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PMS intermediate mass pulsating stars

Palla & Stahler (1993)

Theory allows to
calculate the so-called
birth-line, i.e. the location
of stars of different mass
when they start their PMS
phase.

PMS stars contract from
the birthline to their
location on the Main-
Sequence on the Kelvin-
Helmoltz time scale:
t=3/7·(GM2)/RL.

Instability Strip

During their evolution
toward the MS a number of
intermediate mass PMS
stars are able to cross the
instability strip of more
evolved δ Scuti. Crossing
times are of the order of
105 ÷ 106 years
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Why to search for PMS δ Scuti stars ?
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• Determination of the intrinsic stellar parameters
P√ρ=cost. ⇒ P=P(M,R) but L=L(R,Te) ⇒ P=P(M,L,Te) ⇒ if L,Te are
known indipendently, the comparison between a measured period and the
theoretical value provides the stellar mass.

• Stellar structure evolution
Frequency changes due to modifications of the interior:

      (dP/dt)/P ≈ 10-6   yr-1 ⇒  0.4 h in 10 years for the epoch of maxima

• Determination of the inner structure
 Pulsation (asteroseismology techniques) also allows us to probe the interior

of Herbig Ae, whose structure is  different from that of MS objects.



34 known or suspected PMS δ Scuti stars

From http://ams.astro.univie.ac.at/pms.php=Variables studied by our group



Pulsation in IP Per: results from a multisite campaign

•IP Per is a Herbig Ae star with: V=10.34, sp. type A7V, logL/L∼1.0±0.05, Teff
∼8000±200 K (Miroshinichenko et al. 2001).

•We carried out a multisite campaign in BV involving 9 telescopes for a total of
~170h of observations (Ripepi et al. 2005 A&A submitted).



Pulsation in IP Per: results from a multisite campaign

All campaign data Loiano data



Frequency analysis results
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IP Per is a multiperiodic pulsator
probably showing a mixture of radial 
and nonradial modes!



Radial pulsation analysis: evaluation of the
mass and the position in the HR diagram
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From the computation of linear
nonadiabatic pulsation models
and the comparison between
predicted and observed frequencies we
find a best fit PMS model with 1.77Mo,
logL=0.99, logTe=3.887, consistent with
the empirical spettroscopic
determination and reproducing five of
the seven frequencies with radial modes.

The 1.77 Mo PMS and the 1.73 Mo
postZAMS tracks intersect each other in
the best-fit model position. Radial mode
periodicities are quite similar for these
two models ! But in both cases not all the
frequencies are reproducedEvolutionary tracks are computed with

the FRANEC code with the physical and
numerical assumptions of  the
ESTA/COROT Task 1



Nonradial pulsation analysis:
PMS versus post-MS models
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We applied to the
evolutionary structure of the
1.77Mo PMS models and of
the 1.73 MS model the
Aarhus adiabatic pulsation
code and computed the
theoretical frequencies for
l=0,1,2,3



PMS

Nonradial pulsation analysis:
PMS versus post-MS models
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PostZAMS



Echelle diagram

PMS PostZAMS



Evolutionary models depend on
many ingredients!

 Esta/COROT meeting, Nice, September 27,  2005

• Metallicity is
important:
according to some
authors the metal
abundance of IP
Per could be as low
as Z=0.008



Evolutionary models depend on
many ingredients!
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• The adopted
opacity, equation of
state, chemical
mixture can also
affect the models.



Evolutionary models depend on
many ingredients!
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• The mixing
lnght α=l/Hp
parameter is
also crucial.



Next steps
• To compare the results with the ones obained

from other evolutionary and pulsation codes
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• To extend the analysis to other pulsators

• To explore in detail the dependence on the
various physical inputs


