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Jntroduccion. Estrellasy-planetas

EARTH \MERCURY “We will never know how to |
. ) ) . study by any means the . °
--“chemical composition:(of
~ stars), or.their mineralogical -.
structure”

. (Auguste Compte, 1835)
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“Newton: espectro de fataz-btanca

espectro.

(Del lat. spectrum).

1. m. (I imagen de una persona muerta).

2. m. Fis. Distribucion de la intensidad de una radiacion en funcion
de una magnitud caracteristica, como la longitud de onda, la
energia, la frecuencia o la masa.
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[Fraunhofer, Bunsen, Kirchhoff.

Joseph von Fraunhofer
(1787-1826)

Gustav Kirchhoff (1824-
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Jlnteraccion luz-materia

dispersion
reflexion

transmision
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 Espectros de absorciony.emision

Hydrogen Absorption Spectrum

i

Hydrogen Emission Spectrum

|
700nm
H Alpha Line

656nm
Transition N=3 to N=2
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JHerschel, Maxwell, Hertz

James Maxwell el (e
Wilhelm Herschel (1831-1879) €INFICh Hertz

(1738-1822) , (1857-1894)
Ecuaciones del campo

Radiacion infrarroja electromagnético: oct i
_ electromagnéticas
¢ =1/veolo

Propagacion ondas
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Espectro electromagnéetico—

10° 10° 10 10° 10° 102 meters
1 kilometer 1 meter 1 millimeter 1000 nanometer 1 nanometer

Broadcast Radio Microwaves X-rays Cosmic

band rays
Radar Infrared Ultraviolet Gamma

(IR) (UV) rays

Long Wavelengths j Short Wavelenghts

Visible Light

Infrared Ultraviolet
(IR) (UV)

700 nanometers 600 nanometers 500 nanometers 400 nanometers
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 Frecuencia, longitud de onda, humere-deondas

Longitud de onda A [um, nm]
Periodo T [s]
Frecuencia v=1/T [MHz, GHz]

NUmero de ondas k=1/A [cm™1]

C—T— v—K
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-spectros continuos vs C

Continuous Spectrum

Emission Spectrum

'
}

Absorption Spectrum

|

* Espectros discretos <-> estados ligados de atomos y moléculas
® Espectros continuos <-> radiacion térmica, estados no-ligados
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JEmision del cuerpo negro

4 Blackbody Radiation Curves
E =0 T (StEfan_BOItzmann) Bodies radiating at similar

temperatures

0O = 5)67 X 10_8 Wm_21<_2 Surface of the sun: 6000 K

Carbon arc lamp: 4000 K

}lmaxz 2900 Hm I( / T (Wien) Lamp filament max.: 3000 K
E = hv (Planck)

Intensity

yellow star A
L] I .
6000 K Ultraviolet ' Infrared
Wavelength
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JEspectro de H atomico

Wavelength, A

Paschen series
ny = 3

Rydberg Ry = 109677,581 cm™1!
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. Modelo atomico de Bohr

Electron en orbitas
circulares estacionarias

Impulso angular
multiplo de h/2mn

E =-R/n?
Transitos entre estados

$

absorcion/emision de luz
V = (E] — El)/h
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_ pECtrOS atémiCOS I

\

http://www.astronomy.ohio-state.edu/~pogge/Ast350/Labs/Lamps/
(@4=4[@¥ José¢ Ma. Fernandez, Instituto de Estructura de la Materia CSIC noviembre 2017

Hg




e
0-! Pi

Eugenia Balcells, Homenaje a los elementos (2010)
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AulHg| Tl |Pb|Bi|Po|At [Rn|Fr|Ra|Ac|Th|(Pa| U |Np|Pu|/Am(Cm Es

Rochester Institute of Technology (http://spiff.rit.edu/classes/phys230/lectures/spectrographs/)
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oMiguel A. Catalan y los*multipletes

Tasee 25, Tus Pemooic Srerem®
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Espectros moleculares mop—

3

3 8

o
o}

8

s
0

%/o tronsmission

8

I N L Gl
k[o]
Wavenumber cm™!

