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Spectroscopie
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Spectroscopy

Resolution

[O III]

He I

Fe II

Low 500-1000
Medium    2000-5000
High 10000-15000

R = 1000
R = 11000
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Merrill, 1919

R Aqr
The «platypus»

Spectral classification:  peculiar satrs

Continuum ~M6III
Bandes absorption TiO

Emission Ha

Hb

N1 N2

N1 N2 : raies «interdites »  O2+ [O III] 5007, 4959 Å



Merrill, 1958

Symbiotic stars

Z And
As  a prototype  of SymbioticStars

Symbioticphenomemon

Combination of a late type continuum (K to M giant)
High excitation emissionlines



Symbiotic stars

Z And
Prototype in the  GCVS
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Luminositycurve(Visible) ςAAVSO ςsince1907

Outburst (High state) - 1 à 3 magnitudes
Quiescent state: Orbital variations



Composite spectrum

1.Présence de bandes d'absorption caractéristiques d'une géante de 
type tardif (late-type giant), parmi lesquelles TiO, H2O, CO, CN, VO 
ainsi que des lignes d'absorption telles que CaI, CaII, FeI, NaI
2. Présence de fortes raies d'émission HI, HeIŜǘ Χ
- raies d'émission d'ions tels [OIII] (potentiel d'ionisation > 35 eV)
-ώΧϐ

Red giant continuum (TiO absorptions)

Emission H I, He I é

Belczinski& al., 2000 

High ionisation emission lines

He II, [O III]

1

22a

Symbiotic star: a spectrospic definition



Symbiotics

Interacting 
binaries
red giant 
transferring 
material to a 
hot and luminous 
white dwarf via a 
stellar wind.

3000 K100 000 K

1000 L
¼

Symbiotic Stars as intereracting binaries

1000 L
¼



Model of a classical symbiotic

30 km.s-1

3500 K

Redgiant

Stellarwind
aΩ Ґмл-7ς10-8M

¼
/ year

300 km.s-1
Accretion
aΩ Ґ мл-7M

¼
/an R = 100 R

¼

100 000 K
White dwarf

R = 0.01 R
¼

M = 0.6 M
¼

Nebula

« Solar matter » H and He

Te = 15 000 K

Ne= 108 cm-3

UV radiation
L = 1000 L

¼

L = 1046 photons/s

L = 1000 L
¼

Ionisation
H+ He+ He2+

d = 1 U.A.

d = 1-5 U.A.

M= 1 M
¼

M = 10-6 M
¼

L= 1000 L
¼

P 400- 1000 days
Vorb ~ 10 km.s-1

Double Interaction :

- Matter

- Radiation
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Red giant
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Simples Symbiotiques

[Mürset& Schmid, 1999]

Spectral type distribution for single red giantand symbioticstars
Latertype of the RG
= Condition for symbioticphenomenon? Ą High loss mass

Keyes2004
Mürset1999
Kenyon 1987

Spectral Classification
Cool star

AG Dra < K4
AG Peg M1.7 III
EG And M2.4 III
BF Cyg M4.2 III
T CrB M4.4 Ib-II
Z And M4.4 III
AX Per M4.8 III
CI Cyg M4.8 III
V443 Her M4.9 III

Keyes2004
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Accretion rate (M
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Nova

Expending
Envelop

min

max

Minimum accretionrate: 
Iben, 2002 
aΩ Ґ мΣонΦмл-7 M

¼
/an . Mwd3.57

Maximum accretionrate
Paczysnski, 1970
Max = 8.10-7 M

¼
/an . (Mwd-0,522M

¼
)

Steady
Hydrogen

burning

0.6 M
¼

Accretion
aΩ Ґ мл-7 M

¼
/an

White dwarf + Steady nuclear burning Envelop = « Hot Component »

Steadyhydrogenburningin the envelop
(non degeneratedmatter)

(Novae: thermonuclearrunawayin a degenerateenvelopwith ejecta)

