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Las ciencias naturales se distinguen de las matematicas puras por el rol
crucial que juegan los experimentos y las observaciones. Es por eso que el
progreso en las ciencias es mas lento que en matematicas. Hay muchas
estructuras logicas y autoconsistentes, pero muchas de ellas tan una
descripcion erronea del universo real, pero no porque sean ilogicas, sino
simplemente porque la naturaleza no se comporta de ese modo. Sin
experimentos y observaciones que la guien, la mente humana erraria y

erraria, una y otra vez, en su intento por descifrar los enigmas del universo
real.

Frank Shu, The Physical Universe: An Introduction to Astronomy.
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Diagramas color-magnitud: caracteristicas en relacién al
comportamiento evolutivo observable en cumulos abiertos y globulares
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Recordando la teoria basica de evolucion estelar

Los diagramas Color - Magnitud de cumulos abiertos y globulares, y de estrellas en los
alrededores del Sol, se explican con la teoria de evolucion estelar. El objetivo de esta teoria
es explicar tales diagramas y lograr reproducirlos calculando modelos de estrellas.

- Considerando estrellas con simetria esférica y en equilibrio hidrostatico, se requieren
4 ecuaciones diferenciales para describir la estructura de la estrella en funcién del radio:

d# dL dT dP
dR "dR’dR’ dR
En ese caso, la estructura de la estrella queda determinada por su masa, composicion
quimica (abundancias) y otros factores.

y la ecuacion de estado del gas.

Usualmente, los modelos se calculan en coordenadas lagrangianas M = M(r)

Es necesario comparar el diag HR observado “color - MV” con el teorico “T .- M, _”.

Sobre la Secuencia Principal las estrellas son esencialmente quimicamente homogéneas y
fusionan (“queman”) H — He en sus nucleos:
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Diagrama color-magnitud de un cumulo globular
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Figure 6.2 The color-magnitude diagram for the globular cluster
M3. Known variable stars are shown as open circles, and the prin-
cipal sequences are annotated. [From data published in Buonanno
et al. (1994)]

Poblacion estelar simple (SSP): es un
conjunto de estrellas de igual edad vy
composicion quimica, que nacieron en un
brote de formacion estelar de duracion
despreciable.

¢, Por que tiene ese aspecto este diagrama
Color - Magnitud?

No muestra una “trayectoria evolutiva”,
corresponde a una “isocrona”

Cumulo globular: la mejor
aproximacioéon a una SSP

“Galactic Astronomy”
Binney & Merrifield



Comparacion de las trayectorias
evolutivas (o “tracks”) a partir de la
Secuencia Principal:

estrellas de 0.25a 15 /M

Se muestra so6lo parte de cada trayectoria

log (L/Lo)

Table 3-9. Stellar-Evolution Times (Years)

Mass (A )
Evolution-
track interval
1.0 1.25 1.5 2.25 3 5 9 15
1-2 C7x10°) 28 x 10° 1.5 x 10° 48 x 108 22 x 108 6.5 x 107 2.1 x 107 1.0 x 107
2-3 1.8 x 108 8.1 x 107 1.6 x 107 1.0 x 107 22 x 10° 6.1 x 10° 3 10°
34 1.2 x 10° 1.0 x 10° 3.5 x 108 3.7 x 107 1.0 x 107 1.4 x 10° 9.1 x 10*
4-5 1.6 x 108 1.5 x 108 1.0 x 108 1.3 x 107 45 x 10° 7.5 x 10° 1.5 x 105} 7.5 x 10*
5-6 >10° >4 x 10% >2 x 108 3.8 x 107 42 x 10° 49 x 10° 6.6 x 10*
6-7 - - - - 2.5 x 107 6.1 x 10° 49 x 10° 72 x 10°
7-8 - — - - 10 x 10° 9.5 x 10* 62 x 10°
} 4.1 x 107
8—9 - - - - 9.0 x 10° 3.3 x 10° 19 x 10°
9-10 - - - - 6.0 x 10° 9.3 x 10° 1.6 x 10° 35 x 10* | | | | |
SOURCE: (I3). Reproduced, with permission, from the Annual Review of Astronomy and Astrophysics, Volume 5. © 1967 by Annual Reviews, Inc. 4 e 1 T4.0
O Leff

Figure 3-17. Post-main-sequence evolution tracks for stars with

025 My < M < 15 M . Ages at the labeled points are given in

Table 3-9. For .4 < 2.25 M o, the tracks are terminated at the point

of core helium ignition. For .# > 3.4 the tracks are terminated

“ ) " shortly before helium-core exhaustion. [Reproduced with permission
Galactic AStronomy from the Annual Review of Astronomy and Astrophysics, Volume 5.

