Announcements

o TA feedback forms are online! find the link at the class website.
Please take 5 minutes to tell your TAs your opinion.

® |n case you did not notice, the Final is set for 03/21 from 12:00-3:00 pm.
(This is posted on the class website)

It will have about 80 questions, about 30 of them will be math problems.



Main sequence stars

High mass stars:

Are more luminous
Have large radius
Are bluer (hotter)
Live shorter lives

Low mass stars:

Are dimmer

Are smaller

Are redder (cooler)
Live longer lives
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Chapter 16:Birth of Stars

What do we need to make a star?
Well... we need a big amount of mass

Cold mass? or hot mass?

lower temperature higher temperature

AT 2

We need to stick the atoms together to form a star, that is a lot easier to do
with colder material.



Chapter 16:Birth of Stars

We need a lot of cold material to form a star.

Where can we find it? Molecular Clouds







Chapter 16:Birth of Stars

Where can we find it? Molecular Clouds

They can be so dense that they can block all optical light from view.




Chapter 16:Birth of Stars

Where can we find it? Molecular Clouds

Once we have enough material, it actually needs to collapse (gravity will take
care of that) into a star.

Density Temperature

Formation of a cluster of stars
Credit: M. Krumholz (UCSC)



Chapter 16:Birth of Stars

Where can we find it? Molecular Clouds

Once we have enough material, it actually needs to collapse (gravity will take
care of that) into a star.

Stars are always born in clusters, where the majority of stars are low-mass
stars.
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Star Clusters

Stars are born in groups or clusters.
Clusters are gravitationally bound group of stars.

Every star in the cluster is born at roughly the same time (same age), and they
are all at approximately the same distance from Earth.

There are 2 kinds of clusters: Open clusters and Globular Clusters
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Open Clusters

“Open” because they look disorganized.

Younger clusters, they are located close to reservoirs of gas and molecules
that can give birth to stars.

Can contain thousands of stars and have sizes of
about 30 ly across.

M67

%
: because the hot blue
stars are still present
e

Iuminosity

temperature



Globular Clusters

“Globular” because they are dense and spherical

Older clusters, they are located in the haloes of galaxies, where there is not
much material to form new generations of stars.

Can contain millions of stars and have sizes of
about 100 ly across.

Old: because the hot blue
stars are gone.

lurminosity




Age of a cluster?

Key points:

-All stars in the cluster have the same age
(were born at the same time)

-Massive stars run out of fuel (leave the e
main sequence) sooner than less massive
stars.
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Age of a cluster?

Key points:

-All stars in the cluster have the same age
(were born at the same time)

-Massive stars run out of fuel (leave the
main sequence) sooner than less massive
stars.

The position of the “turn off point” is
what tells us the age of a cluster.

This is due to the fact that mass is related
to the lifetime of a star.
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High vs Low mass stars

We know there is a range of masses for stars: 0.08 Mo — 100M

It is the mass what determines:
-The position a star will assume in the HR diagram
-When the star will run out of H
-How the star will end its life

. B1V
High mass stars: 1M,

higher core temperature Lifetime 107 yrs
faster fusion
more luminous

shorter-lived
A1V
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lower core temperature
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slower fusion Lifetime 100 yrs
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Lifetime 10'2 yrs

G2V




21

High vs Low mass stars

Approximate Definitions:
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High vs Low mass stars

Structural differences:

* Convective region:
Lowest mass (dwarfs) are fully convective

Typical low mass stars (Sun) are convective near the surface
High mass stars are convective near the core

high-mass star

1Mg,,, star very-low-
mass star

convective regions
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High vs Low mass stars

Differences in the fusion of H into He:

* Higher pressure means that there are more ways to fuse H.
Low mass: proton-proton chain(as discussed for the Sun)
High mass: Carbon-Nitrogen-Oxygen (CNO cycle)

& neutron « positron A~ gamma ray

& proton o neutrino
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High vs Low mass stars

Low mass: SLOWV!
orderly, distinct burning phases % will fade away

High mass: RAPID}
messy, multiple burning stages at once % will explode!
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Post main sequence evolution: Low Mass

Post M.S.: Core hydrogen supply is gone

* Fusion of H into He ends
Energy supply is gone
Temperature drops, pressure drops
(red arrows get smaller, green arrows do not change)

pressure el
gravity <—

Core collapses!

http://www.youtube.com/watch?feature=player_detailpage&v=X6gBTT I V]gQ
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Post main sequence evolution: Low Mass

Post M.S.: Core hydrogen supply is gone

* Fusion of H into He ends
Energy supply is gone
Temperature drops, pressure drops
(red arrows get smaller, green arrows do not change)

red giant

Core collapses!

subgiant

)
=
=
=
S
o
(o]
<
>
=
)
(@)
S
=

Then, why...
what stops the core collapse?
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Post main sequence evolution: Low Mass

Degeneracy pressure
The density of matter is limited by two fundamental laws of quantum
mechanics:

* Particles can’t be in the same state (energy, spin) and place simultaneously.

