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1. Measuring distances : why and how?

2. Cepheids and the parallax-of-pulsation method

3. The projection factor

4. two examples : kappa Pav and RS Pup
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- Measuring distances : why ?

Ho

=kt represents the
- Gives the age of the Universe

- Constrams the Values of cosmological parameters

= But we need to reach the

State of the art : 3. 1% measurement
from R1ess et al. (2011)

A N‘bbel Pi:ice 2011 to _Riess, Perlumutter and Schmidt for the acceleration of the expansion
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Extragalactic Distance Ladder

The Hubble Constant

Local Group and
HST Cepheids

= LMC Cepheids
Cluster Cepheids

Glabilae Chister
RR Lyrae




£ ©' How to reach the Hubble Flow ?
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* Planck Collaboration (Ade ct al. 2013)
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- Cepheids as standart candles

Cepheids
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Magnitude
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1 Slope a : Cepheids in the Magellanic clouds

o “Needof

- = Panallax, light echoes, binary systems...




Parallax-of-Pulsation

Radial.velocity | Angular size
(spectroscopy) | (interferometry)
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Angular size (mas)

- AR and /A0 are the linear and angular variations of diameter : d X —— =

A9




Large observing program in both hemispheres

CHARA (Mont Wilson observatory - California)
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The projection factor

S L/ne OfSlght _

puls p Vrad

p includes :

- Geometry

- Limb-darkening

- Atmospherical effects

- Way of deriving the Vrad

Tricky parameter !
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~~ Degeneration between p and the distance
» Dispersion of the values in the literature : 10% !

o If we know the distance, we can measure the p-factor

- vigan inV-e__r_t'use of the PoP method




~ Observationnal values of the p-factor \
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The 4% HST parallax measurement of Benedict et al 2002 leads to a p- factor
of p 1 27 +/- 0. 06 S |
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The projection factor
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The 5% HST parallax (Benedict et al. 2011) leads to p = 1.267 +/- 0.072 (Breitielder et al. 2014).

Parameter Value ogq Tsys.

We checked as well : | p-factor 126 004 006
s Small K excess : #(UD)at¢ =0 (mas) 1.1654 0.0025 0.014
SR Avg.6(UD)(mas) 11823 00021 0.014

(CSE detected by Gallenne et al. 2012) v, (kmys) 3787 018  0.50

- No obvious signal of a companion E(B - V) (mag) 002 001 004

(although predicted in precedent studies) Avg. Ter (K) 7 9 107

: 5 R Avg. radius (Ry) 2283 0.04 1.14

Final reduced x> 2.62




RS Pup and the light echoes...

Cepheid in a reflecting nebula
Propagation of light echoes
Long period (~41.5 days)

HST/ACS color composite image of RS Pup



RS Pup and the light echoes...

&esa

www.spacetelescope.org




- Theprojection factor

The distance can be deriVed frdm the 1igh’tAe'c‘:hoe-s,
but only if we know the geometry of the scattering material

e Polarimetric imaging from the HST = Degree of linear polarization
= Degree of linear polarization = Scattering angle
o Scattering angle = Geometry of the nebula

Geometry

dust layer

. 8 pe (Kervella et al., 2014)




The projection factor

Now that we know the-'dijista_nce, We can derive thé-pffactor =

More comphcated that what we thought : :
o Amplitude Var1at10ns in the radial ve10c1ty curve
e Trlcky perlod Varlatlons (over 4() years of data')
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Cycle to cycle amphtude Varla‘tlons

(Anderson 2014)
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| — Storm et al. 2012
Nardetto et al. 2009

— Groenwegen et al. 2013
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- Alots of Val_l_ive'sfwill allow us to study the dependancies of the p-factor
: o - Cepheids W1than HST pareilla'x-_(k10),"'an’d in a near future GAIA
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