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ORAL CONTRIBUTIONS (speakers in bold, invited in red) 

 

Allan Sandage and the cosmic expansion 
G. A. Tamman 

Institut of Physics, University of Basel 

Allan Sandage (1926-2010) has published over 500 papers. Only a small part concerns 
directly the extragalactic distance scale and the character of the cosmic expansion field, but 
the problem accompanied him from the beginning to the end. His first paper (1954) on the 
expansion rate, a summary of the first four years with the 200” telescope, gave 125 < Ho < 
276, but a difficulty at the time was that the variability of Ho with distance (and direction?) 
was poorly known. Already two years later he co-authored the famous HMS paper which 
gave a linear expansion field - albeit with large scatter - out to z = 0.2 and a best value of Ho 
= 180. Single-handedly he set out a very extended observing program, including a six-month 
stay in Australia, to improve and extend the Hubble diagram of first-ranked galaxies in 
clusters and groups to higher and lower redshifts. In at least eleven papers he laid down the 
results strengthening the linearity of the expansion field and decisively weakening claims for 
large non-cosmological redshifts. Eventually redshifts of z = 0.4 were reached (together with 
J. Kristian and J. Westphal) in 1975, but the program was terminated when it became clear 
that first-ranked E galaxies could not lead to a value of qo due to their important luminosity 
evolution. In one of his last papers he showed that the expansion rate does not vary by more 
than ± 2.3% in the range from 300 to 30000 kms-1 once allowance is made for the attraction 
of the Virgo cluster center and of the mass distribution in a shell beyond 3500 kms-1 causing 
the CMB dipole.  
Sandage revised the expansion rate to 75 < Ho < 82 on the basis of Cepheids, brightest stars 
and well identified HII regions in 1961. A series of eight “Steps to the Hubble Constant” 
followed (1974-1995) where Cepheids, brightest stars, HII regions, luminosity classes, 21cm 
line widths and for the first time SNI were used to derive Ho = 50 - 60. Already in 1990 he 
had formed a small HST team for the luminosity calibration of SNeIa. The summary paper of 
this project (Saha et al. 2006) yielded Ho = 62.3 ± 1.3, a value which rests on new, metal-
dependent period-luminosity relations of Cepheids, and which was subsequently confirmed 
by a Population II distance scale based on the RR Lyr-calibrated tip of the red-giant branch. 
Still during Sandage’s live a paper appeared by Reid et al. (2010) which summarizes the 
combined evidence from SDSS, WMAP, and SNeIa as Ho = 65.5 ± 2.5.  
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Measurements of the Extragalactic Distance Scale 
W. Freedman 

Carnegie Observatories 

There has been fundamental progress over the last couple of decades in measuring 
extragalactic distances. The era of a factor of two is conclusively behind us. The most recent 
decade has seen an improvement in precision from 10% to 5%. The upcoming decade 
promises a robust measurement of H0 to a few percent accuracy. I will review the factors that 
have led to this increase in accuracy, and describe a new program  to measure the Hubble 
constant to 2% accuracy using the Spitzer satellite. I will present new measurements Milky 
Way and LMC Cepheids using Spitzer at 3.6 microns. Spitzer provides a means of measuring 
Cepheid distances that are essentially free of systematic uncertainties due to reddening, 
metallicity, and with a single calibration from the Milky Way to nearby galaxies. These are 
the most accurate period-luminosity relations yet measured for Cepheids. The combination of 
Spitzer and GAIA measurements of Cepheids will allow a calibration of the extragalactic 
distance scale and the Hubble constant to an accuracy of 2%.  

 

Building the cosmic distance scale: from Hipparcos to Gaia 
C. Turon1, X. Luri2 

1GEPI-Observatoire de Paris, 2Universitat de Barcelona 

The ESA's Hipparcos was the first ever experiment of global astrometry. It provided an 
extended dataset of very accurate trigonometric parallaxes, enlarging by two orders of 
magnitude the quantity and quality of distance determinations and luminosity calibrations. 
The availability of more than 20000 stars with a trigonometric parallax known to better than 
10% opened the way to a drastic revision of our 3-D knowledge of the solar neighbourhood 
and to a renewal of the calibration of many distance indicators. The perspective opened by 
Gaia are still much more dramatic: with more about 100 millions stars with distances known 
to better than 10%, all over the Galaxy, all stellar distance indicators will be directly 
measured in very large number, providing a direct calibration of their luminosity and making 
possible detailed studies of the impacts of various effects linked to chemical element 
abundances or cluster membership. With the help of simulations of the Gaia data, obtained 
from the mission simulator developed by DPAC, we will illustrate what Gaia can provide 
with some selected case examples. 
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Status of the Gaia project   
J. de Bruijne 

ESA/ESTEC 

This presentation will provide an overview of the current status of the Gaia Project, with 
particular emphasis on the development status of the spacecraft as well as the expected 
scientific performance. 

 

The Large Magellanic Cloud and the Distance Scale 
A. Walker 

NOAO/CTIO 

The Large Magellanic Cloud (LMC) plays a crucial role in the establishment of a reliable 
distance scale, as it allows the inter-comparison of almost all the most important distance 
indicators. Given the history of unrecognized systematic errors in this subject, this role 
remains a valuable one.  I'll discuss the distance to the LMC as given by several significant 
new observing programs over the last few years.  

