. Buoyant bubbles of hot matter moving 
outwards appear bright red and yellow. These are bounded by a shock wave, which expands 
outwards, disrupting the star. The images, from top left to bottom right, show the structure at 0.1, 0.2, 
0.3, and 0.5 seconds after the shock is born. At these times, the shock has an average radius of 
about 200, 300, 500, and 2,000 kilometers, respectively.



Accretion onto the nascent neutron star shows a dipolar character. Cool matter (visible in red in the blow-up on 
the right) falls and is funnelled onto one side of the neutron star (black circle at the center), while neutrino-heated, 
hot ejecta flows out on the other. This ‘jet engine’ can accelerate the neutron star to velocities of several hundred 
kilometres per second within the first second of its life.  
!
At that same time, the supernova shock wave (blue, enveloping surface) is already well on its way through the 
exploding star (left panel), being pushed by the buoyant bubbles of neutrino-heated gas. Although the 
calculation was followed in three spatial dimensions, the initial model was spherically symmetric and was not 
rotating.
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The collapse of a the core of a rapidly rotating 14 solar mass helium core yields a black hole and a 
centrifugally supported accretion disk. a, This image, representing an area 1,800 km across, shows the 
density structure 20 seconds after the black hole has formed and begun to accrete. At this point, the black 
hole mass is 4.4 solar masses, corresponding to a radius of 14 km, and the accretion rate has been 0.1 solar 
masses per second for the last 15 seconds. The highest densities (dark red) are about 109 g cm−3; the 
lowest along the axis near the hole, 107 g cm−3. In this collapsar model, jets initiated either by magnetic 
processes in the disk or by the rotating black hole itself propagate up the axis, exit the star and eventually 
produce gamma-ray bursts. b, A jet exiting the star, which has a radius similar to that of the Sun. The time 
here is 8 seconds after the jet originated in the centre.



Neutrinos (νe,νμ,ντ and their anti-particles) drive a wind from the surface of the cooling proto-neutron star (PNS) creating the r-process isotopes. The 
wind begins as a flux of neutrons and protons lifted from the surface of the PNS (here 1.4 solar masses and 10 km in radius) by neutrinos originating 
at the ”neutrinosphere” (Rν). As these nucleons flow out, an excess of neutrons is created by the capture of anti-neutrinos on protons. As the 
nucleons cool, all the available protons combine with neutrons to make α-particles until one is left, in the orange region, with a mixture of only α-
particles and unbound neutrons. Further cooling leads to the assembly of a few α-particles into nuclei in the iron group (”seed”) by reactions 
involving neutrons and α-particles (green region). As the temperature declines still further, from 3 billion K to 1 billion K, all neutrons are captured on 
this seed making the heavy r-process nuclei. Since the efficiency of the reactions that assemble α-particles into seed increases with the density, 
lower density in the wind keeps the number of seed small and makes the number of neutrons that can be captured on each larger.




