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Factores que inducen
conveccion:

Alta opacidad (ocurre
en capas frias)

Alto flujo de calor que
los fotones no alcanzan
a transportar

Transporte radiativo: fotones
de la region caliente se
mueven hacia la region fria.
En su camino sufren

colisiones con otras
partlculas OPACIDAD
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Factores que inducen
conveccion:

Alta opacidad (ocurre
en capas frias)

Alto flujo de calor que
los fotones no alcanzan
a transportar

Transporte radiativo: fotones
de la region caliente se
mueven hacia la region fria.
En su camino sufren

colisiones con otras
particulas: OPACIDAD
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Transporte convectivo:
la misma materia
caliente se mueve
hacia arriba, se enfria
y vuelve a bajar.
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~esultado de la Conveccion

Imagen ultravioleta del
satélite SOHO

(SOlar & Heliosphere Observatory
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Norite

Granite
Gabbro

CN Tower
SS3 m (1815 ft)

Dada la dificultad de detectar neutrinos, los detectores siempre estan ubicados
a gran profundidad para evitar la contaminacion por los rayos cosmicos.




The Nobel Prize in Physics 2002

"for pioneering contributions to
astrophysics, in particular for the detection
of cosmic neutrinos”

Raymond Davis Jr. Masatoshi Koshiba
® 1/4 of the prize ® 1/4 of the prize

USA Japan

University of University of Tokyo
Pennsylvania Tokyo, Japan

Philadelphia, PA, USA

b. 1914 b. 1926
d. 2006
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Envolvente radiativa
Nucleo convectivo




Envolvente radiativa
Nucleo convectivo

Z =0.001
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Fig.22.4. a,b The run of some func-
tons nside zero-age main-sequence
modcls for M = 1Mg (solid lines)
and M = 10Mg (dashed lines) with
the same composition as in Fig,22.1
(X = 0.685, Xye = 0.294); (a) den-
sity o (in g cm™?), (b) radial mass dis-
tribution m(r), (¢) temperature 7° (in
K), (d) nuclear energy production (in
erg g~' s~1), (e) local luminosity {
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1: Xy=0.71
2. Xy=0.62
3: Xy4=0.40
4: Xy=0.21
5. Xy=0.10

| 6: Xiy=0.01
1 Me: . 7: Xy=0.00
5 Me:

nucleo radiativo
nucleo convectivo |

Y=0.2734, 2=0.0198, 1M, : Y=0.2734, Z=0.0198, 5M,
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Figure 9.10. Hydrogen abundance profiles at different stages of evolution for a 1 M., star (left panel) and a
5 My, star (right panel) at quasi-solar composition. Figures reproduced from SaLaris & Cassisl.




H burning in
the center
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Figure 9.9. Evolution tracks in the H-
R diagram during central hydrogen burn-
ing for stars of various masses, as la-
belled (in M), and for a composition
X = 0.7,Z = 0.02. The dotted portion
of each track shows the continuation of
the evolution after central hydrogen ex-
haustion; the evolution of the 0.8 M,, star
1s terminated at an age of 14 Gyr. The
thin dotted line in the ZAMS. Symbols
show the location of binary components
with accurately measured mass, luminos-
ity and radius (as in Fig. 9.5). Each sym-
bol corresponds to a range of measured
masses, as indicated in the lower left cor-
ner (mass values in M,,).
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Figure 9.9. Evolution tracks in the H-
R diagram during central hydrogen burn-
ing for stars of various masses, as la-
belled (in M), and for a composition
X = 0.7,Z = 0.02. The dotted portion
of each track shows the continuation of
the evolution after central hydrogen ex-
haustion; the evolution of the 0.8 M, star
1s terminated at an age of 14 Gyr. The
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Radiative envelope

- Convective core

NCla“=rncipal

~ 100 M@ : approximate upper mass above

which stars are unstable (dominated
by Prag With y=4/3).

~ 1.3 M@ : shift from pp chain to CNO cycle

and convective envelope to
convective core

~ 0.5 M@ : shift from wholly convective to

convective envelope and radiative core.

~ 0.1 M® : below this mass T does not reach
threshold for H ignition: brown dwarfs.

DIpIomMado en"ASIrolsiCa,"UNANVIFZo & 20 AEJUIIO ZUTO ™S



POST - SECUENCIA
PRINCIPAL.:
M<8 Mc

QUEMADO de He
(y tambien H !)
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3 Types of Stars depending on their mass:

low-mass stars are those that develop a degenerate helium core after the main sequence, leading to
a relatively long-lived red giant branch phase. The 1gnition of He 1s unstable and occurs in a
so-called helium flash. This occurs for masses between 0.8 My and = 2 Mg (this upper limit 1s

sometimes denoted as Myer).

