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; Inltlatlon to Spectroscopy
‘ stars won t look the same /

5 * Olivier THIZY
bt e A - -NormaniLockyer Observatory, UK
T e % 7 9 october 2015
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Awalk with a Swan. i .






B‘rgaking light into a rainbow

) ‘a‘i‘c‘ B
m-:"ﬁ‘:‘""{b
premier prisme
.

Isaac Newton : a pioneer

second prisme

1670: prism experiment

e Circular “slit” 6mm: A/AAL ~10 !
Observation of a "ghost", a "spectrum” -




Photos: F. Cochard} C. Buil / O. Thizy
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Light is a wave

A b =
nmuuummmunm VAVAVAVZE

« 1800: W. Hershel discovers the Infra-Red
« 1801: J. W. Ritter discovers Ultra-Violet
« 1801: T. Young, wave theory of light

'
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First spectra: Sun's light

KH G F E D A

ey

INFRA
RED

and

RADIO
SPECTRUM

5000 3500 6000

" 4000

« William Wollaston (1766-1828)

« ~150 years after Newton !
* First observations (1802) of dark lines
» Displayed the importance of the slit width

« Joseph Fraunhofer (1787-1826)
« High quality glass manufacturing
« A, B (H alpha), C, D (sodium doublet)... H & K (calcium doublet)
« Catalog of ~600 lines in 1814
 Observed some planets and stars too

« Edmon Becquerel (1820-1891)
» First photography of solar spectrum (1842)

Photos : Wikipedia



Match
Pickles !
Street lamp

Sun

Crédits: C. Buil / B. Minster



Chemical analysis & spectroscopy

« Léon Foucault (1819-1868)

« Comparison between spectra on Earth and solar spectrum
(sodium lines, 1849)

 Gustav Kirchhoff

* In parallel, he made the experiment with salt and published
in 1859 that sodium should exist on solar atmosphere!

» AKkey theoritical result: Kirchhoff laws

 Robert Bunsen (1811-1899)

» Heidelberg university (same as Kirchhoff)

« Together, they published in 1860
a paper on « chemical analysis
by spectroscopic observation »,
then in 1861-1863 the analysis
of several chemical elements
& their work on the solar spectrum

Photos : Wikipedia




SPECUAIARAIVSISAWaSHIONIIR

™

i ; IN' DIESEM HAUSE HAT

KIRCHHOF

| 1859 SEINE MIT BENSEN BEGRUNDETE

| SPEKTRALITANALYSE
i | AUF SONNE UND GESTIRNE GEWARLE
111 UND DAMIT DIE CHEMIE DES WELT/ e
' FRSCHLQOSSEN







rlow cogs 2| soscirgscogs Waor 7

objective
lens

collimator
lens

/ disperser \ /

(prism or grating)
Vi \
@
source

Sensor




Irrloorteirics of irle st

3mm slit (hole)

300um slit

25um slit




SYENIEUIEVAIO

R=100, Star Analyser, without slit

Slit:
. helpsl for resolut/on i _
* /Solates target R—;I700(L)ﬁ-..l.fe-s I, slit
« allows light pollui‘ion rémoval ' , . '.

R=1000, LISA, 23um slit | | |

© Torsten Hansen, Robin Leadbeater, O. Thizy



Mirror sl

e Centering

* (auto)Guiding

1




Intensity

A spectrum is an image
which can be displayed
as a profile

Wavelength

>
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~ Albi k,eo-,_\g colored double star

(Alblreo)

L2

‘Why those colors ?



betl Cug — BSWe (TVES + Alpy 600 + Atikdad: 0. Thizu)
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Kirchhoff law #1

A continuous spectra is emitted by any solid of gazeous body under

high presure and high temperature. Stars are, under first

approximation, like black body whose continuous spectra has a shape
which depends on its surface temperature;

e ——



Planck's Profile

- Visible domain
=400-700nm (4000A-7000A)

-Stefan's law:
Intensity (area under the curve)

= Constant * T*

-Wien's law:
A max * Temperature
oy = 2900 pm.K
H—H

! ! ==>Temperature —— Color !!!

—a— \Vigial —e=

K it

—__ S000K
e 1 e
200 400 &00 B 10040
Wavelength (nm)

Intensity

=

Photos : Wikipedia



Intensité

profile vs. effective temperature

Profil de Plank

12.000 K

S~
/ \ — 10.000 K

/ \ 8.000 K

/ N 5.000 K

/ >
y - WA ———
9000 10000

1000

2000 3000 4000 5000 6000 7000 8000

Longueur d'onde (angstroms)



Radiometry | Tools Assistant  Window O

Compute Continuum...
Extract...
Extract from zone list

Automatic continuum

E' _betlcyg_20130803_975.fit Continuum Division
Continuum Subtraction

H2O correction...

