Spectroscopy

Spectroscopy

Spectroscopy is the technique that allows astronomers to decode the
messages contained in starlight. Stellar spectra can tell us the intrinsic
luminosity of a star, how hot it is, how fast it rotates, and its composition.




Early Classifications

In 1823, Joseph Fraunhofer observed that stars have spectra that are
characterized by dark lines crossing a continuous band of color. William
Huggins, in 1864, first identified some of the lines in stellar spectra with
those of known terrestrial elements.
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Early Classifications

In 1863, Angelo Secchi classified stars into four groups according to the
general appearance of their spectra.

Pickering and Fleming (both at Harvard) in the 1890s labeled spectra with
capital letters according to the strength of their hydrogen absorption
lines, beginning with the letter A for the broadest lines.




Hydrogen Line Strength Order

ABCDEFGHIJKLMNOPQRST

Note: Back when photographic plates were used (prior to digital cameras),
the developed plate was a negative. Although the lines are bright, these are
absorption-line spectra. Astronomers did not print a “positive” picture

because that would have introduced noise.

Temperature Effects

The dark absorption lines are due
to the presence of a particular
element in the atmosphere of the
star observed. Detailed analysis
has shown that most stars have
very similar compositions.

The primary cause of differences
in stellar spectra is that stars have
very different temperatures in
their outer layers.
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Temperature Effects
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Cool gas; electrons in Hot gas; electrons have
ground state; no lines. been ionized; no lines.

Warm gas, electrons in various energy levels; many lines.

Temperature Effects
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Spectra of Different Elements
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Hydrogen Line Strength Order
ABCDEFGHIJKLMNOPQRST

Note: Back when photographic plates were used (prior to digital cameras),
the developed plate was a negative. Although the lines are bright, these are
absorption-line spectra. Astronomers did not print a “positive” picture
because that would have introduced noise.

Henry Draper Classification

In 1909, Annie Jump Cannon
rearranged and consolidated the
sequence of spectra and added
decimal subdivisions.

A0, A1, A2, ..., A8, A9

With these changes, the Harvard
classification scheme became a
temperature sequence.




Temperature Order

ABCDEFGHIJKLMNOPQRST
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Oh Be A Fine Girl/Guy Kiss Me

Often Buzz Attacks Ferociously Georgia’s K-9 Mascot

Occasionally Barney And Fred Go Kill Mastodons
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Ionization via Temperature
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Spectral Sequence

Spectral class Color Temperature (K) Spectral lines Examples

o Blue-violet 30,000-50,000 Tonized atoms, especially Naos ({ Puppis),
helium Mintaka (8 Orionis)

B Blue-white 11,000-30,000 Neutral helium, some Spica (ot Virginis),
hydrogen Rigel (B Orionis)

A White 7500-11,000 Strong hydrogen, some Sirius (o Canis
ionized metals Majoris), Vega

(o Lyrae)

F Yellow-white 5900-7500 Hydrogen and ionized Canopus (o Carinae),
metals such as calcium Procyon (o Canis
and iron Minoris)

G Yellow 5200-5900 Both neutral and ionized Sun, Capella
metals, especially (ot Aurigae)
ionized calcium

K Orange 3900-5200 Neutral metals Arcturus (o0 Bodtis),

Aldebaran (o Tauri)

M Red-orange 2500-3900 Strong titanium oxide Antares (o Scorpii),
and some neutral calcium Betelgeuse (0. Orionis)

L Red 1300-2500 Neutral potassium, Brown dwarf Teide 1

rubidium, and cesium,
and metal hydrides

T Red below 1300 Strong neutral potassium Brown dwarf Gliese
and some water (H,0) 2298
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Spectral Sequence

The Spectral Sequence

Spectral class

Color

Temperature (K)

Spectral lines

Examples

o

B

G

Blue-violet
Blue-white

White

Yellow-white

Yellow

Orange
Red-orange

Red

30,000-50,000
11,000-30,000

7500-11,000

5900-7500

5200-5900

3900-5200
2500-3900

1300-2500

below 1300

Ionized atoms, especially
helium

Neutral helium, some
hydrogen

Strong hydrogen, some
fonized metals

Hydrogen and ionized
metals such as calcium
and iron

Both neutral and ionized
metals, especially
ionized calcium

Neutral metals

Strong titanium oxide
and some neutral calcium
Neutral potassium,
rubidium, and cesium,
and metal hydrides
Strong neutral potassium
and some water (H,0)

