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Variedade de brilhos

-

L




Algumas estrelas aparentemente isoladas sao na

verdade sistemas duplos (ou binarios)

Albireo (B1 Cyg) - HIP 95947 A

Magritude: 3.35 (8- 0.82)

de Absolut

*1204%/438°09'12" (geometnc)
“1204%438°10°04" lapparert )
al: K39+

Albireo : sistema duplo
magnitude V: A:3.18 B:5.82




# Betelgeuse

V-=04 8,
, Q
: 1/\\ //Q[‘,./
Z
L6
« 2,
%, %
Wy, %, o
7. I
C?,f 7 <
RS
5 o
'?/é') g
Saiph L o
V=21 SR

Magnitudes

estrelas mais brilhantes
aolhonl:m~-1a0
mais fracas: m~5a6

Escala logaritmica

Venus at Hubble

brightest Space
Telescope
Sirius limit
Full
Sun moon Polaris
Naked

C WE

-30 265 20 -156 -10 -5 O 5 10 15 20 25 30
Apparent magnitude (m,)

Brighter

Fainter



Magnitude (m) vs. Fluxo (f)
Am 5 - 1,/f, =100

| Magnitude Differ
O 2 3

rrrrrrrr

02563 6
Bmh sssss Ratio

m, —m, = -2.5 log(f,/f,)

m : magnitude aparente:

Rigil Kent
°



Exemplo: quao mais brilhante é a estrela
Vega (m ~ 0) emrelacao a 18 Sco (m ~ 5)
m, (Vega) = 0,0
m, (18 Sco) = 5,0

-5,0 =-2,5 log (f,/f,)
2,0 = log (f,/f,)
f./f,=102=100
Vega € 100 vezes mais brilhante que 18 Sco




~ Para saber o brilho intrinseco das estrelas precisamos saber as suas distancias

* Procyon V= 0,3;.-d =11 anos luz

Sirius'V = -1,5; d = 8,6 anos luz

'\gm. :
SN : <5,

.Betelgéuée V= 0,4;d - 640 anos luz

T
: - 98,
&3S -6, :

FS - A .., Aldebaran 0,8;
Fy 0  -. - -d=65anosluz
Ay S |

' Rige'I'V =0,1;
d= 77(_) anos luz



Distancia

distant stars

Every January, Every July,
we see this: we see this:

(not to scale)

July g January

Copyright @ Addison Waslay



Distancia

. Estrela proxima
- )
d=1/p(") A
p : em segundos de arco (
d: em unidades de parsecs
1 parsec = 3,0857 % 10%® metros
= 3,2616 anos-luz
Terra .— s
Exempk): Janeiro € - ___———'Ték.ra
P = 0,5” Distancia Terra-Sol Julho

d = 2 parsec = 6,5 anos-luz



Escala de distancias

Sol - alf Centauri : 4.3 light years = 1.3 parsecs

e *

1 parsec = 3,086 x 10%® metros
= 3,26 anos-luz

Diametro ~ 100 000 anos-luz
(30 000 parsecs ou 30 kpc)

Distancia Sol-Centro da Via Lactea : ~ 8 kpc




Magnitude Absoluta: M

Magnitude absoluta M: a magnitude aparente m
que teria um objeto a 10 pc de distancia

M=m+5-5logd
M =m +5+5 log p

| d: parsecs
p : “(arcsec)




Exemplo: Magnitude Absoluta de

gémea solar 18 Sco
http //S|mbad u-strasbg fr/simbad/sim-fid

€ " cC # nustrasbgfr simbad/sim-fic

= W inFo
@) )“55’ @ 5 ik B
Cexime on Doxss

Simbad VizieR Aladin Catalogs Dictionary Biblio Tuto

ASTRONOMIGUES S0 STIASMOUR

SIMBAD: Query by identifiers

other query ldentifier Coordinate Criteria Reference Basic Script Output Help
modes : query query query guery  query  submission  options

Query an identifier

Examples
sirius, M31, MCG+02-60-010
How to write an identifier can be found in the dictionary of nomenclature
18560 I4U format can also be used, with the following format:
iau [J1B]1230+08 [* enlarging-factor ] [= Object-type ]

Identifier :

you can choose to query :  only this object v

around the object, define aradius : 2 arcmin ~

submit id ] [ clear]

12



€ ¢ @
Basic data :

* 18 Sco -- Variable Star

simbad.u-strasbg.fr/simbad/sim-idfldent=18+5co&Mbldent=1 &Radius=2 &Radius.unit=arcminf&submit=submit+ic

Other object types:

ICRS coord. (ep=J2000) :

FKS5 coord. (ep=J2000 eq=2000) :
FK4 coord. (ep=B1950 eq=1950) :
Gal coord. (ep=J2000) :

Proper motions mas/yr [error ellipse]:

Radial velocity / Redshift / cz :

query around ‘ with radius

*
(*,BD,CSI,GC,GCRV,GEN#,GJ,HD,HIC,HIP,HR, L
[B10]) , PM* (Ci,LFT,LHS,LTT,NLTT,PM) , **
(TD1)

16 15 37.26946 -08 22 09.9870 ( Optical )

16 15 37.269 -08 22 09.99 ( Optical ) [ 4
16 12 53.98 -08 14 19.0 ( Optical ) [ 25.
004.6952 +29.1570 ( Optical ) [ 4.48 2.90
230.77 -4595.53 [0.51 0.33 0] A 2007A&A...
V(km/s) 10.6 [2] / =z(~) 0.000035 [0.00000

Parallaxes mas:

71.94| [0.37] A 2007A&A...474..653V

Spectral type:

Fluxes (5) :

m.a.s. = 103"

Magnitude m,,

G2Va C 2011ARep...55...318

B 6.15 [~] C ~

vssol-1c~ |p=71,94x103"

my =5,5

13



Magnitude Absoluta de 18 Sco

Magnitude absoluta M: a magnitude aparente m que
teria um objeto a 10 pc de distancia

M=m+5-5logd [d: parsecs]
M=m+5+5logp[p: parallax em ”]
m, =5,5;p=71,94x 103"
M, =5,5+5+5log (71,94 x 10°3)
=10,5+5 x (-1.14)
Para comparag3o,

=4,3 Sol tem M,, = 4.83




Fluxo e Luminosidade
|  Luminosidade : energia

Luminosity is the total .
amountot;/power total por unidade de tempo
(energy per second)

{he Star radiates

into space.  Fluxo : Luminosidade

por unidade de area

" Apparent brightness is
the amount of starlight
reaching Earth (energy
per second per square
meter).

Not to scale!

15



Sol

Luminosidade
3,845 x 1026

Luminosidade:
L é a poténcia
(energia / unid. tempo)
emitida Pelo Sol.

sidade é constante
curtas escalas de tempo)



O Fluxo (energia/area) nao € constante:
Inversamente proporcional
ao quadrado da distancia

Inverso do Quadrado

Fonte: http://www.pion.sbfisica.org.br



ASUperﬂclaI =4n R?

