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warning
I'm *not™ at all supernova expert; just a few thoughts about
how supernova play a critical role in understanding disparate
aspects of physics!



February 11, 2016 LIGO Press Announcement
(Kip Thorne speaking)

https://www.youtube.com/watch?v=aEPIwWEJmZyE



April 7, 1987 New York Times on Supernova 1987A

THE nearby explosion of a star and a lucky succession of scientific
accidents are combining to create a new branch of astronomy, in which new
instruments sensitive to streams of neutrino particles could serve as the
counterparts of light-gathering telescopes.




April 7, 1987 New York Times on Supernova 1987A

"Theories of stellar evolution predict that supernova explosions should occur
fairly often ... we should be able to detect the neutrino signature of about one
relatively nearby supernova every ten years."

(late) John Bahcall



April 7, 1987 New York Times on Supernova 1987A

"Theories of stellar evolution predict that supernova explosions should occur
fairly often ... we should be able to detect the neutrino signature of about one
relatively nearby supernova every ten years."

(late) John Bahcall

Take all (legitimate!) press/public releases of scientific
information with a grain of salt...



Supernovae

3 Vignettes
e 1987A - neutrinos!
« “lType ll" supernovae and “heavy” elements

e "Type la” supernovae and cosmology



Supernovae

Type ”, |b, and Ic supernova Supernova Classification Scheme
are core-collapse supernova. (spectra at maximum light)

Gravitational collapse powers
the explosion.

(13S0 pue jjodie))

Type la supernovae are
themonuclear explosions.

http://www.astro.sunysb.edu/lattimer/AST301/SNela_ast301.pdf



Supernova 1987A
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Supernova 1987A

This image shows the remnant of Supernova 1987A seen in light of very different wavelengths.
ALMA data (in red) shows newly formed dust in the centre of the remnant. Hubble (in green) and
Chandra (in blue) data show the expanding shock wave.




PBS NOVA program

(late) Stirling Colgate

https://www.youtube.com/watch?v=ubDjB-gHfsw



PBS NOVA program

Stan Woosley

https://www.youtube.com/watch?v=ubDjB-gHfsw



Type Il (Core Collapse) Supernova

® Massive stars undergo core collapse,
resulting in a type-Il supernova.

®» Process:

All of the stars hydrogen fuses into helium;
fusion ceases, diminishing internal pressure.

Gravity overpowers the internal pressure
and crushes the core, heating it up further.

Eventually, heat and pressure are strong

enough to fuse helium into carbon, and the

ﬁrocess repeats, fusing atoms into new U S 55 Seiar mass st
eavier elements. Doratica

This continues up to iron. The atomic 7x108 years
structure of iron causes it to absorb energy
during fusion.

Gravity overcomes the star, and a major ,
collapse occurs 6 months

7x10° years
600 years

http://image.slidesharecdn.com/conleycis100pptassignment-121119223233-phpapp01/95/conley-cis100-pptassignment-8-638.jpg?cb=1353364436




Type Il (Core Collapse) Supernova

TYPE II SUPERNOVAE:
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After losing the abilty to stably The core rebounds in quick After the dust settles, a neutron
fuse heavy elements, the star can succession, subsequently releasing star or black hole is left behind

no longer retain a gravitational the outerlayers of gas off into space (which one will hinge on the star's
equilibrium, thus the core — forming a nebula. mass)
collapses in on itself.

Image Credits (Clockwise, from top to bottom): Tod Strohmayer & Dana Berry, Celojums Koamosa (Vimeo), NASA/Dana Berry/Skyworks Digital, NASA (taken by Chandra).,
‘Daftopia’ (Deviant Art), Argonne National Laboratory/Hongfeng Yu. Infographic by’ From Quarks to Quasars’)

http://futurism.com/wp-content/uploads/2014/02/Supernova-Types-Infographic-From-Quarks-to-Quasars.png




Neutrinos

o+e -> N + Ve

. awrence Krauss

https://www.youtube.com/watch?v=gcZqqTffjJO



PBS NOVA program - neutrino observation

https://www.youtube.com/watch?v=ubDjB-gHfsw



Table 3 Measured properties of ncutrino cvents

observed in water Cherenkov detectors?®

Event Electron Electron
time energy angle
Event (s) (MeV) (degrees)
K amiokande IT:
1 0.0 20.0+2.9 18418
2 0.107  13.54+3.2 40 +27
3 0.303 7.542.0 108 4+ 32
4 0.324 9.2+2.7 70 +30
. h) 0.507 12.84+2.9 135423
Neutrino 6 068  63:l7 68177
7 1.541  35.448.0 32416
data 8 1.728  21.0+4.2 30+18.
9 1.915 19.843.2 38+22
10 9.219 8.6+2.7 122430
11 10433  13.04+2.6 49 +26
12 12.439 8.9+1.9 91439
IMB:
1 0.0 38+7 80410
2 0.41 37+7 44+15
3 0.65 28+6 56 +20
4 1.14 3947 65420
. 5 1.56 3649 33415
| | Arnett, Bahcall, Kirshner, Woosley. 6 268 3646 52410
Published in Ann.Rev.Astron.Astrophys. 27 (1989) 629-700 7 501 19+5 42420
8 5.58 2245 104 +20

* The first events were detected on February 23, 1987,
at about 7 hr 36 m UT. The angle in the last column
is relative to the direction of the LMC. The errors are
estimated lo uncertainties.