 

The distance to the LMC from first results of the VISTA Magellanic Cloud 
(VMC) Survey 

V. Ripepi 

INAF-Osservatorio Astronomico di Capodimonte 

In the context of the VISTA Magellanic Clouds (VMC) survey, we present the preliminary 
results for Classical Cepheids observed in two LMC fields: the first centered on 30 Dor and 
the second on the South Ecliptic Pole which will be observed for test purposes during the first 
20 days of the GAIA satellite mission. 
Taking advantage of the optical data by the OGLE III and EROS2 surveys for 30 Dor and 
GAIA field, we were able to derive precise average <K> magnitudes for 323 and 14 Classical 
Cepheids in the two fields, respectively. 
These data were used to build PLK and Wesenheit relations useful to determine the 3d 
structure of the Magellanic system and to estimate the LMC distance modulus.  
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Eclipsing binaries as precise distance indicators 
G. Pietrzynski  

Universidad de Concepcion, Chile 

We will present results of distance measurements to the Magellanic Clouds based on the 
unique late type eclipsing systems composed of clump giants. With such binaries using 
accurate photometric and spectroscopic data and well established surface-brightness color 
relation one can measure distances to individual systems with an accuracy better to 3%. First 
results on classical Cepheids in eclipsing systems, recently discovered in the LMC will be 
also shown. 

 

The early type eclipsing binaries as a distance indicator 
G. Dariusz 

Universidad de Concepcion, Chile 

Eclipsing binary stars become more and more important as a standard candle within Local 
Group. The discussion of systematic effects, sometimes well hidden, connected to the method 
and especially some sources of bias introduced by using eclipsing binaries having early type 
components is presented. 

 

First results from the POMME survey of M31 
J. Fliri 

Observatoire de Paris 

I will present first results from the POMME survey of M31. POMME monitored two fields in 
the disk of M31 with MegaCam at CFHT over a timespan of 2.5 months. The three band data 
(g',r',i') which cover a large fraction of M31's disk allow an unprecedented view on the 
population of Cepheids and eclipsing binaries in M31. 

 

"Evolutionary" distance indicators 
M. Salaris 

ARI - Liverpool John Moores University 

This review is centred around the main distance indicators whose properties are inferred from 
stellar evolution calculations, e.g. Main Sequence Fitting, Tip of the RGB, Red Clump (and 
Horizontal Branch). The calibration of the methods, their dependence on theory and 
associated uncertainties will be discussed in depth. 
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Distances from RR Lyrae stars 

F. Caputo 

INAF-Osservatorio Astronomico di Roma 

The use of RR Lyrae stars as standard candles is discussed. Taking into account modern 
pulsation and evolutionary models, we show that the connection between pulsation and stellar 
evolution theory provides quite reliable methods of distance determinations.  

 

 

Mid-infrared Period–Luminosity Relations of RR Lyrae Stars Derived  
from the WISE Preliminary Data Release 

C. Klein 

UC Berkeley 

Interstellar dust presents a significant challenge to extending parallax-determined distances of 
optically observed pulsational variables to larger volumes. Distance ladder work at mid-
infrared wavebands, where dust effects are negligible and metallicity correlations are 
minimized, have been largely focused on few-epoch Cepheid studies. Here we present the 
first determination of mid-infrared period-luminosity (PL) relations of RR Lyrae stars from 
phase-resolved imaging using the preliminary data release of the Wide-Field Infrared Survey 
Explorer (WISE).  
We present a novel statistical framework to predict posterior distances of 76 well-observed 
RR Lyrae that uses the optically constructed prior distance moduli while simultaneously 
imposing a power-law PL relation to WISE-determined mean magnitudes. We find that the 
absolute magnitude in the bluest WISE filter is MW1 = (-0.421 ± 0.014) - (1.681 ± 0.147) * 
log(P/0.50118 day), with no evidence for a correlation with metallicity.  
Combining the results from the three bluest WISE filters, we find that typical star in our 
sample has a distance measurement uncertainty of 0.97% (statistical) plus 1.17% (systematic). 
Taking the Hipparcos-derived mean V-band magnitudes, we use the distance posteriors to 
determine the new optical metallicity-luminosity relation to be MV = (0.10 ± 0.02) * ([Fe/H] + 
1.6) + (0.59 ± 0.10). The results of this analysis will soon be tested by HST parallax 
measurements and, eventually, with the Gaia astrometric mission. 
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Calibrating the Metallicity of RR Lyrae Stars by Measurement  
of the CaII Triplet Lines 

G. Wallerstein 

University of Washington 

We have used spectra of resolution 33,000 from the Apache Point Observatory to measure the 
equivalent widths of the Ca II triplet in about 40 RR Lyrae stars. Metallicities have been 
derived using the Paschen line at 8598 A and FeII lines to derive their metallicities. The 
spectra have been binned to simulate the resolution of 11,500 of the Gaia spectrograph. The 
calibration appears to be effective for metallicities from [Fe/H] = 0.0 to about -2.5. The 
derived metallicities will be useful in deriving the Mv of the Gaia targets, since there is a 
small dependence on metallicty of the hrozontal branch stars. 

