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1. Definicio

3

A reglao entre as estrelas é chamada de
‘meio interestelar

. (mterstellar medlum ISI\/I)

O céu noturno visto desde a trilha Inca, em Cusco, Peru



1. Definigéo

g : A'f-"ll oy 7 S e ra ety
e A O e - e .y -
o "~ - - . - - s . - .
”‘ ‘<-¢ Tl ~'~-«\: -‘¢ -‘,".> . . :

uz das galéxias, mas o
ocupam uma parte mmuscula sefu' volume

Diametro do Sol = 1. 39x109 o
Distancia entre estrelas~ 3. 5 5 I = 3 C%xlO16
Diametro/distancia = 0.5x10>, ~ 1/1016 volume

101 é um numero enorme, por exemplo:

- Populacdo mundial (2010) = 7 x 10°

- Numero de estrelas em nossa galaxia ~ 4 x 10
- # graos de areia nas praias do planeta ~ 7 x 1018



1. Definicdo
O meio mterestelar

e composto de ;
poeira (partes
escuras e azuis) e
gas (vermelho). g;j 3

Exemplo: regiao HIl:
(formacéao de estrelas)
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Trifid nebula
© Anglo-Australian Observatory




1. Exemplo: estrelas jovens
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1. Exemplo: Restos de Estrela de

baixa massa — Nebulosa planetarla
(Hellx nebula NGC 7293) ‘




1. Exemplo: Restos de supernova
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1. Exemplo: Nuvens escuras de poeira

The "Black Cloud"
l[ f\l\-TU + FORSI ) @ European Southern Observatory




2. Historia do meio interestelar

Civilizacoes
europeias
apenas
reconheceram
constelacoes
brilhantes
(estrelas)




2. Historia do

eio interestelar
e Civilizacoes andinas
v (2000a.C. — 1542)
| identificaram
constelacdes escuras
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Civilizagoes andinas observaram em detalhe
a via lactea (= mayu, ou rio celestial)red espenak
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Cronlsta espanhol “No hablo Solo de las partes lucidas y
resplandecientes ... sino digo esto por otras partes oscuras y
negras que hay en el cielo'... las cuales jamas me acuerdo de
haber echado de ver en el C|elo cuando estaba en Europa, y
acd, en este otro hemisferio, las he visto muy manifiestas ”
Jose Acosta [1590]



Con__stelagao escura da Llama: Yacana

a, p Centauri
Llama Nahui:
Olhos da Llama



Copstelagdo escura da Llama: Yacana.

erdiz
P 2 {near Southern Cross)
partridge
(Coalsack) £
e R
Pt
Y . . :_‘.-' :
. R R O R south R
partridge Z0rro .
celestial
{Scutum) fox baby llama ol snake
perdiz (between Scorpio  Llama bebe & (between Centaurus
and Sagittarius) and Southern Cross)
serpente Aveni.
(c) Stairways
to the

Figure 2.15 (Continued). (c) Contemporary Andean dark cloud constellations of the south- KElS
ern Milky Way; to the people of Misminay, dark cloud constellations represent animals. 1997
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Tycho (1546 - 1601) ISM is not solid & ,

Francis Bacon (1561 - 1626)
first coined the term interstellar,
but used it to describe a rigid
and solid structure

Robert Boyle (1627 - 1691) who decided
that the interstellar medium was empty




Christiaan Huygens (1629 - 1695) hypothesized
that light propagating through space required
some kind of luminiferous aether

Isaac Newton (1643 - 1727)
rejected this idea since such
a substance would be seen

to retard comets

By the late 19t century - early 20th century,
the aether theory was in trouble.