This energy level is full . . .

... S0 a third electron must
go to a higher energy level.
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Post main sequence evolution: Low Mass

Degeneracy pressure
The density of matter is limited by two fundamental laws of quantum
mechanics:

* Particles can’t be in the same state (energy, spin) and place simultaneously.

* Heisenberg uncertainty principle
(Uncertainty in location) x (uncertainty in momentum) > Planck’s const.

Ax X Ap > h

You can’t squish too many particles into a very small place

When the star collapses, the available volume shrinks : fewer chairs
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Post main sequence evolution: Low Mass

Degeneracy pressure
The density of matter is limited by two fundamental laws of quantum
mechanics:

* Particles can’t be in the same state (energy, spin) and place simultaneously.

 Heisenberg uncertainty principle
(Uncertainty in location) x (uncertainty in momentum) > Planck’s const.

Ax X Ap > h

As Ax goes down (area is better defined),
Ap must go up (available momentum values must go up)

So the particles GAIN momentum (velocity), which provides pressure.
This pressure does not depend on temperature!
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Post main sequence evolution: Low Mass

photosphere

Post M.S.: Core hydrogen supply is gone

* The core collapses

|

hydrogen-burning,
main-sequence star

e Shell burning
Fusion of H into He is now
possible outside the inert core hydrogen-

burning core

expanding contracting inert
photosphere helium core

star expanding
into red giant

hydrogen-
burning shell
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Post main sequence evolution: Low Mass

Post M.S.: Core hydrogen supply is gone
* The core collapses

e Shell burning:
Fusion of H into He is now possible outside the inert core

* Luminosity increases
-Fusion takes place in a larger volume s oo Tttt el
of the star
-Fusion is closer to the surface
-The thermostat is broken:

Increasing fusion rate in the shell does
NOT stop the core from contracting
-The core keeps collapsing, the shell
keeps following it down

star expanding
into red giant

hydrogen-
burning shell
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Post main sequence evolution: Low Mass

the pressure gets high enough, the core never re-ignites

* OQuter envelope pushed out by
thermal pressure until it escapes
the star.

stars nearly ready for

helium flash \

e |nert He core

helium-burning stars

(horizontal branch) R ,
e . %@ “red giants
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Post main sequence evolution: Low Mass

If the pressure DOES get high enough, core re-ignites

e Helium Flash
In a degenerate core, He fusion can increase temperature without

increasing pressure.
He fusion rate rises quickly, nuclear fusion re-starts like an explosion.

The energy created expands the core again.

Thermal pressure support is restored : Stable, controlled burning.

CORE FUSION =THERMAL PRESSURE SUPPORT

0& » 9 — —-energ;——
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Post main sequence evolution: Low Mass

the pressure get high enough, core
e Helium Flash

* Followed by stable core fusion helium flash
Of He into C life track of star that lost

considerable mass
during red giant stage

.
.

life track of star that lost less
mass during red giant stage
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Post main sequence evolution: Low Mass

the pressure get high enough, core
* Eventually, it will run out of Helium
* Core collapses again!

* Double shell burning: He-C outside of core, H-He above that.

° Brlghter’ redder’ 108 S double shell- inert carbon
- rzlérg:ggt | ‘% helium-burning shell
Vel")’ Unstable, £ | hydrogen-burning shell
10 P -J. L 4 5— - «e double shell-
looses mass through . o burning core
1 helium-
thermal pulses. T 2;;’:"”% | ‘ helium burning
2 =
(_80 10 . [hydrogen-buming shell
° Becomes a :%/‘ 1 | helium-burning
Planetary Nebula % serore
= 1072 N
white dwarf ‘ inert helium
NOTHING TO DO WITH PLAN ETS' rocar timing s

10~° subgiant/
e F G _ red giant core
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Post main sequence evolution: Low Mass

The act of dying of low mass stars
(not really related to planets)
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Post main sequence evolution: Low Mass

White Dwarf: The corpse left behind

* Supported by electron degeneracy pressure

¢ |nert Helium or Carbon core

* Cooling slowly, losing heat (energy) over time as it radiates it away

* |If the planetary nebula is gone, just looks like a white pale dot.




45

Post main sequence evolution: Low Mass

The corpse left behind

B0Ms,,
,30Mg,,

) s ‘ \{UPERGIANTS
Spica g e
Lifehme/ / 10M;,,, - . {

107 yrs . Yy Y Antares
. Bellatrix

)
Betelgeuse

Lifglime
10°yrs

Lifetime
10% yrs

o
o
o]
L
>
L
(%2}
o
4=
IS
=2

ygni B
p Lacaille 9352
Y 0.3M;,,
v Gliese 725 A
® Gliese 725 B
Lifetime Barnard's Star#® 01/, .
10" yrs * Ross 128
Wolf 359
-
Proxima Centauri®
DX Caneri *

I
30,000 10,000 6000 3000
<— increasing temperature surface temperature (K) decreasing temperature ——3