Fr=L/ (4 R?



Fluxo Solar a distancia d

E a poténcia
medida por
unidade de
area a uma
distancia d do
centro do Sol.

— 2 ; .
Agxpandida =4 T d L: luminosidade

F=F,=L/(4nd?



Variacao do Fluxo em funcao
da distancia d
Fy =L/ (4nd?)

AExpandida =4 d? FR =L/ (47'CR2)

F,/ Fr=R2/d?

F=P/A
%ﬁf Fy.d2=Fg.R?



Qual o fluxo solar recebido por Vénus
em relacao ao fluxo recebido na Terra
(constante solar, S,)?

Fluxo recebido pela Terra: S,

Distancia Terra-Sol: DTS =1 U.A. = 150 milhdes de km
Fluxo recebido por Vénus = F_Vénus

Distancia Vénus-Sol: DVS =0,72 U.A.

S, X DTS? = F_Vénus x DVS?
F_Vénus =S, X (DTS/DVS)?
F_Vénus =1,93 S,



Variedade de cores

-

g
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Classificacao de estrelas

usando cores

Intensity —m

2500 K

¢

2,500 K

LO0D 3500 6000  SS500 L0

Wavelength (.-.\) —_—

Intensity ——a

5800 K

5800 K

| ] | |

LODD 3500 6000 8300 11000

Wavelength (;\) —

Colors are exagerrated

18 000 K‘

18,000 K

Intensity ——a-

vl »

LODD 3500 6000 RES00 11000

Wavelength (;\) —



Classificacao usando o espectro
das estrelas

Newton (1643-1727)



Wollaston (1802) found 7 lines in the solar spectrum

William Hyde Wollaston
(1766-1828)

The line A that bounds the red side of the spectrum is
somewhat confused, which seems in part owing to want of
power in the eye to converge red light. The line B, between
red and green, in a certain position of the prism, is perfectly
distinct; so also are D and E, the two limits of violet. But
C, the limit of green and blue, is not so clearly marked as the
rest; and there are also, on each side of this limit, other distinct
dark lines, f and g, either of which, in an imperfect experi-
ment, might be mistaken for the boundary of these colours.




Fraunhofer found 574

lines in the solar
spectrum (1817)

Joseph von Fraunhofer
(1787-1826)




.................... I Linhas Ae B
Espectro solar sdo devidas

s

ULTRA
vioun RED
X-RAYS ond
“ars spicizum
M L !
4000 " 5000 : 6000 . 7000 750
4 Fe (d) HB Fe Na Ha . ~
( Kc)a(u| | t 4668 (F) © 5800 & 5896 © Linhas C— K sdo da
3934 3968 4%%) Fe(e) 4861 5270 P2 Dy 6563  atmosfera solar
4384 g (by, by)
- 0 184 & 5173
H5 (h) [Hy (f
4102|4340 F4%ég)
CH, Fe (G)
4308

d Linhas de Fraunhofer (1817)

C: Ho indicador de temperatura

bl,b2: tripleto de Mg, gravidade superficial
H, K: Call lines, atividade estelar



Classificacao de estrelas

Padre Angelo Secchi (1860-1870): 4 tipos

Tipo I: branco-azul
moderna classe A & F “cedo”

Tipo Il
atual classe G, K, F tardio

Tipo lll: laranja-vermelho,
moderna classe M
Tipo IV: estrelas com linhas de emissao

B




O sistema de classificacao de Harvard

» 1890-1900s: classificacao de Harvard (E.Pickering +
Williamina Fleming + Antonia Maury + Annie J. Cannon):

O, B, A F G, K, |\/| Con e T e
' ' '~ owifil | | | - o
. ; ) B6! VH ' ‘hA‘ I !IISToun
il B T e
asm “ﬂ' ' ““‘ ‘ I s
Fa1v mw“&ux 1 ‘ l )
O . -
< T .
Cal G Hy Fel "
T T p—
oo UL ) )1 b |
o [ ,m e

M '*—MMIIIIIHIMWW
“mm ’P*
vor: AR M Y | <~

_-_Il|'||| -




Classificacao
estelar:

O,B,A FG,K M
Baseado em espectros
das estacOes Harvard
Norte (U.S.A.) & Sul
(Arequipa, Peru)

Annie J. Cannon classificou mais as m

de 250 000 espectros!

Call

K HHe Hel 3 Hy Hel  OlHell K
80""’“ || w' . « Crionis
e“ﬂl boconul | | o
av! | l l | ' ' l Sirivs
olfl bl | omeros
gad T . | scemnoum
‘5”'. H E I

52 T o

Cal GHyFeI Fc H?
Jrerm | reab
il LT T R
i (R ee— R
B eotegee

oI
-« T I O B
- I oA M O Y T
o I VR 111 1) W

D, R S R S~

A




Temperature

~ Range
>30,000 K

o)

30,000 K-
10,000 K

B
10,000 K-
7500 K

A

7500 K-
6000 K

F

6000 K—
5000 K

G

5000 K-
3500 K

K

Typical
Spectrum

hydrogen

<3500 K

titanium
oxide

sodium

titanium
oxide

Intensity

uv Blue Yellow

Red

500 600
Comprimento de onda (nm)




Cecilia Payne-Gaposchkin (1925)

A classificacdo de estrelas (O, B, A, F, G, K, M) é explicada como uma

sequéncia de temperaturas

Spectral class

B0 A0 FO GO KO MO
Color index (B8 -V)
-0.29 0.00 0.31 0.59 = S SRR . Syt
Call

n He |
-
e He Il
o
&
Q
c Cal
'.qz, Si IV Fe ll 1 Fel ‘
> |
> '
; TiO

30,000 9,400 7,000 5,900 5,200 3.900

Temperature (K)

Figure 19.16 Different atoms, wons, and molecules produce thetr spectra at different temperatures
Molecules are populous only in class M. Neutral metals are present at low temperatures. Toward higher
temperatures, more highly wmzed species are creared



Composicao quimica de estrelas:

Cecllia Payne-Gaposchkin
(May 10, 1900 — December 7, 1979)

1919: Botanica, Fisica e Quimica em
Cambridge (UK)

1922: iniciar estudos de astronomia nos
Estados Unidos (Harvard)

1925: Tese de doutorado
H e He sao os elementos mais
abundantes em estrelas




Mas a maioria de linhas no espectro
de estrelas € devida ao ferro
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Pro r Russell (Princeton)

[ A AR
Shapley: diretor do Harvard observatory
(supervisor da Cecilia Payne)

Cecilia foi praticamente
obrigada a mencionar na
tese de doutorado que
seus resultados sobre a
alta abundancia de H e He
poderiam estar errados

E impossivel !,

o Sol NAO é
50mMposto maiorm
de H e He

4 anos depois Russell publicou um paper
anunciando que o Sol € maiormente H ...



