Late Stages of Stellar Evolution
-

Low to Intermediate Mass Stars

Section 5: Pulsations




" “Pulsations .

e A tars are variable stars, due to the fact that the
sating.

*_The periods are long, hence the designation Long Perioa
Variables (LPVs): 1=10 — 1000s days.

* Until the arrival of large photometric surveys (MACHO,
OGLE), the long periods ng.ade it difficult to derive light

curves.
The first historic variable star, o Ceti, was discovered in &%
1596 by David Fabricius, and is now known as Mira, thé
rototype of a class of variable AGB stars. |
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ariables: regular

t curves, with
amplitudes AV > 2.5™and

);f M > 100 days.

Semi-regular variables
(SRVs): fairly regular light
curves, AV < 2.5mand M >*
20 days.

Irregular variables (Irr):
irregular light curves,
Fpall AV and no clear
pekied.
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Classmcatlon Eavé‘a@j
: Trf—:phtudes used in
tp definitions are based

on observations in the V
band. The bolometric
variations and the
variations in the IR bands
are in fact much smaller. J
* Many Irr's just suffer from Eil
badly sampled light :
curves.

*®Some AGB stars do not
ave optical emission
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Period-Luminosity Refations

* AR metric survey data
allowed the mapping
of a number of period-
luminosity relations.

The ratios between
| periods suggest:

— C: fundamental mode
pulsators (Miras)

— B: first overtone pulsators
(SRVs).

— A, A’: higher overtone
pulsators (SRVs).
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Period-Density‘i?elé‘tiqg
o -ndamental mode is a radial pulsation with Itg
wavelength equal to the stellar diameter:
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)ﬁl If the pulsations are around an equilibrium solution, we
can use the Viral Theorem to find the T1-L relation:
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Period-Lumino'si%/ Reﬂwgn

find the relation for the periods of different pulsation
odes:
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Stellar Pulsations as HedtiEngine

At ong point in the pulsation cycle, alayer of staellar material loses support against
the star's gravity and falls inwards.

This inward motion tends to compress the layer, which heats up and becomes
more apadgue to radiation.

since radiation diffuses more slowly through the layer (as a consequence of its
increased opacity), heat builds up bensath it.
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Stellar Pulsations as HedtiEngine

The prassure rises below the layer, pushing it outwards.

As it moves outwards, the layer expands, cools, and becomas more transparent
to radiation.

Energy can now escape from below the layer, and pressure beneath the layer
drops.




- K- mechanlsm ., -

IS to work, we need the opacity to increase
pression, this is known an the k-mechanism

* .Typical opacity (Kramer's opacity):
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This opacity law does not have the desired effect: ‘.
(adiabatic) compression raises the density, but also the
temperature, so the opacity drops.

Solution: Partial ionization zones (H—H*, He—He*, He
*—He?*): compression energy used to ionize, rather tha
iIncrease the temperature.

is works well for classical variables such as Ce
an Lyrae stars.




Instability §trip‘ .

* In ility strip
undaries:
(T.~=7500 K):
partial ionization zone

too close to the surface
to drive pulsations.

(T .=5500 K):
energy transport mostly

through convection, so
iInsensitive to opacity.

B Cephet stars
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Pulsation I\/Iodels for AGﬁétarS

* M Img the pulsational
aviour of AGB stars
requires a description of the
ﬁ changes in the convection
zone during pulsations.
f: We only have approximate
models for convection
(‘'mixing length theory’), so all

these pulsational models are
flawed.

he existing models still

Pﬁ to the importance of the s
parti jzation zones. /Ro
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I\/Iaybe Wé Neg'd TH\_

s135qm04nZE: Surface Intensity(3l], time! 44.5)=30.952 yra

* Bernd Freyta
radiation-hydro mic
models.

‘Betegeuse’ (red
supergiant), 5 M

R=600 R,
L=41400 L,

Duration of movie:
7.5 yrs




