ASTR/ PHYS 1 060

The Unlverse

Chapter 12: Evolution of Low Mass Stars

Chapter 12 Reading Assignment due
Wednesday at 10:45am

In-class/HW Assignment due now! Are your grades in Canvas correct???

Turn In extra credit planetarium reports up Midterms available up front
front (not “due” today, but please turn in

this week if you went)

ASTR/PHYS 1060: The Universe Fall 2018: Chapter 12 1



Stellar Properties

Age
Color

Luminosity
Which of these Is most

Spectral Type important?

Mass
Temperature

Size
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Stellar Properties

Color

Luminosity

Spectral Type

Temperature

Size
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Luminosity depends on mass

105 /

104 . . .
Actual luminosities

103 VS. Masses

10° ML Lvis Myis

UL 10 ./\ Straight-line —
1 ..'/ (exponential) L ]\ 1
o) approximation O, O
101 /o 7,°< Af 35
i
1072 o
105 e
0.1 1 10
(M/M,, )3

ASTR/PHYS 1060: The Universe Fall 2018: Chapter 12



Chapter 12

(00
1
-
QAN

©
LL

Iverse

The Uni

ASTR/PHYS 1060




Why are fainter (and less massive) stars more
common than brighter ones?

The vast majority of stars are
less luminous than the Sun.

10 ;{
Luminosity of Sun
1 ol
§ 107" A) They live longer
3? 1072
)
E o B) They form more frequently
S 04| [ Onlyafew are atthe upper| B C) They aren’t more common, we just
r range of luminosities. J' _
10-5 see them more easily
107°
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Stellar luminosity (in units of solar luminosities)
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The future of our Sun and the evolution of
low-mass stars
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Visual luminosity relative to Sun
=
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Protostars to Stars
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Sun today
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Mass (M@ |
Luminosity [Le] Y

Main Sequence Lifetime= 1 x 10°

Spectral Surface Mass | Luminosity | Main Sequence
Type Temperature K] | [Mg] Lg) Lifetime [years]
B0 30000 18 20000 9x106

Ab 8600 2 20 1x10°

G2 5800 1 1 1 x 10%
K5 4600 0.7 0.16 4x1010

M5 3100 0.2 0.008 3x101!
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Main Sequence
Power: Hydrogen Core Burning
Temperature = 5800 K
Luminosity = 1 Lsun
Lifetime = 10 billion years

ASTR/PHYS 1060: The Universe

Nonburning
2nvelope

Hydrogen-
burning core
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Nonburning
envelope

Red Giant Branch Mo MAINSEQUENCE STAR <. .
Power: Hydrogen Shell Burning o - Y
Final Temperature = 3200 K
Final Luminosity = 1000 Lsun
Lifetime = 200 million years

burning core

1-My RED GIANT STAR - > 1Ry =7 x 10°km
50 Ro = 3.5 X 10" km

" ...but this luminosity comes from ‘
hydrogen burning in a thin shell
around a tiny degenerate core.

”~
~
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HORIZONTAL BRANCH STAR

when two “He nuclei fuse to

€D The triple-alpha process begins |

form an unstable €Be nucleus.

- @\

.

another “He nucleus before
It breaks apart, the two will
fuse to form a nucleus

of carbon-12 (*2C).

, / Gamma ray
If this nucleus collides with ® / %%ibh%'\

S

®Be
12
S

“He

carried off both by the
motion of the '2C nucleus
and by a gamma ray.

B The energy released is w
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Stable He-burning core

— Hydrogen-burning shell

Nonburning hydrogen
envelope

Helium Burning or Horizontal Branch
Power: Helium (into Carbon) Core Burning
+ Hydrogen shell burning

Temperature = 4500 K

Luminosity = 100 Lsun
Lifetime = 100 million years
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Asymptotic Giant Branch
Power: Helium shell burning
+ Hydrogen shell burning
Final Temperature = 3000 K
Final Luminosity = 5000 Lsun
Lifetime = 1 million years

ASYMPTOTIC GIANT BRANCH STAR

Nonburning
degenerate
carbon ash core

He-burning shell

H-burning shell

Nonburning
hydrogen
envelope
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Planetary Nebulae
outer atmosphere ejected by

radiation from the core

Central Ejected
material

Spirograph
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White Dwarf
Power: None
Temperature = 15000 K
Luminosity = 0.001 Lsun
Lifetime = 1 billion years
(to cool down to ~7000 K)

H (if present)

30 km
260 km

8500 km

Cross Section of a Typical
White Dwarf

ASTR/PHYS 1060: The Universe
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The Unlverse

Chapter 12: Evolution of Low Mass Stars

i 297
Chapter 13 Reading Assignment due Are your grades in Canvas correct??"

Monday, October 22nd _ _
4y, DCLober ean Midterms available up front
Makeup in-class assignment from
Wednesday online, due on Monday (for

late credit) Turn in extra credit planetarium reports

up front (not “due” today, but please turn
in this week if you went)
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Lifetime as a function of mass

Mass [Mg)|

Main Sequence Lifetime= 1 x 10'°

Lg M

Main Sequence Lifetime = 10"

Main Sequence Lifetime = 10"
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The more compact and more
luminous the energy-producing
shell becomes, the maore the
Louter parts of the star swell. \

~

Core growth and rapid hydrogen
burning feed oft each otherin

a red giant star, causing it to
move more and more rapidly

up the red giant branch.

[ ...a smaller, more massive degen-

erate He core, which leads to... ] \

...stronger gravitational
force, which leads to...

/

3 .. faster growth of helium
core mass, which leads to...

T Hed giant \
branch

>5 ‘

.g 2

o

Eo

T 3

- o

L «©

ok /

y

...higher pressure in H-burning
shell, which leads to...