Cecilia Payne, uma astronoma

brilhante mas injusticada

“PROBLEMAS”:

- Mulher

- Jovem (doutorado aos 25 anos, em 1925)
- Excepcionalmente brilhante

- Fol obrigada a mudar de area

- Foi subestimada ...

- Contratada apenas como assistente
- Foi nomeada Professora aperr em 1956




Mais sobre
classificacao
espectral:

classe de R 4

T vy
S by Arvtuns

luminosidade W

Lumlinosity effects on the widths of spectral lines

Supergigante

Gigante
Ana

sequéncia principal




Classe de luminosidade

Antonia Maury : foi contratada
em 1888 por E. Pickering
(Harvard) para classificar
espectros. Ela propos um
novo sistema de classificacéo
levando em conta tb a forma
das linhas, mas o sistema foi
ignorado por Pickering.

Dwarf and Supergiant sprectra in comparison

Call
Call + H,

-~ - --——l

T e e -
" ras n i r
' h- .J,‘
- -'.0-9 “

Above: normal star S u pe rg | ga nte

Below: supergiant star

Note wide and diffuse hydrogen and calcium lines in normal stars atmosphere, against the
extreme sharpness of the same lines in the supergiant atmosphere.



Diagrama
H-R
(Hertzsprung
- Russell)

106
10°

104
T 10°
M 100
10

o
O K
=

.01

o Luminosidade (So

60 S
-

—

RsSses ~, :
-3(,;-/. ~
- BQC)iarNﬂses
O SOL
Ry

o

4 ' P Centauri

Proxima Centaurl -~ #%

.

30 000 ~ . 10000 6000 3000 K
Temperatura superficial (Kelvin)

.
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Fluxo na
superficie de
uma estrela:

F =0Ty

T«(Sol) = 5777 K

Luminosidade:
L=F. area

ATR? O T ¢

Luminosidade (Sol = 1)

Spectral type

Q L
W

108 -
{0
o

Alnilam
3 Adara
-

~

~
W Cnina A
opiCca A >~

Sirius B ~. 40 Eridani B
Wi Woli 1346
~ YOIl . I 040

<. Barnard's Star
f.rf":,fx:vﬂ B (¥ d

.

Re
Van Maanen'’s Star dwarfs

~ . Wolf 486

30000 20000 10 000 5000 3000 2000
Temperatura (K)

(€8 = 10S) M e1njosqy apniiubep




Spectral type

L = 4nR? o T ¢

1Ry =696 342 %+ 65 km
(Emilio et al. 2012)

Outras medidas:
695 950 + 250 km !

Diferenca de 0,06%

Temperature (K)




O brasileiro que mediu o raio
do Sol com maior precisao

Marcelo Emilio
Diretor do Observatoério Astronomico da UEPG
(Universidade Estadual de Ponta Grossa)

Fez doutorado no IAG/USP
MEASURING THE SOLAR RADIUS FROM SPACE DURING THE 2003 AND 2006 MERCURY TRANSITS

M. EmiLio'. J. R. Kunn®, R. I. Buse®, anp 1. F. ScHOLL?

(Dated: Received December 13, 2011; accepted March 5, 2012)
To appear in Astrophysical Journal

ABSTRACT

The Michelson Doppler Imager (MDI) aboard the Selar and Heliospheric Observatory observed the
transits of Mercury on 2003 May 7 and 2006 November 8. Contact times between Mercury and the
solar limb have been used since the 17th century to derive the Sun’s size but this is the first time
that high-quality imagery from space, above the Earth’s atmosphere, has been available. Unlike other
measurements this technique is largely independent of optical distortion. The true solar radius is still
a matter of debate in the literature as measured differences of several tenths of an aresecond (i.e.,
about 500 km) are apparent. This is due mainly to systematic errors from different instruments and
observers since the claimed uncertainties for a single instrument are typically an order of magnitude
smaller. From the MDI transit data we find the solar radius to be 960”.12 +07.09 (696, 342 + 65km).
This value is consistent between the transits and consistent between different MDI focus settings after
accounting for systematic effects.
Subject headings: astrometry, Sun: fundamental parameters, Sun: photosphere
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Spectral type

supergiants

B1V :.: th for diagram
Spica  11Msgy, |
: Lifetime 107 yrs

A1V
Sirius 2Msyn
Lifetime 10° yrs

G2V

. Sun 1Mgyp

Lifetime 1010 yrs

A massa

“ . M55V

€a G vk WSS

p ro p Il ed ad e Lifetime 107 yrs Temperature (K)

mais basica de uma estrela



Propriedades fundamentais na seqgliencia
principal (V): R, M, L em unidades solares

RAIO MASSA Luminosidade Temperatura
Classe estelar
R/Rgs M/Mg L/Lg K
16 158 ? 2 000 000 54 000
14 58 800 000 46000
5,7 16 16 000 30 000
3,7 5,4 750 15 200
2,3 2,6 63 9 500
1,8 1,9 24 8 700
1,5 1,6 9,0 7 200
1,2 1,35 4,0 6 400
1,05 1,08 1,45 6 000
1,0 1,0 1,0 5800
0,98 0,95 0,70 5500
0,89 0,83 0,36 5 250
0,75 0,62 0,18 4 450
0,64 0,47 0,075 3 850
0,36 0,25 0,013 3 200
0,15 0,10 0,0008 2 500

0,10 0,08 0,0001 1 900



Animacao de manchas solares
observadas por Galileo
2 Jun — 8 Jul 1613: rotacao do Sol !




Efeito da velocidade de rotacao nas
linhas do espectro estelar

Estrela em rotacio Luz deslocada ao vermelho

Polo ' |yzdeslocada ao azul
ANANAA (’\ A AN

- : | f Iy / | 'y 'r's
ﬁ f 0\}. w\jl |\ ! \ " ‘| ‘I \‘ J |l [ i

v V UV Vv

blue red
Estrela sem
rotacao
: Lmhas redshifted
Estrela em
rotacao
e
ﬁuﬂvﬁ\/\\ ANN | Linhas blueshifted
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Efeito do angulo de inclinacdo |

Vsini

Devido a inclinacao do eixo de rotacao é observada a
componente da velocidade V sin I

48



Psini = 25 km/s Estrelas de
tipo AO com

¥sini = 1.5 km/s dlfe rentes

T . .

