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Abstract. We present our implementation of the parallax of pulsation method which inte-

grates all observables and physical modelling of the photosphere to get the best statistical

precision and controlled biases. This method has been validated on well known stars and

used to estimate observationally the projection factor of the HST-FGS sample. Our future

developments include application to the Gaia Cepheids and modelling of the spectrum.

1 Why revisit the parallax of pulsation method?

The parallax of pulsation (PoP) method compares the integrated pulsation velocity and angular di-

ameter variations of pulsating stars, in order to derive the distance. The PoP method is the “most

geometrical” way, apart from measuring the direct parallax, to estimate distance to Cepheids. As

such, the method is central in calibrating the Leavitt’s (period-luminosity) law.

Traditional implementation (so called Baade-Wesselink) have lots of limitations which affect the

accuracy and precision of the derived distances.

First, pulsation velocity measured using spectroscopy does not represent exactly the pulsation

velocity: the use of an ad-hoc projection factor to estimate the pulsation velocity from the radial

velocity introduces a bias to the distance. This p-factor depends on the extraction method of radial

velocity, which makes the bias complicated to account for in practice.

Secondly, angular diameters are usually derived using 2 bands photometry (such as V and K):

two parameters (Teff , diam) are actually adjusted from two measurements, which is an under-use

of multiple bands usually available (up to a dozen different). Surface brightness laws need to be

calibrated, and use a simplistic linear dependency with the color. Moreover, reddening and reddening

law need to be known. Note that so-called Wesenheit relations (a linear combination of 2 magnitudes)

is not immune to that since the linear relation is derived from reddening laws.
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Figure 1. SPIPS fit for δ Cep: velocity, angular

diameter and photometric fit. Note the infrared

excess (in K band photometry) as well as the bias

in the apparent angular diameter.

Finally, the traditional Baade-Wesselink implementation uses non optimal data combination

schemes. Usually, data are fitted in various stages, i.e. not at once, which render the final uncer-

tainties too optimistic. Too often, low order interpolation is used which leads to poor statistical signif-

icance and biases to the distance. Additionally, only all-at-once data combination allows to efficiently

combine data with poor phase coverage and/or account for period change.

2 A better approach

The PoP method is not geometric. We embrace its complexity and dependence on the pulsation’s

physics. Our approach to improve precision and accuracy is as follows. Combination of all data
possible: spectroscopic radial velocities; high resolution spectra; any number of photometric mea-

surements (not limited to 2 bands); optical interferometric measurements. Simultaneous fit of ALL
the parameters: 2 profiles as function of time for Vpuls(t) and Teff(t); period and period change

parameters; reddening E(B−V); distance or p-factor. Use of atmospheric models to derive synthetic

photometry from the effective temperature. Inclusion of morphological and photometric modelling of

infrared excesses.
This approach allowed us to successfully model all observables from 2 stars in great details (δ Cep

and η Aql, the first of which can be seen on Fig. 1) which proves the validity of the approach [1]. Our

future work includes high resolution spectroscopic modelling, as well as extension of SED modelling

beyond the K-band. Other uses of SPIPS include the modelling and derivation of p-factor for the Type

II Cepheid κ Pav ([2]), the HST-FGS Cepheids sample ([3]) and for the long period Cepheid RS Pup

([4]). All these examples of SPIPS modelling of Cepheids with available distances point toward a

constant p-factor of the order of 1.25 to 1.30, regardless of the pulsation period (see Kervella et al.,

these proceedings).
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