‘ ‘ I‘1“ "u'u"TTT 1.'.'"1 T datie H20 correction real spectrum...

Auto H2O correction

4000K Verif Cal Atm

Auto Planck...
Wikipedia: 4080K Blanck..

Extinction...

Compute flux of reference star...
Compute absolute flux.,

3875 4050 4225 4400 4575 4750 4925 5100 52F5 5450 5625 5800 5975 6150 6325 6500 6675 6850 7025 7200 I I

I _bet2cyq_20130803_982 fit =y

13000K

Wikipedia: 13200K

875 4050 4225 4400 4575 4750 4925 5100 5375 5450 5625 5800 5975 6150 6325 6500 6675 6850 7025 7200
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~ extraterrestrial solar spectral irradiance
total area: 1367 W/m?

- blackbody spectrum for T = 5777 K
total area: 1367 W/m?

1000
Wavelength, nm




Wavelength (um)

0.2
|

Infrared
excess




Kirchhoff law #2

crossed by a continuous light absorbs some photons. Spectra then

9 Absorption line spectra: a low pressure low temperature gaz
shows dark lines in front of the continuous spectra;




i _Stellér Atrﬁbé"p.h_ére"- |
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spectrum

B » ~2 B DO N

b
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Energie des
niveaux
F

Excitation de
I"électron
Fy Série de Paschen

{Infrarouge)

Absorption d un
photon et gain
d énergie de _
I’ électron 2 des niveaux
}' d énergie d un
atotmne

-3,39 eV

Série de Balmer
(Visible)

ll

Lumitre absorbée

“1

n=1

AE = ‘En—Em‘ —hv= E = A= he. ‘ : Série de Lyman

A i T (Ultraviolette)

Echelle d'énergie non respectée




Vlsual solar spectrum .-

ROREL L ACRTOR L TLIOE OO T IV
| /I [N EE e

ILI

Crédit: O. Garde, O. Thizy
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H/K
(Calcium)
Triplet
du Magnésium
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Table of elements

&, il
1 z
H | s e Iva va via v | He
3 E 5 3 7 Z TR FTV
Li | Be B C|H O | F | He
11 |1z I EE L O EEE R
Na M3 |ug 1w ve wB wvIB I B e [PARPSEERESESE Gl | Ar
R = D 0 2 L 5 L B B O 5 L L R A
K |JCalsc] i | ¥ |Cr IMnjFe|Co|Hi |[CulZn |GalGelAS | ae | Br | Kr
S EE ECI ET CE 2 BB CEB EE3 OB EE CE B ET B 5 5 EEE B
Bb |Sr| ¥ | Zr|HNb|Mo|Tc |Bu|Bh |Pd|AgQ|Cd | In |Sn|SDb|Te | | | Xe
55 a6 lar |2 |tz lid |0 | lir 7@ |72 Q&0 |21 |22 Q& =9 &5 a6
Cs|Ba|*La|HF |Ta |W |Re|Os| Ir | Pt |Au|Hg| TI | Pb| Bi | Po| At | Bn
EEE TR FR ETE SIS KON EEEE K EEEEE L KN (R B (EE KN N K
Fr | Ra |+Ac| RF | Dh |5g | Bh | Hs | Mt | Ds | Rg |[UubjUut |Uug|Uup|Uuh|Uus |Uuo

T30 O X G G5 2 G5 O G GO G K
*Lanthanide ped Pr |Hd [Pm|Sm| Eu)lGd| Tb|Dy | Ho| Er | Tm | Yb LU

g far e ez Jea fEs fes [or ez [ee hoo o oz Jioz
+Actinide ThiPa]U | Hp|PulAm|Cm|Bk | CF | Es |Fm|Md| No| Lr



You've heard of the spectroscope. It's the instru-
ment that emwables us to discover elements in
stars, elements not yet isolated here on the
earth. This is a spectroscopic photograph of the
weteor which brushed past us today. Each of
these lines, or aach group of lines is charactenstic

of a metal. Those lines in 4 the centre repre-
sent an unknown (N T hich exists in the
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Spectral classification

 Some pioneers: Lewis Rutherfurd (1816-1892), Angelo Secchi (1818-
1878), William Huggins (1824-1910), Hermann Carl Vogel (1841-1907)

A key work: Henry Drapper catalog from Harvard

 1943: “Atlas of Stellar Spectra” by William Morgan,
Philip Keenan, & Edith Kellman [MKK]

Edward Pickering (1846-1919) and his team (of women!); created AAVSO
Williama Fleming (1857-1911): type A...Q; 26000 spectra
Antonia Maury (1866-1952): type
|...XX; first to put O type before A type in Flemming classication
Annie Jump Cannon (1863-1941)
- “OBAFGKM’ types
— sub-divisions (B0..9)
- ~400000 spectra of her own !!!

