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An outstanding laboratory 
Our Galaxy:  

100 billion stars 

about 
a star  

on 100,000 
is pulsating 

The Sun 



Stellar pulsation 



Stable (ordinary star)  &  Unstable (pulsating star)  

limit cycle 

limit cycle 

deadening 

Initially pushing below the 
equilibrium radius value  



R* = 40 000 000 km 70% H 
29.9% He 
0.1% other 

RR Lyrae star 

Iben 1971 PASP 83, 697 



photosphere 

40,000 K 

10,000 K 

The κ- mechanism 
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Chapter 6 



• hydrogen ionization zone (H          H+  and  He          He+) 
T = 10,000 – 15,000 K 

 
• helium II ionization zone (He+         He++) 
                   T = 40,000 K 

- If the star is too hot, the ionization 
zones will be too near the surface to 
drive the oscillations.    
- This accounts for the “blue edge” 
of the instability strip.    
- The “red edge” is probably due to 
the onset of convection. 
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The instability strip 



RR Lyr 
 
Teff = 7175 K 
 
M = 0.6 Msun 
 
L = 62 Lsun 
 
90 layers 
 
opacity with Fe 

Fokin & Gillet 1997  A&A  325, 1013 



RR Lyr 
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RR Lyr 
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RR Lyr 
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RR Lyr 

Fokin & Gillet 1997  A&A  325, 1013 



Fokin & Gillet 1997  A&A  325, 1013 

The 5 shock waves in RR Lyr 



Fokin & Gillet 1997  A&A  325, 1013 

The velocity of the 5 shock waves in RR Lyr 

Mach number =18 



Comparaison de la 
dynamique atmosphérique 
dans le cas d'une pulsation 

classique (small 
amplitudes) et dans le cas 
d'une pulsation de fortes 
amplitudes (atmosphere 

with shock waves).  
 

From Ernst A. Dorfi 
Universität Wien. 



Dynamique extrême de l'atmosphère d'une supergéante pulsante subissant des chocs de très forte intensité conduisant à des  
phénomènes de perte de masse sporadiques. From Ernst A. Dorfi Universität Wien. 



The weak shock: viscous shock front 

unperturbed 
 

gas 
 

ρ1 
 
 

shock 
 

wake 
 

ρ2 
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The strong shock: Hypersonic/Radiative shock wave 
direction of propagation 







M1 = 6.5 
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Fadeyev & Gillet 2001 A&A 368, 901 



Final compression ratio ρN/ρ1 at the postshock outer boundary XN of shock  

Fadeyev & Gillet 2001 A&A 368, 901 



3D simulation of shock wave with turbulence 
using detailed chemistry. M = 4.156 Mt = 0.25. 

Master of science in aerospace engineering by H.Narayanan Nagarajan 2009 University of Texas at Arlington. 



KVA 



Origin of stellar  
photons ? 

 



Stellar 
Atmosphere 

Spectral  
absorption line 

wavelength 

The stellar absorption spectral line 
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phase = (t-t0)/period 

FWHM 
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Type spectral : B8 V ~ 3 masses solaires 

Type spectral : A7 V ~ 2 masses solaires 

H 

H 

He I 

H 

H 

He I 



The behaviour of the line strength 



STELLAR  GRANULATION 

 
 
 

Hans-Günter Ludwig (Lund) 



STELLAR  CONVECTION 

 
 
 

Matthias Steffen (Potsdam) & Bernd Freytag 
 



Spatially resolved line profiles of the Fe I 608.27 nm line in a 3-D solar simulation. 
Thick red line is the spatially averaged profile. 

Steeper temperature gradients in upflows tend to make their blue-shifted lines stronger  
 

M.Asplund: New Light on Stellar Abundance Analyses: Departures from LTE and Homogeneity, Ann.Rev.Astron.Astrophys. 43, 481 



Betelgeuse M2 Iab Teff=3300K 
Freytag et al Astron. Nachr. 323, 213, 2002 

 




Atmospheric shockwaves  (Hartmut Holweger, Kiel) 









http://www.amazon.com/exec/obidos/ASIN/0471976792/chakrit14-20�


RR Lyrae @ R = 27,000 and 2.5 m 

- 2.5 m telescope 
Las Campanas Observatory 
 
- R = 27,000 
 

-Time resolution: 3-10 min 
 

- S/N = 20 
 

- 3500-9000 A 

Hα 

George W. Preston 

The evolution of Hα profiles during pulsation cycles for WY Ant and XZ Aps,  
as well as for RV Oct based on many more observations, can be viewed as  
GIF animations in slides 83–86 of the PowerPoint file HNRLecture2009 
at ftp: //ftp.obs.carnegiescience.edu/pub/gwp/HNRLecture. 



RV Oct in April 2007 

λ5876 (HeI) 

max 

max 

I(Hα)/I(He) = 1.75/1.20 = 1.46 

Preston 2011 AJ 141:6, 1 



jump 

shift 

Helium-Sodium show !  

weak 

strong 

|300 km/s|  

|300 km/s| 

RV Oct 
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Preston 2011 AJ 141:6, 1 



- 3.6 m telescope 
CFHT Observatory 
 
-R = 65,000 
 

-Time resolution: 7 min 
 

-S/N = 180 - 210 
 

- 3000-10100 A 

RR Lyr @ R = 65,000 and 3.6 m 

Observations by Gillet, Fabas, Lèbre, 2012, A&A 



0.911 

RR Lyr Hα Gillet, Fabas, Lèbre, 2012, A&A 



0.911 

RR Lyr Hα Gillet, Fabas, Lèbre, 2012, A&A 



0.911 

RR Lyr HeI 5875 Gillet, Fabas, Lèbre, 2012, A&A 



0.911 

RR Lyr HeI 5875 Gillet, Fabas, Lèbre, 2012, A&A 



0.911 

RR Lyr HeII 4686 Gillet, Fabas, Lèbre, 2012, A&A 



0.911 

RR Lyr HeII 4686 Gillet, Fabas, Lèbre, 2012, A&A 



4680 4685 4690

wavelength (A)
5870 5875 5880 5885 6550 6560 6570 6580

0.870

0.896

0.909

0.917

0.925

0.934

0.942

0.950

0.978

HeII HeI Hα 

AS Vir : inset boxes surround HeII and HeI emission lines 
 in 3 successive spectra 

Preston 2011 AJ 141:6, 1 



The Blazhko effect 

Courbe de lumière montrant 2 cycles de pulsations de l’étoile RR Lyrae V 1127 Aql évoluant au cours du temps (en bleu), on observe 
parfaitement l’effet Blazhko. Au cours des 400 cycles (en rouge) observés par le satellite CoRoT, on distingue à la fois une 
modulation de l’amplitude (sur l’axe vertical des ordonnées), et une modulation de la période de pulsation (sur l’axe horizontal des 
abscisses).  



The Blazhko effect 



The explanation of the  
Blazhko effect??? 

Until today, after over 100 years of research,  
there were more than 10 explanations proposed  
but none is satisfactory. 

Blazhko Sergey Nikolaevich 

What is the correct explanation? 

Connection with : 
 shock(s)? 
 helium emission? 
 atmospheric  
     dynamics? 



Conclusion 
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