-+—— Surface
temperature (K)

\ [ﬂ .. faster nuclear ] /

...faster conversion of H
to He, which leads to...

burning, which leads to...
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HELIUM FLASH HORIZONTAL BRANCH STAR
; Stable He-burning core

/ Hydrogen-burning shell
\ ‘.

\

S ey robunng. LV Nonburring hydroger
| core explodes within ’E’W’ envelope
! the star.
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Visual luminosity relative to Sun
S,

10-1 S ] N The degenerata helium
' core of the red giant ignites
10-2 el in a helium flash.

Visual luminosity relative to Sun
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ASYMPTOTIC GIANT BRANCH STAR

Nonburning
degenerate
carbon ash core

He-burning shell

. H-burning shell

ASTR/PHYS 1060: The Universe

Nonburning
hydrogen
envelope

Visual luminosity relative to Sun

107°

40,000

The star exhausts the helium
g at its center, leaves the horizontal
| branch, and ascends the
asymptotic giant branch.

| o
30,000 20,000 10,000

Surface temperature (K)
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Forming planetary — __ 0~
nebula (expanding b

outer layers of star) gt
The bloated asymptctic
giant branch star begins
Tl losing its outer layers,

ejecting a planetary nebula. §
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B [ his star leaves behind
only the degenerate

carbon core, a tiny White dwarf
cooling white dwarf.

Hot electron----...
degenerate carbon
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Future Evolution e
of the Sun

WHITE
DWARF

Degenerate IS

C cinder

Again, this 107

time with 1 - PoSt-AGB i .
_ stars™"--... ’ 005’@
feeling! 105 | “
104 B cen@l ) 1006) /
= =
B .3 A<ym:>tot|c /
o ad ( e J glant branch // Ilum
2 ‘ flas
= 100 & d
L, 2
s e VA,
2 10 _ Horizontal
g  branoh
s "
=
T 1071
Az
=

100,000 40,000 30,000 20,000 10,000 6000 3000

1072

Surface temperature (K)

ASTR/PHYS 1060: The Universe Fall 2018: Chapter 12

ASYMPTOTIC GIANT

»,  BRANCH STAR

H-burning shell

/,/ He-burning shell

ﬁg— Degenerate C core

G/, .
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BRANCH STAR
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i Size changes along with temperature

.o white dwarf
P ®
o Sun
Sl.lrls o~ o
RN Earth
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The universe Is about
13 billion years old.
If | see a 0.7 solar mass
star, what phase of
evolution will it be In?

ASTR/PHYS 1060: The Universe

A) Main Sequence

B) Red Giant Branch

C) Helium Burning

D) Asymptotic Giant Branch

Fall 2018: Chapter 12
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How do we know the different
stages of a star's life? We
obviously have not been observing
stars for long enough to see it go
through all the stages.

ASTR/PHYS 1060: The Universe

Fall 2018:
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Star ClusferS' stars of many masses |
born at; the same 1 time . -
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Which of these star clusters is the oldest?
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The remarkable agreement
between observations of
stars in a cluster (dots)...

Theory (red line) &
Observations (white dots) .. B

10 branch g

We can make a model of any

' 3 Red giant
star based on its mass and age . ¥ -Hed gian

X 2l o
. branch-..

N

...and calculations of where
evolved stars should lie in
the H-R diagram (red line)...

A . S
.~ \
. l'. —
’ .I 'l-
b 1
s -
. 58

7

A

W 4 (s

- s
b &t 5

Visual luminosity relative to Sun
o
N

(

...provides strong support
for our understanding of
stellar structure and evolution.
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Which stars In
this cluster are
the most
massive?

ASTR/PHYS 1060: The Universe

The remarkable agreement

the H-R diagram (red line)...
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Because stars In
clusters form at the
same time, and a
star’s evolution Is
determined primarily
by Its mass, we can
observe many
clusters and figure
out how stars evolve

ASTR/PHYS 1060: The Universe
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What happens when close binary stars evolve?

Two low-mass main- Star 1 Star 2
sequence stars orbit

their center of mass. I >

Roche lobes

What is this??? /

ASTR/PHYS 1060: The Universe Fall 2018: Chapter 12
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What happens when close binary stars evolve?

The more massive
star 1 begins 10 evolve... e —
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What happens when close binary stars evolve?

...until it overfills its
Roche lobe and begins
transferring mass onto
its companion, star 2.

Star 2 gains mass,
becoming a hotter,
more luminous main-
sequence star.
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What happens when close binary stars evolve?

Teff [K]

10000 8000 6000 5000 4000
Mv Ll | | | | | | | B | | : L
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What happens when close binary stars evolve?

When star 2 evolves
beyond the main
sequence, It too
overfills its Roche lobe

and begins transferring
mass onto its white
dwarf companion.
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What happens when close binary stars evolve?

A “nova” is what?

A) Material from Star 2 hits the surface of the
white dwarf, causing it to heat up
B) Material from Star 2 accumulates on the

surface until it’s hot enough to burn (fuse
H -> He)
C) Enough material falls on the white dwarf
to cause the entire star to explode
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What happens when close binary stars evolve?

It star 1 survives,
two white dwarfs are
eventually left behind...

ASTR/PHYS 1060: The Universe Fall 2018: Chapter 12
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What happens when close binary stars evolve?

[

ASTR/PHYS 1060: The Universe Fall 2018: Chapter 12

...but if star 1 explodes as a Type la
supernova, star 2 remains as an isolated
giant evolving to become a lone white dwardf.

40



Type la Supernovae

If the white dwarf mass
exceeds the Chandrasekhar
imit, it begins to collapse...

\ J

N

| The Type la supernova

...pushi th .
pushing up the consumes the white

temperature until carbon
ignites and burns explosively. dwarf completely.

. J
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