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Diagram adapted from Riess (2013, STScI Newsletter)
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PERIOD-LUMINOSITY
Fouqué et al 2007, A&A, 476, 73
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THE P-FACTOR

• p = pulsational / radial velocity
• Geometrical component = 1.5
• Limb darkening component < 1
• Atmosphere dynamics = ?

Pulsational
velocity

Radial
velocity

p ~ 1.39 - 0.03 log P from stellar atmosphere models
(Hindsley & Bell 1986, PASP, 98, 881)

Disk-integrated
radial velocity

Main limitation for BW Cepheid distances



Interferometric 
angular diameters Radial velocities Photometry

(all bands)

• Distance or projection factor
• Color excess E(B-V)
• Effective temperature
• Envelope contribution (H+K)

Reddening lawKurucz ATLAS9

Photometry 
bandpass and ZPSPIPS model

CSE

Atmosphere
model

Future evolutions: 
• direct V2 input 
• thermal infrared 
• high resolution spectra 
• rotational velocity



A&A 584, A80 (2015)

Fig. 3. � Cep data fit. Various panels show pulsation and radial velocities with spline model and residuals (panel a)); angular diameters and
residuals, with the baseline color-coded for the data and CSE-biased model – as a dash line, based on the model shown in Fig. 2 – (panel b));
e↵ective temperatures (panel c)); photometric measurements and models (panels d) to k)) for di↵erent photometric bands or colors. Typical error
bars are shown on the right side of the plot, below the reduced �2 values.

For example, the slow (compared to the pulsation time) evolu-
tion of the star’s interior leads to a first-order period change. The
amount of linear change is an indicator of the evolutionary stage
of the Cepheids and can be computed theoretically (see, for ex-
ample, Fadeyev 2014). We allowed the period to change linearly
in our model.

3. Prototypical stars

Note that the observational data, and best fit model are available
as FITS tables at the CDS.

3.1. � Cep

� Cep is the prototypical Cepheid and has been observed ex-
tensively, in particular by optical interferometer. We took the
photometry from Mo↵ett & Barnes (1984), Barnes et al. (1997),
Kiss (1998), Berdnikov (2008) and Engle et al. (2014). We also

added photometric observations from Tycho and Hipparcos
from van Leeuwen et al. (1997) and ESA (1997). We took the
cross-correlation radial velocities from Bersier et al. (1994) and
Storm et al. (2004). The angular diameters are the ones published
in Mérand et al. (2005) and Mérand et al. (2006). In addition,
to properly interpolate the photospheric models, we adopted a
metallically of [Fe/H] = 0.06, based on Andrievsky et al. (2002).
We note that the metallicity has a very weak e↵ect on surface
brightness values and is undetectable with our data set.

For the �2 averaging, we used four groups of observables:
radial velocities (91 measurements) angular diameters (67 mea-
surements), photometric magnitudes (483 measurements), and
colors (421 measurements). Error bars for each of these groups
were multiplied by ⇠0.59, ⇠0.50, ⇠1.26, and ⇠1.35, respectively.
We show the fit in Fig. 3, and the most important parameters are
listed in Table 3.

It is interesting to compare the result we obtain here with
that of our previous study, which did not include photometry
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A&A 584, A80 (2015)

Fig. 4. ⌘ Aql fit. Various panels show pulsation and radial velocities with spline model and residuals (panel a)); angular diameters and residuals,
with the baseline color-coded for the data and CSE-biased model – as a dash line, based on the model shown in Fig. 2 – (panel b)); e↵ective
temperatures (panel c)); photometric measurements and model (panels d) to m)) for di↵erent photometric bands or colors. Typical error bars are
shown on the right side of the plot, below the reduced �2 values.

Regarding the accuracy of E(B � V), Laney & Caldwell
2007 reported 0.126 and also quoted an older value of 0.143
(Caldwell & Coulson 1985), as well as 0.138 (metallicity cor-
rected, computed by the software “BELRED”). Groenewegen
(2008) quoted 0.130±0.009. Storm et al. (2011) used 0.129. Our
estimate is in this range, at 0.161±0.005, on the redder side. The
statistical uncertainty we obtain, ±0.005, is underestimated be-
cause we did not take into account the fact that all photometric
measurements in a same band and from a same source share a
common error, namely the zero point and the photometric cal-
ibrators. If we perform a Jack-knife resampling, removing one
set of photometric measurements every time, the uncertainty on
E(B � V) increases by a factor of 3, to ±0.015.

Regarding the distance, ⌘ Aql appears in Table 5 of
Groenewegen (2008) with a distance of 261 ± 6 ± 7 pc for
p = 1.321 (d/p = 198 ± 5 ± 4 pc). Storm et al. (2011) de-
termined a distance of 255 ± 5 pc using IRSB method, for
p = 1.39 (d/p = 183 ± 4 pc). Using a subset of data we used,

Lane et al. (2002) obtained d = 320 ± 32 pc with p = 1.43
(d/p = 223 ± 22 pc). Our method gives a distance of 296 ± 5 pc
(d/p = 228 ± 4 pc), which is not consistent with Storm et al.
(2011). We note that our uncertainty is on the same order as that
of Storm et al. (2011), and surprisingly, they used only radial
velocity and two-band photometry. If we restrict ourselves to
IRSB data (radial velocities and V , K photometry), our fit leads
to ±15 pc. Since we cannot fit E(B�V) (because of the degener-
acy with Te↵), we should estimate the sensitivity of the distance
estimate to change in E(B � V). We computed that decreasing
E(B�V) by 0.05 leads to a distance 4 pc smaller. In other words,
restricting our data set to the IRSB method leads to similar dis-
tances. The reason why we find an uncertainty in the estimated
distance three times larger than Storm et al. (2011) is the follow-
ing: we suspect that since we fitted all parameters at once (radial
velocity profile, Te↵ profile, distance, etc.), our uncertainties are
more realistic. If we keep our ⌘ Aql model and only use the
IRSB dataset, and if we assume that we know everything in the
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5-10% parallaxes Breitfelder et al. (2016, A&A, 587, A117)

P-FACTORS FROM SPIPS + 9 HST-FGS PARALLAXES



Figure: Anthony Soulain

DATABASE OF OBSERVATIONS: RADIAL VELOCITIES 

+ Photometry (colors,…) Getting ready for Gaia !



Binary Cepheids
Gallenne et al. (2013, A&A, 552, A21)
Ongoing HST-FGS+STIS program
(with Nancy Evans, Ed Nelan, Charles Proffitt,…)

Circumstellar 
envelopes

V1334 Cyg

X Sgr

Gallenne et al. (2013, A&A, 558, A140)

Pulsational Vrad Orbital velocity MIRC

VLTI/MIDI

Four year program 

funded by ANR: 

- 2 PhD theses 
- 1 post-doc (3 years)
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Kervella et al. 2014, A&A