(@§=J[@F José Ma. Fernandez, Instituto de Estructura de la Materia CSIC noviembre 2017




Espectros moleculares

vibration
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M,,Intensidad, poblacion:temperatura

. , Low High
Intensidad de la linea temperature temperatu%e

(absorcidén neta) entre los
niveles i <-> j

Distribucion Boltzmann
de poblaciones
__exp(=Be)
N Zi exp(—p&;)

p=1/(kgT)

LT

i

il
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I BN
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W Espectros de fases condensadas

Absorbance

/. Liquid at 25°C \
Vapor at 25°C :

4 \ =
| Lk ,
) ._._j'\""“ J '“""J\A"j IL!J 'i ‘ f‘-.‘_t“; N

4000 3800 3600 3400 . 3200
Wavenumber, cm

2.9 : 2.78 294 3.12
Wavelength 10 %m
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L Aplicaciones de la Espectroscopia

Desarrollo Mecdnica Cudntica (estructura atémica)
Estructura molecular
Analisis quimico:

elemental (dtomos)

composicion molecular

Deteccion remota (atmosfera, entornos hostiles)

Metrologia
Astrofisica
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Regiones espectrales. Ventanas.atmosfericas

diferente informacion
diferente tecnologia (fuentes, espectrometros, detectores,

telescopios)

Atmospheric
Opacity

I I 1 I
10m 100 m 1 km

I I I I I I I
inm 10nm 100mnm 1pm 10pm 100pm 1 mm ifem  10cm 1m

Wavelength

v

Most of the
Visible LIt infrared spectrum  Radio waves observable ;::ﬁ::::m

Gamma Rays, X-Rays and Ultraviolet observable  apgorbed by Sroan Parit rerd

from Earth
Light blocked by the upper atmosphere J atmospheric
with some gasses (best

best observed from space
distortion. from space).




1. Core

2. Radiative zone

d e I SO I Lty | 3. Convective zone

4. Photosphere
5. Chromosphere
6. Corona

7. Sunspot

8. Granules

9. Prominence
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_ESpeCt ro SOIa I II (g : r.l; FOXr Fo X Mywm |

Foxx  Megmm '

Rayos X T “‘ |

COUNTS

Atomos altamente
ionizados

Corona solar

COUNTS

105 110 IS 120 125 ';O 135 140 145 150 155 160
A(A)

Fig. 8.2 X-ray spectrum of the entire solar disk recorded using a rocket-based
experiment. [Adapted from M. Malinovsky and L. Heroux, Astrophys. |. 181, 1009

CSIC BRI S e ety | (1973)]




_Otras estrellas

BO
B6
A1
A5
FO
F5
GO
G5
KO
K5
MO
M5

F4 metal poor
M4.5 emission
B1 emission

NOAO/AURA/NSF
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HD 12993
HD 158659
HD 30584
HD 116608
HD 9547
HD 10032
BD 61 0367
HD 28099
HD 70178
HD 23524
SAO 76803
HD 260655
Yale 1755

HD 94028
SAO 81292
HD 13256
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Efecto Doppler S e F
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+z =

A tiny portion of the spectrum in the near-IR

Normalized flux

- Arcturus
Sun

883 883.5 884
Wavelength (nm)

Hubble Ultra Deep Field (2012)
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L Galaxias

Q1422+231 — 18.8 heurs
with HIRES (Keck I)

Lya orest

QS0’s
Lya emission

1 1

L | L L 1 L | 1 L L 1 | L L L L | 1
4500 5000 5500 5000

Wavelength (A)

Spectrum of QSO Q1422+231
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redshift z=3,625
High Resolution Echelle Spectrograph on the Keck telescope in Hawaii
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. Fondo cosmico de microondas

Sefal de microondas en todas direcciones del universo
A. Penzias y R.W. Wilson 1965 (Nobel 1978)

Cuerpo negro a T=2,7 K (max 160 GHz)

Uniforme (fluctuaciones ~1/100.000)

Se considera un resto del Big-bang

Wilkinson Microwave Anisotropy Probe (WMAP)
Space based microwave telescope
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edio interestelar "~

Gas ionizado (HII), &tomos (HI), moléculas (H2), particulas de polvo
Rangos T de 10 K a miles K
Nubes moleculares (10-20 K): formacién de estrellas y sistemas planetarios

(Sub)millimeter:
. dust continuum+ molecular rot-lines I

on
t '\ot\'\"-ed e
yo

Near-IR: continuum
+ atomic and molecular lines :

Mid-IR:
dust continuum
+ molecular lines

0.03 AU " 01..1AU 10 AU 100 AU
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PMedio interestela

Los “pilares de la creacién”
Nebulosa del Aguila’
Hubble Space Telescope (2014)
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'Medio interestelar |l

Intensity

Rotational spectrum of the Orion nebula, showing spectral fingerprints
of diatomic and polyatomic molecules present in the interstellar cloud.