T >>106 K

Perfect gas law

Degenerate matter



Hot compent =  Dwarf nova and envelop

F. Teyssier RCE Novembre 2016

T [K] R [R
¼

] L [L
¼

] Date

EG And 70 000 0.02 7.5 Oct. 82

AG Dra 130 000 0.01 19 Jun. 83

AX Per 105 000 0.08 710 Oct.84

CI Cyg 115 000 0.06 560 Aug. 83

Z And 130 000 0.08 1600 Sep. 84

YY Her 100000 0.11 1100 Aug. 80 Mürset1991

High dispersion

T [K] L [L
¼

] Date

110 000 620 07-79

105 000 620 05-80

110000 860 08-80

105 000 720 01-81

130 000 1600 09-84

125 000 1600 10-84

Highlyvariable

Z And 

Low luminosity:
Accretion
(Gravitationnalenergy)

High luminosity:
Thermonuclearenergy



Typical spectrum of a classical symbiotic

Ha

Hd
Hg

Hb

Série de Balmer HI

He II He I He I He I

Recombinaison lines

[Fe VII][Fe VII]

Collisionnalyexcitedlines(« Forbidden» lines)
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Formation of the symbiotic spectrum

Ionisation Recombinaison

Thermalisation

Vis. IR

UV FUV

Continuum GR

Continuum Neb.

Red
Giant

Hot
Component

Continuum

Desexcitation

Emission lines

Symbiotic
Spectrum

Opticallythin

OpticallythinOpticallythick
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Formation du continuum

CI Cygni08-11-2015
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CI Cygni08-11-2015
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Comparaison avec spectre M5III (Fluckes)

Formation du continuum



Ionisation: contribution au continuum

CI Cygni08-11-2015
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Ionisation: contribution au continuum

CI Cygni08-11-2015
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Spectre M5III (Fluckes) + Recombinaison H (15 000 K) + Hot Star (125 000 K)



Ionisation: contribution au continuum

CI Cygni08-11-2015

-1

0

1

2

3

4

5

4000 4500 5000 5500 6000 6500 7000

Substractionof the composite continuum (M5III+Continuum 15000 K + Hot Star 125000K)

Ą EmssionLines



Reconstitution du spectre composite

Spectre U. Sollecchia

A. Skopal
in ARAS Eruptive Stars
Information Lettern°23
01-2016

Spectre
Géante
Nébuleuse
Composant Chaud
Continuum composite



Effet doppler

Ha

6561.8 Å

Ha

6540.9 Å

H
e : n3Ąn2 v = -1000 km.s-1

v (km.s-1) l(Å)

-2000 6519.1

-1000 6540.9

-500 6551.9

-200 6558.4

-100 6560.6

100 6565.0

200 6567.2

500 6573.8

1000 6584.7

2000 6606.6

Ha

6584.7 Å

v = 1000 km.s-1

[ŀ ǾƛǘŜǎǎŜ ŘΩǳƴŜ ŞƭŜŎǘǊƻƴ ŞƳŜǘǘŀƴǘ ǳƴ ǇƘƻǘƻƴ
aƻŘƛŦƛŜ ƭŀ ƭƻƴƎǳŜǳǊ ŘΩƻƴŘŜ Řǳ ǇƘƻǘƻƴ

Décalage
vers le bleu

Décalage
vers le rouge

[ƻƴƎǳŜǳǊ ŘΩƻƴŘŜ
au repos

Profil des raies
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Line profile: Doppler effect

27 km.s-1

18 km.s-1

65 km.s-1
FWHM

-150 km.s-1
-175 km.s-1 -170 km.s-1

68 km.s-1
FWHM 37 km.s-1

FWHM

Conversion
[ƻƴƎǳŜǳǊ ŘΩƻƴŘŜ
Ą Vitesse radiale
tŀǊ ǊŀǇǇƻǊǘ Ł ƭŀ ƭƻƴƎǳŜǳǊ ŘΩƻƴŘŜ
au repos

Vr = Dl/l* c



Line profiles
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EG And 