Spectral type from HD catalog (Temperature). OBAFGKM |
Introduced class of luminosity I...V A.J. Cannon



Spectral classification in the Swan

hydrogene

68 Cyg
o5V

lam Cyg
B5V

40 Cyg
A3V

the Cyg
F4V
zet Cyg
G8li

61 Cyg
K5V

19 Cyg
M2llla

H/K Na (D tm ph

Oh BeA Flne GlrI/Guy KISS Me '




Line "Visibility" vs. Temperature

40 Cyg
A3V
the Cyg
F4V
19 Cyg
M2llla
*inteqsité
relative ex: calcium 'Ca I’
hydrogene 2
= meétaux meétaux 2
He He IH ionisés neutres TiO
/]
Z2O0 I8

T T T T T T T—
|

Temperature cooler and cooler




Temperatures

hydrogene

helium

68 Cyg
o5V

lam Cyg
B5V
A3V

F4V
zet Cyg
G8li

61 Cyg

K5V

19 Cyg

M2llla
]

| L] .

H/K Na (D) atmosphere



Alp Cyg (A2l)

40 Cyg (A3V)

4050 4100 4150 4200 4250 4300 4350 4400 4450 4500 4550 4600 4650 4700 4750 4800 4850 4900 4850 5000 5050




Température superficielle (K)
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Kirchhoff law #3

excitation
by radiation excitation
by shocks

a light made of few radiations, characteristics of the atoms that
constitutes this gaz. Each chemical element has its own line
spectra, true identity card of its composition and state.

a Emission line spectra: a low pressure high temperature gaz emits




Educational Handheld Spectroscope




Incandescence Fluorescent Mercure - hawte pression

i R

Vi B Ve . Vi B Ye J O : k
[ RAY VISIBLE R VISIBLE s Bﬁ?%[j;]_.é] R

Sodium - basse pression Halogémres métalliques
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Energie des
niveaus
F

excitation
by radiation

excitation
by shocks

Désexcitation de
I"électron

Lumiére étmise

2 des niveaux
d énergie d un
atome

Perte d’énergie de I"électron
et formation 4 un photon

AE = ‘En—Em‘ —hv=

he _ he
1&:31_

n=7
-0,54 eV noo
n=2>5
-0,85 eV n=4
=
)
0
< YYY n=3
Série de Paschen
- (Infrarouge)
)
(o)}
m-\.
s n=2
Série de Balmer
(Visible)
NNPNPRIN n=1
Serie de Lyman
(Uttraviolette) Echelle d'énergie non respectée



Planetary Nebula: NGC7027

NGC 7.027(‘) | THAE

WNGC 7027 - Planetary Nebula (TVED + Alpy &00 + ALikded: 0, Thizul

Relative intensity

G0 4500 B BRO0 GO0 G500 T

Wawelength CAD




NGC 7027 - Planetary Mebula CTVES + Alpy 600 + ALikdG0: 0. Thizyl
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NGC6543 — Cat's Eye nebula

C11 + LISA (35um) + Atik 460ex (bin1)
© Olivier Thizy — Shelyak Instruments

Te ~ 8027 K
Ne ~ 6745 e-/cm?®
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Albireo B: a Be star

* Non super-giant, B-type star, showing
or having shown a Balmer line Iin

emission
, » Discovered in 1866 by father Sechi:
y o e gamma Cas, beta Lyrae (Shelyak)...
e ' - Disk of material ejected by the star
\ com (decretion disk), re-emitting energy
/ v absorbed from UV radiation of the hot
L - star itself

~

L ~
~
~

bet? Cuz-— BEVe (TYES + Alpy 600 + Atikdso: 0. Thizu)d

v Relative intenszity

Eelie] 4500 alelule] G500 GO0 Ba00 FO00
Wavelength CA)

Cf: http://www.shelyak.com/dossier.php?id_dossier=24

Photos: Eric Coustal (Albireo) & Wikipedia



betl Cug - BSWe (TWES + Alpy 600 + Atikdc0; 0. Thizy)

)

] rlh ﬁlur. Ipl.ﬂl"r

1000 4500 BO00 ataile] G0 B0 FO00

het2 Cyg - BSWe (TYSS + Alpy 600 + Atikas0: 0. Thizy)