G.A. Blake et al., Astrophys. J. 315, 621 (1987).
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»Medio-interestelar [l

A/E—CH,0COH -

. CH3CH,CN

| NHSD (1.;4 - - ,‘

262810 2'32820 ' 262830
D iqmﬁcy (H2)

J. Cernicharo et aI Astrophys J. Lett 771, L10 (2013)
J. L. Domenech et al., Astrophys. J. Lett. 771, L11 (2013).
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~Medio interestelar V==

~200 moléculas se

Molecules in the Interstellar Medium or Circumstellar Shells (as of 11/2016) h an d etecta d O éen EI

3 atoms 4 atoms 5 atoms 6 atoms 7 atoms 8 atoms m ed 10 | nte re Ste I ar o
3™ c-C3H Cs* CsH C6H CH3C3N .

C2H 1-C3H C4H I-H2C4  CH2CHCN HC(O)OCH3 circumestelar

C20 C3N C4Si C2Hyg* CH3C2H CH3COOH

C2S 30 1-C3H2 CH3CN HCsN C7H

CH2 C3S c-C3H2 CH3NC CH3CHO C6H2 ,

HCN HCCN  CH30H  CH3NH2  CH20HCHO 60 moléculas

HCO NH3 CH4 * CH3SH c-C2H40  [-HC6H * 7 .

HCO+ HC3N HC3NH+ H2CCHOH CH2CCHCN extraga lacticas

HCS+ HC2NC HC2CHO C6H- H2NCH2CN

HOC+ HCOOH NH2CHO CH3NCO CH3CHNH

H20 H2CNH C5N

HaS H2C20 I-HC4H *
HNC H2NCN I-HC4N

HNO HNC3 c-H2C30
MgCN SiHg4 * C5N- 2 atoms 3 atoms 4 atoms 5 atoms 6 atoms 7 atoms

MgNC H2COH+ HNCHCN OH H20 H2CO c-C3H2 CH30H CH3CCH
Na2H+ C4H- cO HCN NH3 HC3N CH3CN CH3NH2
N20 HC(O)CN Hz * HCO+ HNCO CH2NH  HC4H* CH3CHO
NaCN HNCNH C2H CaH2 * NH2CN  HC(O)NH2
ocs CH30 HNC HOCO+ 1-C3H2
SO2 NH4+ N2H+ c-C3H H2CCN
c-SiC2 NCCNH+ OCS H30+ H2CCO
EEk HCO 1-C3H C4H
Universidad de Colonia (Alemania) [ —
2
https://www.astro.uni- HOC+

CaS
koeln.de/cdms/molecules .
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Extragalactic Molecules (as of 04/2016)




‘Sistema solar

N, .
oo CH,

;." _./C"' ¢ Mﬁf
Saturno y Titan fﬂ-«/

(Cassini-Huygens) | . R

Wavenumber (cox’)

Brightness Temperature (K)
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xoplanetas

. Primera deteccion 1992
* Hasta hoy >3600 (>2200 Kepler)

planet only

5870.0 5880.0 5890.0 5900.0 5910.0

A [A]
Spectrally resolved detection of sodium in the
atmosphere of HD189733b with the HARPS
spectrograph
Wyttenbach et al. A&A 577, A62 (2015)
DOI: 10.1051/0004-6361/201525729
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If a planet crosses the face of its star, astronomers can obtain its
spectrum by subtracting the spectrum of the star alone.

TRANSIT

The planet's contribution to the
spectrum comes from the starlight
passing through its atmosphere.

CRESCENT

Just before the
planet starts to
transit the star, its
spectrum comes
from a thin sliver
of its disk.

Star and planet

FULL FACE
Just before the
planet goes
behind the star,
its spectrum
comes from the
whole disk.

ECLIPSE

The planet is invisible
to Earth; the observed
spectrum comes from
the star alone.

Star Planet

Spectrum
|

noviembre 2017




#Resumen y conclusiones

[Casi] Toda la informacion de objetos astrondmicos mas alla del Sistema
Solar nos llega a través de la luz
Analizando esa luz mediante instrumentos con alta resolucién espectral
podemos conocer muchas propiedades de esos objetos, como:

composicion quimica

abundancia relativa (concentracion)

temperatura

movimiento respecto a la Tierra

presion (densidad de particulas)

campo magnético

rastro de vida ??

Para interpretar los espectros astrondmicos se necesita conocimiento
previo de la Fisica atdmica y molecular mediante experimentos de
laboratorio.
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iGracias por vuestra atencion!




