
Friday, September 23, 2011

Astronomy in the news?

Fall Equinox Friday, September 23 at 4:05 a.m.

Story on “Tatooine” planet in double star system in Thursday’s Texan.

Upper Atmosphere Research Satellite, size of bus, to crash in 26
pieces Friday afternoon or early evening, not in North America.
#UARS on Twitter.

Report of neutrinos moving faster than light from Large Hadron
Collider near Geneva to detector in Gran Sasso tunnel under the Alps
in Italy. Contradicted by neutrinos from SN 1987A. I’m skeptical.

Pic of the day: Equinox geomagnetic storm
over Canada, solar wind interacting with
Earth’s magnetic field.



Goal

To understand the process of thermonuclear
explosion in a white dwarf to make a Type Ia
supernova.



Deflagration versus Detonation

Pressure waves that cause a star to expand and explode travel at
about the speed of sound.

An exploding star expands at about the speed of sound in the
ejected matter.

A subsonic deflagration (a “flame”) cannot catch up with the
pressure waves it creates, nor with the outer expanding matter.

A supersonic detonation (a “bomb”) will propagate faster than
pressure waves or exploding, expanding matter, catch up with and
burn outer material.



Detonations do not give the star time to react.

⇒For detonation alone, the white dwarf would burn at original high
density and be turned essentially entirely to iron, Wrong!

Deflagrations give the outer parts of the white dwarf time to expand,
quench burning.

⇒For deflagration alone, the outer parts are never burned, explosion
would be relatively weak, substantial unburned carbon and oxygen
would be expelled.

Predict feeble explosion and careful observation shows little or no
carbon, so Wrong!



Deflagration followed by Detonation

The deflagration starts the explosion:

Produces iron on the inside

Shoves much of the unburned carbon and oxygen to lower
densities.

The detonation catches up with the expanding outer parts

Burns carbon and oxygen to oxygen, magnesium, silicon, calcium

Deflagration followed by detonation:

Gives the right energy

Gives the right elements on the inside and outside

Predicts essentially no unburned carbon and oxygen.

Matches wide variety of observations!



Physics problem - why does the subsonic deflagration change to a
supersonic detonation?

Important unsolved problem of terrestrial physics as well as
supernovae.

“Pinging” in car engines means the gas is detonating, not
deflagrating, bad for engines

Pipeline, mine explosions – the recent disasters in San Bruno,
California, Upper Big Branch mine in West Virginia, may have
involved a detonation, more violent, dangerous than “flame.”

Very recent, highly detailed supercomputer simulations suggest
that turbulence packs the subsonic flame until no matter which way
it goes, it runs into another flame.

Rapid burning of large region triggers detonation.



Figure 6.4

Presence of nickel,
conversion of nickel to
iron explained later



One Minute Exam

Astronomers detect Silicon when a Type Ia supernova is brightest
and iron after it has faded. This means:

       The exploded material is made of equal parts silicon and iron

       The white dwarf that exploded could not be made of carbon
and oxygen

       The iron is in the inner portions of the ejected matter, the
silicon in the outer portions

       The supernovae was powered by the collapse of an iron core



One Minute Exam

Why does a subsonic deflagration “flame” alone fail to
account for the observations of a Type Ia supernova?

       All the ejected matter would be iron.

       A neutron star would be left behind.

       The ejected matter would contain lots of carbon

       The ejected matter would have silicon on the
outside and iron on the inside



Goal

To understand how a white dwarf evolves in a binary
star system to make a Type Ia supernova.



Algol, Beta Perseus, second brightest star in the constellation Perseus

Ancient Arabs called the star Al-Ghul, the Ghoul

The Hebrews knew Algol as Rosh Ha’Satan, Satan's Head, or
perhaps Rosh Ha’Shed, head of the devil or of a genie.

The Chinese called it Tseih She, the Piled-up Corpses

In Greek mythology, Algol is the head of the Gorgon Medusa that
Perseus carries under his left arm.

Algol
Algol is a binary system with a red giant
eclipsed by an orbiting main sequence star,
giving the impression of a “blinking” red
demon.

Find Algol for your Sky Watch Project.



Sky Watch

Classical Novae:

CP Pup, toward constellation Puppis in 1942

Pup 91, another toward Puppis in 1991 (not same place
in our Galaxy, just accidently off in the same
approximate direction)

QU Vul, toward constellation Vulpecula, white dwarf
composed of Oxygen, Neon, and Magnesium rather than
Carbon and Oxygen.

GK Per toward constellation Perseus - has had both a
classical nova eruption in 1901 and dwarf nova
eruptions.



Sky Watch

Recurrent Novae:

U Sco in the constellation Scorpius is a Recurrent Nova,
It may be a candidate to explode as a supernova!

Might see Scorpius. Also has neutron stars and black holes.

T Pyx in constellation Pyxis.



Normal Type Ia are Chandrasekhar mass, 1.4 M, carbon/oxygen
white dwarfs; many, if not all, are old.

Only credible idea is to grow a white dwarf by mass transfer in a
binary system.

No direct evidence for binary systems, some recent indirect hints.

Hint from polarized light - not quite round – why?

How does nature grow a white dwarf  to 1.4 M?

The progenitors of Type Ia supernovae may look like this:

What’s going on?



Goal

To understand how stars, and Type Ia supernovae,
evolve in binary systems.