A finais do seculo XIX e comecos do séeculo XX a
existencia do meio interestelar fol confirmada

Huggins & Miller (1863) observaram o espectro da nebulosa
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A finais do seculo XIX e comecos do século XX a
existencia do meio interestelar fol confirmada

Edward Emerson Barnard (1857 — 1923) produced in 1895 the
first images of dark nebulae and came to the conclusion that

along with the illuminated gas and dust there was also significant
quantities of dust and gas not directly illuminated.
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Stationary interstellar lines in the spectra of

spectroscopic binaries

Hartmann (1904)
Heger (1918)
J. A. Pearce (1932)
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A Spectroscopic Binary System

High-mass star A and lower-mass B orbit around a common centre

of mass. The observed combined spectrum shows periodic splitting
and shifting of spectral lines. The amount of shift is a function of the
alignment of the system relative to us and the orbital speed of the stars.



In 1930, Robert Trumpler estimated distances of about
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100 open star clusters by measuring:

- angular size of the cluster
- central concentration and # of stars |
- brightness & spectral class of stars in the OC |
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Comparacao entre distancias baseadas
em ‘diametros’ e em ‘fotometria’

Trumpler
g oY (1930, AJ, 42, 214)
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3. Compoentesﬂdo ISM poeira

TR R

The "Black Cloud"
10 202799 ( 30 April 1999 ) \V][ A\:\’I‘[I =t FORSI ) € European Southern Observaton

Buracos no espaco ou absorcao do ISM?
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3. Poelra

- Via Lactea no éptico

A poelra bloquela a qu das estrelas
no disco da Via Lactea

Via Lactea no infravermelho



Todas as formas de ‘luz’ sao radiacao
electromagnética, mas aparentam ser
diferentes pelas diferentes escalas envolvidas

Micro- ‘ I

L ondas Optico | Rajos-X Ralos-
Radio Infravermelho ° Ultravioleta gamma
( Radio ) (Microwm r?) [lnfr 1rpd) (V snl)lc) (Ultroviolm) ( X-ray) (Gamma Ray)
104 102 1 102 0 108 1010 1012

Comprimento cjfe onda (cm

About the size of..

& ﬁf Y% d\l ’é’gﬂ o‘g& o

Buildings Humans  Honey Bee Pinhead Protozoans Molecules Atoms Atomic Nuclel
. _Pessoas Alfinete Proto-  Moleculas Nucleo
Predios : .
Abelha zoarios Atomos atdmico

A poeira blogueia a radiacao optica, UV, raio-X,
deixando passar a radiacao infravermelha e radio



A Galaxia de acordo ao William Herschel (1780s)
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3 Poelra extmgao

V|a Lactea no optlco '

,,,,,,

A atenuac3do da luz das
estrelas pela poeira
interestelar chama-se  86s: .

extl NCao black = -
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3. Poeira: avermelhamento

A poeira absorve

mais a luz
do que a

4

causando o
chamado

ou




Ave rmelhamentomte restelar

Optical light is
strongly
scattered and
absorbed by
Interstellar
clouds
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Extincao e avermelhamento por poeira
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Nebulosa de reflexao

A poeira espalha mais a luz azul

1

Probability of scattering o \

SCRLH Pleiades
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~ Densidade da poeirals

~ ViaLéctea no 6ptico
Apenas 107 particulas de poeira por m3
ou 1000 por km3

Sendo tao pouco densa, como pode a
poeira atenuar a luz vinda das estrelas?

Distancia tipica entre estrelas~ 3.5 a.l. = 3.3x101% m



~ Abundancia da poeira

L s oo

A poeira representa apenas 1% do meio
interestelar
A componente mais abundante é o gas



A componente mais abundante do
meio interestelar é o gas

Em meédia a densidade do meio interestelar é
extremamente baixa: 1 &tomo / m3 ( 10° atomos / m?3)

Regides variam de 104 a 10° atomos/m3

Melhor vacuo conseguido em lab : 101° moléculas/m?3

VISIBLE LIGHT (0.4-0.6 micron)

Reveals nearby stars and tenuous ionized gas; dark areas are cold and dense

ATOMIC HYDROGEN (1420 MH2z)
Reveals neutral atomic hydrogen in interstellar clouds and diffuse gas




Composicao qwmlca do gas ISM ~ Sol
Gas intere
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Alguns elementos (e.g. C, O, SI,Mg e Fe) sao
menos abundantes no ISM do que no Sol




