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Do topo do RGB ao HB
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Estrela no lado azul do ramo horizontal
O envelope ainda estdo em contracdo = aumenta a

producio de energia pela shell (H = He). No nucleo: queima
de He em C e O = se desenvolve uma zona convectiva
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Logyg (L/L,)

No percurso para o lado azul (quente) do ramo horizontal, temos
gueima do He de maneira estavel. No ponto mais azul, peso

molecular é muito alto = nucleo de He entra em contracao.
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Estrela no lado vermelho do ramo horizontal

Peso molecular alto = ntcleo de CO em contracao.
Envelope em expansao = temperatura diminui

L/4nR?=0T"*

<o
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Estrela no lado vermelho do ramo horizontal

Nucleo de CO em contracao — desenvolve casca de queima
de He—>C. Aumento de luminosidade forca material acima a

se expandir e resfriar. A diminuicao da T desliga a camada
de queima de H>He

Junto com a
contracao do
nucleo de CO,
sao emitidos
muitos

v e 0 nucleo
resfria um
pouco e fica
mais denso e
degenerado
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Durante a passagem pelo ramo horizontal,

as estrelas podem desenvolver instabilidades
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Diagrama HR do aglomerado globular M5
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@ 2003, C J Hilder, www.AstronomylinYourHands.com
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I 1 ey Fig. 14.2. The light curve
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o 1 2 3 4 5 6 7 Figure from Joel Stebbings (1908,
Dias ApJ, 27, 188)
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https://royalsocietypublishing.org/doi/10.1098/rstl.1786.0002

II, A Serics of Qbfervations on, and a Difcavery of, the Period ArﬁgO da
of the Variation of the Light of the Star marked § by Bayer, near
the Head of Cepheus. In a Letter from John Goodricke, descoberta
Efy. to Nevil Matkelyne, D. D. F. R. §. and Afronomer da o Cephel,

Royal,
: por John
Read November 24, 1785, Goodricke
S IR, York, June 28, 185, P=52359d,
Having now delivered the obfervations, from whence I bem pr(')ximo
have deduced the preceding conclufions, nothing more relative do periodo
to this fubjet remains to be mentioned, except the determina-
tion of the period ; in the doing of which I muft follow nearly atualmente

the fame methods as have been qfed in fome preceding papers. aceito ( 5,366 d)

If ‘you think this account worthy of ‘notice, T beg you will
be fo kind as to communicate it to the Royal Society.

D. H. M.

5 3 375 N I remain, with great regard, &c. |
JOHN'GOODRICKE. " 1
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FIGURE 14.4 Classical Cepheids in the Small Magellanic Cloud, with the period in units of days.

(Figure from Shapley, Galaxies, Harvard University Press, Cambridge, MA, 1961.)
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More massive stars
are more luminous

and larger, so they

pulsate slower.

Per!’od? de (14.6)
oscilacao:
3
I~ [——
2y Gp
- G2
Yy = Cv

© Foundations of Astronomy
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No lado azul “sequéncia principal” de queima do He,

depois u muito alto = nucleo He em contracao.
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No lado azul “sequéncia principal” de queima do He,
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No lado azul “sequéncia principal” de queima do He,
depois u muito alto = nucleo He em contracao.

- Expansao do envelope e percurso para o vermelho
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FIGURE 13.8 A 5 M, star on the early asymptotic giant branch with a carbon-oxygen core and
hydrogen- and helium-burning shells. Note that relative to the surface radius, the scale of the shells
and core has been increased by a factor of 100 for clarity. (Data from Iben, Ap. J., 143, 483, 1966.) 37



