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● Cepheids used to measure distances: relation 
Period-Luminosity (P-L)

● Part of the distance scale:

● P-L calibration requires direct distances



  

Tammann et al. 2002
Tammann et al. (2002)



  

Parallax of pulsation

● Combining pulsation 
velocity Vp (spectroscopy) 
to angular diameter θ 
(interferometry)

● Geometric distance to a 
pulsating star:

Known as the Baade-Wesselink method



  

Lane et al., Nature 407-485 (2000)



  

Simple problem

● Accurate angular 
diameters: VLTI/VINCI

● Still not as good as 
infrared surface 
brightness (IRSB) 
determination:

Kervella et al. (2004)

... but these need to be calibrated 
by interferometry too



  

Simple problem?
Spectroscopic pulsation velocities:

● Projected at the surface of the star
● Weighted by the center-to-limb darkening
● Asymmetric absorption line: projection factor

Interferometric angular diameters:
● Derived from morphology (center-to-limb darkening),  
● Using a model of the visibility

Photometric IRSB:
● Estimate reddening; Calibrate the SB relations
● Are pulsating / static photospheres comparable? 



  

No longer a such a simple, 
unbiased distance measurement...

Model independant observables



  

Bias estimated from 
atmospheres' models 

Fit

No longer a such a simple, 
unbiased distance measurement...



  

The case of δ Cep

● HST Parallax at 4% 
(Benedict et al. 2002)

● Deduced p-factor: 
p=1.27±0.06

● Models give from 1.36 to 
1.47

There is something we do 
not understand

Interferometry could 
provide ~2% distances

Mérand et al. 2005



  

Another complication...

● Cepheids appear larger at 
shorter baselines

● Interpreted as presence of 
a CSE (mass loss)

● Depends on the period of 
pulsation: 
● K band (Mérand et al. 2007) 
● N band (Gallenne et al. in prep)

● Bias in slope of P-L ? 

M
érand  et a

l. 2 007

VLTI/VINCI

CHARA/FLUOR



  

New directions in the field...
 Storm et al. 2011: observations of distance to LMC as function of period  
 Nardetto et al. 2009: models of pulsating atmospheres

Neilson et al. 
2011: mass loss 
models to explain 
mass discrepancy 
between evolution 
and pulsation 

Neilson et al. 
2008: mass 
loss models to 
reproduce 
observed 
dependency 
with period  

Gallenne et al. (in prep):
 N band photometry and VLTI/MIDI observations

10% scatter!!!



  

Lane et al. (2000):
First interferometric 
detection 
of the a Cepheid's 
pulsation

Kervella et al. (2004)
Interferometric 
Calibration of P-L

Mérand et al. (2005)
Interferometric 
p-factor

Kervella et al. (2005)
Mérand et al. (2006)
Mérand et al. (2007)
CSE around 4 Cepheids

PTI

VLTI/VINCI

CHARA/FLUOR

CHARA/FLUOR
VLTI/VINCI
VLTI/AMBER

Projection factor crisis

P-Mass loss models

Mass loss models and 
mass discrepancy

N band excesses

Interferometric Baade-Wesselink
Decennial time line

All >2008



  



  

Distance ladder systematics
Riess et al. 2011



  

Distance ladder systematics
Riess et al. 2011

2%



  and Cepheids!



  Riess et al. (2011)

2001 2011

Contribution of Cepheids in H0

● Dramatic drop in 
systematics

● What has changed 
in 10 years?

● Do we understand 
better Cepheids?

Did I miss 
something?



  

3% H0 by Riess et al. (2011)

But...
● 10 HST parallaxes of ~8%, 

model based
● 10 Galactic Cepheids 

optimistically averaged to get 
2.5% 

● Use Cepheids of P~10d and 
extrapolate to P~100d

● Do not have a way to ensure 
the reddening correction are 
correct (Rv=3.1)

How they gain:
● Use of single 

instrument (WFC3) 
to reduce cross 
calibration 
systematics

● Do not suffer from 
“p-factor crisis” by 
using HST 
parallaxes



  

 Role of interferometry

● Better calibration of 0-point than HST based on 
10 parallaxes (typical err of 8%)
● Get direct distances measurements

● Better understanding of the physics of 
Cepheids to:
● Validate extrapolations (10d -> 100d)
● Control systematics (e.g. infrared excesses)

The Baade-Wesselink technique is a very 
powerful tool to address both! 



  

Current BW implementation

Interferometry Photometry Spectroscopy

Atmospheric Model

Surface
Brightness;
reddening

Line profile fit

Ad hoc



  

Better BW implementation

Interferometry Photometry Spectroscopy

Atmospheric + CSE Model

CLD, SED, line formation...

Put the (single) model in the front, instead of  hiding it



  

Model to compute:

● CLD
● Teff, logg
● Photometry
● Radial velocity

Make use of 
redundancies in the data

● Diam: Phot. / interf.

● CLD: Spectr. / interf.

Distance down to 2%, 
reduced systematics

(We have ~25 stars 
with VLTI/VINCI and/or 

CHARA/FLUOR)
Mérand et al. (in prep.)



  

Resolved pulsation of an absorption line 



  

Resolved pulsation by AMBER
+ PHOENIX models (coll. J. Aufdenberg)

Additional (and redundant) way to understand 
the pulsating atmosphere of Cepheids. (Mérand et al. in prep)



  

Conclusions

Cepheids are more relevant than ever
● Important in observational cosmology (Nobel 2011)
● P-L still limited by systematics (Riess et al. 2011)
● Systematics come from the physics of the Cepheids 

Cepheids are more complex than we thought: 
● An integrated BW method is required to understand 

biases: pulsating atmosphere, infrared excesses...
● Use every things we learned in stellar atmospheres
● Controlled systematics to reach bellow 3% for H0

● GAIA and JWST will NOT address the systematics...



  

Side note: 
effects of rotation

AMBER data on Altair (A7V)

Model in the Br Gamma line Model in the K band continuum
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