1 |

Gas (meio interestelar) - Sun
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O material ‘deficiente’ no gas IS esta sob forma de graos



A maior componente dogas IS éo
hidrogénio (H I, H 11, H,)

* O hidrogénio pode ser H neutro (Hl),
H ionizado (HIl), e H molecular (H,)

H ionizaIé guando o

Hneutrotem o e-  4tomo de H perde o e- H molecular é quando 2
orbitando o p+. atomos neutros partilham
seus e- para formar uma

molécula de H



Tipo de regioes do gas interestelar

As regioes sao classificadas de acordo ao estado do H
H € o elemento mais abundante: 90% por #, 75% por massa

Imagem do centro da Nebulosa de Orion obtida
com o HST. Aimagem cobre 2,5 anos-luz.

* H,: moleculares (10 K)

 H|:atdbmica (neutra), nuvens frlasQ&lOO K)<

* HI: atdmica (neutra), nuvens quentg
* HIl: Hionizado (10, 000)
* fons : gas quente (500,000 K) . - %




Estrelas
guentes do
tipo O-B
produzem
bastante
radiacao UV
lonizam o
gas IS ao
redor delas
criando uma
regiao Hil
(H ionizado)

Intera(;oes entre estrela
e gas mterestelar =

-----

Trapezium cluster in Orion nebula



Coluna d;

Estrela brilha
destroi a poeir
criando esta
Imagem

espetacular em
um bercario de 2
estrelas - -\




3 :1

Gaseous Pillars - M16 HST - WFPC2
PRC95-44a - ST Scl OPO - November 2, 1995
J. Hester and P. Scowen (AZ State Univ.), NASA



February 14,

B

Star-Birth Clouds - M16

; PRC95-44b - ST Scl OPO - November 2, 1995
J. Hester and P. Scowen (AZ State Univ.), NASA

HST - WFPC2

44






Regioes H |l

- temperatura ~ 10% K
" Luz UV de estrelas quentesO e B
" |oniza o gas em volta das estrelas

- Elétrons recombinam formando atomos de H excitados

« Quando os elétrons decaem a estados de menor energia € emitida
radiacao visivel fazendo com que as nuvens de gas “brilhem”

« Cor carateristica é o vermelho (linha de Balmer de H)

46



Regioes H IlI: Nebulosa

*Closest to us, 1,500 LY N L
*29Xx26 anos-luz de Orlon

Lugar de formacao de estrelas




Nuvens Moleculares

Moléculas sao facilmente destruidas (dissociadas)
por fotons UV de estrelas quentes

- NM sO podem sobreviver em nuvens densas, nuvens de
poeira, onde a radiacao UV é completamente absoybido

Emissao UV de
estrelas cercanas
destroi as molécul
nas partes exterio
da nuvem

Diametro = 15 — 60 pc
Temperatura= 10 K HI Cloud
Massa total = 100 — 1 milhdao de massas solares



H, e dificil de ser detetado, mas onde tem

CO tem H,, entao CO e usado como ‘proxy’

* NM sao importantes como
bercarios de estrelas

Hubble |

Heritage




H, (CO) em nossa galaxia

Molecular Hydrogen 115 GHz Columbia-GISS

e Optical

Optical A. Mellinger Photomosaic



Regioes H |
H neutro tb é dificil de ser observado
 Radiacao em 21cm (ondas de radio)

Electron Electron

Same spins Opposite spins
Magnetic fields reversed Magnetic fields the same

Estado base Excitado



Mapa do céuem 21 cm

Sagittarius




Gas atomico: reserva para
formacao de estrelas

MS81 group: optical starlight
(left) + VLA HI (right)




Gas neutro tb é possivel de ser
detetado no espectro visivel

Estrela

“ Nuvem 1
‘ Nuvem 2

r Broad stellar line 1
| estrela
s Narrow interstellar lines

N2
N1 Wavelength




Determining E(B-V) using NabD lines
E(B-V) = 0.000 +/- 0.001 mag

| | |
1 W (\I‘"‘" i HZO (—vh\-—w-'v—
HD 140283 telluric

.8 — Keck+HIRES Fel+Nil ]
Meléndez,
Casagrande,
Ramirez &
& — Asplund, A&A, —
submitted

