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Topics for Today

» Life tracks of massive stars: late stages allow
fusion like “layers of an onion”

* Massive stars end life with §gggmg¥e
explosion, when iron core exceeds 1.4 M,

* Pulsars - fast spinning neutron stars with
fierce magnetic fields; gradually slow down

Things to do

* Review 17.3 ‘Life as High-Mass Star’
* Read Chap 18: ‘Bizarre Stellar Graveyard "
and white dwarfs and neutron stars in detail

» Homework #6 now graded (plus answers),
outside for pickup

* Observatory Night #5 tonight (signup)
looks very good
* Next class in Fiske Planetarium (Thur)
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EVOLuTIoN TRAck oF 1 My, STAR

Final stage:

Cooling
white dwarf
--- snooze ....

But if WD has
binary
companion,
much fun can
begin !

—~— TEup

Hubble Space

Telescope spies
12-13 billion year
old white dwarfs

Formed less than

1 billion years
after creation of
the universe

Luminosity
(solar units)

Now consider
evolution of

MASSIVE STARS
after MS

Clicker review — red giants

* The main source of energy for a star as it
grows in size to become a red giant is

)

DJ
* A. gravitational contraction
* B. hydrogen fusion in a shell around core
* C. helium fusion in the core

» D. hydrogen fusion in the core
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High-mass zigs and zags in H-R diagram

 Elements of higher
mass fusion burn
successively,
releasing energy
to support the star
against gravity.

Reactions may
change too fast for
outer layers to
respond, so last
zig/zags are small

Many “layers of onion " in massive star

nonburning hydrogen
hydrogen fusion

helium fusion

carbon fusion

oxygen fusion
v neon fusion
magnesium fusion

silicon fusion

inert iron core

Core structure from successive burning stages:
lesser elements on outside, heavier on inside

Fusion by ‘helium-capture ” (alpha-particles )
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* Helium nucleus (2 protons) is absorbed, energy is released
» Elements are created going up periodic table in steps of 2

Carbon (6), Oxygen (8), Neon (10)
Magnesium (12)....
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Creation of elements from He-capture: evidence
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s Mixture of elements in our near universe follows the

pattern of reactions,
*» Even heavier elements are made by nucleosynthesis
during supernova explosion

A few of many other fusion reactions also
feasible in high-mass stars
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“Onion-shell fusion burning ” stops with
IRON (Fe, 26 protons )

hydrogen

mass per nuclear particle

EUSION

FISSION

atomic mass (number of protons and neutrons)

Iron does NOT release energy when it fuses !

Actual ‘mass / nuclear particle ”

hydrogen
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Massive
red giant
or supergiant:

Fierce hot

| winds and
pulsed ejecta

Hubble ST

Wildest of all !

ETA CARINAE

Supermassive
star (100 Mgyy)
late in life,
giant outburst
150 yr ago

Violent bipolar
ejecta + disk
at equator

Red Giant
or SG with
intense
brightening

May 20, 2002 September 2, 2002 ‘nght ECho 1
= from pulse

Star V838
. Monocerotis
i g HST-ACS

December 17, 2002

October 28, 2002

Evolution of V838 Light Echo (HST)
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Reading Ahead Clicker Question

After a “core-collapse” supernova
event, what is left behind?

A. A white dwarf

B. A neutron star

C. A black hole

D. A white dwarf or a black hole
E. A neutron star or a black hole
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of massive star
disperses heavy
elements through
the galaxy
* Inside may be a
neutron star- a
remnant core of
pure neutrons!
Crab Nebua (M1), first seen as SUPERNOVA
on 4 July 1054 from China -- visible in daytime
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Observing Supernovae

* About 1 per century per
galaxy (none in Milky
Way since 1604 — Kepler)
[1572 — Brahe; 1054 - X
Crab; 1004 - brightest] A S SN

Bright explosion visible
for weeks/months - some
visible in daytime!

* Remnant visible for
10,000+ years as huge
bubbles and “veils "—
longer in radio

NEUTRON STars
NEURow peceneracy preccuse

§Neutron stars:

CAN JT0P CoRE CoudPsE IF MASS £ 2-3 M,
- NEUTRoN SYAR (Supeepence Marree)

LIKE W poines ( Etsomons pecerenscy fresovie)

» Structure determined by
degeneracy pressure

* Size ~10km. More
massive, smaller !!

* Crushing gravity at its
surface, so not a nice
neighbor ...or place to
visit .... as tourist — try
Big Apple instead.

Neutron star over NYC !

More massive, { fm;m”;x} - {g;l?}
ler in size!
DEQENERATE MATTER.  CAN HWE Compecareo
Star with a “Gaurmon oF SE" = GAS, Liou, Soup !
crystal crust !
Idea of neutron stars
first suggested in
1930s (Landau, Zwicki,
Baade, Oppenheimer)
but seemed like
<. STAR CoN HAVE A QRusT !
Pasans
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Thomas Gold 1968 ~40km of

Pulsars and Neutron Stars

beamed
radiation

magnetic ~—
field

beamed
radiation )

» rotation axis

* PSR B0329+54 typical, normal pulsar. period
0.714 sec (~1.40 rotations/sec) @

* PSR B0933-45 VELA pulsar: period 89 millisec
(0.089 sec) (~11 rot/sec) in SNR ~10,000 yrs ago

* PSR B0531+21 CRAB pulsar: ~30 rot/sec @
youngest known

* PSR J0437-4715 ‘millisec "pulsar, ~174 rot/sec

* PSR B1937+21 fastest pulsar, ~642 rot/sec
surface of star moving at 1/7 c! @
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