 

 

SHOES Cepheids: from Anchors to SN hosts 

L. Macri 

Texas A&M University 

The SHOES project recently determined the value of the Hubble constant with a total error 
budget of 3.3% (±2.4 km/s/Mpc) based on HST/WFC3 observations of Cepheids in NGC 
4258 and eight hosts of type Ia supernovae. 
I will review the current status of the absolute calibration of the Cepheid P-L relation based 
on the maser distance to NGC 4258, HST and Hipparcos parallaxes to Milky Way Cepheids, 
and detached eclipsing binary distances to the Large Magellanic Cloud. I will present our 
results on HST/WFC3 observations of Cepheids at optical and near-infrared wavelengths, 
including the use of a long-pass filter that enables efficient detection of these variables at 
greater distances than previously possible. Lastly, I will discuss the metallicity dependence of 
the Cepheid P-L relation. 
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Classical Cepheids found in an IRSF near-IR survey and their impacts 
N. Matsunaga 

University of Tokyo 

Classical Cepheids are important distance indicators as well as tracers to investigate galaxy 
structure and evolution. However, the known classical Cepheids in our Galaxy are limited to a 
region of about 4 kpc radius around the Sun, due mainly to the strong interstellar extinction. 
We are conducting near-IR surveys of Cepheids towards the Galactic Centre and a few 
selected areas in the Galactic disc. Here we outline our surveys and in particular report the 
first discovery of classical Cepheids towards the Galactic Centre. All three of our Cepheids 
have pulsation periods near 20 days and an age of close to 25 Myr. The absence of shorter-
period Cepheids, 30—70 Myr old, suggests that star formation in this region occurred 
episodic on a time scale of a few tens of Myr, consistent with the time scale suggested for gas 
inflow into the ~200 pc region around the Galactic Centre. We consider the connection of 
such a time-varying process to the evolution of pseudobulges. We also discuss the distance 
estimates of the three Cepheids, for which the average distance is 7.9 ± 0.4 kpc in agreement 
with results with other distance indicators. 

 

The projection factor of Cepheids 
N. Nardetto 

Observatoire de la Côte d'Azur 

The projection factor used in the Baade-Wesselink methods (BW) of determining the distance 
of Cepheids make the link between the stellar physics and the cosmological distance scale. A 
coherent picture of this physical quantity is now provided based on high resolution 
spectroscopy and hydrodynamical modelling. The BW period-luminosity relations should be 
considered when deriving the Hubble constant. 

 

Problems and possibilities in fine-tuning of the Cepheid P-L relationship 
L. Szabados & P. Klagyivik 

Konkoly Observatory, Hungary 

Factors contributing to the scatter around the ridge-line P-L relationship are listed. Then, 
suggestions are discussed how to eliminate the 'adverse' effects of these factors (mode of 
pulsation, crossing number, binarity, metallicity, non-linearity of the relationship). 
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The Mid-Infrared Period-Luminosity Relations for Classical Cepheids 
C. Ngeow 

National Central University, Taiwan 

The mid-infrared period-luminosity (PL) relations for Cepheids are important in the James 
Webb Space Telescope era for distance scale work, as the relations have potential to derive 
the Hubble constant within ~2% accuracy - a critical constrain in precision cosmology. 
Consequently, we have derived the mid-infrared PL relations for Cepheids in the Large and 
Small Magellanic Clouds, using the archival data from Spitzer space telescope. The SMC 
mid-infrared PL relations show a break at log(P)=0.4, which has been seen in the optical, 
confirming that this break is due to evolutionary effect. We also compare the current available 
emiprical PL relations for Cepheid in Milky Way and Magellanic Clouds to the theoretical PL 
relations derived from pulsational models. 

 

 

The Possible NonLinearity of the mean light and multiphase Cepheid 
Wesenheit functions in the Magellanic Clouds 
S. Kanbur1, A. Biesenbach1, E. Bellinger1, C. Ngeow2 

1SUNY Oswego,2 National Central University, Taiwan 

The Cepheid Wesenheit function has an important place in the extra-galactic distance scale 
because it is constructed to be reddening independent. Recent work has suggested that the 
Cepheid PL relation in the LMC is nonlinear in the optical and J,K bands. Here we use 
powerful random walk methods to confirm these results and show that the mean light 
Wesenheit function in the SMC is nonlinear at a period between 4-8 days. The mean light 
LMC Wesenheit function does not show this nonlinearity but is marginally nonlinear at a 
period of 10 days. The multiphase Wesenheit function in both LMC and SMC is highly 
dynamic and exhibits strong nonlinearities and possible differences due to metallicity. By 
construction these effects cannot be due to reddening errors. We review our statistical 
methods and examine possible effects on the extra-galactic distance scale. 
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The influence of chemical composition on the pulsation properties of 
Cepheids: theory vs. observations 

M. Romaniello 

ESO 

We have undertaken a test of the metallicity sensitivity of both the Leavitt Law and of the 
Period-Luminosity-Color relation. To this end, we have obtained direct iron abundances from 
high resolution spectroscopy for 65 Cepheid stars with known distances spanning 1.5 dex in 
metallicity. Our analysis results in a strong support for nonlinear pulsation models. 
A statistical analysis of V-band residuals from a mean Leavitt Law unambiguously indicate 
that Cepheids become fainter as their iron content increases from the value of the calibrating 
Large Magellanic Cloud relation. This is in qualitative agreement with the predictions of non-
linear pulsation models and at odds with most results based on indirect measurements of 
oxygen nebular abundances in HII regions in external galaxies. 
Furthermore, the star-by-star analys of the properties of individual Cepheids via the Period-
Luminosity-Color relationship indicates a very good quantitative agreement with the 
predictions from nonlinear pulsation models. 

