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Why do stars shine?
@ Primordial .. 2
hydrogen cloud A v

= Hydrogen cloud
collapse - gravity

& Nuclear Fusion
= H+H->D
» D+H—>He

m Heat of fusion

Borb, CC




Forces in the Sun

The Corona
s The ionized elemants within the corona glow in
The Convection Zone the x-ray and exirems ultraviole! wavelengths
NASA instruments can image tha Sun's corona at
these higher energles since the pholosphere |s
quiln dim in these wavelengih

Radiative zone
Convective zone
Corona

= _Chromosphere T e R SN

mars than 170,000 years to ralate lhrough s :

the layer of the Sun known as the radtative H Energy is penerated by thermonuclear reactions

zone. z craating axtrome temperatures deap within the
' sums core.

= Coronal streamers
The Chromosphere

https’//www.nasa.gov/mission_pages/ s N R

Tha outward-flowing plasma of the cororm

s shaped by magnefic fleld lines Info tapered

sunearth /science/solar-anatomy.html ool e
Credit: NASA /Jenny Mottar




Parker Solar Probe




support life for another
4 billion years

Life Cycle of the Sun

Gradual warming Red Giant Planetary Nebula

White Dwart
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Billions of Years (approx.)




Can become
< 8 solar Type I Supernova

masses v

White
/ Average
Star Dwarf

Red Giant Planetary Nebula

-
-

Neutron Star
Stellar Nebula . ' ’ \

> 10 solar Massive Star @

masses Red Supernova

Supergiant Type II Supernova Black Hole

Credit NASA Time




STELLAR LIFE CYCLE
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R.N. Balley https //commons.w1k1med1a org/w/index.php?curid=59672008




- Chinese
astronomers

» Diameter ~12 mi
= 32 rps
m 1.4 solar masses




Crab MNebula

Radio Infrared Oprical Ultraviclet .




Outline

m LIGO - Laser Interferometer Gravitational-
Wave Observatory

m Blue-Blood moon




Neutron Star
(1.3-2.5 Solar Masses)




Neutron Star Structure

outer crust 0.3-0.5 km
ions, electrons

inner crust 1-2 km
electrons, neutrons, nuclei

outer core ~ 9 km
neutron-proton Fermi liquid

few % electron Fermi gas

inner core 0-3 km
quark gluon plasma?

Densities p, saturation nuclear matter density, where nucleons begin to touch.

Robert Schulze https:/ /commons.wikimedia.org/w/index.php?curid=11363893



MAugust 17,2017 Kilonova

=@ Merger of two Neutron stars
= Emit gamma ray bursts

= Produce elements heavier than Iron
8 “R-process” nuclei

= Less bright than type Il supernova NOVA & Type I Supernova
(O 1-0.02 Red Giant & Neutron Star
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or Wh1te 3 warf and another star

e Il Supernova - massive star
apse




NASA Simulation
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L. Neutron Star Merger




Gravitational Shock Wave
. Gamma Ray Burst




Pebris (Au, Pt, Ur)




Ps In Merger

ed

200 miles apart

0 rps
J sec. later
ile apart
- =2,000 rps
3.2 sec after merger
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elements created

4. After glow - spectrometers
detect Ag, Au

a A
O/ e

Guardian graphic - MIT, Caltech

1. Gravitational waves are detected

Two neutron stars orbit each other 20 times
per second, distorting space and time

2. 100 seconds later

Now orbiting at 2,000 times per second
and on the brink of colliding, the stars are
being distorted by intense gravity

3. Two seconds later

After the briefest pause, where Ligo could
detect nothing, the stars violently merge,
emitting a burst of gamma rays

4. Afterglow

Scientists spot a new light in the sky, the
afterglow of the collision, which they are
able to identify as the source of the

gravitational waves and gamma ray burst




Sequence of Events
(August 17, 2018)

= First Gravity Waves (LIGO & VIRGO signal) =
Merging dead stars

& Two seconds latter Fermi Gamma-ray Space

Telescope detected 2 Two second Gamma ray
burst

= ~1T hours latter optical telescopes 2 new
source
= 70 Ground and space based observatories




NGO, VIRGO & Fermi Signals
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https:/ /www.nasa.gov/feature/goddard /2016 /nsf-s-ligo-has-detected-gravitational-waves
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Nucleosynthesis

s Big ' Human synthesis o
. Bang ez Mo stable isctopes ‘

fusion stars ' stars
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What we learned?

Another validation of general relativity 1915

Gravitational waves and EM waves (light,
gamma rays and x-rays) travel at “C”".

Validates neutron star merger production of
heavy elements: gold, platinum, uranium

Validates a source of short gamma ray bursts

Measure expansion rate of universe using
gravity waves




Carl Sagan

Even through your hardest days,
remember we are all made of

stardust.




