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Astrophysics of Emission-Line Stars

This presentation is concentration on 

Part II Emission-Line Stars 



H-R diagram and distribution of main emission-lines 

stars



Type and Number Emission-line Stars



H-R diagram and distribution of main emission-lines 

stars



Emission Lines

EMISSION LINES ARE GENERALLY 

CLASSIFIED INTO TWO TYPES:

1. PERMITTED LINES

2.  FORBIDDEN LINES



Emission Lines

PERMITTED LINES

Transition from upper to lower 

energy levels through electric 

dipole radiation



Emission Lines

FORBIDDEN LINES

Downward transitions are 

prohibited by the selection rules 

of transition and only possible 

through the electric quadrupole 

or magnetic dipole radiation with 

very small  probabilities



WR Stars

Early-type

I. Wolf-Rayet stars

(i) The spectrum consists almost 
wholly of emission lines on the 
O-type continuum. Sometimes 
absorption lines appear at the 
violet edges of emission lines. 



WR Stars

Early-type Wolf-Rayet stars

(ii) The emission lines are very 

broad. Interpreted as Doppler 

broadening, the widths 

correspond to thousands of 

km/sec and not necessarily the 

same for all lines.



WR Stars

Early-type Wolf-Rayet stars

(iii) The lines represent a wide 
range of excitation and ionization 
even in any one stars. The 
excitation level is generally much 
higher than that estimated from 
its color temperature of the 
continuous spectrum.



WR Stars

Early-type Wolf-Rayet stars

(iv) The spectrum falls into three 
groups due to the 
appearance of C, N, and O 
lines:

WN stars 

WC stars

WO stars



Main Emission Lines in WR Stars



Spectral Classification of WR Stars



WR Stars

There two major groups of WR stars: 

(i) Classical WR stars, pop I stars, 

high masses & luminosities

(ii) Central stars of planetary 

nebulae, pop II stars, low 

masses & luminosities



Mass Ratio and Spectral-type of WR Stars



O-type Emission-Line Stars

II. O-type Emission-line Stars

Classification O-type Emission-
Lines Stars

1. Of Stars

2. Oe Stars

3. PNCS- Planetary Nebulae 
Central Stars



Spectral Features of Of Stars



Line Profiles 0f Of Stars



Comparison of Rotational  Velocity of Of and O Stars



Stellar Winds and Mass-loss Rate of Of Stars



Oe Emission-line Stars

Oe stars are O-type stars that show emission lines in Balmer series. 

In contrast to Of stars, they do not show emission lines in high 

excited ions such as NIII and HeII. 

They may interpreted as an extension of Be



PNCS

Central Stars of Planetary Nebulae, PNCS

The central stars of planetary nebulae consists of hot, dwarf stars 

with diversity in spectral  types such as; [WR], Of, Of+[WR], OVI, 

O-type, subdwarf O stars, etc. 



B-Type Emission-Line Stars

III. Classification of B-type 
Emission-Line Stars

1. Be Stars- Classical Be Stars

2. B[e] Star-IR Excess & 
Appearance of Forbidden 
Lines



Basic Type of Line Profiles and Catalogues of Be Stars 



Schematic Diagram of Classical Be Star



High Rotational Velocity among Be Stars



Break-up Velocity and Be Stars



Approaching Break-up Velocity of Be Stars



Mass-loss Rate and luminosity of Be Stars



Ratio of X-ray and Bolometric Luminosity of Be Stars



Groups of Peculiar Be Stars



Types of Luminous Blue Variables

IV. Supergiant Emission-line Stars

Types of Luminous Blue Variables



HR Diagram of Luminous Blue Variables



The Famous Eta Carini



Schematic Diagram of Expanding Envelope of P 

Cygni Stars

P Cygni Stars



Types of P Cygni Profile



HR Diagram of P Cygni-type Stars



Characteristics of P Cygni-type Stars



Characteristics of  Supergiant B[e] Stars



Hubble-Sandage Stars



Optical Spectra of Hubble-Sandage Stars



Physical Parameters of Hubble-Sandage Variables



Evolutionary Status of Early-type Emission-line Stars

Stars > 20 solar mass

Standard models

O→ Of → BSG (or H-rich WN) → 

LBV → WN → WC → SN

Dynamical processes models

O → Of → H-rich WN → LBV → H-

poor WN → WN → WC → SN



Evolutionary Tracks of Massive Stars



Evolution of Massive Stars



Evolution of Be Stars, 1 



Evolution of Be Stars, 2



Evolution of Be Stars, 3



H-R Diagrams of Be and B Stars



Schematic  Binary Evolution Sequence 



Binary Evolutionary life-time



Evolutionary Scenario of Case B Binary System



Late-type Stars and Close Binaries

Late-type Stars 

Emission-line Red Dwarfs Stars, dMe

dM- emission often in CaII H & K 

lines

dMe- emission in Hα



Sample of Hα Emission-line in dMe Stars



Hα Line Profiles of dM and dMe Stars



Flare Stars

There many stars flare up in 
both light level and spectra

Types:

Fast flare stars, < 30 minutes

Slow flare stars, between 30-
40 minutes 



Out Burst of Flare Star



Emission Flux of Line in Red Giants



Phase Change in Balmer Lines in Long Period 

Variables



Chromospheric Activities of RS CVn Stars



Types of RS CVn Stars



Phase Variation of Hα Profile of RS CVn Stars



Schematic Mass-transfer of RS CVn Stars



Cataclysmic  Variables, CV

Categories of Cataclysmic 
Variables, CVs

Classical Novae CN

Recurrent Novae RN

Dwarf Novae DN

Nova-live Variables NL



Schematic Picture of CV Stars



Schematic Diagram of Classical Novae



Spectral Variation RN Outburst



Types of Dwarf Novae, DN



Phase Variation of Hα in Dwarf Nova, DN



Types of Nova-like Variables



Schematic Geometry of Symbiotic Stars



Pre-main Sequence Stars

Pre-main Sequence Stars

Hderbig Ae/Be Stars, HES

T  Tauri Stars, TTS:

FU Orionis Stars

YY Orionis Stars



List of Herbig Emission-line Stars



Definition of Ae/Be Stars, HES

Definition of HES

i) The spectral type is A or 

earlier, with emission lines

ii) The star  lies in an obscured 

region in HR diagram

iii) The star illuminates fairly 

bright  nebulosity in its 

immediate vicinity



Difference Between HES and Classical Be

Difference between HESs and Be 

stars of same spectral type

a) Infrared excess

b) Time variations

c) Linear polarization 

d) Association with star-formation 

regions



Herbig Ae/Be Stars, HESs



T Tauri Stars

Characteristics of  T  Tauri

stars:

a) Association of star-forming 

regions

b) Location on the HR diagram

c) Spectral characteristics-

strong stellar activities 

forming variable emission 

lines infer the existence of 

developed accretion disks 



END



V/R Variation of Be Stars