Naos (§ Puppis),
Mintaka (8 Orionis)
Spica (& Virginis),
Rigel (B Orionis)
Sirius (o Canis
Majoris), Vega

(o Lyrae)

Canopus (o Carinae),
Procyon (o Canis
Minoris)

Sun, Capella

(o0 Aurigae)

Arcturus (o0 Bootis),
Aldebaran (o Tauri)

Antares (0. Scorpii),
Betelgeuse (0. Orionis)

Brown dwarf Teide 1

Brown dwarf Gliese
229B
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Diameters of Stars
L=4nR?2cT*
L o« R2T*

How do the spectra look different if you have two stars of the
same Temperature but with different Radii?

Calculating Line Profiles

The simplest model used for calculating a line profile assumes that the
star’s photosphere acts as a source of blackbody radiation, and that the
atoms above the photosphere remove photons from this continuous
spectrum to form absorption lines. Values for the temperature, density,
and composition must be adopted for the region above the photosphere
where the line is formed. The density determines the broadening.
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Large stars

HR 4169 la
HR 3688 Iab
MK
13 Mon Ib
a Sex III
HD 103457 Ap Si
MK
Y Gem v
Small stars
H8 BRIGHT STARS, J1998.5
Flamsteed/Bayer HR Right inati i -V 1
Designation No. Kocatsion Declination Notes v U-B B- Spectral Type
h m s o 1 "
11 v1032  Ori 1638 50429.0 | +1524 08 | fv 4.68 | —0.09 | —0.06 | AOp Si
n2 Pic 1663 504 55.7 | —49 34 47 | fv 5.03 | +1.88 | +1.49 | K5 III
2 € Lep 1654 505239 | —222223 | fv 3.19 | +1.78 | +1.46 | K4 III
¢ Dor 1674 505 29.1 —57 28 29 f 4.72 —0.04 +0.52 F7V
10 n Aur 1641 50624.6 | +41 1357 | fv 3.17 | —0.67 | —0.18 | B3V
67 B Eri 1666 507 46.5 — 50518 | fvd 2.79 | +0.10 | +0.13 | A3 IVn
69 A Eri 1679 509 04.5 — 84521 fv 4.27 —0.90 —-0.19 B2 IVn
16 Ori 1672 509 14.7 + 949 40 fvmd6 5.43 +0.24 A9m
3 L Lep 1696 51213.7 | 115215 | d 445 | —0.40 | —0.10 | B9 V:
5 I Lep 1702 51251.8 —16 12 26 fsv 3.31 —0.39 -0.11 B9p Hg Mn
4 K Lep 1705 513 09.7 | —12 56 36 | d7 4.36 | —0.37 | —=0.10 | BTV
17 P Ori 1698 513 12.7 + 251 34 vd67 4.46 +1.16 +1.19 K1 III CN 0.5
11 I Aur 1689 51319.5 | +382858 | f 4.86 | +0.09 | +0.18 | A7m
] Dor 1744 513 45.5 —67 11 13 £ 4.83 +1.39 +1.28 K2.5 IIla
19 B Ori 1713 514279 — 81212 | fsvd6 0.12 | —0.66 | —0.03 | B8 Ia
13 a Aur 1708 516 34.7 | +45 59 48 | fevd67 0.08 | +0.44 | +0.80 | G6 III + G2 III
o Col 1743 517258 | —345348 | f 4.83 | +0.80 | +1.00 | KO/1 III/TV
20 T Ori 1735 517 32.0 — 65045 | fsd6 3.60 | —0.47 | —0.11 | B5 III
15 A Aur 1729 519 02.1 | +400552 | fd 4.71 | +0.12 | +0.63 | G1.5 IV-V Fe-1
C Pic 1767 519 19.9 —50 36 27 f 5.45 +0.01 +0.51 F7 III-1V
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What We Learn Via Spectroscopy

A. Temperature
. Pressure
. Radius

. Luminosity

B

C

D

E. Chemical Composition
F. Radial Velocity

G. Turbulence

H. Magnetic Fields

I. Shells and Ejected Gases
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