Nt Vsini

? Fell
Fell o1
R Fell Fell
Fell
T
Fell
1 1 1 1 l 1 L 1 1 I ] 1 1 1 l
4995 5000 5005 5010
UA)

. . > ()0 Boo F7V
Efeito da velocidade o~~~ iz
de rotagao nas linhas: _ |

. L i O Np ST A T buir F8v
(4 { { 1 4 .' v sini=3 km/s
espectrals I ] g
0.6} 1l Y
0.4; — e .
1040 1090 1140 1190

Wavelength (detector pixels)



Efeito da alta
velocidade de
rotacao em
estrelas
massivas

Main-sequence stars more luminous than the sun




North

arcsec

(.00

East

0.001 O 0.001
arcsec

The Shape of Achernar
(VLTI + VINCI)

ESO PR Photo 15B 02 11 June 203 D European Southenn Olservanoy +

Dr. Armando Dominiciano de Souza
Cote d’Azur, Franca
(ex-aluno do IAG/USP)

\,\ Constellation
Right ascension

Declination

Observation data
Epoch J2000

Equinox J2000
Eridanus
01" 37™ 42 84548%!"
—57° 14" 12.3101""

Apparent magnitude (v) 0.4452

Characteristics

Spectral type
U-B color index

B-V color index

B6 Vep™™
_0.641
_0_1?[2:

Variable type Lambda Eridani
Astrometry
Radial velocity (Ry) +16M kmis

Proper motion (u)

Parallax (m)

Distance

Mass

Radius

Luminosity

Surface gravity (log g)
Temperature

Rotational velocity

(v =in i)

Age

RA: 87.00 + 0.58!" mas/yr
Dec.; -38.24 1 0.501" mas/yr
2339 £+ 0.57'" mas

130 £ 3 ly
(43 £1 pc)

Details

68" Mo

7.3x 1145 Ry
3.150% Lo
3,507
~15,000" K
25017 kmis

1-5 x 103[c.‘raf.‘or: needed] years



Estrelas F, G, K : vinculos
cosmologicos e sobre a evolucao
guimica da Galaxia

52



Primeiros elementos no universo:
H, He, Li

Periodic Table of the Elements

':'é\' www.elementsdatabase com

hydrogen B poor metals
alkali metals O nonmetals

alkali earth metals B noble gases
transition metals rare earth metals

18 20 21 22 23| 24 25 26 27 28 29
K |[Ca|Sc|Ti |V |Cr|Mn|Fe |Co|Ni | Cul|Zn

7 38| 39| 40 41 42 43 44 45 46 47
Rb|Sr| Y |Zr [Nb |Mo | Tc | Ru|Rh |[Pd | Ag |Cd

55| 56| 57| 72 73 74 78 78| 7 78] 79
Cs|Ba|lLa|Hf | Ta |W | Re|Os| Ir | Pt | Au| Hg

ar aa 89 104 105 108 107 108 109 110
Fr | Ra| Ac|Ung|Unp|Unh|Uns|Uno(Une Unnl

58 59 &0 61 62 63 64 85| &6| &7 68| 69 70 A
Ce| Pr{Nd|Pm|Sm|Eu |Gd | Tb | Dy|Ho | Er | Tm|Yb | Lu

g0 o1 62| o3| o4| o©5| 96| or| o8| 99| 100] 101| 102| 103
h|{Pa| U |[Np|Pu|Am|Cm |Bk | Cf |[Es |Fm| Md| No| Lr




tempo

Evolugao de nosso universo
Primeiros minutos: H He, Li

Time Since
Big Bang

a]or Events
Since Big Bang

Hgmans
oppe observe
13,7 billion years the cosmos.
stars,
galaxies
Era of and clusters
Galaxies (made of
atoms and
plasma)
1 billion First galaxies
vyl form.
atoms and
plasma
Era of (stars begin
Atoms to form) Atoms form;
photons
300,000 fly free and
ye'ars become
background
plasma of radiation.
Ea:of hydrogen and
Nuclel helium nuclei Fusion
3 minutes
protons,
Era of

neutrons 75%
Nucleosynthesis

electrons
0.001 seconds annihilates
: elementary antimatter.
Particle '®" particles
Era (antimatter common) Eléctromagnetic and
10-10 seconds 3 weak forces become
Electroweak - ele_rr}ema"y distinct.

. Era particles Strong force becomes

1035 seconds A distinct, perhaps causing
R ——— inflation of universe
GUT Era elementary
articles

10-43 seconds P

Planck Era 72?77




Para estudar a nucleossintese primordial
precisamos de estrelas pobres em metais

Time.|. B AR -
after e N Fe SQun: [Fe/H] =0T - :
Big, |of | | 1 solarmetallicity | ¥oi - ys1000 3
Bang 5
oL ” :
OYF CD-38 245: [Fe/H] = - 4 (10 solar)se/ - 2ys10000000 -
F ]
><- -
| 3k v U 3
LLE HE 0107-5240: [Fe/H] = - 5.3 pa/st = 1/6:800,000,000 -
v E 5
Population Ill: [Fe/H] = - © pejm = 0
Simulated spectrum! -
[ B L 0SS Ui NN MY NI NS FEEN NN PO DA LTS CIEM BT B SN GEE FEEN N G G LG Geh (L MR NG R B ]

% . 3860 3866 3870
Comprimento de onda vaveiength (4] credits: N. Christlieb >°



Litio primordial em estrelas pobres em metais !

. - - - -
G064-012, 1D

Relative flux

Relative Flux

HD 19445 y
= 0.
o) = | | & ?_.- 0.2 ______
8 DO TN e
= 0.2E
S 0.4F

670.76 670.78 670.80 670.82
Wavelength [nm]|

- — Asplund & Melendez (2008).
%ﬂ‘r—*—J Estrela com [Fe/H] = -3 (mil

|
:

Spite & Spite (1982) vezes menos metais que no Sol)
|

I HD 103095

I I
)\Z\ 6720

Wavelength (A)

L




Procura de
estrelas

pobres em
metais

T

150

100

4

50

i
N ]
"
]
B
] -
e B

Dr. Vinicius Placco recebendo o prémio

|

Distribuicao de metalicidades

destaque do doutorado do IAG/USP

L e 4
o e s as 4 ms s s 2 -1s
(Fe/H]
HE0107-5240
[Fe/H] = -5,2
1/200,000 Sol

Prof. Silvia Rossi, IAG/USP
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Evolucao dos elementos quimicos
De H e He a “metais”

m_ Periodic Table of the Elements
hydrogen B poor metals

':'é\' www.elementsdatabase com

Lj ° BE4 alkali metals O nonmetals
alkali earth metals B noble gases
1 12 transition metals rare earth metals
Na | Mg

18 20 21 22 23| 24 25 26 27 28 29
K |[Ca|Sc|Ti |V |Cr|Mn|Fe |Co|Ni | Cul|Zn

7 38| 39| 40 41 42 43 44 45 46 47
Rb|Sr| Y |Zr [Nb |Mo | Tc | Ru|Rh |[Pd | Ag |Cd

55| 56| 57| 72 73 74 78 78| 7 78] 79
Cs|Ba|lLa|Hf | Ta |W | Re|Os| Ir | Pt | Au| Hg

ar aa 89 104 105 108 107 108 109 110
Fr | Ra| Ac|Ung|Unp|Unh|Uns|Uno(Une Unnl

58 59 &0 61 62 63 64 85| &6| &7 68| 69 70 A
Ce| Pr{Nd|Pm|Sm|Eu |Gd | Tb | Dy|Ho | Er | Tm|Yb | Lu

g0 o1 62| o3| o4| o©5| 96| or| o8| 99| 100] 101| 102| 103
h|{Pa| U |[Np|Pu|Am|Cm |Bk | Cf |[Es |Fm| Md| No| Lr




As primeiras estrelas e a formacao de metais

(elementos mais ot "

Nonburning
envelope
(hydrogen)

pesados que H & He) .