Relative inten

1000 4500 B0 [ataoi] B0 B500 TG0




Kirchhoff laws - summary

under high presure and high temperature. Stars are, under first
approximation, like black body whose continuous spectra has a
shape which depends on its surface temperature;

0 A continuous spectra is emitted by any solid of gazeous body

Absorption line spectra: a low pressure low temperature gaz
9 crossed by a continuous light absorbs some photons. Spectra then
shows dark lines in front of the continuous spectra;
Emission line spectra: a low pressure high temperature gaz emits
a light made of few radiations, characteristics of the atoms that
constitutes this gaz. Each chemical element has its own line
spectra, true identity card of its composition and state.
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R Cyg type S near maX|mumal

. Spectral Type S red glant near. end of I|fe
between M type. & Carbon stars e

: era type vanable S p _.

R Cug - S type star; Mira variable star cloze to maxinum CTVES + Alpy 600 + ALikdeo; 0. Thizyl

ZrO (zirconium monoxyd)

Wavelength (A



_.V460Cyg . V46O Cyg type C6 3

Yae0 Cys - C carbon tupe star CTVED + Alpy 600 + ALikdeo; 0. Thizy)

C2

M"

\y
L ;\ J‘" \u[L‘ |‘[

ﬂ lull MIUH. N.\Il || |I|

Wavelength (A

B .Spectra.l fype C6,3 : Carbon star
'- Teff ~3200K |
. Iow mtenSIty of the C2 bands
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Wolf Rayet : massive stars evolution

Xs=0.5759
1
’Cs=0.0001 60 M,

“Ns=0.0102

%05=0.0021

-T'r""'--.

Yc =0.98 M1-57 is the youngest wind-nebula =t
wc around a Wolf-Rayet star, called WH124, in

our Galaxy.
Credit: ESO

¢ ¢=0.001
*0c=0.868

H --> He

He -->C

C --> heavies

1 2 3 36 37 38 39 40 41 42 43 43212171 4.3212181

6
© James Lequeux: naissance, vie et mort des étoiles (EDP Sciences) t(10°y)
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gas emission

v~c (A )N

B: absorption
by the gas

-6000km/s -4000km/s -2000km/s Okm/s 2000km/s 3999km/s 5999km/s

Howa Del 2013 - 1h exp - date=20130514.9268 (TV3S + Alpy a0 + Atikdad: 0. Thizud
4 T T T T T T T

Relative intensity

0 1 1 1 1 1 1 1
4000 4500 falelals] 500 GO0 aa00 7000

Wavelength CA2




Spectre: Christian Buil / Dessin: wikipedia

Microquasars
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Radial Velocity

Christian Buil
Valérie Desnoux
\ Michel Pujo!
time {phase) Olivier Thizy




Pulsating stars : RR Lyrae

L] 5 ]
RR Lyrae (TWES + Alpy 600 + ptik 4603 /A 0. Thizy / 20130501 1) - JD = 2456510.337 : " :
T T T T L]

Relative intensity

Hnim;fiqn RR Lur Ha ordre 34 (Eshel - Cld4 - ATIK4G0EX Oliwvier GARDE) (1) — U0 = 2458540,390
T = T T T T T

1
G500
Wavelength (A2

Relative intensity

- B5E0 6570
Spectres: O. Thizy (LISA) / Olivier Garde (eShel) Uavelength C(A)




Symblotlc stars CH Cyg.

. Red Glant + Whlte Dwarf
. Mass transfer

CH Cyg - M7/IIlab+Be sumbiotic star (TWED + Alpy 600 +




Another symbiotic star : BF Cyg

BF Cug - Bep+M3III sumbiotic star CTWES + Alpy 600 + Atikdad: 0. Thizud
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Nova Del 2013

20130814.928

20130815.865

20130816.862

20130817.838

20130818.874

20130819.985

20130820.829

20130821.814

20130822.848

20130823.806




Nova Del 2013 : Pro-Am collaboration
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» Over 1100 spectra from 40 people for the nova Del 2013 spectroscopy follow up!
* A state of the art collaboration with a professional astronomer, Steve Shore
A well structured campaign: http://www.astrosurf.com/aras/novae/Nova2013Del.html

Source: Google Map / O. Thizy



In summary...

Light from the stars teaches us about :
their temperature [overall profile]
their composition & physical conditions
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...but also about : ' e H\ég

their movements [Doppler-Flzeau effect]
radial velocity
rotation
expansion

Spectroscopy is a «scientifical game»
this technic is used all the time
by professional astronomers;
-and more and more amateur astronomers .} |
are doing spectroscopy ! | |\ '
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