 

Calibrating the Cepheid Period-Luminosity relation from the infrared 
surface brightness technique 

J. Storm 

Astrophysikalisches Institut Potsdam 

Applying the infrared surface brightness technique to 36 LMC Cepheids as well as nine 
galactic Cepheids with accurate parallaxes we place strong empirical constraints on the 
projection factor which converts observed radial velocities into pulsational velocities 
necessary for employing the technique. With this re-calibrated project factor to 70 Milky Way 
Cepheids, 36 LMC Cepheids and 5 SMC Cepheids, we find that the Cepheid Period-
Luminosity relation is only weakly dependent on metallicity. The strongest dependency is 
found for the V,(V-I) Wesenheits index. The best standard candle appears to be the K-band 
Period-Luminosity relation. We present combined Period-Luminosity relations based on the 
full sample of 111 Cepheids and we find an LMC distance modulus of 18.45 ± 0.04 (random 
error). GAIA parallaxes will improve the accuracy of the zero point of these relations but the 
infrared brightness technique will remain unique in giving direct distances to individual very 
distant (extra galactic) Cepheids. 
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AGB Variables and the Distance Scale 
P. Whitelock 

South African Astronomical Observatory & University of Cape Town 

I will review what is known about large amplitude AGB variables, both in terms of their 
distances and evolutionary status. Information on distances comes from the Hipparcos 
satellite for the Galaxy and from detailed studies of Local Group Galaxies. Because AGB 
variables are low temperature mass-losing stars, often enshrouded by circumstellar material, 
they are strong infrared emitters. They also represent one of the most luminous phases that 
low and intermediate mass stars pass through in the course of their evolution. These two 
factors make them a vital step on the distance scale ladder for the next generation of ground 
based and satellite observatories – which will push our observations of resolved stars to new 
limits. 

 

Distances to Galaxies from the Brightest Stars in the Universe 
R. Kudritzki 

Institute for Astronomy, University of Hawaii 

Blue Supergiants (BSGs) are the brightest stars in the universe at visual light with absolute 
magnitudes up to MV = -10 mag. They are ideal stellar objects for the determination of 
extragalactic disances, in particular, because the perennial uncertainties troubling most of the 
other stellar distance indicators, interstellar extinction and metallicity, do not affect them. The 
quantitative spectral analyis of low resolution spectra of individual BSGs provides accurate 
stellar parameters and chemical composition, which are then used to determine accurate 
reddening and extinction from photometry for each individual object. Accurate distances can 
be determined from stellar gravities and effective temperatures using the "Flux Weighted 
Gravity - Luminosity Relationship (FGLR)".   Most recent results of the quantitative spectral 
analysis of BSGs in galaxies within and beyond the Local Group based on medium and low 
resolution spectra obtained with the ESO VLT and the Keck telescopes on Mauna Kea will be 
presented. Distances obtained with the FGLR-method will be discussed together with the 
effects of patchy extinction and abundance gradients in galaxies. BSG metallicities and 
metallicity gradients will be compared with results from strong-line HII region studies and the 
consequences for the empirical calibration of the metallicity dependence of the Cepheid 
period - luminosity relationship will be pointed out. The perspectives of future work will be 
discussed, the use of giant ground-based telescopes of the next generation such as the TMT 
on Mauna Kea and the European-ELT and the tremendous value of the Gaia mission to allow 
for the ultimate calibration of the FGLR using galactic BSGs.  
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Ultra Long Period Cepheids: a primary standard candle  

up to the Hubble flow. 
G. Fiorentino 

INAF-Osservatorio Astronomico di Bologna 

The cosmological distance ladder crucially depends on Classical Cepheids (CCs, with P=3-
100d), which are primary distance indicators up to 25 Mpc. Within this volume, very few SNe 
Ia have been calibrated through CCs, with uncertainty from the non-linearity and the 
metallicity dependence of their Period-Luminosity slope. A very promising new tool is 
represented by the ultra-long period (ULP) Cepheids (P>100d), recently identified in star-
forming galaxies. ULPs are very bright objects that could be observed up to distance of 100 
Mpc with the present day technology and in the approaching era of giant ground-based 
telescopes (such as the E-ELT), this limit will furtherly increase. 
Only few ULPs have been discovered so far and their nature is not completely clear and needs 
to be related to the metalli city and star-formation history of the host galaxy. Here we present 
the actual scenario and describe our new, on-going, project aimed to better caracterize these 
very interesting new class of possible standard candles. 

 

 

The Planetary Nebula Luminosity Function in the Era of Gaia 
R. Ciardullo 

Penn State University 

The Planetary Nebula Luminosity Function (PNLF) is one of our most versatile extragalactic 
standard candles, as it is capable of generating distances to 10% or better for all types of large 
galaxies within 20 Mpc.   As such, it occupies an important position in the extragalactic 
distance ladder,  helping to reduce systematic errors between the Population I and Population 
II scales.  The PNLF is, however, a purely empirical technique, which defies any simple 
theoretical explanation.  We will review the calibration of the PNLF and compare its results to 
those of other methods.  We will also consider the PNLF in the era of Gaia,  when an 
improvement in the precision of other methods may help shed some light on the physics of 
the technique. 
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Supernovae: from Calibration to Cosmology 

A. Riess 

JHU/STScI 

I will review recent progress in measuring the luminosity distance with supernovae and the 
subsequent determination of cosmological parameters including the dark energy equation of 
state and the Hubble parameter. 