Devido a energia pela queima PUISOS térmicos no AGB:
de hélio = expansao da camada The ThermaI-Pulse AGB

de He — a casca de queima de H desliga
— estrela em contracao, reativando a
camada de queima de H, que despeja
cinza de He na camada de He abaixo, que
vai se tornando degenerada. Quando T
na base da camada de He aumenta o
suficiente = queima explosiva, o
chamado ‘He shell flash’
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fractions of the base of the convective envelope (Mcg) and the hydrogen-helium discontinuity (Myy),
the star’s luminosity and effective temperature (L and 7, respectively), and the luminosities of the

hydrogen- and helium-burning shells (Ly and Ly, respectively). (Figure adapted from Iben, Ap. J.,

41



Terceira dragagem: Third dredge-up
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Fluxo relativo

Carbon stars: tlpo espectral C
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Identification of Technetium in 19 Piscium

C5 1II star, 4.95 magnitude
4889 A 4073 A
Ic Tc-99 é o is6topo
mais abundante
de Tc. Tempo de
vida é de apenas
~ 200 000 anos.
Tc é observado
em estrelas AGB
— foi produzido
“recentemente”

Ilm‘\lllll 1IN

HBTe - .
4854 4297 4267 4238 Tc : no stable isotopes

T ty, = 2.6x10° years
Tc* ty,, =1.5x10° years
Te? t;, =2.1x10° years

+ various short lived isotopes

http://mais-ccd-spectroscopy.com/Stellar.htm 44



Producao de outros elementos pesados por captura de
néutrons (proces»so-s [slow]) em estrelas AGB
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Evolucao final da AGB para massa inicial =<8M

A perda de massa é acentuada nos pulsos térmicos: 10“M_/ano
— formacao de nebulosa planetaria e nlcleo degenerado
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FIGURE 13.12 The AGB and post-AGB evolution of a 0.6 M, star undergoing mass loss. The
initial composition of the model is X = 0.749, Y = 0.25, and Z = 0.001. The main-sequence and
horizontal branches of 3, 5, and 7 M, stars are shown for reference. Details of the figure are discussed
in the body of the text. (Figure adapted from Iben, Ap. J., 260, 821, 1982.) 47



https://apps.williams.edu/nebulae/spectra.php?neb=NGC%207293

Helix Planetary Nebula (NGC 7293) (c) Hubble + CTIO 4m 4



o L ~ 74h com telescopio pequeno (2Qcm)
https://apod. nasa. gov/apod/ap190213.html

Helix Planetary Nebula (NGC 7293).' [O Ill] + Ho, ©Andrew Campbell 20108



NGC 6543. Nebulosa Olho de gato
Cat’s eye Planetary Nebula

ri o

(c) NASA/ESA Hubble

The bluish-green coloration of many planetary nebulae is due to the 500.68-nm and
495.89-nm forbidden lines of [O III] (forbidden lines of [O II] and [Ne III] are also com-

mon), and the reddish coloration comes from ionized hydrogen and nitrogen. Characteristic
temperatures of these objects are in the range of the ionization temperature of hydrogen,
10* K. 50




mage from Hubble's Advanced
a for Surveys (ACS) shows a bull's
- eye pattern of eleven or even more
concentric shells around the Cat's Eye.
Each 'ring' is actually the edge of a
spherical bubble seen projected onto

Cat's Eye Nebula (NGC 6543) by HST the sky. Pulses ~1500 years

Filters: F502N [O Il1], FR505N [O IIl], F658N (Ho+[N 11]) 51



Aglomerados estelares e Populacoes estelares
* Populacao lll: Z =0 (hypothetical)

* Populacao Il: estrelas muito antigas e pobres em
metais (Z < 0,002). Estrelas do Halo da Galaxia.
Aglomerados globulares.

* Populacao I: estrelas mais
jovens e com metalicidade  [S_—_ Thin dis: sarsigas
préoxima da solar (Z ~ 0,02).

Estrelas do disco da Galaxia.
Aglomerados abertos.