2 Me® <M < 8 M@ : intermediate-mass stars develop a helium core that remains non-degenerate, and they ignite helium
in a stable manner. After the central He burning phase they form a carbon-oxygen core that
becomes degenerate. Intermediate-mass stars have masses between Myer and My, ~ 8 Mo.
Both low-mass and intermediate-mass stars shed their envelopes by a strong stellar wind at the
end of their evolution and their remnants are CO white dwarfs.

massive stars have masses larger than M,, ~ 8 My and 1gnite carbon in a non-degenerate core.
Except for a small mass range (= 8 — 11 M) these stars also ignite heavier elements in the core
until an Fe core 1s formed which collapses.
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Figure 10.1. Evolution tracks for stars of quasi-solar composition (X = 0.7, Z = 0.02) and masses of 1, 2,

3, 5,7 and 10 My 1n the H-R diagram (left panel) and in the central temperature versus density plane (right
panel). Dotted lines in both diagrams show the ZAMS, while the dashed lines in the rnight-hand diagram show
the borderlines between equation-of-state regions (as in Fig. 3.4). The 1 M, model 1s charactenistic of low-mass
stars: the central core becomes degenerate soon after leaving the main sequence and helium is ignited in an
unstable flash at the top of the red giant branch. When the degeneracy 1s eventually lifted, He burning becomes
stable and the star moves to the zero-age horizontal branch in the HRD, at log L = 1.8. The 2 M, model 1s
a borderline case that just undergoes a He flash. The He flash itself 1s not computed 1n these models, hence
a gap appears in the tracks. The 5 M, model 1s representative of intermediate-mass stars, undergoing quiet
He 1gmition and He burning in a loop in the HRD. The appearance of the 7 and 10 M; models in the HRD
1s qualitatively similar. However, at the end of its evolution the 10 M, star undergoes carbon burning in the
centre, while the cores of lower-mass stars become strongly degenerate. (Compare to Fig. 8 4.)

M < 8 M® develop a
degenerate C-O core

He-fignition

M < 2 M® develop a
degenerate He core
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El terminar combustion de H en el nucleo
este se contrae y se calienta:
Contraccion

= degeneracion

Calentamiento
= la capa de quemado 4H—He es

muy caliente
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B: Xcenter = 1073 : star contracts | |

l Msun (Z = 002)

B-C: H burning in a thick shell
He core grows and slowly contracts
= Envelope expands and stars

moves toward Hayashi line.
Star in hydrostatic & thermal equilibrium:
B-C last 2x10° yrs.

C: He core is degenerate
Initially M¢c < Msc and when M¢ > Msc
core is degenerate: no SC limit and

no Hertzsprung gap for low mass stars. Subgiant

¢ branch

Evolution on the RG branch depends only
on the He core mass.
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F: Mc = 0.45 M® and T = 108K:

Helium ignition in a degenerate core
= Helium flash

L ~ 1010L® ! For a few seconds only.

G-H: Helium core burning in a non
degenerate core.

H: He exhaustion in the core

He en el Nucleo
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BElEP=g=p=3=I=F<V=jul

H core burning

10 11.0
age (107 yr)

| .“unr. (Z = ”.0:)

3.6

/ H shell burning

'/ He shell burning

He core burning

Figure 10.5. Evolution of a 1 M., star of ini- . 11.9
tial composition X = 0.7, Z = 0.02. The top
anel (a) shows the internal structure as a func-

2(»:\ of mass coordinate m. Gray areas are con- age ( 109 )’l’)
vective, lighter-gray areas are semi-convective

The red hatched regions show areas of nuclear . . . . .
energy generation: €y, > S L/M (dark red) and Flgure 10.8. Evolution with time of the lu-
€ > L/M (light red). The letters A...J indi- minosities and central abundances in a 1 M,

cate cnrw\,x'mdmg points m.lhc evolution track star during the late part of the red giant branch

in the H-R diagram, plotted in the bottom panel - . . =

(b). See text for details. and during helium burning. Letters D...H cor-
respond to the same evolution phases as in

Fig. 10.5.




3 Types of Stars depending on their mass:

low-mass stars are those that develop a degenerate helium core after the main sequence, leading to
a relatively long-lived red giant branch phase. The 1gnition of He 1s unstable and occurs in a
so-called helium flash. This occurs for masses between 0.8 My and ~ 2 Mg (this upper limit 1s
sometimes denoted as Myef).