_;E?"- '—’ £ = . i'.‘ .' g Y . Neon
e s T : fusion

S
‘ Silicon

Nuves —SESESEEEERT

-

¢ -+ Magnesium
e - .. fusion

4
>

R rimordiais e & - wonesh
- N sfﬁ,"

.\‘.. 3 *.' i

s %
n .

l

.

- "'Supernova: restos ricos em metais




Evolucao Estelar
Supernova Nebulosa Planetaria

Supernova Tipo la

(artist’s concept)



Meio Interestelar

Evoluc;ao guimica da GaIaX|a

: -~
. / - %
Restos ricos em o _o i o ;s
metais ) ® ? . - 3 ) .
» - T
. . . !‘r sl "



Apds 12 bilhdes de anos de evolucao quimica em
nossa Galaxia, as estrelas tém produzido soment 2%
de “metais”, sendo o resto (98%) H & He

A Via Lactea
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Nosso sistema solar ae Ve R R
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Conexao
entre
Estrelas e
planetas

Based on mass, composition, and other-traits; planet-hosting
stars offer vital clues to planetary formation and evolution;”
and they point the way to exciting new planetidiscoveries:

[lfustration by Ron Miller

April 2011 SKY & TELESCOPE




Planetas ao redor de outras estrelas

_ . . Orbita do Sol (efeito de Jupiter e Sat)
Efeito gravitacional de Jupiter no Sol

Jupiter

center of

Sun half an mass

orbit Iater\

3
™~

X

|
|
|
|
|
|
|
|
|
|
|
|
|
|
T
|

center of mass—

Sun

Q.OOOS arcseconq

‘ radius of Sun
from 30 light years

}_ Jupiter half % _
~._an orbit later £ Figure 6.27

Motlosegla! This diagram shows the orbital path of the Sun from 1960

to 2025 around the center of mass of our solar system, as it
would appear if viewed face-on from a distance of 30 light-
years away. The complex motion reveals the gravitational
effects of the planets (primarily Jupiter and Saturn). The

Figure 6.26

This diagram shows how both the Sun and Jupiter actually
orbit around thelr.mutual-center of mas's, Wh'.Ch lies very close astrometric technique for detecting extrasolar planets works
to th_e Sun.. The diagram is not to scale; the sizes of the Sun by looking for similar changes in the position of other stars.
and its orbit are exaggerated about 100 times compared to the[lNotice that the entire range of motion during this period is only
size shown for Jupiter’s orbit, and Jupiter’s size is exaggerated labout 0.0015 arcsecond, which is almost 100 times smaller
even more. than the angular resolution of the Hubble Space Telescope.




Planetas ao redor de outras estrelas

Detecao de planetas pelo método espectroscopico (Doppler)

stellar motion caused
by tug of planet

£
oy
Q
O
()
>

starlight P starlight b A periodic Doppler shift in the spectrum of the star 51
redshifted S  blueshifted Pegasi shows the presence of a large planet with an orbital
= period of about 4 days. Dots are actual data points; bars
to Earth through dots represent measurement uncertainty.

a Doppler shifts allow us to detect the slight motion of a
star caused by an orbiting planet.




25% | Stellar Giant
Metallicity and Planet Frequency
20%
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10% -
> 5% |-
S 0 I 1 | AR o e S 1 1
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% Iron-to-hydrogen ratio (Sun = 1.0)
C
S e Stellar
Mass and Planet Frequency
10% |-
5%
0 | | | |
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Stellar mass (Sun = 1.0)



Mais de 600 sistemas planetarios
conhecidos ateé agora

Porem a maioria
Nnao se parece com
0O NOSSO sistema
solar

C. Carreau / ESA



]

m nos ajudar a

NOSSO

Sunset in Paracas, Peru
(c) www.flickr.com/photos/rodrigocampos/



Most planetary systems found so far have inner

giant planets, unlike the inner rocky planets of
our solar system

The Upsﬂon Andromedae Systemn

l OOGAU. © 083AU & 25AU
242 day orbit . 3.5 year orbit

. 4.6 day orbit . .
75 Yo Jupnters Mass ‘mnce Jupitc:’g Mass® hx Jupiter’'s Mass '

Our lnner Solar System

Mercury " ' Venus ‘Earth . Mars .

0.39 AU - . 0.73AU 1.00 AU . Bl I T TSP P2
89 day orbit'.” . .228 day orbl' 1 year orbit_ . 1.9 year o‘rl?il_ F

. 7

" © Harvard-Smithsonian CIA (A.-Contos), 1999 -



How to find a planetary system similar
to our own?

Credits: Nasa



1. Search for stars similar to our Sun

luminosity (solar units)
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. In the same evolutionary stage as

PROTOSTAR BLUE
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3. Chemical composition ~ solar?
PERIO[Z{IC TABLE
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But there are myriad stars in the sky
... how can we find solar twins?

; BTN TEA N e ST TR, Tt e S
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* Nos primeiros 25
anos de pesquisa
nao foi encontrada
nenhuma gémea

solar (Cayrel de
Strobel et al. 1996)

(ron. At ophys- € * the Stars
As mons alogs”
The Sun 2 al A®

1- oy
TWiIn Is (1981 : E Wnd

\ > z._}A’f /\
s A, Hﬂrﬂ&"dﬁz{ and c ) Q‘ .‘ ) _{jé
Astron. Astrophys. 274, 825-837 (1993) ' -

In search of real solar twins. II1.”
E. Friel!, G. Cayrel de Strobel', Y. Chmielewski’, M, Spite'**, A. Lébre ', and C. Bentolila!

-



Primeira gémea do Sol descoverta
apenas em 1997: 18 Sco

AStronomia &
THE ASTROPHYSICAL JOURNAL, 482:L89-1.92, 1997 June 10 =0 K2y

©@ 1997. The American Astronomical Society. All rights reserved. Printed in U.S. A, e e B f o

HR 6060: THE CLOSEST EVER SOLAR TWIN?! [

7
By,
“onsd

G. F. POrRTO DE MELLOZ? AND L. DA SiLva3

2 Universidade Federal do Rio de Janeiro, Departamento de Astronomia, S o o)
Observatorio do Valongo, Ladeira do Pedro Antomio, 43, CEP 20080-090 - — ,‘:"
Saude, Rio de Janeiro, Brazil; gustavo(@ov.ufrj.br. e

3 CNPq/Observatorio Nacional, Departamento de Astronomia, Rua Gen-
eral José Cristino 77, 20921-400 Sao Cristovao, Rio de Janeiro, Brazil; http:/ /|
licio@on.br.

