
photo: S. Guisard

INTERFEROMETRY AND THE 
DISTANCE SCALE

PIERRE KERVELLA (LESIA),
ANTOINE MÉRAND (ESO), ALEXANDRE GALLENNE (UDEC),

JOANNE BREITFELDER (ESO/LESIA), NICOLAS NARDETTO (OCA),
JOHN MONNIER (UMICH), AND MANY OTHERS



INTERFEROMETRY AND THE 
DISTANCE SCALE



INTERFEROMETRY AND THE 
DISTANCE SCALE

• Even in the GAIA era, the different rungs of the 
extragalactic distance ladder will need to be strengthened



INTERFEROMETRY AND THE 
DISTANCE SCALE

• Even in the GAIA era, the different rungs of the 
extragalactic distance ladder will need to be strengthened

• Best GAIA Cepheid parallaxes will have a relative accuracy 
around 2% (systematics ?).



INTERFEROMETRY AND THE 
DISTANCE SCALE

• Even in the GAIA era, the different rungs of the 
extragalactic distance ladder will need to be strengthened

• Best GAIA Cepheid parallaxes will have a relative accuracy 
around 2% (systematics ?).

• Long-baseline interferometry can help in different ways:

1.  Baade-Wesselink distances of nearby Cepheids

2.  Surface-brightness-color relations

3.  Cepheids in binary stars
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Parallax of pulsation

Cepheids in binaries



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
Angular diameter (milliarcseconds)

-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
R

ad
iu

s 
va

ria
tio

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)

IBW



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
Angular diameter (milliarcseconds)

-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
R

ad
iu

s 
va

ria
tio

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)

IBW



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
Angular diameter (milliarcseconds)

-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
R

ad
iu

s 
va

ria
tio

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)

p = projection factor
   = Vpuls / Vrad ~ 1.3

IBW



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
Angular diameter (milliarcseconds)

-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
R

ad
iu

s 
va

ria
tio

n 
(R

su
n)

Phase

The distance d is given by the relation:
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k = limb darkening
   = θUD / θLD

   ~ 0.94 in visible, 0.98 in IR

p = projection factor
   = Vpuls / Vrad ~ 1.3

IBW
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Storm et al. 2011, A&A, 534, A94

Neilson et al. 2012, ASSP, arXiv:1201.0802

P-FACTOR
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δ CEP : A MEASUREMENT OF p

Mérand et al. 2005, A&A 438, L9

p-factor = 1.27 ± 0.06, with d=274 ± 11 pc from HST-FGS 



δ Cep



CEPHEID ENVELOPE CONTRIBUTIONS

Gallenne et al. 2012, A&A, 538, A24
Mérand et al. 2007, ApJ 664, 1087

2.2 µm 8.6 µm



CEPHEIDS OBSERVED BY INTERFEROMETRY

[Polaris] (3.97 d)
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X Sgr (7.01 d)
η Aql (7.17 d)

W Sgr (7.59 d)
β Dor (9.84 d)
L Car (35.6 d)

[RS Pup] (41.4 d)



CEPHEIDS OBSERVED BY INTERFEROMETRY

[Polaris] (3.97 d)
δ Cep (5.36 d)
X Sgr (7.01 d)
η Aql (7.17 d)

W Sgr (7.59 d)
β Dor (9.84 d)
L Car (35.6 d)

[RS Pup] (41.4 d)

24 stars, with 22 stars suitable for IBW distance
P93 program with PIONIER (5 stars) + VEGA (5 stars)
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HARD POINTS ON IBW 
DISTANCES OF CEPHEIDS

• Subtraction of the envelope contributions from 
interferometry

• Radial velocity data with sufficient accuracy (not 
necessarily a very large number of measurements)

• Projection factor p-P law calibration

• Reliable limb-darkening models as a function of phase 
(visible, IR) 

• Up-to-date photometry in the visible and near-IR
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•Similar to dwarf SBC relations for visible-infrared colors

•Calibration is part of our interferometric observing program 
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CEPHEID SBC RELATIONS

•Similar to dwarf SBC relations for visible-infrared colors

•Calibration is part of our interferometric observing program 

Kervella et al. 2004, A&A, 428, 587

Cepheids
Storm et al. 2011, A&A, 534, A94



CEPHEIDS IN BINARIES
• Binary systems are very useful to derive masses, distances and 

p-factor (when SB2+visual/interferometric orbit available)

• Cepheids are extremely bright (103 - 105 Lsun), companions 
are difficult to detect due to contrast in the IR

• Only a handful discovered using UV spectroscopy (IUE)

• Most systems are unresolved SB1, except Polaris and distant 
companions on multi-century orbits

• Survey with CHARA/MIRC and VLTI/PIONIER: the 
companions of  V1334 Cyg and AX Cir have been spatially 
resolved



 V1334 CYG (CHARA/MIRC)

Gallenne et al. 2013, A&A, 552, A21



 V1334 CYG (CHARA/MIRC)

Gallenne et al. 2013, A&A, 552, A21

A

B

Pulsation

Orbital velocity

Separation = 8 mas, Contrast (H) = 3.1%, Period = 5.3 yr



• HST/FGS astrometry and STIS spectroscopy in Cycle 21 to 
derive the distance, masses and p-factor to 1%
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