Mihalas & Binney Copyright © 1967 by Annual Reviews, Inc.]




Trayectorias evolutivas de estrellas de baja masa
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Figure 3-18. Schematic evolution track for a representative 40,000 20,000 10,000 5,000 .
low-mass, globular-cluster star from the main sequence to its effective temperature (K)
ultimate demise as a white dwarf. The major energy sources . Bs h th
are indicated at several key phases. Dashed lines indicate Flgpr 68.10.The compl'ete Srelunon at llcz\}/-masshstar Aronz tiz
episodes of very rapid evolution, during which details of the main sequence to a white dwarf. The track from the asympto
structure of the star are, at present, not too well known giant branch to a white dwarf (via a planetary nebula) is un-
Compare this figure with Figure 3_, 13 certain and is shown as a dashed curve.

“Galactic Astronomy” Mihalas & Binney “The Physical Universe: An Introduction to Astronomy”, Shu



Evolucion de estrellas de baja masa:
secuencia principal y rama de subgigantes
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Figure 8.10. The complete evolution of a low-mass star from the
main sequence to a white dwarf. The track from the asymptotic
giant branch to a white dwarf (via a planetary nebula) is un-
certain and is shown as a dashed curve.
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Figure 8.3. The structure of a star (a) on the main sequence and
(b) as it begins to leave the main sequence because of core-
hydrogen exhaustion.

“The Physical Universe: An Introduction to Astronomy”, Shu




Evolucion de estrellas de baja masa:
rama de gigantes rojas
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Figure 8.4. Ascent of a low-mass star to the red-giant branch.

(Adapted from Icko Iben, Ann. Rev. Astr. Ap., 5, 1967, 571.)
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Figure 8.5. The structure of a red giant. The left figure shows the
entire star from core to photosphere. The right figure shows an
enlarged picture of the region near the core. Notice that the core,
which may contain about half the total mass of a low-mass star
at this point, occupies only one ten-billionth of the total volume.

“The Physical Universe: An Introduction to Astronomy”, Shu




Evolucion de estrellas de baja masa:
rama horizontal
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branch to the horizontal branch. Track A corresponds to a star
which suffered a relatively large loss of mass during the red-
giant phase of stellar evolution. Track B corresponds to a star
which suffered relatively little loss of mass. (Adapted from Icko
Iben, Ann. Rev. Astr. Ap., 5, 1967, 571.)

“The Physical Universe: An Introduction to Astronomy”, Shu



Evolucion de estrellas de baja masa:
rama de gigantes asintética
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Figure 8.10. The complete evolution of a low-mass star from the
main sequence to a white dwarf. The track from the asymptotic
giant branch to a white dwarf (via a planetary nebula) is un-
certain and is shown as a dashed curve.
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Figure 8.8. The structure of an asymptotic giant. The figure on
the left shows the entire star from core to photosphere. The
figure on the right shows an enlarged picture of the region near

the core.

“The Physical Universe: An Introduction to Astronomy”, Shu




Trayectorias evolutivas de estrellas
de alta masa: 9y 25/
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Figure 8.11. Evolution of a high-mass and a very-high-mass star
in the Hertzsprung-Russell diagram. (Adapted from Icko Iben
and from Weaver and Woosley, Ninth Texas Symp. Rel. Ap.,
Ann. N.Y. Acad. Sci., 336, 1980, 335.)

“The Physical Universe: An Introduction to Astronomy”, Shu




Clasificacion observacional de supernovas
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Figura 1.1: Esquema de la clasificacion observacional basada en los elementos presentes en el es-
pectro de las supernovas, indicados por los rombos amarillos. En rojo se marca el tipo de supernova
que proviene de una explosion termonuclear, y en verde, los tipos correspondientes a supernovas de
colapso de nicleo. Los tipos marcados con recuadro azul corresponden a Stripped-Envelope Super-
novae (supernovas de envoltura removida, ver Seccion 1.2) Este esquema no es completo, existen
otras subclasificaciones en base a caracteristicas de la curva de luz y del espectro. Sin embargo,
estas subclasificaciones son irrelevantes para esta tesis.

L. Ferrari (2021). Tesis de licenciatura. https://sedici.unlp.edu.ar/handle/10915/120039



Estrella evolucionada de alta masa:
pre-supernova tipo Ib, Ic y Il
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Figure 8.13. The onion-ring structure of a pre-supernova star
(a very evolved star of high mass). The diagram on the left shows
the dimensions of the entire star, a red supergiant, from core to
photosphere. The diagram on the right shows the nuclear-
burning regions near the inert iron core.

“The Physical Universe: An Introduction to Astronomy”, Shu
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