18 Sco

Parameter Sun HR 2290 HR 6060 16 Cvg A 16 Cyg B
ATg (K)o 0 0 12 + 30 8 + 25 —17 £ 20
AlOg g oo 0 0.07 £ 0.20 0.05 +0.12 —0.16 £ 0.07 —0.09 £ 0.07
| Y O L.00 1.05 £027 | 1.05 £0.02 1.63 = 0.03 1.28 +0.02
[Fe/H]...c.covviiiiiiias, 0 0.13 = 0.04 0.05 = 0.06 0.06 = 0.04 0.02 + 0.04
(B=F) i 0.648 0.66 0.65 0.64 .66
(U= B) i 0.178 0.20 0.17 0.19 0.20
Spectral type .....ovvvvuiiiininns G2V G3V G2 Va GlsV G225V




Programa de busca de
gémeas do Sol

* Programa observacional desde 2005

- Keck (Havai, USA)

- McDonald (Texas, USA)Eeeee e
- Magellan (Chile) T e T |
- VLT/UVES (Chile)

- Lasilla /HARPS (Chile)

Colaboracgao: Australia, Franc¢a, Portugal, U.S.A.,
Brasil, Chile, México, Inglaterra, Alemanha



Segunda gémea solar identificada
em 2006: HD 98618

THE ASTROPHYSICAL JOURNAL, 641:L133-L136, 2006 April 20
© 2006. The Amernican Astronomical Society. All rights reserved. Printed 1n U.S.A.

HD 98618: A STAR CLOSELY RESEMBLING OUR SUN'

JORGE MELENDEZ KATIE D{}DD\ EDEN AND JOSE A R{}BLE%

Projeto de IC de
verao de Katie

Dodds-Eden




HD 98618: Destaque na imprensa

be 1007 gcnmnul-;
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. x SOV v uyye T A L I1IC CTD A A ATT "N T } . o
s et s e BE0P2 0 SUN'S TWIN IS STRONG CANDIDATE FOR LIFE S
S b pubiisher’ £
scientists search the . Astronomers have found a twin of have roughly the same concentratio arce: AN =
swiththesf‘m the sun, the first such star to be spotted  of heavy elements as the sun. These w ‘earthly P

5 star A N
Solar tWins :; e typical staf 1 in a decade and only the second ever. elements are crucial to the formation

more light ial intelligence: They say that these stars are our best Earth-like planets and the emergence for P s bt
extraterres 5, bets for finding Earth-like planets with  of life (www.arxiv.orglastro-ph/060321 oo s e
jendez, Katie Dodds g life on them. Another cause for optimism is the et heoel
Jorge Mee? spectra of Jorge Meléndez, Katie Dodds-Eden  absence of “hot Jupiters”, massive gas e wosees oo™
high1e507 < from Barth- 2% and josé Robles of Mount Stromlo giants orbiting lose to each star whose

126 light-¥ Observatory near (anberra. Australia. gravitv could destabilise the orbits of




Mas 18 Sco e HD 98618 nao sao
gémeas solares perfeitas ...

FUNDAMENTAL PARAMETERSEStrela - SO|

Parameter (Star — Sun) 158 Sco HD 98618 o
* Abundanci

Av, (kms™) +0.08 £ 0.15  +0.09 £ 0.15 bu da clas de
AT (K) o +40 + 30 +66 + 30 ra e o~ .
Mg ey T roorxo0s +omsoos  |ItIO SAO Muito
Alog gy, (dex) ..o +0.01 £ 002 +0.01 =0.03

A 10g Zyoprea (dEX) ... +001 =002 +001 + 003 altas, um fator de 3
AL (L) o +002 + 006 +004 + 0.06 .
ALgy (L) oo +003+003  +008x007  maior que no Sol !

AL gpeg L) oo +0.03 + 002 +0.06 + 0.05
[FeH] (dex) .................. +0.02 £ 003  +0.05 +0.03 p
[O/H] (dex) —0.03 + 005 0.00 + 0.04 Numero atdmico

x) +053+000  +047 + 009 )
Amass (Mg) ... +0.02 + 003 4002 + 0.03
Aage, . (Gvyr) ... —08+15 —11=+15 "
Aage,  (Gyr) ... —0.3° +0.7° L I Simbolo
Aage . (Gyr) ... ... —1.1 —0.4 AU

A age s (GVT) —07+04 —03+09 Litio Nome
A rotation period (days) —25° —1° —1° 6,941 Massa atémica
Alog Ry (dex) ... ... .. 0.07 —0.05% 2-1
AM, (mag) ................... —0.04 + 004 —0.09 + 0.07 i
B=V 0.65 0.64 Estrutura

Distance (pe) ................. 14.0 38.7 Eletrénica




Continuando a busca por gémeas

solares: McDonald
e 2.7-m tel. + 2dcoudé

* Observacoes em
Abril, Out, Nov 2007

e P.l.: lvan Ramirez




McDonald solar twin survey
Novas gémeas solares HIP 56948 &
HIP 73815 tem baixo Li (~1.0)!
Muito parecido ao Sol !

(Melendez et al. 2006;Melendez & Ramirez
o7 . |

HIP56948 éa .« « e

melhor gémea - o

solar, quase -

identica ao Sol, - . i

inclusive no litio. -~~~ %

. BIG DIPPER

6700.0 6705.0 6710.0
A(A)




HIP 56948: destaque na imprensa
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Every now and then someone tries to trip me up with that old trick
question, "What's the closest star to Earth?"

[Z}Zvégi-ﬁrgakﬁ:;amm "Hmm." I reply in mock contemplation. "Is it the Sun?"

Celestial Objects

g}:ﬁm?%m?: This little exchange underscores how we've come to regard old Sol as a
Interactive Sky Chart one-of-a-kind star. But now two astronomers think they've found the
Interactive Obsening Tools closest thing vet to the Sun's twin. It's not some long-lost, separated-at-
COMMUNITY. birth companion, but rather a 9th-magnitude blip in the constellation

Sky Blogs Draco that's about 200 light-years away.
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Work by Peter Hinggi of the University
of Augsburg in Germany and his
collaborators contradicts those early
calculations. The group’s ene-dimensional
models of particles in a gas show that the
same temperature will be observed regardless
of the observer's speed. The team admits,
however, that this may not be true of two- or
three-dimensional gases, and believes that
turther study is needed.
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Identical twins

Astraphys 669, LE9-192 (2007)
Astronomers have identified a star that is in
many ways indistinguishable from the Sun.
Peruvian astronomers Jorge Meléndez of
the Australian National University, and Fvin
Ramirez at the McDonald Observatory of the
University of Texas in Austin report that the
parameters of HIP 56948, one of four ‘solar
twins they have been studying, are exactly
the same as the Sun’s, within the constraints
of observational accuracy. Unlike previous
solar twins, this star — which resides 200
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A systems biologist encourages
modelling by the millions.