2 Me® <M < 8 M@ : intermediate-mass stars develop a helium core that remains non-degenerate, and they ignite helium
in a stable manner. After the central He burning phase they form a carbon-oxygen core that
becomes degenerate. Intermediate-mass stars have masses between Myer and My, ~ 8 Mo.
Both low-mass and intermediate-mass stars shed their envelopes by a strong stellar wind at the
end of their evolution and their remnants are CO white dwarfs.
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"El Reloj de Arena”
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La densidad central de una
enana blanca puede
alcanzar 10° g/cm?
(mil toneladas/cm?3)

La presion soportando esta
densidad es debida a la
degeneracion de los
electrons

Stein 2051
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Chandrasekhar demostro
gue la masa maxima que
puede soportar la presion
de degeneracion de
electrones es de
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@ The Nobel Prize in Physics 1983

"for his theoretical
studies of the
physical processes
of importance to the
structure and
evolution of the
stars”

Subramanyan
Chandrasekhar

D 1/2 of the prize
USA
University of Chicago

Chicago, IL, USA Technology (Caltech

b. 1510
(in Lahore, India)
d. 1855
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3 Types of Stars depending on their mass:

8 M® < M : massive stars have masses larger than My, ~ 8 My and 1gnite carbon in a non-degenerate core.
Except for a small mass range (= 8 — 11 M) these stars also ignite heavier elements in the core
until an Fe core 1s formed which collapses.
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M < 8 M® develop a
degenerate C-O core

He-jignition

4: M <2 M® develop a
degenerate He core

H ignition

A i 't

4
log Teff (K) log pe (g/ cm?)

Figure 10.1. Evolution tracks for stars of quasi-solar composition (X = 0.7, Z = 0.02) and masses of 1, 2,
3,5,7 and 10 Mg 1n the H-R diagram (left panel) and in the central temperature versus density plane (right
panel). Dotted lines in both diagrams show the ZAMS, while the dashed lines in the night-hand diagram show
the borderlines between equation-of-state regions (as in Fig. 3.4). The 1 M; model 1s characternistic of low-mass
stars: the central core becomes degenerate soon after leaving the main sequence and helium is ignited in an
unstable flash at the top of the red giant branch. When the degeneracy 1s eventually hifted, He burning becomes
stable and the star moves to the zero-age horizontal branch in the HRD, at log L = 1.8. The 2 M, model 1s
a borderline case that just undergoes a He flash. The He flash 1tself 1s not computed in these models, hence
a gap appears in the tracks. The 5 M, model 1s representative of intermediate-mass stars, undergoing quiet
He 1gmtion and He burning 1n a loop in the HRD. The appearance of the 7 and 10 M; models in the HRD
1s qualitatively similar. However, at the end of its evolution the 10 M, star undergoes carbon burning 1n the
centre, while the cores of lower-mass stars become strongly degenerate. (Compare to Fig. 8 4.)
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Figure 12.1. Evolution tracks in the HR diagram (left panel) and in the log p.-log T'. diagram (right panel) for
stars with Z = 0.02 and M = 10, 15 and 25 M, computed with a moderate amount of overshooting. The tracks

end when carbon 1s ignited in the centre, under non-degenerate conditions.
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Figure 12.5. Evolution of central temperature and density of 15 Mz and 25 M, stars at Z = 0.02 through all
nuclear burning stages up to iron-core collapse. The dashed line indicated where electrons become degenerate,

. . . > . .
and the dash-dotted line shows where electrons become relativistic (¢, = m.c-). The dotted line and arrow in-
. - /3 . - . o
dicates the trend 7. p,.'- * that 1s expected from homologous contraction. Non-monotonic (non-homologous)

behaviour is seen whenever nuclear fuels are ignited and a convective core is formed. Figure adapted from
Woosley, Heger & Weaver (2002, Rev. Mod. Ph. 74, 1015).
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Imagen del Telescopio Espacial (HST)

Betelgeuse
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Una supernova emita mas luz (durante
unos dias) que toda un galaxia.
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John Flamsteed

(19 ago. 1646 - 31 dic. 1719)
Primer Astronomer Royal
(1675 -1719)
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FiG. 1. The positions of the first five Cassiopeia stars, as given in Flamsteed’s 1725 catalogue

and as depicted in his atlas of 1729.®* The Flamsteed numbers on the star map have
heen added.
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FiG. 1. The positions of the first five Cassiopeia stars, as given in Flamsteed’s 1725 catalogue

and as depicted in his atlas of 1729.®* The Flamsteed numbers on the star map have
heen added.
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FiG. 1. The positions of the first five Cassiopeia stars, as given in Flamsteed’s 1725 catalogue

and as depicted in his atlas of 1729.®* The Flamsteed numbers on the star map have
heen added.
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Es un nucleo atomico
del tamano de una
metropolis

Masa: 1-2 Mso
Diametro: 20-30 km

Densidad:
10" g/cms3 =
mil millones de
toneladas por cm?
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Contiene un 90% de neutrones y un 10% de protones
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El aumento de presion por la gravedad en el centro puede llevar al
desconfinamiento de los quarks
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¢, Que le pasa a la

materia cuando esta
en un hoyo negro ?
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