 

Gaia and the discovery of Supernovae. 
G. Altavilla 

INAF-Astronomical Observatory of Bologna 

I present an overview of the progress of the Supernovae discovery rate  with time. Data about 
all SNe detected so far and about the expected Gaia SN detections are shown, focussing on 
type Ia SNe. SNe Ia  are powerful distance indicator but despite their prominent role in 
cosmography, their nature and explosion mechanisms are not yet fully understood.  
The expected Gaia contribution to the discovery of new SNe is  compared with the expected 
performances of other surveys such as LSST, Pan-STARRS, SkyMapper and other projects. 
Finally, a few examples show how these SN detections, if coupled with a proper spectro-
photometric follow-up, can contribute to a better understanding of SNe. 

 

Supernova search and rates with Gaia 
M.T. Botticella 

INAF-Osservatorio di Padova 

Supernovae (SNe) from massive stars play a major role in many intriguing astronomical 
problems. The SN group at INAF-Padova is studying the nature and physics of the SN 
explosions, in particular exotic SNe which may involve new physical mechanisms and the 
rarely studied explosions of metal-poor, massive stars. Gaia will be the widest and deepest 
survey of the local Universe for transient phenomena and will allow us to discover an 
unprecedented number and variety of transients. 
We aim to illustrate the scientific possibilities that will arise from the Gaia data stream related 
to SN search and how we plain to exploit these data. In particular, the most novel aspect of a 
SN searches with Gaia is that we can search for SNe in the local Universe without a galaxy 
bias. This will allow us to derive complete local SN rates for normal (non-starburst) galaxies 
but also in low-metallicty dwarf galaxies. We also aim to study the relative rates of the 
various subtypes of SNe  and how those relate to progenitor stars, the stellar initial mass 
function, galaxy environment and metallicity dependent stellar evolution. 
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Surface Brightness Fluctuations as Primary and Secondary  
Distance Indicators 

J.P. Blakeslee 

Herzberg Institute of Astrophysics 

The surface brightness fluctuations (SBF) method measures the variance in a galaxy's light 
distribution arising from fluctuations in the numbers and luminosities of individual stars per 
resolution element.  Once calibrated for stellar population effects, SBF measurements with 
HST provide distances to early-type galaxies with unrivaled precision.  Optical SBF data 
from HST for the Virgo and Fornax clusters yield the relative distances of these nearby 
fiducial clusters with 2% precision and reveal their internal structures. More recent 
observations allow us to tie the Coma cluster, the standard of comparison for distant cluster 
studies, into the same precise relative distance scale.  The method can be calibrated in an 
absolute sense either empirically from Cepheids or theoretically from stellar population 
models.  The agreement between the model and empirical zero points has improved 
dramatically, providing an independent confirmation of the Cepheid distance scale.  SBF is 
still brighter in the near-IR, and an ongoing program to calibrate the method for the F110W 
and F160W passbands of WFC3/IR will enable accurate distance derivation whenever a large 
early-type galaxy or bulge is observed in these passbands at distances reaching well out into 
the Hubble flow.   

 

 

SBF and Distances: a Theoretical View 
G. Raimondo 

INAF-Osservatorio Astronomico di Teramo 

Theoretical studies on Surface Brightness Fluctuations (SBF) provide the needed physical 
background to improve the reliability and precision of this critical distance indicator. In this 
view, we compare SBF empirical calibrations to the theoretical ones based on our SPoT 
models. The impact of stars experiencing thermal pulses (TP) in determining the amplitude of 
the SBF signal is also discussed.  
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Improving the cosmological distance scale: SBF and SNeIa inter-calibration 

M. Cantiello 

INAF-Osservatorio Astronomico di Teramo 

In this presentation I will discuss two different extra-galactic distance indicators: one of the 
deepest, i.e. the Supernovae Ia (SNeIa), and one of the most accurate, i.e. the Surface 
Brightness Fluctuation (SBF). In particular, I will show the results of a recent study carried 
out using deep imaging data taken with the ESO Very Large Telescope. 
Using B, V and R-band data, we have analysed the SBF magnitudes of two bright ellipticals 
in the Virgo cluster (NGC4374, and NGC4621), both galaxies hosted well studied SNeIa 
events. Comparing new SBF distances with existing SNa estimates we find an excellent 
agreement, a fundamental step toward an independent and reliable intercalibration of the two 
distance indicators. 
Moreover, taking advantage of the multi-wavelength coverage of the target galaxies, we have 
been able to carry out a detailed stellar population study for field stars in the galaxies, and for 
stars in the regions near the SNeIa.  
The results of such synoptic analysis on i) distances and ii) stellar population properties will 
be briefly presented and discussed. 

 

Globular cluster luminosity function as distance indicator and comparison 
with other distance determination methods 

M. Rejkuba 

ESO 

Old globular clusters magnitude distribution exhibits a universal shape that is well 
approximated with a Gaussian. Such a distribution, called Globular Cluster Luminosity 
Function (GCLF), is characterised by only two numbers: the dispersion (sigma) and the peak 
(or turn-over) magnitude. The nearly universal value of MV ~ -7.5 mag for the GCLF has 
been used as distance indicator since 70-ies. The intrinsic accuracy of the method has been 
estimated to lie within 0.1-0.2 mag range, competitive with other distance determination 
methods. Lately it has been less fashionable and the study of the Globular Cluster Systems 
was used more as a tool for galaxy formation and evolution. In this review I will present the 
status of GCLF as distance indicator and some recent results based on observational and 
theoretical studies. 
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Standard candles in the Gaia Perspective 
L. Eyer and N. Mowlavi 

Geneva Observatory 

The ESA Gaia mission will bring a new era in the domain of standard candles.  The progress 
in this domain will be achieved thanks to the exquisite astrometric precision of the mission, 
its census over the whole sky, its photometric, spectrophotometric and spectroscopic 
measurements and the combination of these different pieces of information when they are put 
together.  A first step to get a high scientific return of the mission will be done by the Gaia 
Data Analysis and Processing Consortium and the associated Gaia catalogue, which will 
contain a classification of the variables and some specific properties tailored to specific 
source types. We will review what is foreseen for the Cepheids/RR Lyrae, Long Period 
Variables stars and Eclipsing binaries.  Although it is clear that the scientific harvest will be 
remarkable, there are some limitations either coming from the complexity of physical 
phenomena of the source or from the satellite, such as the extinction, bolometric corrections, 
statistical aspects, aliasing.  