In a ty pical modelling study, we
write down equations, solvethem,
and see whether they account for
known data. If they do, we claim
tounderstand some bit of biclogy.
One huge caveatis that many other
models might have matched the
data just as well.

Researchers from Peking
Universityin Beijing and the
University of California
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Astronomers find the sun's
long-lost twin ’

Happy reunion unlikel i A
y, as the star is ab i C
4 out 200 light-years away CCU AD "\ \GNC\

By JOHN TiIERNEY
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Somewhere out there, astronomers knew t} SITHAr&® a la Tierra con agua y aire.
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HIP 102152: o ma}s’velho gémeo do Sol

novas pistas para 57 ucionar o “misterio do litio

TalaWanda Monroe & Jorge Meléndez (IAG/U




Equipe internacional

Brasil: TalaWanda Monrog, Jorge Meléndez, Marcelo Tucci
Fabricio Freitas (USP), Matthleu Castro, José Dias do Nascim

Estados Unidos: lvdan Ramirez (Univ. Texas at Austin), Jacob Bean
Bedell (Univ. Chicago);

Australia: David Yong, Martin Asplund, Alan Alves-Brito, Luca Casagran
Portugal: Michael Bazot (Univ. Porto)

nha: Maria Bergemann (Max Planck Institute)

rin Lind (Cambridge)
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Solar Twins: Defined

Solar type stars — late F, G, early K

Solar analogs — about G2V and factor of 2 in
composition

Solar twins — very rare — stars with similar
temperature (within 100 K), gravity and
composition (0.1 dex) to the Sun's values.

Can also be defined as 1 solar mass stars with
composition similar to the Sun

Solar sibling — would be a star born from same natal
cloud as the Sun. Could be any spectral type.



HIP 102152

* Situada na constelagdo dp+€apricornio
e Distancia: 250 anos-luz
e Estrelafraca(V=29) UER V|S|vel em telescoplos amadores

Ornio)




HIP 102152

e Estrela mais parecida com o Sol em sua
massa e composicao quimica (gémeo do Sol)

Composicdo
quimica
adequada
para formar
planetas
como a Terra




HIP 102152

* O mais velho gémeo do Sol identificado
ate agora (8,2 bilhdes de anos)

Sun HIP 102152
4.6 billion years old 8.2 billion years old
(’) Age (billion years) 111

Oportunidade sem precedentes de ver como serad o Sol ao envelhecer




HIP 102152

* Baixissimo litio para um gémeo solar

HIP 56948

Adapted from Wikipedia

Sun today

16 Cyg B
HIP 102152

Life CyCIe of the Sun Gradual warming Red Giant Planetary Nebula

\\.
0000000000‘ .

Wmte Dwarf
| | |

Bmh 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Billions of Years (approx.) not to scale

HIP 102152 e outros gémeos ajudaram a resolver o mistério do litio




Como foi feito o trabalho?
* Usando observacoes obtidas no ESO (Observatorio

Europeu do Sul).
Ndo existe instrumentagcdo adequada no Gemini ou SOAR

Very Large Telescope de 8 metros (Paranal)

| (. .
i ﬂ J.Tg B fﬂ ')

Telescopio de 3,6 metros (La Silla)

p
i




La Silla
HARPS
spectrograph



Usamos a técnica de espectroscopia:

propriedades da estrela (temperatura, gravidade, massa, idade),
composicdo quimica, atividade estelar, planetas

B 3 UE I O O WO I ) 1 T | S e e | —
--.-.-—' ---l-__-—lIlI.!BI
SN pEm— 3

NOAO



~ R=110 000
Comparacao de espectros $/N = 500 - 1000

HIP 102152
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HIP 102152: Most “solar-like” abundance
pattern

° 8.2 Gyr 01 e HIP 102152 (0= 0.012 dex) _
5 18 Sco (o= 0.010 dex)

® 3% fewer metals

than Sun : ﬁ% 33 ]
o HIP 102152 hasa _°%[ ﬁ s % _
solar abundance - f -

pattern

X/<C,0>
\
\

* Refractory elements = © —iii j?/ | { 4 -

depleted compared o ‘} %
to other solar twins 1 ;
)

o ATeff =-54K, Alog g = —0.05_— + iNa -
i N i

-0.09 dex, Av, =0.00
km s1

Monroe, Meléndez, Ramirez et al. (2013)



Meléndez et al. 2009

0.10

0.08

0.08

0.04

(Sun — <solar twins>)
o
o
o]

. O Sol é deficiente em
- elementos quimicos
| abundantes em

- planeta

o(refractorios) = 0.007 dex
| 1102152 poderia
| ter planetas

1 rochosos?

1 Tem composicado
| similar ao Sol

s rochosos

500

1000

Porque HIP




Moderately

volatile Refractory

Highly
1 " 1 latil
Relation with terrestrial A zs—=
planet formation: .
_ i 2.0 " gM
T.ong trend In meteorites & &5
5] 3 @ CV
Fig. 2. (A) The Cl chondrite normalized elemen- g '-°7
Alexander tal abundances in bulk carbonaceous (CM, CO, § el
et al. (2001) and CV) and ordinary chondrites (OC) (53)
versus their 50% condensation temperatures ¢
(54). The correlation between abundance and & 1.0
condensation temperature (volatility) is strik- <C ¢
ing. The elements are divided into refractory X WK * A
(==1350 K), moderately volatile (700 to 1350 °
K), and highly volatile (<700 K). The common 0.5 - e ﬁ
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Relation with terrestrial planet formation:
Amount of dust removed from the Sun Is
enough to form terrestrial planets

How much dust-cleansed gas is required to affect
the Sun in this way?

Assume gas accretion until
solar convection zone reached
~ present size (~0.02 M_,)):

Refractories depleted in the
Sun: ~2*108 g = 4 Mg

Refractories locked-up in
terrestrial planets:
~8*10%" g = 1.3 Mg




kS

WESE Large Programme: 88 nights at La Silla
0 3.6m telescope + HARPS spectrograph
Procura de planetas em gémeas solares

L8

© Ana M. Molina at La Silla



Ha planetas em torno de HIP 102152?

Nao existem
planetas
gigantes na
regiao
habitavel

Pequenos
planetas
rochosos (como
a Terra) podem
existir!
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Planet Mass
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O mistério do litio no SoI

Radiative Zone Core Convective Zone

www.kgs.ku.edu/

e O conteudo de litio no
Sol é 160 vezes menor
gue o de meteoritos.

e Cadé o litio do Sol?

