
The Cepheid distance 
scale and Gaia
Pierre Kervella
CNRS UMI FCA 3386 & Observatoire de Paris 
+
Antoine Mérand, Joanne Breitfelder, 
Alexandre Gallenne, Anthony Soulain,…



Pulsation of a Cepheid



Pulsation of a Cepheid



1.50

1.55

1.60

1.65

1.70

1.75

0 0.2 0.4 0.6 0.8 1Phase

DU (mas)

Interferometry / Surface brightness
Angular diameter (milliarcseconds)

Phase
-6


-4


-2


0


2


4


6


0,0
 0,1
 0,2
 0,3
 0,4
 0,5
 0,6
 0,7
 0,8
 0,9
 1,0


V
a

ri
a

ti
o

n
 d

e
 R

a
y
o

n
 (

R
s
o

le
il)



Phase


Spectroscopy
Ra

di
us

 v
ar

iat
io

n 
(R

su
n)

Phase

The distance d is given by the relation:

d =
2�R(T )
�✓(T )

=
�2 k p

R T
0 vrad(t) dt

✓UD(T )� ✓UD(0)



1.50

1.55

1.60

1.65

1.70

1.75

0 0.2 0.4 0.6 0.8 1Phase

DU (mas)

Interferometry / Surface brightness
Angular diameter (milliarcseconds)

Phase
-6


-4


-2


0


2


4


6


0,0
 0,1
 0,2
 0,3
 0,4
 0,5
 0,6
 0,7
 0,8
 0,9
 1,0


V
a

ri
a

ti
o

n
 d

e
 R

a
y
o

n
 (

R
s
o

le
il)



Phase


Spectroscopy
Ra

di
us

 v
ar

iat
io

n 
(R

su
n)

Phase

The distance d is given by the relation:

d =
2�R(T )
�✓(T )

=
�2 k p

R T
0 vrad(t) dt

✓UD(T )� ✓UD(0)



1.50

1.55

1.60

1.65

1.70

1.75

0 0.2 0.4 0.6 0.8 1Phase

DU (mas)

Interferometry / Surface brightness
Angular diameter (milliarcseconds)

Phase
-6


-4


-2


0


2


4


6


0,0
 0,1
 0,2
 0,3
 0,4
 0,5
 0,6
 0,7
 0,8
 0,9
 1,0


V
a

ri
a

ti
o

n
 d

e
 R

a
y
o

n
 (

R
s
o

le
il)



Phase


Spectroscopy
Ra

di
us

 v
ar

iat
io

n 
(R

su
n)

Phase

The distance d is given by the relation:

d =
2�R(T )
�✓(T )

=
�2 k p

R T
0 vrad(t) dt

✓UD(T )� ✓UD(0)

k = limb darkening correction (from models)
   = θUD / θLD
   ~ 0.94 in visible, 0.98 in IR
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• Geometrical component = 1.5
• Limb darkening component < 1
• Atmosphere dynamics = ?
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p ~ 1.39 - 0.03 log P from stellar atmosphere models
(Hindsley & Bell 1986, PASP, 98, 881)
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Main limitation for BW Cepheid distances



Radial velocity

Angular size
(interferometry)

Effective temperature

Photometry
Mérand et al. 2015, A&A, 
submitted 
Breitfelder et al. 2015, A&A, 
in prep.



Figure: Anthony Soulain



Gaia parallaxes of Galactic Cepheids

Figures: Anthony Soulain

~500 stars
225 stars



7. Description of the proposed programme and attachments

Description of the proposed programme (continued)

al. 2014b, A&A, 567, A60 ; Gallenne et al. 2015, in prep. ; Neilson et al. 2015, A&A, 574, A2 ; Szabados, L.
2003a, CKOH, 103, 115 ; Szabados, L. 2003b, IBVS, 5394, 1 ;

B – Immediate Objective: The raw interferometric data will be reduced with the provided pndrs package.
We will search for the signature of the companion in the closure phase and visibility measurements. With 4
telescopes and the GRISM setup, PIONIER will provide much more simultaneous accurate measurements than
AMBER, and therefore reducing the observing time. For the survey, we will estimate the V -band magnitude
and astrometric position of the detected companion, otherwise detection limits will be set according to the noise
level, as in Gallenne et (2014b).

Attachments (Figures)

Fig. 1: �r map of the local minima (left) and detection level map (right) of BP Cir for the observations on
2015-02-17. The yellow lines represent the convergence from the starting points to the final fitted position.

Fig. 2: Left : fitted (solid line) and measured (blue dots) orbital velocity. Middle: fitted (solid line) and
measured (blue dots) pulsation velocity. Right : orbit of V1334 Cyg Ab. The blue dots are the MIRC astrometric
measurements, with two points per year since 2012 (Gallenne et al. 2013a).
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2012

2013

2014

A

Orbit Pulsation Interferometry

Binary Cepheids Gallenne et al. 2013, A&A 
+ A&A in prep.