 

Real-time science with Gaia – delivering distance tracers  
through Gaia Alerts 

G. Gilmore 

Institute of Astronomy, Cambridge, UK 

Gaia photometric data will be reduced and monitored in near real-time at the Cambridge data 
centre, to identify transients, new sources, and possibly other interesting behaviour. Many of 
these new sources will be the classic distance indicators - SNe. etc - which require immediate 
follow-up. We are implementing an alerts system, to feed these discoveries to the community 
as soon as is feasible. 

 

Novae as distance indicators in the GAIA era 
M. Della Valle 

INAF-Osservatorio Astronomico di Capodimonte 

I'll discuss the status of Nova stars, as distance indicators, in the GAIA perspective. 
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Simulation of the Gaia final catalogue: expectation  
of the distance estimation 
E. Masana, X. Luri, Y. Isasi 

Universitat de Barcelona 

During the preparation of the Gaia mission, several simulation tools  have been developed. 
One of them, the Gaia Object Genator (GOG) was designed to obtain a realistic catalogue of 
the Gaia mission, based on accurate models of the spatial distribution and physical properties 
of the astronomical sources. GOG also allows to take into account the observational errors, in 
such a way that the GOG output aims to mimick the final catalogue of the mission. 
The aim of this work is to use GOG to produce an overview of the parallaxes (and thus 
distances) that we will get when the Gaia catalogue will be complete. 
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POSTERS (participants in bold) 

 
 

Distance to Galactic Cepheids using the Wesenheit Function 
C. Ngeow 

National Central University, Taiwan 

Due to the existence of intrinsic dispersion, the Cepheid period-luminosity (PL) relation(s) 
cannot be used to find the distance to individual Cepheids in our Galaxy. In contrast, the 
dispersion of reddening free Wesenheit Function is shown to be ~3 times smaller than the V-
band PL relation. In this work we exoplore the possibility of using Wesenheit Function to 
derive the individual distance to Galactic Cepheids. When compared to the distances from 
other means, the average difference between our results and published distances is 0.004, 
suggesting that the Wesenheit Function can be used to derive the individual Cepheid distance. 
We have also contstructed the Galactic PL relations based on the derived distances. A by-
product from this work is the derivation of LMC distance modulus when calibrating the 
Wesenheit Funtion. It is found to be 18.514 mag.    

 

Distance to Galactic globular cluster M5 using the near-infrared 
magnitudes of RR Lyrae stars 

G. Coppola et al. 

INAF-Osservatorio Astronomico di Capodimonte 

We present new and accurate near-infrared J and K-band time series data for the Galactic 
globular cluster M5. Data were collected with SOFI at the NTT and with NICS at the TNG 
and cover two orthogonal strips across the center of the cluster. These data allowed us to 
derive accurate mean K-band magnitudes for 60 fundamental and 30 first overtone RR Lyrae 
stars. Using the entire sample of RR Lyrae stars, we found that the slope of the K-band Period 
Luminosity  (PLK) relation (-2.33 ± 0.08) agrees quite well with similar estimates available in 
the literature. We also found, using both theoretical and empirical calibrations of the PLK 
relation, a true distance to M5 of 14.44 ± 0.02 mag. This distance modulus agrees very well 
with distances based on the other methods (main sequence fitting and kinematic distance). 
The true distance modulus to M5 based on the PLJ relation (14.50 ± 0.08 mag) agrees quite 
well with the distance based on the PLK relation and further supports the use of NIR PL 
relations for RR Lyrae stars to improve the precision  of globular cluster distance scale.   
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The VISTA Y, J, Ks survey for Magellanic Cloud (VMC): first results. 
M.I. Moretti et al. 

Bologna University 

After one year and half of observations, Visible and Infrared Survey Telescope for 
Astronomy (VISTA) is providing us wonderfull preliminary data. 
Using VISTA Ks data, we obtained the PL relation for Classical Cepheids in the famous 30 
Doradus region and the PL(K)Z relation for RR Lyrae in the Gaia South Ecliptic Pole 
Calibration field of the LMC and also in the 30 Doradus field.  
In this poster I'll show the PL(K)Z relation for RR Lyrae in 30 Dor region. Despite these data 
are not yet definitive, they provide the best PL(K)Z and PL relations ever seen. 