ESO



Problema da baixa abundancia de litio no Sol

\l
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€
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© 600
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> 500
2
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® 400
0 1 2 3 4 5
Age (Gyr)
7 . 8
P+ .l — ,Be (unstable)

8 4
4Be — 2 ,He + energy
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Comparacao da linha de Li

T T T _f_ T T T T T T T T T T
|..._T...||.-I|-I|-I|-.||_-...”t.._ _r..l.u_
—
B -
w
(e ]
L . 1o =
.-; N/r T
. S ©
. .-..-.FF_-n.o._ — h
5 - et
\ o
— —_ — —
c
— _H...H
[ p—]
B = T n 1))
& ° >
o 5, s =
< o ©
F + o= i
0 —— ; —
— o
S . 1 SR Il
- [
— - [
| |.rb.||b.-__ 1 o tlf”u.nﬂ.a- ]
29 T —
— oo ! =
- m T NN 5
> I~
———— . — o
L1 S._r I IR R B B B A L1 rﬁ.\_ N BN B B

1.00

Lo o Lo o Tel o I

S % o S = G 0

o o o= — o o o
Ay1suaiuj Alisua)u

(ET0Z) 'le 18 zallwey ‘Zapud|d|\ ‘S0JUON



Explicando o “mis

* Mistério de
60 anos €
explicado
pela
correlacao

entre litio e
idade

O Sol é normal
em litio para a
sua idade!

3.3

3.0

2.7

0.6

0.3

0.0

tério” do litio

—— Charbonnel & Talon (2005)

-------- do Nascimento et al. (2009)
Xiong & Deng (2009)

— — - Denissenkov (2010)

\\\\.
HIP 102152
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HIGH PRECISION ABUNDANCES OF THE OLD SOLAR TWIN HIP 102152:
INSIGHTS ON Li DEPLETION FROM THE OLDEST SUN*
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ABSTRACT

We present the first detailed chemical abundance analysis of the old 8.2 Gyr solar twin, HIP 102152. We derive
differential abundances of 21 elements relative to the Sun with precisions as high as 0.004 dex (<1%), using
ultra high-resolution (R = 110,000), high S/N UVES spectra obtained on the 8.2 m Very Large Telescope. Our
determined metallicity of HIP 102152 is [Fe/H] = —0.013 & 0.004. The atmospheric parameters of the star were
determined to be 54 K cooler than the Sun, 0.09 dex lower in surface gravity, and a microturbulence identical to
our derived solar value. Elemental abundance ratios examined versus dust condensation temperature reveal a solar
abundance pattern for this star, in contrast to most solar twins. The abundance pattern of HIP 102152 appears to
be the most similar to solar of any known solar twin. Abundances of the younger, 2.9 Gyr solar twin, 18 Sco,
were also determined from UVES spectra to serve as a comparison for HIP 102152. The solar chemical pattern of
HIP 102152 makes it a potential candidate to host terrestrial planets, which is reinforced by the lack of giant planets
in its terrestrial planet region. The following non-local thermodynamic equilibrium Li abundances were obtained
for HIP 102152, 18 Sco. and the Sun: log € (Li) = 0.48 4 0.07, 1.62 & 0.02. and 1.07 % 0.02. respectively. The
Li abundance of HIP 102152 is the lowest reported to date for a solar twin, and allows us to consider an emerging,
tightly constrained Li-age trend for solar twin stars.
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Impacto na midia
(mais de 280 noticias)

Sky & Telescope, Astronomy, Discovery
Channel, Popular Science, Nature, Space ...

Fox News, NBC, La Tercera, Publico, EFE ...
Folha de Sao Paulo, Estadao, Jornal do Brasil
Super Interessante, Info, Ciencia Hoje

Veja, Epoca, Exame,

TV Globo, SBT, RedeTV



Globo

http://g1.globo.com/ciencia-
e_
saude/noticia/2013/08/equip
e-da-usp-ajuda-descobrir-
mais-velha-estrela-gemea-do-
sol.html

Equipe da USP ajuda a descobrir mais
velha estrela 'gémea‘ doSol

Luna DAIarpar ) 85 comentarios | ¥ Tweetar <37 FirRecomendar <946
Do G1, em S3do0 Paulo

Ciclo de vida de estrela
parecida com o Sol

Imagem: ESO/Divulgacio

Escala de evolucao estelar HIP 102152
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18 i ; vermeltha

S°°'pii§ } A;uecmen;gradml ,$‘
OO0 00000000 »
v

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14

Nascimento Bilhoes de anos (aproximadamente) N3o esta em escala

Imagem: Meléndez/Wikipédia
Gl ..




LOG IN for full
Email:

Inside the October 2013 Issue
e The Great Supernova Race
e Seeking the Cosmic Dawn New users regist

e Spot the Other Blue Planets

& TELESCOPE e Subscribe Today! G°|d RUSh S bl

TR T n > Advanced Search
THE ESSENTIAL GUIDE TO ASTRONOMY i - e

Home | Magazine | AstroNews | Observing | Equipment |  Community

Supenor Performance i -

- Superlor Warranty

G =1 EMAIL THIS > (@ (= PRINT THIS > (@ (&5 SAVE THIS > @ (B RSS >

Sign up for our
FREE e-Newsletters! Go

Follow Us! Sun Loses Lithium with Age

N rss

' Podcasts Observations of two solar twins — one old and one young —
confirm that the Sun has probably destroyed ifts lithium over time.

Interactive °,
1Sky Chart,~ * I've blogged repeatedly here
SAGITTARIUS about the universe’s missing
e SCORPIUS lithium. But lithium is also a
chck Bere fo syart troublemaker in the solar
system. Based on primitive
meteorites that record the
makeup of the nebula from
which the solar system formed.
the Sun seems to have
destroyed more than 99% of its

http://www.skyandtelescope.com/news/Sun-
Loses-Lithium-with-Age-221836221.html

click here to read

initial lithium.



Serao aceitos os nomes enviados até
CONCURSO CULTURAL as 23h59min do dia 18/10/2013

Conte a historia do gémeo do Sol!

Estrelas sao identificadas na comunidade cientifica com codigos adotados
em catalogos internacionais. Mas que tal criar um nome bem brasileiro

para uma estrela parecida com o nosso Sol?
Para participar, envie para nds sua sugestao com um nome e uma historia

(real ou ficticia) para nossa estrela. Saiba mais no site:
www.iag.usp.br/astronomia/gemeosolar

12 prémio: 01 Tablet Samsung Galaxy

22 prémio: 01 Telescopio de 60 — 70 mm
32 prémio: conjunto de livros de Astronomia

O nome escolhido sera informal e nao substituira o cédigo HIP 102152. Este concurso nao tem afiliagdo com a IAG
Unido Astrondmica Internacional. Leia o regulamento no site www.iag.usp.br | [ § 2" | )
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Conexao entre atividade estelar e idade
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Conexao entre velocidade de
rotacao e idade
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