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Stellar pulsation

5.37 jours




Stable (ordinary star) & Unstable (pulsating star)
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RR Lyrae star
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model: RR41

RR Lyr

>
~I

s
Ao a¥es

A B%YM&VQ \o” GP_\_'I:

$m
radius (/Rg)

4 0— :\‘m

Fokin & Gillet 1997 A&A 325, 1013



RR Lyr model: RR41

RR Lyr
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The 5 shock waves in RR Lyr
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The velocity of the 5 shock waves In RR Lyr
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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
Universitat Wien.

RRo

Pulsations with small amplitudes

0.0

M =20Mg,

L =66000Lg
Ts=27 100K
P =0.29days

Synchronous motion
of mass shells

02 04 06 08 10 12 14 16 18
Time in pulsation periods

Atmosphere with shock waves

M =25Mg

L =282000L¢
Te= 33900K

P =0.49days

Ballistic motions
on the scale of t4




Motion of mass shells

e - Episodic mass
loss
2001
Photosphere
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E:\ Ballistic
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50 BN — 4 : e Regular i_nterior
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Dynamique extréme de I'atmosphére d'une supergéante pulsante subissant des chocs de trés forte intensité conduisant a des
phénomeénes de perte de masse sporadiques. From Ernst A. Dorfi Universitat Wien.



~ mean free path

unperturbed / shock
gas wake
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The strong shock: Hypersonic/Radiative shock wave

T ecton o popagaion |

precursor

thermalization . ionizations/recomb. : cooling wake

r Lyman cont. *

7" Balmer and higher' gcontinua. spectral l'ir.les

A bvn A0o 0cotav

log Distance from the shock front
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A Strong Coupling

origin: - partially ionized medium
- vs= 50 km/s << ¢ = 300,000 km/s

unperturbed
ot=nc/n £0.5 atmosphere
photoionizations Z
flUV flux) radiative
¢ | precursor
ne A
viscous shock front
collisional y
ionizations =
f(ne, Te) 2
[ radiative shock
,L wake
recombinations —
giving the UV flux “ : A
y

If ! ="
— . self consistent solution ﬁEHE!—/
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Final compression ratio p,/p, at the postshock outer boundary X, of shock
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Mt=0.25

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.
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star atmosphere

e Origin of stellar
photons ?

spectrograph
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relative flux

phase = (t-t;)/period
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The thermal profile computed from a model photosphere does not look
much like the observed one.




Profil des raies spectrales

Effets intrinseques \

0 r thermique ™

»Largeur naturelle
Ax~ 0.0001 Ao 1/ t,. avec t,.~10%s \

Profil lorentzien ailes Stark

> Elargissement Doppler thermique
AL~ 0.5 A x N (T/m)
Profil gaussien < profil Voigt
> Elargissement "Stark" par collision
A2 >10 A o« densité . section de collision
Profil "plutdot” lorentzien (Holtsmark)

noyau Doppler - .u

Causes extérieures

»Elargissement Doppler dynamique 1
rotations, expansions, etc. it W
A’ de 0 @ >1000A = v/c ol z

»Elargissement par levée de dégénérescence
champ magnétique (effet Zeeman), etc.
A2 ~ 1A o« champ magnétique

0 I
-0.3 -0.2 -0.1

> Elargissement instrumental

AX = résolution « min (1/dimension du réseau-échantillonnage)
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Line strength — »

lonization via Temperature

<— Surface temperature (K)
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The behaviour of the line strength

|

-3 -2

=

A A

1 | |
of- Lp el LAg
1100 1710 Normal A L "' e ot
. 08 e )
= i Her =018 £ ¢ ©
e alee -0 B7
06— 0 Aur -008 o
oLeo -007 B35V
0.00 .
0el a Lyr N
10
| iSer 060 2OV
08— yvie 035 FOW
W HD
Sosf— 203096 013 5
L nOph 005 ALV
a Lyr 0.00 i}
04—
The odundance &I.YLV\*!M.W N%D 02
{1 | | | |
0 1 2 3 4
(AN, A
| | | | | |
.
02} g. \' Na D ]
i The sarbes QraviYy o\c.‘nmhuu.. i
| ] 1 | | | | | | 1 |
88 89 5890 Nn 92 93 94 95 5896 97 98 99



STELLAR GRANULATION




STELLAR CONVECTION
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Spatially resolved line profiles of the Fe |1 608.27 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



s1359m04nd4: Surface Intensity(2l), time! 0.0)= 0.000 vyrs

-

Betelgeuse M2 lab T,,=3300K
Freytag et al Astron. Nachr. 323, 213, 2002
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RR Lyrae @ R =27,000 and 2.5 m

$=0.02

< Hot :

Normalized Flux

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
8550 8560 8570 8580

Wavelength ()

The evolution of Ha 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.

- 2.5 m telescope
Las Campanas Observatory

-R =27,000
-Time resolution: 3-10 min
-S/N =20

- 3500-9000 A

George W. Preston
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RR Lyr @ R = 65,000 and 3.6 m

- 3.6 m telescope
CFHT Observatory

-R = 65,000
-Time resolution: 7 min
-S/N =180 - 210

- 3000-10100 A

Observations by Gillet, Fabas, Lebre, 2012, A&A
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AS Vir : inset boxes surround Hell and Hel emission lines
In 3 successive spectra
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The Blazhko effect
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Courbe de lumiére montrant 2 cycles de pulsations de I'étoile RR Lyrae V 1127 Agl évoluant au cours du temps (en bleu), on observe

parfaitement I'effet Blazhko. Au cours des 400 cycles (en rouge) observés par le satellite CoRoT, on distingue a la fois une
modulation de I'amplitude (sur I'axe vertical des ordonnées), et une modulation de la période de pulsation (sur I'axe horizontal des

abscisses).
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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.

What is the correct explanation?

Blazhko Sergey Nikolaevich

A Nlagnetic Model esonance Model
(10@7 e b ; N
YEARS

Connection with :

=> shock(s)?

= helium emission?

= atmospheric
dynamics?
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