 

Improvement of distance scale on the basis of parameters  
of open star clusters 

V. Kuznetsov, G. Butenko  

International Centre For Astronomical, Medical And Ecological Research, Ukraine 

We present our method to judge whether or not a star is a member of an open star cluster. The 
method is founded on UBV photometry data. It enables us to perform two-dimensional 
spectral classification over a wide spectral region from O to M of stars to 22.0 mag (V). 
Moreover, the combined  method for choosing star cluster members with the use of  
kinematic, positional, photometric, and spectral information allows us to carry out exacting 
and plausible choosing  for star  cluster members and to separate then not only from stars of  
background,  but from stars of OB-associations and star formation regions as well. 
The open star clusters  NGC 2244,  NGC 2264, NGC 6823, NGC 6913, and IC 1805 are 
studied, for stars of which clusters linear sizes, angular sizes, colour excesses and distance are 
determined. 
Our results as to parameters of open star clusters do not agree  with results of other 
investigators. They differ in the star distribution on the Hertzsprung-Russell diagram and two-
index diagram. These diagrams play an important role not only for investigation of clusters, 
but also for the solution of such significant problems as the investigation of properties of 
iterstellar dust matter and determination of galactic distance scale. The present and some 
earlier studies lead to the conclusion that it is necessary to revise the information on physical 
and evolutionary cluster properties to which the questions of the origin and evolution of stars 
and star systems and the problem of distance scale are related. 
Our methods can be used for the determination of distances to clusters with cepheid variables 
and for determination of distance scale on the basis of the Gaia project data.  
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Stellar Archeaology in the M31 halo: variable stars and stellar populations 
in the And IX dwarf spheroidal galaxies 

F. Cusano et al. 

INAF-Osservatorio Astronomico di Capodimonte 

Numerical simulations and semi-analytical models performed in the Λ-cold-dark-matter 
framework (Bullock & Johnston 2005) have suggested that the Milky Way halo can be 
entirely explained by disrupted satellites.  Along the same line, it has been suggested that the 
Andromeda Galaxy (M31) originated as an early merger of two or more massive metal-rich 
progenitors (van den Bergh 2000, 2006). The stellar content of the new faint dwarf spheroidal 
galaxies (dSphs) recently discovered around M31 can provide fundamental insight to 
reconstruct the star formation history and the merging episodes that led to the early 
assembling of the M31 halo. In these context we obtained time-series observations of AndIX 
(Zucher 2004), one of the M31 faint dSphs,  to search for pulsating variable stars and to 
characterize the stellar population. And IX was observed photometrically in the g and r filter 
using the OSIRIS camera at the 10m GranTelescopioCanarias (GTC). Time-series 
observations were performed during the period October-November 2010 for a total of 23 
hours.  Combining all the images acquired at GTC, we obtained the deepest color-magnitude 
diagram known for And IX.  We also obtained light-curves for about 3000 stars in the field of 
And IX and the fourier-analysis of these light curves is now ongoing.   

 

The use of Globular Clusters as galactic distance indicators 
Carini R. 

INAF-Osservatorio Astronomico di Roma 

Globular clusters have been extensively used to determine galactic distances, because some 
features of their observed CMD (HB magnitude, TO luminosity, etc.) provide a robust 
distance indication. In this context it is important to investigate the formation and the 
chemistry of the Multiple Populations in Globular Clusters, because the models proposed so 
far predict a helium enrichment in the stars of the second generation, that could alter the afore 
mentioned observed features. In this work we discuss the possible role played by the ejecta of 
nuclearly processed material lost by massive interacting binaries. We devise a sound 
schematization to follow the evolution of the ele- ment abundances in the gas ejected by 
interacting binary systems. We explore a large range of model parameters, and, via a 
comparison with the results from the detailed spectroscopic investigations run so far, we show 
that even choosing the most favourable assumptions, binaries can not explain the bulk of 
formation of the second generation. 
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Population II distance indicators: A comparison of SBF and GCLF 
distances of FornaxA based on VLT data 

M. Cantiello1, L. Grado2, L. Limatola2, M. Della Valle2, E. Brocato1 

1INAF-Osservatorio Astronomico di Teramo, 2Osservatorio Astronomico di Capodimonte 

We processed and analyzed archive B, V and I band imaging data of Fornax A (NGC1316, 
the brightest galaxy in the Fornax Cluster) originally taken, with FORS1 at VLT, for Nova 
searches.  Such deep imaging data are perfectly suited to derive the distance to the target, by 
using the Surface Brightness Fluctuation (SBF) and the Globular Cluster Luminosity Function 
(GCLF) methods, and to calibrate the absolute magnitude at maximum of two SNe-Ia (SN 
1980D and SN1981D) hosted by this galaxy. 
Being one of the nearest bright ellipticals, NGC1316 is a well known galaxy, with a robust 
distance estimate from various different distance indicators. We take advantage of such 
knowledge to analyze the SBF and GCLF calibrations at different wavelengths. Since next 
generation telescopes will have the potential to push the SBF and GCLF methods well beyond 
200 Mpc, an accurate "intermediate" calibration of these distance indicators is fundamental to 
decrease the uncertainties currently affecting the Cosmological distance scale. 
Furthermore, our study provides the first photometric catalog of Globular Cluster candidates 
down to (~) the GCLF turn-over in the standard B, V and I photometric bands. 

