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● Determine the PL relation slope and zero point and the effect of 
metallicity on both

● Classical approach using the LMC which has many Cepheids at 
basically the same distance. However the LMC distance is still 
being discussed, even if it appears to be converging.

● Benedict et al. (2007) now directly measured parallaxes to ten 
Cepheids but only one long period star so the slope is not 
strongly constrained for galactic Cepheids.

● GAIA will eventually delineate a Milky Way relation

● In the mean time the IRSB method can be applied to both Milky 
Way (e.g. Di Benedetto, Groenewegen, Storm et al.) and 
Magellanic Cloud Cepheids giving us the possibility to 
investigate in a purely differential manner the effect of 
metallicity.



  

An example of an angular diameter fit. In this case BB Sgr.

Fv=4.2207-0.1Vo - 0.5log(θ)
Fv = -0.1336(V-K)o + 3.9530
 (Kervella et al. 2004)

IRSB distances are semi-geometrical distances to individual Cepheids
and not dependent on sample effects.
Can be applied to any Cepheid with light-curves and radial velocity curves,
e.g. SMC and LMC Cepheids.

ΔR(φ) = ∫-p(Vrad(φ)-Vsys)dφ

θ(φ)=2R(φ)/d = 2(Ro - ΔR(φ)) / d



  

● The Problem:
● Storm et al. (2004) applied the method to 35 MW stars and 5 

SMC stars and found that the slope of the MW relation was 
significantly different from that of the apparent LMC relation.

● Gieren et al. (2005) applied it to 13 LMC Cepheids and 
found that the distances appeared to correlate with pulsation 
period. Forcing the distances to be independent of period by 
changing the p-factor relation and applying the revised p-
factor relation to the Milky Way Cepheids brought the slopes 
into good agreement. However 13 stars was a limited basis.



  

● Nardetto et  al. (2007, 2009) computed new  theoretical p-factor relations 
based first on the analysis of a single spectral line and later as relevant for 
radial velocity determination using cross-correlation techniques. Indeed the 
slope was steeper (-0.08) compared to the canonical value (-0.03) Hindsley 
and Bell (1986) but not as steep as found by Gieren et al. (2005) (-0.15)

● Benedict et al. (2007) published direct parallaxes to 10 Cepheids from HST 
fine guidance sensor measurements. This gives a new constraint on the 
Cepheid PL relation zero point.

● The parallaxes can be compared directly to IRSB based distances without 
additional sample uncertanties due to inherent dispersion in e.g. the PL 
relation

● To permit an accurate comparison we have obtained new  radial velocity 
curves for some of the Cepheids and improved on others.



  

Radial velocity curves for galactic Cepheids using the 1.2m STELLA-I robotic
telescope on  Tenerife with the SES fiber-fed echelle  spectrograph.



  

For the LMC sample we have expanded the sample to 36 stars by 
obtaining  radial velocity curves for 22 LMC Cepheids based on 
observations with the HARPS spectrograph on the ESO
3.6m telescope. (Storm et al. 2011)



  

● LMC photometry
● Persson et al. (2004)

● OGLE-III Soszynski et al (2008)



  

● The p-factor problem persists
● Using the latest Nardetto et al. (2009) p-factor relation we find an 

LMC modulus of 18.26, and a period dependence of the distance 
moduli for LMC Cepheids. The distance to the HST parallax 
Cepheids is also shorter by a similar amount.

● We conclude that we have a period effect on the method which 
we cannot easily explain. We  try to empirically determine it by 
constraining the p-factor which appears to be the least 
constrained parameter in the method

● We use two constraints namely that the distance modulus to LMC 
Cepheids should be independent of period and the average 
distance difference to the HST parallaxes should be zero.



  

The new constraints on the p-factor, p = αlog(P) + β

Best estimate: p=1.550-0.186 log(P)



  

Comparison of distances from HST parallaxes (Benedict et al. 2007) and
 the IRSB technique as a function of log(P). The dispersion is 21pc.



  

Distances to the LMC Cepheids using the revised p-factor relation

The distance to the LMC is measured to be (m-M)o=18.45(+-0.04)



  

p-factors derived for individual Cepheids with HST parallaxes



  

● The revised p-factor relation parametrizes in a simple way a 
systematic effect that is inherent to our analysis

● It is not yet clear what is the physical cause of this effect. Is it really 
an effect in the conversion from radial to pulsational velocities or is it 
something else. 

● The fact that the short period Cepheids would have p-factors of more 
than 1.5 is certainly unphysical as it would mean that the stars exhibit 
limb-brightening

● Work is on-going to better understand this, see e.g. the efforts of 
Nardetto et al.

● GAIA distances to a larger sample of IRSB Cepheids would be very 
useful to investigate this point further.

● For a differential analysis of the effect of metallicity the results are 
independent of the chosen p-factor relation as long as the p-factor 
relation itself is independent of metallicity



  

The K-band PL relation for Milky Way Cepheids



  

K-band PL relation for LMC Cepheids



  

K-band relation for LMC Cepheids with SMC Cepheids overplotted



  

Wesenheit V,(V-I) PL relation for the Milky Way Cepheids



  

Wesenheit V,(V-I) PL relation for the LMC Cepheids



  

PL relation zero point shifts as a function of metallicity in different bands



  

Combined K-band PL relation based on 111 MW, LMC and SMC Cepheids
Dispersion 0.22mag



  

● The Milky Way K-band relation

● Mk=-3.33(+-0.09) [log(P) - 1.0] -5.66(+-0.03)

● The LMC K-band relation

● Mk=-3.28(+-0.09) [log(P) - 1.0] -5.64(+-0.04)

● The combined K-band relation (111 stars)

● Mk=-3.30(+-0.06) [log(P) - 1.0] - 5.65(+-0.02)

● Dispersion 0.22mag

● Metallicity effect -0.10(+-0.1)mag/dex metalpoor stars being 
fainter



  

● Revised p-factor relation largely confirms findings from Gieren et al. (2005) but 
we still do not have a physical explanation for it

● GAIA distances will be very valuable in better understanding the p-factor issue

● The effect of metallicity is independent of the adopted p-factor relation as long 
as the p-factor relation is independent of metallicity

● The effect of metallicity appears largest in the V,(V-I) Wesenheit index where it 
reaches -0.23(+-0.10)mag/dex in the zero point

● The effect of metallicity in the K-band is small and consistent with zero:

●  -0.10(+-0.1) mag/dex

● The combined K-band relation appear to be the most attractive distance 
indicator being only marginally metallicity dependent in both slope and zero 
point and additionally being reddening insensitive

● We find an LMC distance modulus of 18.45(+-0.04) (random error only)

Summary:



  

The PL relations in the MW and LMC in different bands



  



  

Comparison with Turner (2010)
ZAMS based distances
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