Simulating the Explosion Mechanism (Do they blow up?)

e The type-II supernova explosion mechanism:

Despite 50 years of intensive investigation, we still do
not understand exactly how massive stars blow up.
Models of increasing complexity and dimensionality
exist but still do not adequately predict such funda-
mentals as the explosion energy and mass cut (includ-
ing fallback). They are thus unable to predict with
necessary precision the mass of neutron stars or the
products of explosive silicon burning. Uncertainty in
the explosion mechanism as well as the nuclear equa-
tion of state makes it difficult to predict which stars
will leave neutron stars as remnants and which will
leave black holes.

Woosley, Heger, Weaver,
Rev.Mod.Phys. 74 (2002) 1015
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FIG. 27. Final nucleosynthesis
from a 25M supernova com-
pared to solar abundances (He-
ger, Woosley, Rauscher, and
Hoffman, 2002). Isotopes of a
given element are all the same
color and are connected by
lines. All ejecta, including the
wind, are included. A possible r
process in the neutrino wind is
not taken into account here.
The production factor is the ra-
tio of the mass fraction in the
ejecta divided by the mass frac-
tion in the sun [Color].

Woosley, Heger, Weaver,
Rev.Mod.Phys. 74 (2002) 1015
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FIG. 28. Integrated nucleosynthesis from a grid of massive stars (11-40M ) of various metallicities (0Zq, 107 *Z, 0.01Z,
0.1Zg, and 1Z) compared to the solar abundances (Timmes, 1996). This figure also includes contributions from the big bang
(hence “H) but not from low-mass stars (especially 2C and “N) or type-Ia supernovae (especially *>Mn, >**°Fe, and *Ni) or

novae (*°N, 70). The overproduction of Zn and Ni isotopes may reflect an overly large rate for 2>Ne(a,n)*Mg during the s
Woosley, Heger, Weaver,

process [Color].
Rev.Mod.Phys. 74 (2002) 1015
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FIG. 29. The agreement in Fig. 28 is greatly improved if one includes the iron-group production from three varieties of type-Ia
supernovae (see text and Table III) as well as classical novae (Timmes, 1996) [Color]. Woosl ey He ger Weaver

Rev.Mod.Phys. 74 (2002) 1015



Type la (Explosive) Supernova

Type la Supernovae

If the white dwarf accumulates matter
from a companion star rapidly, the
dwarf’'s mass may exceed 1.4 Mg,, (the
Chandrasekhar limit)

Primary star

Red giant

sequence
star

,{é,
If this limit is exceeded, the dwarf can no . - Main-

longer support itself as a white dwarf and
begins to collapse

As a result, it heats up and new nuclear  wniedawar
reactions begin in its core

In less than a second, an huge amount of J
fusion occurs that causes the dwarf to
explode completely - .

This kind of explosion is called a Type Ia 101 supernova ™
supernova iy 77

« to be distinguished the Type II supernova, - Roc-gian
which signals the death of a massive star ’ remn

$
. ‘ %ﬁ;nce

Red

Not to scale

http://slideplayer.com/slide/3852659/




Type la (Explosive) Supernova

Best model for SNe la: thermonuclear
explosion of a carbon/oxygen white
dwarf

- Electron degeneracy pressure provides
support

 Very different than thermal pressure

* Heisenberg uncertainty principle +
Pauli exclusion principle at work

Chandrasekhar showed maximum mass
supported by electron degeneracy
pressure is 1.4 times the mass of the

sun Sirius A and its white dwarf
] companion Sirius B (NASA/HST)

- This maximum mass provides the
robustness we are looking for.

http://www.astro.sunysb.edu/lattimer/AST301/SNela_ast301.pdf



Type la Supernovae Observations

vV Band
-2(

One of the main observables for SNe
la is the lightcurve. Observations of
nearby events have shown that the
variation in the lightcurves can be

as measured

o Ri6S)

corrected for. In this way SNe laact =
as standard candles. N
If we know how bright these . | |
explosions are intrinsically, and we Iy sk ol comete
measure how bright they appear to g .S
us, then we can measure their b
distance. = . W
..#- [ ]
l-.. 3
™" Phillips (1993),
Perlmutter et al.
(1997)

http://www.astro.sunysb.edu/lattimer/AST301/SNela_ast301.pdf



Saul Perlmutter Nobel Lecture

https://www.youtube.com/watch?v=z31rTvGyBhO



Type la Supernovae Observations

Plotting the distance

Perlmutter, Physics Today (2003)

. 00001 A 26
verse redshift produces 0 Siperova Cosmolagy Prejc
. ® . ® High-Z Supernova Search Y

a Hubble diagram. g oo - > ] \;
% < | ® Calan/Tololo o e((\‘?\'
E 0.01 |- 20 Supernova Survey 4 0 §§

Distance supernovae ~ § o * .

allow us to determine Lo

the cosmological e

parameters.

magnitude

Decelerating |

21 .
Universe

In 1998, this led to the discovery 02 e e
that the expansion rate of the . . . . .
Universe is accelerating. 0s

Scale of the Universe
[relative to today's scale]

http://www.astro.sunysb.edu/lattimer/AST301/SNela_ast301.pdf



Supernova Observations versus Redshift
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Robert Kirshner explains...

Dashed: 0,=0.73 )

https://www.youtube.com/watch?v=wNMBVF2IncM



ACDM model
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Big mystery remains! w=-1is cosmological constant

Steven Weinberg

https://www.youtube.com/watch?v=g-y3DPJRVhE