 

Variable stars in Globular Clusters as Distance Indicators:  
the case of NGC 2419 

M. Di Criscienzo 

INAF-Osservatorio Astronomico di Roma 

B, V, I light curves for 101 variable stars belonging to the globular cluster NGC 2419 will be 
shown, 60 of which are new discoveries, based on data sets obtained at the Telescopio 
Nazionale Galileo, the Subaru telescope, and the Hubble Space Telescope.  
I will show that the pulsation properties of the RR Lyrae variables of our sample are close to 
those of Oosterhoff type II clusters, consistent with the low metal abundance and the cluster 
horizontal branch morphology, disfavoring (but not totally ruling out) an extragalactic 
hypothesis for the origin of NGC 2419. I will show how the observed properties of RR Lyrae 
and SX Phoenicis stars can be  used to estimate the cluster reddening and distance, using a 
number of different methods most of which based on hydrodynamical models of pulsating  
stars. 
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Infrared Tip of the Red Giant Branch Distances to the Local  
Group galaxies 

M. Gorski 
Astronomical Observatory University of Warsaw 

We have obtained accurate near-infrared photometry of the Tip of the Red Giant Branches in 
the seven  Local Group galaxies. We have used the derived TRGB magnitudes together with 
the absolute magnitude calibration of the near-infrared TRGB magnitude of Valenti, Ferraro 
and Origlia to determine the distances of these galaxies. The statistical errors in the distance 
moduli are typically 4%. The systematic uncertainties are dominated by the knowledge of the 
mean metallicities of the red giant branches, and are in the range of 5-8%. The near-infrared 
TRGB distances to the four dwarf irregular galaxies in the sample agree to better than 5% in 
each case with their Cepheid distances obtained from infrared photometry, indicating that 
there is no appreciable systematic offset between these two fundamental techniques using old 
and young stellar populations, respectively. 

 

Baade-Wesselink distances to Galactic Cepheids 
M. Groenewegen 

Royal Observatory of Belgium 

I will present distances to about 70 Galactic Cepheids using a new calibration of the surface-
brightness relation using V and (V-R) colour. 

 

Globular Cluster Distance Consistencies from the RR Lyrae  
Period-IR Relation 

A. Kunder, A. Walker, P. Stetson, 

New distance estimates for 9 galactic globular clusters based on the new RR Lyrae < MK > - 
logP-[Fe/H] relation from Bono et al. 2003 are derived.   Combing B, V, I color magnitude 
diagrams of these clusters with the resulting RR Lyrae distances, it is found that modern 
isochrones with the age of 11 Gyr and 13 Gyr properly bracket the clusters. The agreement 
between modern theoretical isochrones, the RR Lyrae infrared magnitude relationship, and 
the WMAP age of the Universe of 13.7 Gyr (Bennet et al. 2010) is encouraging.  This 
infrared magnitude relation has a zero-point in agreement with the canonical LMC distance of 
(m-M)0 = 18.5 mag.  
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CORS Baade-Wesselink distance to the young LMC cluster NGC1866. 
R. Molinaro 

INAF-Osservatorio Astronomico di Capodimonte 

Using Optical and Infrared  photometry and spectroscopic radialvelocity data for a sample of 
11 Cepheids present in the young LMCglobular cluster NGC 1866, we give an estimate of 
their distance derived through the CORS Baade-Wesselink method. This technique, based on 
an accurate calibration of the surface brightness as a function of two colors, allows us to 
estimate, contemporary, both the linear radius and the angular diameter of Cepheid variables, 
and consequently to derive their distance. Here we show the main steps of our work and our 
final result for LMC distance, which is in good agreement with other estimates present in the 
literature. 

 

Mass Loss, Infrared Excess and the Infrared Leavitt Law 
H. Neilson 

Argelander Institute for Astronomy, University of Bonn 

In this work, we present predictions of mass-loss rates for LMC and SMC Cepheids based on 
data from the OGLE-III and SAGE surveys. Mass-loss rates of SMC Cepheids are, on 
average, significantly larger than mass-loss rates of LMC Cepheids, suggesting that SMC 
Cepheids have a greater IR excess.  Furthermore, this suggests that Cepheid mass loss and 
hence IR excess may be metallicity dependent. In terms of the IR Leavitt Law, mass loss will 
thus have two possible effects: 1) increased scatter of any derived fit, and 2) can cause a 
Cepheid to appear brighter.  For instance, a SMC Cepheid may appear about one magnitude 
brighter at IR wavelengths than an LMC Cepheid, even if they have the same intrinsic 
luminosity. 

 

Characterization of Cepheids and RR Lyrae variables in the framework of 
 Gaia Satellite Data Processing and Analysis Consortium (DPAC) 

S. Leccia et al. 

INAF-Osservatorio Astronomico di Capodimonte 

We present the results of the tests on the characterization of selected samples of RR Lyrae and 
Cepheid data from Hipparcos and EROSII surveys, as well as galactic globular cluster  M3 
data.  
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Galactic studies now and in the Gaia era: on the  
thick disk rotation-metallicity correlation  

 P. Re Fiorentin 

INAF-Osservatorio Astronomico di Torino 

Thick disks have been observed in many disk galaxies and represent the frozen relics of the 
first phases of disk galaxy formation. Our Galaxy, the Milky Way, also presents a thick disk 
whose main spatial, kinematic, and chemical features are well established. However, the 
origin of this ancient component is still unclear, in spite of the many studies carried out and 
the several formation scenarios proposed until now.  
In the solar neighborhood, we found evidence of a kinematics-metallicity correlation of about 
40 - 50 km/s per dex amongst thick disk stars at 1 kpc < |z| < 3 kpc, and with abundance -1.0 
< [Fe/H] < -0.5. This finding, currently the subject of intense discussions, sets important 
constraints on the origin of the thick disk in the context of CDM hierarchical galaxy 
formation mechanisms and of secular evolutionary processes in galactic disks. 
We compare this result to high resolution N-body numerical simulations of stellar disks and 
present what Gaia will reveal. 

 

 


