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Remnants as a Function of Mass and Metallicity
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Remnants as a Function of Mass and Metallicity

Fates of Intermediate and Massive Stars

NOTE

@ exact mass ranges depend
on uncertainties in stellar
physics (mixing, mass
loss, nuclear cross
sections, etc.)

@ they also depend on

metallicity and on initial
rotation rate of star




Regimes of Stellar Evolution

Burning Phases in the Stellar Interior
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Low-Mass and Intermediate-Mass Stars

O®@000000000

ing

c
p—
>
(a)]
C
(<))
(@)
(@)
S
©
)
I
Y
(@]
Q
O
e’
=
—
©
—
0p]

T(K) R (E+7cm)

10°
10°
0

©
o
—

10°

TTTT I T i::,, T i::,, T
r @ o o
r @ o ©
r @ o o
"= L
T I o o
B - o
lr ¢ o
| $T
| £z
Ll L1 el 0 Ll
Ll - -

. <

uonoel4 ssey [ejuswas|3

(00/618 NT+3) A (s/B/618) < (22/6) d

Interior Mass (solar masses)



Low-Mass and Intermediate-Mass Stars
00e00000000

Star, End of Hydrogen Burning
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Low-Mass and Intermediate-Mass Stars
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Star, Beginning of Helium Burning

Elemental Mass Fraction
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Low-Mass and Intermediate-Mass Stars
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Star, Middle of Helium Burning
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Low-Mass and Intermediate-Mass Stars
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Elemental Mass Fraction

p(g/CC) S (E+L ergigis) P (E+Lb ergicc)
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Low-Mass and Intermediate-Mass Stars
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Low-Mass and Intermediate-Mass Stars
00000008000

Star, Last Model Computed
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Low-Mass and Intermediate-Mass Stars
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Evolution of a 4 M, Star

Evolution of a 4 M, Star






Low-Mass and Intermediate-Mass Stars
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Star, Middle of Hydrogen Burning
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Low-Mass and Intermediate-Mass Stars
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Star, End of Hydrogen Burning
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Low-Mass and Intermediate-Mass Stars
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Star, Beginning of Helium Burning
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Low-Mass and Intermediate-Mass Stars
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Low-Mass and Intermediate-Mass Stars
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Star, End of Helium Burning
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Low-Mass and Intermediate-Mass Stars
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Low-Mass and Intermediate-Mass Stars
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Period-Luminosity Relation for Cepheids

5 T T T T T T T T ~
a5 i
/c./ X
B 4 —
|
2
g
- ® GALACTIC CLUSTER CEPHEIDS
© h+x PERSEUS ASSOCIATION
+ LMC
3 X SMC —
~
z A M31
o 6822
1 | 1 1 ] 1 | 1
0.4 0.8 1.2 1.6 2.0

Log [P(days)]



; §
0 t/yf*“m










“““““““““““““““““

11111111111111



Low-Mass and Intermediate-Mass Stars
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Low-Mass and Intermediate-Mass Stars
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Change of Structure During AGB Cycle




Low-Mass and Intermediate-Mass Stars
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Kippenhahn-Radius Diagram, 4 M., Star
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Low-Mass and Intermediate-Mass Stars
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Kippenhahn-Radius Diagram, 4 M., Star
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Low-Mass and Intermediate-Mass Stars
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Kippenhahn-Radius Diagram, 4 M., Star, He Depletion
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Low-Mass and Intermediate-Mass Stars
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Low-Mass and Intermediate-Mass Stars
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Kippenhahn-Radius Diagram, 4 M., Star, He Depletion
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Kippenhahn-Radius Diagram, 4 M, Star, He Depletion
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Kippenhahn-Radius Diagram, 4 M., Star, Start of AGB
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Low-Mass and Intermediate-Mass Stars
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Kippenhahn-Radius Diagram, 4 M., Star, Start of AGB
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Kippenhahn-Radius Diagram, 4 M, Star, AGB Phase
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Kippenhahn-Radius Diagram, 4 M, Star, AGB Phase
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Low-Mass and Intermediate-Mass Stars

Kippenhahn-Radius Diagram, 4 M, Star, AGB Phase
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Low-Mass and Intermediate-Mass Stars

Kippenhahn-Radius Diagram, 4 M., Star, Start of AGB
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Kippenhahn-Radius Diagram, 4 M., Star
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Rare Spherical Planetary Nebula Abell 39
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Planetary Nebula Ring

Planetary Nebula

opaque
AN

transparent

Observer




Planetary |

Helix Nebula Details
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M57 The Ring Nebula
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Planetary Nebula NGC 2440
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NGC 6543 - "Cat’s Eye"

The Cat's Eye Nebula, NGC 6543, imaged by the Hubble Space Telescope. Compare this to the
lower magnification ground -based irnage (nset) made using the 21 telescope at Kitt Peak
National Chservatory under excellent atmospheric conditions. The Hubble image was cbtained
by P.Harringion, K.JBorkowski, and NASA and recolored by B.Balick with permission. The
ground based image is by B.Balick.

‘The Cat's Eye Nebula was the first planetary nebula ever to be discovered — and also the first
tobe cbserved after the refurbishment of the Hubble Telescope's optics.




Planetary |

M2-9

Planetary Nebula M2-9
Hubble Space Telescope + WFPC2

PRC97-38a - ST Scl OPO + December 17, 1997 + B. Balick (University of Washington) and NASA
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