A — —
distance = 53pcs, so
E(B-V)=0.00is
expected

B —

Stellar Nal D Imes

Relative Flux

I
0
5885 SBBY .S 5804 2892.5 S5HBS a8B87.5

Wavelength (angetroms)




Determining E(B-V) using NabD lines
E(B-V) = 0.008 +/- 0.001 mag

1 | | | Hol

HD 338529 2

8 Keck+HIRES
Meléndez,
Casagrande,
Ramirez & |
6|— Asplund, A&A, k |
submitted '\

IS Nal D lines

distance = 144pcs.

| E(B-V)[maps]=0.04
E(B-V)=0.04+/-0.04(Fitzgerald68)
E(B-V)=0.06+/-0.06(NK80)
.2 —E(B-V)=0.05+/-0.05(Arenou)
E(B-V)=0.03 (C&B)
E(B-V)=0.98 (Schlegel 98)  gte|lar Nal D lines

| | | | |
0
5685 5B87.5 5880 BHB2.5 HA85 5887.5

Yavelength (angstroms)

Relative Flux




A&A 510, A54(2010) Astronomy
DOIL: 10.1051/0004-6361/200013202

| 2 3 2 & ]
© ES0 2010 B. Y. Welsh!, R. Lallement?, J.-L. Vergely”, and S. Raimond”> AStrophysics
New 3D gas density maps of Nal and Call interstellar absorption
| within 300 pc*:** |
Catalog of absorptions towards 1857 early-type stars within 800 pc of the Sun. Using these data
we determine the approximate 3-D spatial distribution of neutral and partly ionized IS gas density
within a distance-cube of 300 pc from the Sun.
soo [——————————————"——"——5

400

300

200

Nal(D2) Equivalent Width {mA)

0 100 200 300 400
Distance (pc)

Fig. 7. Plot of the equivalent width (mA) of the interstellar NaI D2-line
for stars with distances <400 pc. Filled triangles are for sight-lines with
galactic latitude b > +45°, open squares for sight-lines with b = 0 to 45°,
open circles for sight-lines with b = 0 to —45° and filled circles for sight-
lines with b < —45°. Crosses are upper limit values. Note the sharp
increase in the level of Nal absorption at ~80 pc, which is due to the
neutral wall to the Local Cavity. |
Fig. 12. Plot of 3D spatial distribution of interstellar Nal absorption within 300 pc of the Sun as viewed in the galactic plane projection. Triangles
represent the sight-line positions of stars used to produce the map, with the size of the triangle being proportional to the derived MNal column
density. Stars plotted with vertex upwards are located above the galactic plane, vertex down are below the plane. White to dark shading represents

low to high values of the Nal volume density (nng ). The corresponding iso-contours (yellow, green, turquoise and blue) for log sigey = —9.5, 9.1,
—8.5 and =7.8 cm™ are also shown. Resions with a matnx of dots represent areas of uncertain neutral cas density measurement.



5. Reciclagem galatica: gas -> * -> gas

Gas Estrelas GRS




Ha 13.7 mil milhoes de anos: H, He,

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation_

Quantum
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years



Gas -> estrelas -> meio IS -> estrelas

Inner halo and bulge form Inner disk forms Disk grows via continual infall

Bulge of gas Bulge of Inner disk of
and first stars stars and gas gas and stars

“

Halo of gas Halo of stars '
and first stars External

gas clouds
[




RECYCLING OF GAS by the
galaxy is analogous to the
water cycle on Earth. The
interstellar medium plays the
part of the atmosphere. Stars
“precipitate” out and then
“evaporate” back; the more
massive ones energize and
stir the medium. And just as
Earth loses materialto [and
gains material from] inter-
planetary space, so too does
the galaxy exchange material
with intergalactic space.

Reciclagem galatica