Bulge: stars

Halo: stars

Globular clusters

https://astronomy.swin.edu.au/cosmos/S/Stellar+Halo 52



Aglomerados globulares e abertos

Pléiades
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Evolucao de
aglomerados estelares
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M3 é velho (11 Gyr). A
.. .~ sequéncia principal ndo
i apresenta estrelas

. massivas. Ramos de
gigantes sao evidentes
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B-V
FIGURE 13.17 A color-magnitude diagram for M3, an old globular cluster. The major phases of
stellar evolution are indicated: main sequence (MS); blue stragglers (BS); the main-sequence turn-off
point (TO); the subgiant branch of hydrogen shell burning (SGB); the red giant branch along the
Hayashi track, prior to helium core burning (RGB); the horizontal branch during helium core burning
(HB); the asymptotic giant branch during hydrogen and helium shell burning (AGB); post-AGB
evolution proceeding to the white dwarf phase (P-AGB). (Figure adapted from Renzini and Fusi 56
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FIGURE 13.19 A composite color-magnitude diagram for a set of Population I galactic clusters.
The absolute visual magnitude is indicated on the left-hand vertical axis, and the age of the cluster,
based on the location of its turn-off point, is labeled on the right-hand side. (Figure adapted from an

original diagram by A. Sandage.)

Cluster age at turn-off point (yr)
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Blue Stragglers B_V

It should be pointed out that a group of stars, known as blue stragglers, can be found
above the turn-off point of M3. Although our understanding of these stars is incomplete, it
appears that their tardiness in leaving the main sequence is due to some unusual aspect of
their evolution. The most likely scenarios appear to be mass exchange with a binary star
companion,'* or collisions between two stars, extending the star’s main-sequence lifetime. 58



Blue Straggler: two channels: ~ Emaglomerado € facil
- ‘e identificar Blue Stragglers.
Collision or

- ( . ° ) )]
Mass transfer (“cannibalism”)  como identificar Blue

Stragglers de campo?

jlellllelljllll—fllllrlj
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Trabalho de IC de Lucas Schirbel: identificar sistema Blue Straggler em

estrela gémea do Sol
HIP 10725: The first solar twin/analogue field blue straggler***
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HIP 10725: The first solar twin/analogue field blue straggler*-**

Lucas Schirbel', Jorge Meléndez', Amanda 1. Karakas?, Ivdn Ramirez®, Matthieu Cas

A gémea solar HIP 10725
tem uma rotacao maior a
esperada para a idade
dela. A alta rotacao
talvez é devida a
transferéncia de
momento angular da
antiga companheira AGB.

HIP 10725 nao apresenta
berilio. O aumento da
rotacao pode ter
resultado em dragagem
de Be para o interior,
onde é queimado
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HIP 10725: The first solar twin/analogue field blue straggler*-**

Lucas Schirbel', Jorge Meléndez', Amanda 1. Karakas?, Ivdn Ramirez’, Matthieu Castro*, Marcos A. Faria®,
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HIP 10725: The first solar twin/analogue field blue straggler*-**

Lucas Schirbel', Jorge Meléndez', Amanda 1. Karakas?, Ivdn Ramirez’, Matthieu Castro*, Marcos A. Faria®,
. | | Variacao em
velocidade radial
causada
provavelmente por
companheira ana
branca (o que

restou da AGB).
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Fig. 4. Radial velocity data obtained for HIP 10725 over the course
of several years, evidence for the presence of the unseen white dwarf
companion. 63
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Algumas areas de Evolucao Estelar no Brasil

Estrutura e evolucao estelar (anas brancas):
* Kepler Oliveira, Alejandra Romero (UFRGS)

Calculo de evolucao do Li e Be:
* José-Dias do Nascimento, Matthieu Castro (UFRN)

Assinaturas quimicas de evolucao estelar:

* Estrelas: Beatriz Barbuy, Jorge Meléndez (IAG/USP), Claudio
Pereira (ON), Alan Alves-Brito (UFRGS), Diogo Souto (UFS)

* Nebulosas Planetarias: Roberto Costa, W.Maciel (IAG/USP)

Estrelas massivas:
* Alex Carciofi (IAG/USP), Marcelo Borges Fernandes (ON)
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