Circumstellar 
envelopes

A. Gallenne et al.: Extended envelopes around Galactic Cepheids. IV.

Fig. 3. Calibrated visibility and spectrum of T Mon (blue dots with error
bars). The solid black line in the upper panel represents the photosphere
of the Cepheid modeled with Kurucz’s spectra. Other color curves are
the fitted models.

adopted parameters are listed in Table 4. It is worth mentioning
that for these models all parameters have the same order of mag-
nitude. The error on the stellar angular diameter was estimated
from the luminosity and distance uncertainties.

The CSE of X Sgr is optically thin (⌧0.55 µm = 0.0079 ±
0.0021) and has an internal shell diameter of ✓in = 15.6 ±
2.9 mas. The condensation temperature we found is in the range
of what is expected for this dust composition (1200�1900 K).
The stellar angular diameter (and in turn the luminosity) is also
consistent with the value estimated from the surface-brightness
method at that pulsation phase (Storm et al. 2011, 1.34 ±
0.03 mas) and agrees with the average diameter measured by
Kervella et al. (2004, 1.47 ± 0.03 µm). The relative CSE ex-
cess in the VISIR PAH1 filter of 13.3 ± 0.5% also agrees with
the one estimated by Gallenne et al. (2011, 11.7 ± 4.7%). Our
derived color excess E(B � V) is within 1� of the average value
0.227 ± 0.013 estimated from photometric, spectroscopic, and
space reddenings (Fouqué et al. 2007; Benedict et al. 2007;
Kovtyukh et al. 2008).

Table 4. Final adopted parameters.

X Sgr T Mon

L? (L�) 2155 ± 58 11 446 ± 1486
Te↵ (K) 5900 5200
✓LD (mas) 1.24 ± 0.14 0.94 ± 0.11
E(B � V) 0.200 ± 0.032 0.135 ± 0.066
Tin (K) 1684 ± 225 1438 ± 166
✓in (mas) 15.6 ± 2.9 15.9 ± 1.7
⌧0.55 µm (⇥10�3) 7.9 ± 2.1 151 ± 42
Ṁ (⇥10�8 M� yr�1) 5.6 ± 0.6 48.7 ± 5.9
↵ (%) 13.3 ± 0.7 87.8 ± 9.9⇤

Notes. Averaged parameters from the fitted models. See Sect. 3 for more
details. (⇤) This value is likely to be biased by the sky background (see
Sect. 5).

3.4.2. T Mon

The CSE around this Cepheid has a stronger contribution than
X Sgr. The large excess around 8 µm enables us to exclude a
CSE composed of 100% Al2O3, because of its low e�ciency
in this wavelength range. We first considered dust composed of
iron. However, other species probably contribute to the opacity
enhancement. As showed in Fig. 3, a 100% Fe dust composi-
tion is not consistent with our observations. We therefore used
a mixture of W-S, Al2O3 and Fe to take into account the optical
e�ciency at all wavelengths. The best model that agrees with
the visibility profile and the SED is model #5, including 90%
Fe + 5% Al2O3 + 5% W-S. The fitted parameters are listed in
Table 3 and are plotted in Fig. 3. However, because no specific
dust features are present to constrain the models, other dust com-
positions are also consistent with the observations. Therefore
we have chosen the average values and standard deviations (in-
cluding their own statistical errors added quadratically) between
models #2, #4 and #5 as final parameters and uncertainties. The
final adopted parameters are listed in Table 4.

The choice of a stellar temperature at � = 0.33 or 0.12 in
the fitting procedure (instead of an average pulsation phase as
cited in Sect. 3.1) changes the derived parameters by at most
10% (the variation of the temperature is lower in the mid-IR).
To be conservative, we added quadratically this relative error to
all parameters of Table 4.

The CSE of T Mon appears to be thicker than that of X Sgr,
with (⌧0.55 µm = 0.151 ± 0.042), and an internal shell diame-
ter of ✓in = 15.9 ± 1.7 mas. The derived stellar diameter agrees
well with the 1.01 ± 0.03 mas estimated by Storm et al. (2011,
at � = 0.22). The deduced color excess E(B � V) agrees within
1� with the average value 0.181 ± 0.010 estimated from photo-
metric, spectroscopic and space reddenings (Fouqué et al. 2007;
Benedict et al. 2007; Kovtyukh et al. 2008). We derived a partic-
ularly high IR excess in the VISIR PAH1 filter of 87.8 ± 9.9%,
which might make this Cepheid a special case. It is worth men-
tioning that we were at the sensitivity limit of MIDI for this
Cepheid, and the flux might be biased by a poor subtraction of
the thermal sky background. However, the clear decreasing trend
in the visibility profile as a function of wavelength cannot be at-
tributed to a background emission, and we argue that this is the
signature of a CSE. In Sect. 5 we make a comparative study to
remove the thermal sky background and qualitatively estimate
the unbiased IR excess.
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V1334 Cyg

T Mon

Gallenne et al. 2013, A&A.



RS Puppis 
Kervella et al. 2014, A&A


